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BUDGETS AND COSTS 

May operating costs totaled $2, 084, 000, an increase of $27,000 from the 
previous month; fiscal year-to-date costs a r e  $24,050,000 or 8670 of the 
$27,888,000 control budget. Hanford Laboratories' research and develop- 
ment costs for  May, compared with last  month and the control budget a r e  
shown below: 

(Dollars in Thousands) 

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

F P D  Sponsored 
IPD Sponsored 

CPD Sponsored 

Total 

C O S T  
Current Previous FY 

Month Month To -Date 

$ 46 $ 46 $ 488 
52 6 85 

716 746 9 650 
76 78 8 70 

Budget 

$ 605 
175 

11 024 
1065  

223 204 2 231 2 637 
1 1 1 3  1 0 8 0  13 324 15 .506 

82 95 1 183 
106 83 1 2 0 7  
105 117 1 4 4 5  

1400  
1 3 4 8  
1636  

70 
Spent 

81 
49 
88 
82 
85 
86 
- 

85 
90 
88 

$ 17 159 $ 19 890 86 - - =  $ 1 3 7 5  - $ 1406  - 
RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

Ball bearing supports currently in use on prototypic N Reactor "perfs" 
severely scratch Zircaloy-2 process tubes. Flexible low carbon steel  
supports are being evaluated as replacements. 

The experimental single tube, dual enriched fuel element was examined 
af ter  successfully completing one cycle of irradiation in the ETR. The 
element appeared to be in excellent condition with no visible indication 
of damage or corrosion. 

An analysis of cladding strain data obtained f rom Zircaloy-2 clad 
uranium rods irradiated in NaK capsules has been made. 
temperatures below 325 - 350 C, the maximum strain without failure 

At cladding 

1 2 3 1 0 9 1  
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is approximately 1.5 p e r  cent, but at 400 C, the maximum observed 
cladding strain without failures increases to ca. 870. A lesser  amount 
of annealing of irradiation damage at the lower  temperatures is con- 
sidered to be a major factor limiting the uniform strain capabilities. 

The prototype NPR tube-in-tube fuel element has been recharged into 
the GEH-M3 Loop in the ETR and is operating satisfactorily. At the 
present time, the average exposure is approximately 1000 MWD/T. 
The test  will  be terminated at the end of the current operating cycle, 
at which t ime the average exposure wi l l  be approximately 1200 MWD/T 
and the maximum exposure wi l l  approach 2000 MWD/T. 

Experimental extrusions do not confirm the hypothesis that the best 
quality N Reactor fuel coextrusion will  result from matching the 
extrusion coefficient of the clad to that of the uranium. In the presence 
of the large grain size of the uranium, stiff cladding alloys (Zircaloy-2 
or mild steel) with a small  grain size form the smoother interfaces 
with less  over-all variation in wall thickness. 

Zircaloy discs irradiated in a simulated NPR gas atmosphere for  167 
days at temperatures of 290, 350 and 400 C have been retrieved and 
weighed. 
two to three t imes those of samples exposed to the same atmosphere 
out of the reactor. Contrary to expectations, samples pre-autoclaved 
in 400 C s team corroded in-reactor at about the same rate a s  the etched 
s amples . 

Corrosion rates  for  irradiated etched samples were generally 

Average graphite burnout ra tes  for  KE Reactor have decreased by a 
factor of three during the latest monitoring period. The decrease 
apparently results from a decrease in reactor gas flow rate from 
2000 cfm to about 800 cfm or less. 

In conjunction with a measurement of the rate  of gamma-induced 
oxidation of graphite in air ,  a se r ies  of 10 gamma dosimetry measure- 
ments were made in the PRTR in tube 1556 from which the fuel had 
been discharged. Oxidation data were consistent with expectations, 
but more tes ts  must be completed to establish a rate equation. 

Preliminary analysis of data from tests  to determine fuel temperatures 
during the shutdown transients following tube plugging or a failure of an 
inlet connector at K Reactor indicates that fuel jacket melting wi l l  not 
occur following such an event at an initial tube power of 1250 KW if the 
r e a r  header pressure is 40 psig or higher. 

1 2 3 1 0 9 8  
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The NPR charging machine was tested using a full-size process tube and 
prototypical fuel elements. The machine performed satisfactorily, but 
it was  found that the fuel elements scratched the tube to depths of 0.3 to 
1. 1 mils over a considerable portion of i ts  length. 
of dummy spacer  elements did not scratch the tube. Causes and corrective 
measures  a r e  under study. 

A separate charge 

High energy compaction of U 0 2  was accomplished with the new Dynapak 
machine, using ten-pound containers. Single pieces of U 0 2  weighing a 
pound or more can be separated from the compacted materials, and 
after crushing, can be readily sintered to greater than 99 per cent of 
theoretical density. 

Spacing members were successfully attached to the small  diameter 
cladding for a nested tubular fuel element by high voltage electron beam 
welding, off-site. There was  no appreciable distortion of the eight-foot 
long tube. 

Accurate calibration of the transmission electron microscope high 
temperature stage reveals that temperatures of approximately 2900 C 
a r e  now achieved. 

Six hundred U02-Pu02 fuel element rods have been fabricated and 18 
clusters assembled and readied for the PRTR during the past two months. 

A cold swaged MgO-Pu02 cluster has been completed. A Z r 0 2 - P u O ~  
spike element, a stainless steel  clad UO2-PuQ element, a segregated 
plutonium element, and a zirconium clad Pu-Zr alloy plate element a r e  
being fabricated for  early PRTR testing. 

Radiometallurgical examination of the 42-inch long U 0 2  -PuOz cosine 
enriched cluster irradiated to 1100 MWD/T in the ETR revealed no 
detrimental defects. 

ZrO2-Pu02 and MgO-PuO2 fuel capsules have success fully completed 
irradiation in the MTR. 

The total gas release from swage compacted U02-Pu02 rods irradiated 
in the ETR high temperature loop does not indicate any discernible 
difference between outgass ed and unoutgassed fuel material under the 
test  conditions. 

1 2 3 1 0 9 9  



viii HW-73905 

Corrosion coupons were removed after 220 days of exposure in the 
primary heat exchanger of the PRTR. 
negligible corrosion. 
in the s t ressed portion of the U-bend sample. 

The 304 stainless steel suffered 
The A2 12B C / S surfaces were pitted especially 

A room temperature burst test  was performed on a second sample from 
the first pressure tube removed from the PRTR. 
about 85 per cent of the anticipated ultimate strength when a short crack 
penetrated the wall. The crack did not propagate further, indicating 
that the bulk metal  behaved in a ductile manner. The origin of the crack 
was a thin hydrided layer in the bottom of a wear corrosion mark caused 
by contact between the pressure tube and an outer bundle wire wrap of a 
U 0 2  fuel element. 

Failure occurred at 

Evidence that w e a r  corrosion is continuing at points of contact between 
the PRTR pressure tube and the fuel element was  found in 16 tubes 
examined during the month. 
measured in one tube. 

A 12-mil deep wear corrosion mark was  

INOR-8, a nickel base alloy developed by Oak Ridge as a container 
vessel  for  molten fluoride salts, is being considered a s  a candidate for 
inclusion in the Irradiation Effects on Reactor Meta l s  Program. This 
alloy, manufactured by the Haynes-Stellite Company under the trade 
name Hastelloy N, has excellent oxidization resistance in air and con- 
siderable strength at temperatures to 1800 F. The alloy is also easily 
fabricated and might be used to advantage in gas cooled reactor appli-, 
cations. 

During reactor operation a creep rate  below 5 x lo'? in/ in/hr  was 
observed for  a 20 per  cent cold worked Zircaloy-2 creep specimen 
s t ressed to 30, 000 psi at 250 C. 
appears to be greater  than in an identical test being run ex-reactor. 
of the s t ra in  occurs during the reactor down periods. 
similar to results of the test  at 310 C on the same material. 

In this in-reactor test  total deformation. 
Most 

This behavior is 

Fifty-four Zircdoy-2 tensile specimens irradiated in the ETR at 280 C 
to about 3 x 1019 nvt were tested during the month. 
t es t s  were performed at 300 C. 
and at 300 C were markedly influenced by the anisotropy of this material. 

Fifteen of these 
Irradiated properties at room temperature 

Field ion microscopy a s  a means for  detecting neutron damage in 
molybdenum is being evaluated in a joint HLO-Linfield Research Institute 
effort. 
suitable for  irradiation and post -irradiation study. 

Work has begun at Linfield to prepare single crystal  emitters 

1 2 3 1  1 0 0  
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The safeguards analysis for  the PRTR Fuel Element Rupture Facility 
(HW-61236 SUPS) was published and transmitted to AEC. 

Fifteen experimental boiling burnout points were determined in the 
laboratory with an electrically-heated model of a 19-rod bundle fuel 
element with 0.015 inch spacing between rods. The boiling burnout 
heat fluxes were found to be considerably less  than those obtained 
with a similar tzst  section with 0.074 inch spacing between rods when 
compared at the same bulk coolant conditions. 
that the coolant mixing was  quite poor with the 0.015 inch spaced test 
s e c t ion. 

There were indications 

2 .  Physics and Instruments 

N P R  control rod strengths, as measured in a new exponential pile with 
correct spacing between rods, a r e  about two per  cent less than the 
theoretically predicted values. 

Analyses of future exponential pile experiments for the N lattice will  
be simplified by development of a consistent set  of extrapolation distances. 

Total c ross  -section measurements with pyrolytic graphite showed a 
dependence upon direction of preferred orientation for neutron energies 
below 0. 028 ev. This information is of particular help in the design of 
the proposed High Temperature Lattice Testing Reactor. 

A new se r i e s  of cri t ical  mass  experiments was begun on effects of 
surrounding a spherical container of plutonium nitrate with a water 
reflector; these data a r e  needed for  correlation with data f rom early 
Hanford experiments. 

A split -half machine for criticality measurements on plutonium oxide - 
plastic mixtures is being installed at the Critical M a s s  Laboratory. 
Experiments with it will  begin after completion of a Hazards  Summary 
report. 

Satisfactory agreement has now been obtained between the calculated and 
measured values for  the Pu-239 concentration in H 2 0  which gives 
the new HISMC Monte Carlo'code computation value is 8.0 gm/ 1, compared 
to, the PCTR experimental value of 8.4 ? 1 gm/  1. 

= 1; 

1 2 3 1  I O 1  
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The transport theory analysis of a plutonium metal-solution system 
simulating the dissolution of plutonium metal has been completed, and 
the data put in a form suitable for nuclear safety application. 

Authorization w a s  received from IPD to design and procure the necessary 
instrumentation for  planned studies on fuel failure detection to be conducted 
at the PRTR Fuel Test  Loop. 

Progress  on the development of instruments for  measuring the displace- 
ment of installed reactor process tubes included (1) successful demon- 
stration of the Mark IV optical device and an IPD decision to use it for  
measuring horizontal displacements of tubes in B, D, and F reactors, 
(2) design of a new model which wi l l  reduce indicated displacement e r r o r s  
by a factor of four, and (3) favorable response to a proposal to develop 2 

model with electrical readout for  NPR use. 

Technical specifications and design cr i ter ia  a r e  being prepared for  the 
NPR Simulator and the proposed new comprehensive HAP0 Analog 
Simulation Laboratory of which it will  be a major part. 

An unusual, miniature probe, eddy current, nondestructive test w a s  
successfully developed and applied on a short time schedule to inspect 
small diameter Inconel tubes which a r e  already &stalled through concrete 
f o r  use as NPR fuel failure monitor sample lines. 

Further theoretical analyses of PCTR studies on Pu-A1 fuel in graphite 
lattices reproduced the experimental neutron flux traverses,  but the 
derived value did not agree with experimental results. 

In the analysis of 5 w/o Pu-A1 rods in H20 experiments, the derived 
k, values agreed within 2 270 with measured values for  lattice spacings 
in the range 0. 75 to 1.5 inches. The neutron spectrum will  be analyzed 
by more sophisticated methods in an attempt to reduce these differences. 

Techniques for  making neutron spectrum measurements on PRTR fuel 
during irradiation were advanced by t r ia l  irradiations of lutetium foils 
in the PRTR and accompanying theoretical calculations. 

Resonance integral data on Pu-240 have been analyzed for  a range of 
Pu-240 concentrations which reduce the effective resonance integral 
value by a factor of five. 

1 2 3 1  1 0 2  
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It was  estimated that complete loss of coolant in the PRTR loaded with 
green moxtyl fuel would result in a reactivity loss of 16. 9 mk. 

In fuel cycle code development, a revision to the Monte Carlo collision 
routine modifying the treatment of collisions with bound scattering 
centers was inserted in the RBU code and partially debugged. 
Preliminary runs on CALX, the new point burnup code, indicates 
satisfactory performance. 
and debugging of parts of the code a r e  required before it wi l l  be 
ope rational. 

Additional work on data tape generation 

In other fuel cycle analysis effort, optimization work on the non-linear 
aspects of nuclear fuel-cycle analysis progressed through formulation, 
FORTRAN programming, and check-out of a versatile complex field 
subroutine for  generating, differentiating, and integrating the entire 
family of doubly-periodic elliptic functions. These functions wil l  be 
used in solving the isotope balance equation in fuel cycle analysis. 

The recently developed liquid effluent gamma monitor satisfactorily 
passed all laboratory tes t s  and is ready for  installation in the PRTR 
containment t r ip  circuit. 
rather than contact-meter t r i p  circuits is being built. 

A second generation prototype with electronic 

In the extended lifetime Neutron Flux Monitor program, it was  established 
that further studies of U-234, U-238, and Pu-240 will encompass a 
sufficient range of cross-sections to give a good evaluation of use of 
fertile nuclides in regenerating type detectors. 

In the development of ultrasonic tes ts  for  fuel sheath tubing, under the 
AEC/AECL cooperative program, further data were obtained to guide 
the preparation of equipment specifications, and basic measurements 
of ultrasonic velocities were made to aid comparison of experimental 
data with Lamb-wave theory. 

A decision was  reached to terminate the study on electron induced 
Radiation Effects in Graphite at the end of FY-1962. 
is being prepared. 

A terminal report 

Testing of the miniature signaling dosimeters under development 
established that one model will operate reliably up to accumulated 
exposures of about 1000 r. 
and is being evaluated. 

An alternate readout method was  devised 

1 2 3 1 1 0 3  
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Portions of the instrumentation for  a portable mast system for 
atmospheric physics studies were  completed and initially tested. 
A l l  major design modifications required to make the Atmospheric 
Physics radiotelemetry system operational were completed. 

All  laboratory test work was completed on the "CPD" Automatic 
Conveyor Laundry Monitor for  alpha-beta-gamma detection. 
contamination spots of 1000 d / m  a r e  consistently detected and spots as 
low as 200 d / m  a r e  detected when the geometry is favorable. 

Plutonium 

Analysis of atmospheric dispersion data will  be facilitated by the 
development of a numerical method for spectral analysis of wind 
velocity fluctuations in the range of 1 to 16 cycles per  hour. 
a r e  considered "meander" frequencies in dispersion analyses. 

These 

Preparations were completed to begin the measurement of body burdens 
of radioactivity in Alaskan eskimos in early June at the first location, 
Ko t z ebue . 
Techniques were  developed for use of the positive ion accelerator for  
neutron activation. 

The discrepancy between the calculated power output of a piece of 
plutonium and the power output measured calorimetrically was confirmed 
by calorimetric measurements of the same piece at Mound Laboratory. 
Because of the confirmation of previous work provided by this result, 
a serious effort to find the cause of the discrepancies will  be made. 

3. Chemistry 

The presence of radioiodine in reactor effluent water,  presumed to 
originate f rom defective fuel elements, obviates the ready interpretation 
of data obtained by the AS-76 monitor. 
treatment of the monitor sample appears to be a satisfactory method of 
eliminating the radioiodine interference. 

A carbon tetrachloride extraction 

The in-reactor study of the effect of addition of silicate on the production 
of radioisotopes in the effluent water w a s  interrupted after five days of 
operation. A twofold reduction in the concentrations of P-32, Mn-56, As-76,  
Cr-51, Np-239 and 211-65 was  observed. 

1 2 3 1  1 0 4  
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Laboratory studies show that degraded -rex solvent (Soltrol) is not 
the pr imary source of surface active agents which result in poor 
uranium transfer  rates and, presumably, the mal-operation of the 
2D column. 
f rom the Purex ion exchange water  treatment beds did, however, 
cause an appreciable reduction in uranium transfer rates. 

Extracts f rom material collected on f i l ters  downstream 

No fuel element jamming was  observed during the charging of 16 
buckets of simulated overbore production slugs into a mockup of the 
Redox multi-purpose dissolver. 

Less  than one-half of the fission product tritium present in irradiated 
Purex and Redox fuel elements could be accounted for  in waste  s t reams 
discharged to groundduring the month of November, 1961. 

The removal of 1-131 from simulated plant gas streams by charcoal is 
substant i f ly  impaired in the presence of an oil mist. 

Clinoptilolite continues to show promise for  the selective removal of 
cesium f rom -rex formaldehyde treated waste. Using simulated 
solutions, fission product decontamination factors of 2, 000, > 1, 000, 
> 1,000 and 10 were observed for  strontium, cerium, ruthenium and 

niobium, respectively. 

Laboratory studies continue to show promise for  the near quantitative 
recovery of neptunium f rom Purex formaldehyde treated waste by a 
single batch extraction with DZEHPA in Soltrol. 
extraction is not significantly altered in the presence or absence of 
TBP o r  by the substitution of Soltrol by Shell Spray Base. 

The neptunium 

Laboratory studies show that the conventional four-step Purex strontium 
recovery flowsheet can be reduced to a two-step process with a substantial 
increase in processing capacity and a decrease in cumulative strontium 
loss. 

Engineering studies were initiated to determine the hydraulic and thermal 
behavior of coating waste during in-tank solidification processes. 
Synthetic coating waste was successfully solidified in a four-foot diameter 
by 15-inch deep insulated tank by a simulated hot-air sparging technique. 

A hot cell experiment with the supernatant f rom a Purex waste tank 
shows the nickel ferrocyanide precipitation technique to be capable of 
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achieving the high (95-98 per cent) removal of cesium desired in the 
Waste  Management Program. Phase separation in this experiment 
was through centrifugation at 700 G in a continuous overflow, solid- 
bowl centrifuge and should, therefore, 
attainable plant performance. 

Capability fo r  processing of cesium by 
(using dipicrylamine in nitro-benzene) 
studies which show that use of a dilute 

realistic ally stimulate 

solvent extraction methods 
w a s  strengthened by laboratory 
scrub solution of an ammonium 

salt allows a low-sodium cesium product to be produced in a single 
solvent extraction cycle. The quality of the product f rom this test is 
more than adequate fo r  achieving the desired high loadings of cesium 
on Decalso for shipment o r  on inorganic "resins" for  interim storage. 

Electrodes fabricated from pyrolytic. graphite a r e  found superior to 
those of reactor grade graphite for  the electrolytic preparation of U 0 2  
f rom molten chloride salt systems. 

Acidification of steam-stripped, unfiltered Purex tank fa rm condensate 
waste significantly improves the hydraulic characteristics of an Amberlite 
200 ion exchange column. 
waste were treated, and all radioisotopes except Ru- 106 were effectively 
removed during pass age through the column. 

Over 6,000 column volumes of condensate 

Performance tes t s  of the electrostatic bubble scrubber made during a 
radiant heat spray calciner run w e r e  excellent. The decontamination 
factor across  the scrubber w a s  in excess of 100 (analytical detection 
limit). I 

A mechanism of radiation induced hemolysis of human red blood cells 
was  postulated, reduced to an equation, and tested experimentally with 
striking agreement. 

4. Biology 

On April 30 most of the fish population being held in r iver  water at 
146-FR was killed, evidently by chlorinated water backing down through 
pipes f rom the IPD water  treatment plant. 

Liver and kidney mitochondria w e r e  found to require ATP for  SR-85 
and Ca-45 absorption. Liver mitochondria also required ca r r i e r  calcium. 
When calcium was present, magnesium seemed to be required by both. 

1 2 3 1 1 0 b  
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Young pigs do not discriminate against strontium in favor of calcium 
as do older animals. 
on rats, but this t ime included transfer studies of S r  and Ca via sow's 
milk. 

This confirms earlier observations from research 

DTPA can reduce body burden of Np by about 1/2. 

By comparing effects of injecting Pu-238 and Pu-239, chemical toxicity 
of Pu is being shown to be more important than generally believed. 

Seven days after intradermal injection into a pig of 1 pc of 
translocation of the Pu to the lymph nodes was 11. per cent, to the liver 
7 per cent, and to bone 5 per cent. 

Clearance of radionuclides from sheep plasma following a single 
intravenous administration was  fastest for U-233, slowest for Np-237 
and Pu-239, with Cm-244, Am-241, and Ca-45 intermediate. Uranium, 
Am, and Cm plasma concentration first decreased, then increased, 
presumably due to initial deposition in the liver and subsequent release. 
The milk to plasma ratio w a s  highest for Ca-45 (10-401, followed by 
Cm-244 and Am-241 (2-51, and lowest for U-233, Pu-239, and Np-237 
(0.02-0.15). , 

0.03 to 1.0 nc ~ 2 3 9 0  originally deposited in lungs of mice did not 
alter life span or cause abnormal pathology. 2 

Fecal Pu  content relates 1es.s variably with Pu lung burden in dogs than 
urine, Analyses of data from this experiment should be of value in 
interpreting human body burdens following PuO inhalation, 2 

5, Programming 

A month ago i t  was reported that the maximum lifetime for Phoenix 
fuel appeared to be on the order  of 15 years  because of neutron capture 
in americium-241 formed by decay of plutonium-241. It is now recognized 
that the situation is not this pessimistic because the Pu-239 and Pu-240 
neutron absorption resonances coincide rather  closely with the Am-241 
absorption resonances, so that neutron absorption in the Am-241 reso-  
nances wil l  be substantially reduced in the presence of high concentration 
of the two plutonium isotopes. 
refinement. 

Results are being recomputed wi th  this 

1 2 3 1  1 0 1  
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In conventional plutonium recycle depleted uranium may be mixed 
with purchased plutonium and fabricated into a fuel element. 
alternative process, entitled the Reuse cycle, fuel elements made 
f rom depleted uranium a r e  enriched by being irradiated in the 
blanket of a f a s t  reactor and a r e  then inserted into a thermal reactor. 
After irradiation in the thermal reactor the fuel elements may be 
re-enriched by further irradiation in the fast reactor blanket. 

In an 

An attempt is being made to evaluate the economic incentives f o r  
developing the Reuse cycle without delving into fast reactor economics. 
Preliminary results indicate that if the thermal reactor is located in 
the vicinity of a large fast reactor and if the t h e r m d  reactor has 
provision for charging fuel while the reactor is operating, the Reuse 
cycle may lower fuel costs on the order of one mil per  kilowatt hour. 

TECHNICAL AND OTHER SERVICES 

No new cases of plutonium deposition were confirmed by bioassay analyses 
during May. 
occurred at Hanford is 288, of which 207 a r e  currently employed. 

The total number of plutonium deposition cases that have 

The sporadic increases in concentrations of air-borne fallout materials 
noted in April  did not continue into May. 
generated in the 1961 USSR tes ts  was  somewhat lower in the Pacific 
Northwest than predicted. 
U. S. tes ts  has been found to date at Hanford. 
tration in air was 3 w c / m 3  during May in contrast to the averages of 
5 to 6 ~ 4 ~ c / l z i ~  for the first four months of this year. 

The spring peak of materials 

No positive evidence of fallout from the 1962 
The average fallout concen- 

Iodine-131 emitted f rom the Purex stack returned to normal ( 
per  day) after last month's high values of 44 curies in 10 days. 

0 . 2  curies 

Columbia River flow rates exceeded 15, 000 cfs. 
r iver  pollution or temperatures were observed. 
manganese-56 and sodium-24 transport ra tes  persisted throughout the month. 

No significant changes in 
Seasonal increases in 

In 100 per cent testing situations, the bases for setting specifications often 
take into account only the cost to the producer. That is, the specification is 
set to reject the worst d p e r  cent, where U is chosen such that the cost is 
not "excessive. It A document was  issued, coauthored with F P D  personnel, 
pointing out that in setting specifications at many fuel element test stations, 
it is also possible to estimate the cost to the consumer. 
a logical basis for  setting specifications is the minimization of producer's 
and consumer's  cost. 

This being the case, 

1 2 3 1 1 0 8  
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Progress  reports on the IPD Operations simulation study were made 
during the month to rezctor managers, maintenance managers, and 
reactor analysts. 

Density and homogeneity tes ts  on actual fuel elements whose particle s izes  
and size distributions had been predicted by theoretical considerations 
confirmed their exceptional quality. Additional calculations a re  now being 
made for annular and nested annular elements. 

Document HW-73537, "A Theory of Control for 6 - W Rotary Lathes, " 
has been issued. 
relationships which exist between the polar coordinate design specifications 
of a desired surface of revoktion and the controlling positionhg and timing 
variables of a 6 - u) lathe on which it is to be machined. 

This document develops the appropriate mathematical 

SUPPORTING FUNCTIONS 

PRTR output was 6 5 4  MWD for  a plant efficiency of 30% and a total 
experimental time efficiency of 49.9%. Accumulated exposure through 
May 31, is 7867 MWD. Additional exposilre information is as follows: 

Maximum U 0 2  exposure / element 2440 MWD/TU 
Average U 0 2  exposure/element 1370 MWD/TU 
Maximum Pu-A1 exposure/eiement 7 6 . 3  MWD 
Average Pu-A1 exposure/element 4 7 . 0  MWD 
Maximum Moxtyl exposure /element 22.8 MWD 
Average Moxtyl exposure/ element 10.5 MWD 

The tenth refueling was performed during the extended outage that began 
on April 30, 1962. Six U 0 2  elements that a r e  instrumented with Cobalt- 
Zircaloy wire for flux monitoring were charged in ring 1 under PRTR Test 37. 
Seven new mixed oxide elements were charged in ring 9. The core was 
composed of 3 9  Pu-A1 elements, 35 U02 elements and 1 1  ,mixed oxide elements 
at startup on May 20. 
tional f resh mixed oxide element were charged during a short outage on May 2 5 .  

Two additional f resh LX Pu-A1 elements and one addi- 

The purpose of the extended outage (Apr i l  30 to May 20) was to perform some 
of the modification and improvement work noted below. 
incident. No s c r a m s  occurred. D 0 and helium losses were 2120 pounds 

pounds D 2 0  equivdeEt was shipped to SRP €or r ep rocess~-g .  

Operation was without 

(4-16  to 5-25 inventories) and 73, 5 8 0 scf, respectively. A total of 20, 900 
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The pump occupying No. 1 position in the PRTR was replaced during the 
month when high leakage (over one gallon per m h i t e )  persisted. 
sea l  exhibited minor damage in the form of a faint flow path across  the 
face. The raised face had worn approximately .002 inch from an 
original 0.18 inch. 
numerous chips w e r e  dispiaced from the seal inside edge. The pump 
bearings were rough, which I s  beli2ved to account for high amperage 
experience. Bearings were rapiazed. 

The 

No indications of eminent failure w e r e  noted although 

Work continued on design tes t s  and i tems initiated a s  a result  of startup 
tests on the Plutonhm Recycle Crit ical  Facility. 

Over-all construction of the P ~ e l  Element Rdpture Test Facility is esti-  
mated at 9570 complete. 
9270. 
of shielding for piping and heat exchmgers is 9070 complete. 

C P F F  work is 9770 complete and the water plant 
All construction work haltsd on May 15 because of +be strike. Design 

The project for the Gas Cooled Loop is 91% complete. Approval drawings 
were received for review f rcm the heater .rendor. Bristol-Siddeley continued 
to experience difficulties wi+h tho,  gas lubricated bearings for the blowers and 
testing was  delayed. 
completed formal classroom training in the operation of the facility, and 
maintenance craftsmen received 155 man-hoiirs of training. 

FiI'ty per cent of Lke PRTR operating personnel have 

Total productive time for 1215 Tuchnical Shops w a s  23,807 hours. 
includes 18, 581 hours performed in thi  shops, 3761 hours assigned to 
minor construction, 853 hours assigned to off-site vendors, and 612 hours 
to other project shops. Tatal shop backlog is 21, 518 hours, of which 70  
per cent is required in the c c r r m t  month with the remainder distributed 
over a three-month period. 
w e r e  7 per  cent of the total available hours. 

This 

Overtims hours worked during the month 

PRTR operating costs in May included hea*,y water charges of $30,600 to 
cover losses  of $29,280 and s c r a p  of $1, 320. This month's loss represents 
an increase of $9, 140 compared with last month's loss. Heavy water sc rap  
returned to Savannah River 0ptri;Lons Office during May aggregated 20 ,910  
pounds and was  valued at  $253,800. 

1 2 3 1 1 1 0  
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Seventeen Ph. D. applicants visited HAP0 for employment interviews. 
Eighteen offers were extended; six acceptances and three rejections 
were received. 
were made to BS/MS applicants. 
acceptances and sixty-one rejectiors. 
responses produced three acceptaces and ten rejections. 

Two program and thirteen direct placement offers 
Propam results included eighteen 

Direct placement offer 

Hanford Laboratories w i l l  edit a?-d pcibiish on a quarterly basis the 
results of studies of Irradktior,  Effects on Reactor Structural Materials 
performed at Hanford and other sites. 

Nineteen Hanford Laboratories' displays a r e  being furnished for  use in 
the Visitors'  Center soon to be opened in the Richland Community House. 

for Manager 
Hanford Laboratories 

HM ParkerCAB: st 
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REACTOR AND FUELS RESEARCR AND DEVELOPMENT OPERATICN 

TECHNICAL ACTIVITIES 

A. FISSION= MA- - 2000 

1. METAIlwTEEGYPRoGRaM 

Corrosion Studies 

Effect of' Hydrogen i n  Excess of Solubili ty on Corrosion and Wrogen 
Absorption. 
the effect of precipitated hydride phase on corrosion and hydrogen 
absorption. 
400 ppm hydrogen and "soaked" at 750 C t o  homogenize the hydrogen. 
Etallography and hot extraction analysis confirmed the uniform 
distribution of hydride phase. This sheet was cut into coupons, 
which were etched and placed i n  360 C and 400 C autoclaves along 
w i t h  control samples which had the same heat t rea twnt ,  but no 
added hydrogen. Weight gains a f t e r  three weeks exposure show both 
groups of samples corroding a t  the same ra te  agreeing w i t h  l i t e ra ture  
references, that this  level of hydrogen does not affect  corrosion. 
Hydrogen data are  not yet available: 
continue this experilnent f o r  a year pulling samples every twenty 
days. 

Long term experinrents have been started t o  investigate 

A 0.030-inch sheet of Zircaloy-2 was charged w i t h  

Enough samples are included t o  

Metallurgy Studies 

Zircaloy Components for  Coextrusion. 
b i l l e t  assembly w i t h  copper, brass, Zircaloy, and mild s t ee l  s t r i p s  
inserted into s lo t s  on the outer uranium surface w a s  successfully 
coextruded. 
cate that the relat ivelylarge grain size of the uranium w i l l  cause 
extreme interface roughness and clad variation when coextruded w i t h  
metal tha t  has approximately the same extrusion coefficient (copper 
and brass). 
w i t h  a small grain size w i l l  predominate i n  forming the contour of 
the interface with less roughness and variation being produced. 
Thus, Zircaloys w i t h  a lower al loy content and extrusion coefficient 
than Zircaloy-2 would apparently resul t  in greater interface rough- 
ness and clad variation while s t i f f e r  Zircaloys may enhance the uni- 
formity of the cladding. 

A composite N-outer fuel  

A preliminary analyses of the interfaces formed indi- 

Conversely, s t i f f e r  metals (Wrcaloy or  mild s t e e l )  
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Wtal l i c  Fuel Development 

Fuel Irradiations. 
complete on the production brazed irradiation t e s t  fromthe MlR, 
GEH-4-63 and 64. Extensive cracking was found in the uranium in 
tube 63 and in SOE cases the cracks extended from the center of 
the element out t o  the cladding. None of the cracks appeared t o  
have started into the claddlng. 
severe in the uranium in the braze-heat-affected zones, with some 
cracks extending into the braze lpaterlal betveea the w?aulum and 
the Zircaloy end cap. No evldence of a shear fa i lure  mechanism 
has been found in t h i s  Irradiation similar t o  that found in two 
ear l ier  Irradiations with the Fe-Be-Zr braze coqoslt lon.  

!Che variable braze thickness Irradiation t e s t  , GEH-4-68, 69 and 
70, has completed six cycles of irradiation at the MlR and is now 
awaiting s h l p n t  back t o  Hanford for  radiometallurgical examina- 
tion. 

Irradiation of the prototype NPR tube-in-tube fuel element in the 
M3 Loop at the ETR w i l l  be completed early in June. 
will have received an average t o t a l  exposure of approximately 
1200 W / T  and a maximum exposure of approximately 2000 m / T .  

RadiametUargical examination is nearly 

Cracking appeared t o  be e s t  

Tne element 

The experimwtal single-tube, dual enriched fuel  element was 
examined af te r  successfully completing one cycle of irradiation 
in the ETR. 
with no visible indication of damage o r  corrosion. Dimensional 
measurements indicated tha t  100-mil warp had occurred as a result 
of the severe radial f lux gradient which exis ts  i n  the t e s t  
faci l i ty .  
result of the irradiation. 
charged in to  the reactor in July. 

Examination of a coextruded Zircaloy-2 clad I&E2 element 'which 
failed a t  1700 W / T  exposure in a Kw Reactor production channel 
has continued. No evidence has been found t o  indicate the fa i lure  
resulted from a shear-induced fracture of the clad at  the. fuel-cap 
juncture as a consequence of thermal incompatibility between the 
Zircaloy-2 cap and the uranium fuel. The cause of fa i lure  has not 
been determined. However, fuel  cracking was observed, and it is  
possible that the fai lure  was induced by core spl i t t ing.  
highest exposure element fromthe same tube as the fal lure  is being 
examined for evidence of incipient fa i lure .  

The element appeared t o  be in excellent condition 

No appreciable changes in diameter had occurred as a 
This element is scheduled t o  be re- 

The 
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f s i led  thermocouple probe discharged from a 
EEZ loop last month has been examined metallographically. 
end cap was heavily hydzided and the braze layer in the stainless 
steel-to-Zircaloy-2 braze joint, used t o  attach the thermocouple 
t o  the probe, was cracked. Water entry probably occurred through 
the braze joint leading t o  corrosion 8nd hydriding of the 
Zircaloy-2 and failure of the t e s t  element. 
braze joint and of the t e s t  element wil l  continue. 

The 

Exami t ion  of the 

Fluted Fuel Developmnt. Cylindrical fuel elements with fluted 
exterior surfaces have been proposed as a fuel element design i n  
which the fuel is capable of undergoing large volume expansions 
without failure of the Zircaloy-2 cladding. 
assuming the fuel behaves as a viscous f luid,  have been made t o  
estimate the mchanical conditions in the clad for  various fuel 
geometries. The program has been extended t o  account for  altera- 
tions in the stress distribution as the shape of the fuel  elemnt 
changes. 
cr i te r ia  and a c r i tq r ia  of equal bending strains in the arcs 
established similar ratios of hill-to-valley arc radii. 
lat ions based on these c r i te r ia  indicated that the approximate h i l l -  
to-valley radi i  r a t io s  are 0.25 fo r  elements with six flutes,  0.35 
f o r  eight f lutes,  and 0.4 for  ten flutes.  As the number of f lutes  
increases, the stresses associated with one percent swelling in- 
crease. A single-tube elemnt w i t h  eight f lutes  has been,designed 
fo r  irradiation testing. This design will provide f o r  an 11 per- 
cent volunre increase if  the fluted surface i s  completely extended 
t o  the circular shape. The tangential arcs which form the f lutes  
have a radi i  ra t io  of approximately 0.225. 
of the element are 2.327 inches 0 and 1.286 inches ID. 
ZirCalOy-2 clad element w i l l  be fabricated by coextrusion using 
0.95 percent enriched uranium as the fuel. 
extrusion die has been started. 

Additional analyses, 

For flutes formed by circular arcs, both an e las t ic  

Calcu- 

The nominal dimensions 
The 

Fabricatiau of the 

Cladding Deformation Studies. 
and failures of Wrcaloy-2 clad uranium fuel rods irradiated i n  
NaK capsules t o  exposures of 2000 MHD/T has been made. 
average Zircaloy-2 cladding temperature of 325-350 C, the maximum 
uniform strain observed without a failure by fracture or  localized 
necking was 1.5 percent. 
s t ra in  increases t o  approximately eight percent a t  400 C. 
t ransit ion temperature corresponds t o  the beginning of rapid re- 
covery of mechanical properties in irradiated Wrcaloy-2 indicating 
that irradiation damage is one of the factors limiting the uniform 
s t ra in  in the Zircaloy-2 cladding. The cladding thickness was non- 
uniform in these t e s t s  and cladding performance was  probably also 
influenced by clad irregularit ies.  

An analysis of the cladding strains 

Below an 

Above th is  temperature the observed 
This 
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To obtain mre infoAmtion on the effect  cf cladding thickness 
variations on unii'om s t r i b  limits of Zircaloy-2 cladding, a 
ser ies  of NaK capsule irradiations i s  bein& conducted. 
t i ans  are being made t o  open four irradiated capsules in which 
defects were machined into the clad surface. 
f o r  a second series of cladding-study capsules have been cut and 
are now being machined. 

Cladding Deformation Studies. A study of the e f fec ts  of surface 
irregdarit ies ar: the mechanical behavior of Zircaloy-2 c l a d d m  
is being made. 
of notched tensile and tube burst specimens, as w e l l  as from fue l  
element cladding. The results indicate tha t  hydrostatic pressure 
in a tubular spec-n gives the most sensit ive stress state fo r  
c.ztc,mining the effect  of notches or thickness irregularities in 
.L;crrloy-2 cladding. 
on a sufficient number of notched tubular burst specimens a t  room 
and elevated tenperature t o  assess the effect  of internal notches 
on uniform cladding strains. 

Three capsule type exper-nts are being assembled fo r  i r radiat ion 
in the MI% t o  investigate the relat ive swelling performance of 
uniformly enriched and dual enriched uranium fue l  rods operating 
at  equivalent power generation and surface temperatures. 
of the Zircaloy-2 clad fuel  rods has been measured, and a f ine 
gr id  has been etched on the cladding surface t o  measure non- 
uniform straining of the cladding which may occur during irradia- 
t ion.  
f i f t y  percent complete. 

Uranium B i l l e t  Heat Treatment. Thirty-five NOE, and thirty-three 
N I E  uranium coextrusion b i l l e t s  were beta heat treated as a f i n a l  
fabrication step before coextrusion. The treatment consists of a 
single beta phase heating and quench. 

A 19-inch long NON high Fe, Al ingot was single beta heat treated 
and quenched pr ior  t o  primary extrusion. The average composition 
of the metal was 643 Al, 400 Fe. V i s u a l  examination disclosed no 
evidence of quench cracking due t o  the heat treatnrent. 

Cerium-Modified Zr-2. A ser ies  of f ive  zirconium buttons have been 
melted, containing 0.1, 0.5, 0.75, 1.0 and 2.0 w t / $  cerium. The 
purpose of t h i s  work is  t o  determine i f  there is any deoxidation or  
scavenging of the zirconium from the addition of cerium. Zirconium 
of 1335 ppm oxygen and 163 BHN was used. 

Prepara- 

I r radiat ion samples 

Test data have been obtained from various forms 

Hydrostatic tes t ing has been nearly completed 

Density 

Assembly of the capsules pr ior  t o  f i l l i n g  with NaK i s  about 

Hardness readings and 
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chemical analysis w i l l  be used t o  determine the effects  of the 
cerium additions, and high pressure steam corrosion t e s t s  w i l l  
be made on rolled sheet samples. 

I-Fuel Support Development. 
quality of Zircaloy-2 s t r i p  intended for  we as fuel  element 

Tests are being developed t o  measure 

i q p o r t s .  
sired. An 
a t  natural 

High fatigue resistance and good fonnability are de- 
air-puwered fatigue tester that vibrates strip samples 
frequencies was made and is being tested. Formability 

of the Zircaloy-2 s t r i p  is being measured by making increasingly 
severe bends in the s t r i p  and determining the radius of bend a t  
which cracking of the s t r i p  first appears. 

Shaker-table fatigue tes t ing of supports on assembled fuel  elements, 
dry and i n  a water environment, was continued. In these t e s t s  the 
natural resonant frequencies of the fuel  system i n  and out of water 
w a s  mjasured for  the inner fuel tubes. It was found that water in 
the annulus between the inner and outer tube lowered the resonant 
frequency s l igh t ly  but did not significantly affect  the amplitude 
amplification factor a t  resonance. 

K-Reactor Fuel Supports. 
element is of the "suitcase handle" configuration. The '%ridge" 

Proposed self support fo r  the KVNS fue l  
- 

section of the support is  a channel cross section t o  give added 
strength. 
the legs of the channel outward upon crushing of the support. 
design is complete and fabrication w i l l  begin immdiately. 

Collapsibility specifications should be met by splaying 
Die 

Supports - Dummies, KER Loops 3 and 4. "Suitcase handle" supports 
for the XER dummies were fabricated from 16 gage (0.061 inch) sheet 
s t e e l  c o n t a w  0.084 percent carbon, 0.01 t o  1.0 percent Cut M, 
and N i ,  and traces of Ag, Cr, Mg, Pb, Si and Sn. Load deflection 
curves fo r  t h i s  support show a spring ra te  of approximately 24 lb/  
0.001 Inch for the first 0.010-inch deflection. Spring rate  drops 
t o  about 20 lb/0.001 inch f o r  the balance of the range t o  0.070- 
inch deflection where the support collapses under au ll50-pound load 
Some diff icul ty  in controlling support height w a s  encountered during 
welding but can be eliminated by modifying the electrode design. 
E igh t  dunrmies are now being charge-discharge and flow tested i n  a 
f u l l  loop mockup t o  determine the support wear properties. 

Fission Gas Yields i n  Uranium. 
the volum of f iss ion gases generated i n  irradiated uranium, ex- 
pressed as cm3 gas (STP) per cm3 uranium per atom percent burnup, 
range from 3 t o  4.95. 

Values given in the l i t e ra ture  fo r  

An analysis of the f iss ion gas yield for  

1 2 3 1  I / b  
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uranium irradiated in a thennal flux was completed. 
xenon and krypton in irradiated d u m  is  found t o  vary with 
neutron flux from 4.8 c d  
at 1012 neut d - s e c  t o  
burn~p at 1 of15 neut/ux?-sec. me n u x  mzuiency is a result of 
neutron capture by the Xe-133 and Xe-135 isotopes. 
analysis consideration was d e  of the effects of f iss ion gas con- 
tributions f r o m  plutaniuxn fissioning and from the s- percentage 
of f a s t  fissioning of uranium and plutcrnium in a thermal reactor. 
A document, HW-73394, descri3ing the calculations and giving the 
complete results, was issued. 

The yield of 

In the 

Hot Headed Closure Studies. The objective of Phase I is t o  deter- 
mine the conditions for projecticm welding a cap t o  a "hot-headed" 
fuel element and obtaFn a minimum void area between the cap and 
the fuel  element. 

In an effor t  t o  improve upon the projection w e l d h g  of end caps 
t o  fuel elements a modification of the w e l d i n g  projection w a s  made. 
A series of w e l d s  were made on end caps using a modified projection 
design. Evaluation of this series of weld tests is not camplete. 

The Objective of Phase I1 is t o  investigate and develop methods t o  
obtain a continuous bond between the cap and the end of the fuel 
element in an area circumscribed by projection w e l d s .  

Several. ser ies  of w e l d s  were made on assemblies consisting of two 
Wrcaloy caps which had the sam size and shape as the fuel  element 
end cap. 
cap had f l a t  surfaces. 
stock and inserted between the end caps. 

One disc contained welding projections while the other 
Sn and C u  f o i l  preforms w e r e  cut from shim 

The principal objectives of these series of t e s t s  w e r e  t o  determine 
i f  the preplaced interface materials could be encapsulated without 
voids and without expulsion. The results indicated that t he  above 
objectives can be obtained. The use of interface materials i n  shim 
or washer form seems t o  be an undesirable method for preplacement. 
Slight misalignment of the shim results in cantanination of the 
projection weld. 
metallizing as a method f o r  preplacement. 

More emphasis and effort w i l l  be applied t o  vacuum 

Self-Brazed Closure Process. About two dozen self-brazed closures 
were processed on the Sciaky spot welder in an ef for t  t o  find the 
best processing conditions. 
copper plated interfaces and Cu-Ni plated interfaces, which had been 

The trial specimens included some with 

1 2 3 1  I I ?  
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previously pressed by the closed-die 400 T press process but were 
poorly bonded; solpe with Cu plated bands on the sidewalls, 
previously pressed in the closed die but poorly banded; some with 
Cu plated bands previously t r ied  in the Sciaky machine, but poorly 
bonded; and some w i t h  clr plated bands, i n  the unpressed condition. 
Two types of specimen holders w e r e  used: 
spec-, f i t t e d  w i t h  a stainless steel inter ior  plug, is t igh t ly  
grlyped in a multiple split disc collet ,  and the upper copper 
electrode is applied against the upper closure only, and (b) an 
arrangemt whereby the specimen is clamped axi8lI.y between the two 
electrodes, being par t ia l ly  or wholly supported by a close-fitting 
surrounding sleeve. 
cessed; in the second, both closures are processed simultaneously. 
OxLously, the power, timing, and pressures must be different for  
each case. 

(a) one in which the 

In the first case, one closure only is pro- 

'Ibe results of the experimental work may be sunrmsrized as follows: 

Pre-pressed specimens with plated U/Zr interfaces 
developed suund bonds uhen reprocessed in the Sciaky 
machine, both in case (a) and case (b). 

Unpressed specimens w i t h  unplated U/Zr  interfaces 
did not produce sound bonds on single processing either 
in case (a)  or case (b). 

Previously processed specimens Kith unplated U/Zr 
interfaces produced par t ia l ly  sound bonds an repro- 
cessing and in one instance of case (a), a completely 
sound bond. 

(1) 

( 2 )  

(3)  

From these results it appears that the most propitious conditions 
include the use of caps with plated interfaces, cathodic etching 
of the uranium interface, case (a )  type processing in the spot 
welder, and a welding program that increases the pressure during 
the w e l d i n g  cycle. One problem not yet overcome is that of pre- 
venting the stainless steel bore plugs from arcing t o  the bore w a l l s  
during the welding cycle. 

Resistance Welded N Fuel Closure. 
S i n n e r  fuel  by resistance welding a Zircaloy-2 ring t o  the Aside 
of the cladding w a l l s  have been encouraging i n  that the resi3tance 
welds have retained the uranium during the resistance brazing cycle. 
This closure is similar t o  the projection welded resistance brazed 
closure except that the uranium i s  recessed t o  a greater depth and 

Attempts t o  produce a closure on 

I ,  .. . 
,-, , ,i t",  - .. . , 
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the closure cap is projection welded 
v a l l s  through small Wrcaloy-2 rings 

t o  the inside of the cladding 
around the inside of the OD 

and ID cladding. 
cap and the cladding is made as a final closure. 

A conventional fusion weld between the top of the 

The resistance w e l d  on this closure w86 improved over ini t ia l  work 
w i t h  XER inner fuel elements by changing the design of the welding 
rings t o  produce more pressure against the cladding walls and by 
machining projections on the caps t o  aid in fusing the cap t o  the 
intermediate weld rings. 

Copper Brazed Closure. 
agent between zirconium and uranium in the brazing process. 
duction heating t o  1050 C and holding f o r  30 seccmds has been s&- 
f ic ien t  t o  form the eutectic and campletely bond the cap. The 
addition of a small  amount of tin t o  the copper appears t o  have 
beneficial results in the bonding obtained and the temperature 
necessary f o r  brazing. 
closure f irst  by electron beam welding and then brazing have proven 
unsuccessful t o  date. 

C o p p e r  has been found t o  form a good bonding 
In- 

Several attempts t o  form the primary 

Investigations are continuing i n  this area. 

Copper Uelding. 
copper with nitrogen as a shield gas may make this a desirable 
process for closing extrusion bi l le ts .  
si l icon copper b i l l e t  can stock and s i l icon copper end plates .  
These w e r e  helium leak checked. No leaks w e r e  found. The sirnu- 
lated b i l l e t  cans were then furnace heated t o  600 C and quenched 
in water. 
a leak. 

The increased penetration possible when welding 

Five welds were made using 

A subsequent leak check disclosed that  me had developed 

Development of Drawing Lubricant. 
F"R elements has been fabricated. 
8 t o  10 f ee t  long, were sent t o  mutonium e t u u r g y  on my 21, 
1962. 
coat of the new drawing lubricant would last  through fiw' suc- 
cessive reductions and in so doing actually produce a bet ter  f i n i s h  
than i f  the wire w e r e  recoated a f t e r  each d r a w .  
t o  18 feet per minute were used successfully. 

Cobalt containing Zr-2 wire fo r  
The f ins l  batch of 182 wires, 

Prior t o  finishing this job, it was demnstrated that one 

Drawing speeds up 
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2. REAclmPRoGRAM 

Corrosian and Coolant Systems Development 

Electrical Resistance of Zr@ Films. The electr ical  resistance of 
Zre is  being investigated as a measure of its protective qualities 
in preventing hydriding of zirconium. 
ported previously in obtaining reproducible resistance values of the 
Zr@ film on Zircaloy-2 while in various gas atmospheres. 
assembly was fabricated with three graphite contacts on the Wrcaloy 
surface t o  permit three simultaneous resistance nreasurements on the 
S~IIE sample. F i rs t  measurements of the rate of resistance increase 
of the zro;? f i lm i n  oxidizing atmospheres and the rate of f a l l  of 
resistance in vacuum have been much more reproducible than previous 
assemblies. After an oxidized sample is placed in a vacuum, a 
variable induction time is  observed before the resistance begins 
t o  f a .  However, a f t e r  the resistance drop begins, the rate of 
fa l l  is f a i r ly  consistent from point t o  point tahing about three 
days t o  drop from 100,000 t o  100 ohms a t  450 C. 
crease in the rate of resistance drop occurred a f te r  twenty hours 
for  a l l  three contacts. 

Difficulties have been re- 

A new 

An unexplained in- 

Hydriding Corrosion Capsules. 
lated NPR gas atmosphere i n  the reactor f o r  167 days a t  temperatures 
of 290,- 350, and 400 C have been retrieved and weighed. 
irradiated in the "as etched" condition showed weight gains gener- 
a l l y  up t o  three times more than comparable samples exposed t o  the 
same conditions out of the reactor. Zircaloy-4 samples autoclaved 
(400 C, 1500 p s i )  for  56 days prior t o  capsule exposure shawed 
signs of spalling a t  exposure temperatures of 350 and 400 C. 
etched" samples exposed a t  400 C showed between two and four times 
more weight gain than samples exposed a t  350 C, and samples exposed 
a t  350 C generally showed two t o  three times more weight gain than 
samples exposed a t  290 C. The protective effect of pre-autoclaving 
at 400 C was substantially reduced under irradiation; weight gains 
(in-reactor ) of pre-autoclaved samples generally exceeded those of 
"as etched" samples. This is 4 contrast t o  out of reactor exposure 
where weight gains of pre-autoclaved samples were generally small at 
temperatures below 400 C. 

Zircaloy samples exposed t o  a simu- 

S q l e s  

"As 

Small punched samples are being prepared f o r  hydrogen analysis. 

Dynamic Corrosion Tests. Ekposure t o  neutral pH water a t  900 F, 
5000 psi,  flowing a t  30 fps for  964 hours produced the following 
penetrations: 
0.010 mils; Hastelloy-x, 0.006 m i l ;  zircdoy-2, 1.66 mils. 

304 stainless s teel ,  0.030 m i l s ;  316 stainless s teel ,  
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An 1800-ho~r exposure t o  pH 10 (LIOH) water at  NPR primary s y s t e m  
inlet  water temperature produced a corrosion ra te  of 0.016 &year 
for  304 stainless steel and 0.01 mil penetration of Zircaloy-2. 
After 1200 hours, A212 C/S was corroding a t  a ra te  of 0.2 -/year. 

Decontamination Studies. Samples of S t e l l i t e  6, Haynes Alloy 25 
and chrolpe plated steel were exposed t o  alkaline permanganate at 
lo5 C fo r  varying lengths of t i m e .  
of the Haynes Alloy 25. 
from 0.2 to 0.4 mil. 
attributed t o  undercutting and flaking a t  imperfections in the 

There was negligible corrosion 
Penetration of the S t e l l i t e  6 samples var i ed  

lche weight loss of the chrome plated s tee l  was 

CbroI tE  plate. 

A production test  was coqle ted  at H Reactor i n  w h i c h  Wyandotte 
5061 was used at  6 oz/gal and 75 C t o  decontaminate reactor rear 
face piping. !his treatment was successful i n  significantly re- 
ducing radiation levels fo r  subsequent maintenance work involving 
t h i s  piping. A coupon holder, containing prefilmed samples of 
aluminum, Zircaloy-2 Inconel, and carbon and stainless s teels ,  was 
i n  place i n  the rear of tube 3372 H during this decontamination. 
Subsequent t o  the decontamination, this sample holder was recharged 
in to  an out-of-reactor t e s t  f a c i l i t y  f o r  further exposure t o  water 
a t  122 c. 

Crevice Corrosion of Stainless Steel. A stainless s t ee l  patch is 
being developed by Plant Engineering Operation, IPD, t o  repair  
reactor crossheaders when welded fittings are removed. This patch 
must be welded in place with water flowing through the header, and 
consequently, a gasket is used under the patch as a water seal during 
welding. 
steel a t  the patch-to-header contact points. 
gasketed assemblies (in a 45 gm/l solution of Turco 43064 at 60 C 
f o r  168 hours) revealed that severe crevice corrosion of stainless 
steel can occur a t  gasketed joints.  
used in the t e s t  is  being sectioned for  metallographic examination. 
Testing i s  continuing t o  compare the crevice corrosion i n  non- 
gasketed jo in ts  vs gasketed joints. 

The gasket may cause crevice corrosion of the s ta inless  
A severe test  of 

A sample of an actual patch 

Structural  hhterials Development 

Br i t t l e  Frac ture  Studies. Experiments to determine the effect  of 
loca l  areas of high hydrogen concentration w e r e  continued. A section 
of annealed, Zircaloy-2, KER pressure tube with a O.3-inch square 
area containing about 5000 ppm of hydrogen was pressurized t o  90 per- 
cent of ultimate burst strength a t  150 C. A project i le  was fired 

timm 
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into the tube w a l l  a t  a spot 180 degrees fromthe hydrided area 
t o  determine the relative crack propagating characteristics of 
the base m e t a l  prior t o  introducing a crack in the hydrided area. 
A crack formed on the inside surface but did not propagate. 
plan was t o  weld th i s  area, repressurize and t e s t  the effect of 
the hydrided area; hawever, the impact of the projectile ini t ia ted 
a crack in the hydrided area that propagated about 50 percent of 
the speciwn length. !Fhis unexpected behavior of the tube will 
require further investigation and experimentation. 

B u r s t  Testing of Irradiated Pressure Tubes. 
Design of the f ac i l i t y  for  burst testing irradiated pressure tubes 
w i l l  be ready fo r  detailed study and approval during June. 
estimates of the present design and re-evaluation of construction 
and equipment costs have necessitated an increase from $228,000 t o  
$289,000 for  the t o t a l  project. 

The 

(Project CAB 922) 

Cost 

Nonmetallic Msterials 

Graphite Burnout b i t o r i n g .  
smpall monitoring samples charged in channel 1880 at KW Reactor on 
mrch 14, 1961, and removed on May 5, 1962, are tabulated below: 

Burnout rates calculated from data on 

Mstance from front of 
graphite stack, in. 

Burnout rate,  percent 
per 1000 operating days 

20 1.42 

28 1.52 
24 1.80 

36 1.76 
32 1-57 

253 
257 
261 
265 
269 

5-51 
2.70 

1.80 
1.82 

1-37 

3=06(?) 
0.55 
0.48 
0.38 
0.37 

The samples were charged into the reactor a t  a time when the location 
of the mexl.rmlm burnout was not established w i t h  certainty. Since the 
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date of charging it has been found that under current operating 
conditions the maxbrm burnout for  the Hanford reactors OCC*JTS 
at 80 t o  100 inches from the front of the graphite stack. 

The peak height and location cannot be determined from these 
results; therefore, a new set of sanples has been charged t o  
obtain burnout rates at  locations from 36 t o  135 inches in from 
the front of the graphite stack. During the first scheduled 
shutdown they vlll be remved and measured. 

The average burnout ra te  in the sixth charge of burnout monitors 
at KE was 0.52 percent per 1000 operating days. This represents 
a decrease of more than a factor of three from rates obtained 
during the fifth charge on sfmilarly exposed samples. During the 
f i f t h  charge the reactor gas-flow rates were generally greater 
than 2000 cfm, whereas, during the sixth charge flows ranged from 
300 t o  800 cfm. 
of water, carbon dioxide, and oxygen, and the location and inten- 
s i t y  of burnout peaks at  the several reactors, suggests that  the 
species causing oxidation at the peak burnout location is  primarily 
oxygen (with a possible contribution from water) and that more 
oxygen is carried in to  the reactor when higher flow rates are 
employed. 

A consideration of the relative rates of reaction 

Graphite Burnout in the NPR. A graphite burnout program based on 
equilibration of reactive gases with graphite (HW-TL737) has been 
used t o  calculate the burnout profile for the NPR from the estimated 
teqera ture  distribution and pruposed gas-system specifications 
(0.04 percent oxygen and a -20 F inlet  dew point). The profile 
indicates that > 95 percent of the oxidation Kill occur in  the 
f i r s t  9 fee t  of core graphite with a peak 4 fee t  into the core 
(13.5 f't Fn front of graphite center l ine) .  The calculated average 
bumout for t h i s  region is  3.7 percent per 1000 operatlng days for  
the gas composition given above and a flow rate  of 400 cfm as su ing  
the reactions: 

c+o2.-> co;! 

c + e o  > C O + &  

The u t i l i t y  of the program has been demonstrated by calculating a 
burnout prof i le  for  D Reactor. The shape of the curve of burnout 
vs. distance along the channel agrees well with the experimental 
results. An estimate of the r a t i o  of t h e  peak-to-average burnout 
rate for small monitoring samples in D Reactor is approximately 9. 
If this is a6S~zned t o  apply in the NPR, the peak rate  would be 

- 
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approximstely 33 percent per 1000 operating days. It should be 
remembered that these rates apply t o  the small burnout monitoring 
samples. 

HPR Graphite Irradiations. Fabrication of the in i t ia l  second-gen- 
eration capsule, H-4-2, in the series of long-term irradiaticms of 
IWR graphite has been campleted. 
irradiated samples from the H-4-1 capsule and U new samples. 
will be installed i n  the General Electric Test Reactor upon removal 
of the second capsule in the series, H-5-1,  at the end of the 
current reactor cycle. No problems were encountered in the capsule 
constructiau even though about half of the samples were radioactive 
due t o  the prior irradiation. 
handling of the samples was only 30 nu-/&. 

The capsule contains 13 previously 
It 

The  body dose rate  during 

Verlficaticm of the data from the samples in the H-4-1 capsule is  
continuiag. 
are operating sat isfactor i ly  with a l l  thermocouples functioning 

!the two capsules presently in the GETR, H-5-1 and H-6-1, 

properly 

Thermal Hydraulic Studies 

.ch 
Plernral Hydraulic Characteristics of I&E F’uel Elenrents in a K- 
Reactor Process Tube. Laboratory experiments were completed whf 
allow prediction of the fuel  temperatures during the shutdawn 
transient following a rapid plugging or a complete failure of an 
inlet  connector t o  a process tube at K Reactor. 
completed a program t o  upgrade such informtion for  a l l  of the 
present production reactors at Hanford. 

The t e s t  section used was a full-scale mockup of a 38-piece charge 
of K-IV-N fuel  elemnts in a K process tube. 
l.bh7-inch (3D by 0.385-inch ID electr ical ly  heated rod in a 
28.5-foot long, 1.658-inch ID process tube. 
e lectr ical  res i s t iv i t ies  were used i n  fabricating the rod t o  produce 
cosine heat generation along the length of the t e s t  section. 

These experiments 

It consisted of a 

Metals of different 

In the experiments simulating rapid plugging of an in le t  l ine,  the 
experimental procedures consisted of i n i t i a l l y  establishing a rear 
header pressure of 60 psig and an equilibrium flow rate which re- 
sulted in  an outlet temperature of 130 C a t  a given tube-power. A 
remotely operated valve, located i n  the supply l ine,  was then closed 
forcing the l iquid flow through a by-pass l ine around the experi- 
mental t e s t  section. 
prior t o  the transient such that a desired reduced flow ra te  was 
obtained through the t e s t  sectian upon closing the remotely 

The valving in the by-pass l ine was adjusted 
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operated valve a t  8 front header pressure of 450 psig. 
front and rear header pressures were maintained during the m. 

Heater rod surface temperatures were then observed and a 1400 in- 
hour power decay was in i t ia ted  when the temperatures either 
"leveled off" or continued t o  increase t o  a point which jeopardized 
the test section. 
of the power decay varied from 7 seconds t o  23 seconds depending 
q o n  the severity of the plug. 

Xn the experiments simulating rupture of an in le t  connector, the 
experimental procedures consisted of i n i t i a l l y  establishing an 
equilibrium f low rate which resulted In an outlet tenperature of 
130 C at a selected tube power and rear header pressure. 
operated valve located i n  the supply l ine was then closed. 
Simultaneous with this a remote valve located near the front 
nozzle and front connector assembly was opened, venting the con- 
nector t o  atmosphere. 
during the transient by mans of a small centrifugal pump. Three 
seconds a f t e r  the remote operated valves were actuated a 1400 in- 
hour power decay was ini t ia ted.  
were observed during the decay period. 
for  runs at initial tube powers of 750, 1250, 1750, and 2250 KU. 
In addition, since the a b i l i t y  t o  cool the t e s t  section adequately 
in such experiments depends upon the resistance t o  flow back 
through the tube fromthe rear header, experiments were performed 
with and without a 0.425-inch venturi placed In the front nozzles. 

Preliminary analysis of the data indicates that  rear header 
pressures of approx-tely 56 psig with the venturi and 40 psig 
without the venturi afford adequate protection against fuel  jacket 
melting for initial tube powers of 1250 Kw and less.  

Canstant 

The tinre lapse between plugging and in i t ia t ion  

A remote 

Rear header pressure was maintained constant 

Test section surface temperatures 
This procedure was followed 

Excessive t eqe ra tu res  were not reached during the 750 KW run when 
the rear header was  held at 15 psig. 
of about 1.5s a t  the rear header when the coolant temperature is 

This corresponds t o  a quality 

130 C* 

Revlsed Front Nozzle fo r  K Reactor. Flow t e s t s  were conducted t o  
determine the pressure drop characteristics of a K Reactor front 
face nozzle designed fo r  use with ribless zirconium tubes. In t h i s  
nozzle a perforated p la te  inser t  was used t o  cover the nozzle in l e t  
water flow passage t o  prevent lodging of the supporct fee t  of self- 
supported fue l  in this opening. 
flow passage a t  the nozzle was  eliminated and a 4 5 O  turn was incor- 
porated in to  a new pigtail-nozzle adapter similar t o  the CC-558 

In addition, the 90° turn in the 
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fittings on the old reactors. The nozzle i s  described on drawing 
SK-23101. 

The pressure drop characteristics of this nozzle assembly w e r e  
compared with those of the present standard IC front nozzle. 
was found that there was 110 detectable difference in pressure 
drops between the front header and tube in l e t  fo r  these two 
assemblies. 
perforated plate insert w e r e  compensated by the new pigtail-nozzle 
adapter. 

Uniform Wall BDF Tube with 0-111-N Fuel Elements. Pressure drop 
and flow s p l i t  exper-nts were performed with a charge of 32 
0-111-N fuel elements in a new B l E  size process tube which has a 
uniform w a l l  thickness (drawing H-1-24174). 
r a t io  of the flow rate in the annulus channel t o  that  in the hole 
-el was found t o  be 2.63 and 2.80 for  hot and cold flow, res- 
pectively, at  normal central zone f l o w  rates. For fringe tube flow 
rates, the flow rat ios  drop t o  2.60 and 2.74 for hot and cold flow, 
respectively. 
using the old s tyle  tubes. 

It 

Evidently, any increased losses associated with the 

From the data, the 

These rat ios  are about equal t o  those found previously 

It was found that the pressure drop for  0-111-N fue l  i n  the uniform 
tube was sl ight ly  higher than for  the same fuel  in the old s tyle  
tube. This pressure drop difference (8 p s i  a t  48 gpm) would result  
in a decrease of about 0.35 gpm or 0.7 percent in operating flow 
rate of a central zone tube. 

Crit ical  Flow of Steam-Water Mixtures. The first series of experi- 
ments t o  investigate the high pressure c r i t i c a l  discharge of steam- 
water mixtures  were peflormed in the heat transfer laboratory. The 
apparatus consisted of a length of straight pipe, 0.508" ID, con- 
veying the flashing f l u i d  from a 1000-gallon pressurizer t o  atmos- 
phere. The pressure within the pressurizer was maintained constant 
at  about 1000 psig throughout the blowdown by injecting high 
pressure air  into the pressurizer as  the liquid level dropped. The 
c r i t i c a l  pressure was defined as  tha t  pressure existing a t  the outlet  
of the pipe during the presence of the "choked flow" conditions and 
w a s  regulated within limits by means of a valve placed i n  the  pipe. 
The axial  pressure prof i le  along the pipe was defined by means of 
w a l l  pressure taps, and the exact value of the  c r i t i c a l  pressure 
w a s  determined by extrapolating th i s  profile t o  the end of the  pipe 
(see HU-68934 for  details of the method). The flow ra te  was m a -  
sured by means of a Gentile flow tube, and the temperature of the 
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subcooled water in the tank was determined by thenwcouples. 
A l l  pressures and different ia l  pressures were measured with 
transducers and a l l  data were automatically recorded on the 
THO d a t a  logging system. 

Critical pressures up t o  580 psi8 were attained during experi- 
mentation w i t h  initial water tenperatures as high as 575 F. 
Qualities, generally, were l e s s  than 1 5  percent. 
ranged between 2 x 105 t o  7 x 105 1b/min/fi2. 
of the data and conprison with theoretical  predictions has not 
yet been perforzed. 

M%SS velocities 
Complete analysis 

B. m S  - 3000 PROGRAM 

Research and devel-t in the f ie ld  of plutonium mtallurgy CM- 
t i m e d  in support of the Hanford 234-5 Building Operations and 
weapons develapment programs of the University of California Law- 
reace Radiation Laboratory (Project Uhitney). 
act ivi t ies  are reported separately via distribution lists appro- 
priate t o  weapons development work. 

Details of these 
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C. REACTOR -0- - 4000 PROGRAM 

Thermal Hykaulic Studies 

An analysis was made of flow data obtained a t  the PRTR during 
six startups when the temperature of the primary coolant was 
increasing. The following observations were made: 

The decrease in density of the W O  upon heating from 
130 F t o  460 F causes a decrease in  the bulk and 
average tube readings of about eight percent. 
is  the same as calculated from data i n  February, 1962. 

This 

The decrease i n  viscosity of the N O  upon heating 
cauBes an increase of three percent i n  the  volumetric 
flow rate. 
calculated from &ta taken during a startup in 
February, 1962. 

This corresponds t o  a value of two percent 

Based on latest data the indicated bulk flow reading 
should be multiplied by 1.18 rather than 1.16 as is 
now done. This accounts for a 20 percent scale cor- 
rection (in the i n s t m n t )  and a two percent differ- 
ence between the bulk flow and the sum of the individual 
tubes. 
flows is  more accurate than the bulk flow reading. ) 

(It is  believed that the summation of the tube 

mere is a mxlmrtm of about 15 percent difference 
between flow rates in the various tubes. 

Component Testing and Equipment Developnrent 

Mechanical Shim Rod. 
for  
indicating equipment and available design drafting manpower. 

Design of the second generation shim rod 
has been delayed pending vending inforxmtion on position 

The second generation shim rod as presently proposed has the drive 
motors and position indicating transmitters located above the top 
primary shield ( in  the upper access space) as opposed t o  within 
the  shield for  the existing shim rods. 
are (1) additional space is gained for  component arrangemnt , and 
(2) the control rod assembly may be divided into two subassemblies 
(drive and position indicating components group, and lead screw and 
s h i m  rod component group) which can be separated t o  f a c i l i t a t e  

Advantages of t h i s  approach 

UNCLASSIFIED 
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maintenance and repsir. 
indicating conponents groups i n  the upper access space subjects 
them t o  high temperatures (400-500 P) and, hence, w i l l  necessi- 
t a t e  cooling. 

Relocating the drive and positian 

Alternative methods of cooling are being studied. 

EnviroMlwt Control Test Facility. 
for  the shim rod enviranment control test f a c i l i t y  have been re- 

Off-site procured materials 

ceived. On-site fabrication of the water (moderator) and gas 
(top access space and top primary shield) housing units is in 
progress. 

HliEL-1 Modification. 
for  the -1 modifications described in last mOfthts report. 
Work has been ini t ia ted on equipmmt arrangement drawings. 

The engineering flow diagram was completed 

Shroud Tube Replacenrent Mockup. Construction of the shroud tube 
replacement mockup p i t  was started but i s  presently suspended as 
a result of the construction strike. 
and shield mockq has been campleted. 
is a l so  being delayed by the stribe.  

The design of the calandria 
Fabrication of the mockup 

Process Tube Gas Seals. 
the PRTR is thought t o  be the gas seals a t  the ends of the 
pressure tubes. 
nate gas seals for t h i s  application. 

A maJor source of heliumleakage from 

Development work has been Fnitiated on a l te r -  

Seals which are t o  be tested for the inlet bellows gas seal in- 
clude zirconium O-rings, stainless s t ee l  O-rings, and a zirconium 
"ferrule" type seal. 
The zirconium O-ring is presently available f o r  testing,  an^ fab- 
rication has started on components for the "ferrule" type seal.  
All necessary testing equipment i s  essentially coqleted.  

The present seal  i s  a solid copper O-ring. 

For the outlet  nozzle t o  top primary shield gas seal, two means 
of improving the seal are being developed. F i r s t ,  nozzle hold- 
down is being redesigned t o  provide greater gasket pressure (and 
possibly bet ter  nozzle alignment). Second, the use of a sof ter  
gasket material, perhaps a highly compressible metal gasket, is 
being explored. 

Hazards Analvsis 

One revision of PKllR Process Specifications was approved during 
the month. 
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The components of the PKPR primary coolant system were checked 
for  materials that might be susceptible t o  b r i t t l e  fa i lure  at  
temperatures below the normal upersting temperature. The only 
material in the system mch ndght exhibit a ni l -duct i l i ty  
temperature (lWI) above the ambient ce l l  temperature is A-212 
grade B which VBS used in the pressurizer. 
grade B steel could be raised above 40 F d y  by strain-aging 
under stresses far greater than experienced i n  operation of the 
reactor, it was cancluded that brit t le fracture of components of 
the PRTEl pr imary  coolant system would not occur. 

Since the ND!F of A-212 

In addition t o  the prompt lifetime calculations fo r  mixed crystal 
loadings in the PRPR, reported last month, values were obtained 
for the effective delayed neutron f r ac t ims  and decay-constants , 

in seven groups, the fuel temperature coefficient, and 8n estimate 
of the coolant void effect. Although the fuel temperature co- 
efficient w i l l  be mre strongly negative than at  present, the 
coolant coefficient appears t o  be weakly negative or zero w i t h  
the presant degree of coalant degradation (- 55 @O). Addi- 
tional calculations are being completed t o  better define the 
reactivity change on coolant loss in the mixed oxide loading. 

Design Studies 

A study of the feas ib i l i ty  of increasing PKllR power level WBS 
init iated.  The objective of the study is t o  estimate the power 
level which can be achieved without major alteration of e q u i p n t  
snd with a minor invqstEnt i n  cost and effort .  h.imFiry system 
temperature would be held constant and secondary steam pressure 
and temperature lowered i n  order t o  remove the additional heat. 

Plutonium Recycle Cri t ical  Facil i ty 

Hazards Analysis. 
mentary informstion on PRCF nuclear safety. comparative ca~cu-  
latiom were comgleted which show the difference between excur- 
sions with a core loading of U@ and Pu-A1 and a loading of Pu-A1 
only. 
sec), results show the excursion for  the all-plutonium loadLng 
t o  be only s l ight ly  more severe than f o r  the combined loading. 
This is due t o  the fact  that the reactor is s t i l l  w e l l  below 
pronrpt c r i t i c a l  when the t r i p  point is reached for  either case. 
Thus, in the case of the all-plutonium core, although the power 
r ises  more rapidly, the t r i p  point I s  reached sooner, terminating 
the excur$iau at a power level about six percent higher than the 
mixed loading case. 

Analyses w e r e  completed t o  provide supple- 

Assuming the maxinum~ reactivity insertion rate (0.275 mk/ 



A-20 m-73905 

Drags of two nutaoium ~ e c y c l c  Criticai  Faci l i ty  (m) process 
specifications were issued f o r  comneEt. 
drafts of the PRCF process specif'icaticos is 60 percent completed. 

Writing of the c o m n t  

PKPR Rupture Loop 

Component Testing and Equipmnt DevelopEnt. 
cycles of the in-reactor t e s t  section, with fuel charge, have 
been completed at a nsximum operatirg pressure of 1800 psig and 
w i t h  teqera3ure cycles from 200 F ta 575 F. 
pressure drop, water leak rates,  d heliumleak rates were taken. 
Specific leakage rates will be reported as som a6 the data are 
processed. 
have not been accurately analyzed as yet. 

Eleven thermal 

D8ta on flaw versus 

Pressure drops appear acceptable although the data 

-2 is bekg readied f o r  thermal cycle t e s t s  on the rupture 
loop Grayloc conoector t o  deterinhe (a) s e d  le- rates and 
(b) connector bolt stresses. 
checkout of the loop is l~ progress. 

Piping, electr ical ,  and instrument 

Fabricatiar; of the rupture low fuel discharge equipment is 
apGroximately 80$ complete. 
OL the hose assemblies, and delivery is  expected in a month. 

An aczeptabfe quotation was received 

Design cf special tools  ta pt r fom the fue l  discharge operation is  
complete except fo r  three or  four tocls W c h  w i l l  be ta i lored t o  
specific requirements established dur&g t e s t a  operations. Fab- 
rication of the special t o d s  is apprcrxLnrately 20$ complete. Fab- 
ricatiozl of the shielding cart  (by cmstructiol; forces) has been 
interrupted by the strike of corstructior? crafts.  

A draft issue cf the dischazge procedure (covering those items 
w h i c h  are the respoLsibility cf EDO> VBE issued f o r  comnrent. 

Hazards Analpis. The safegum* azalysis fo r  the PKllR Fuel 
E;elPent Rupture Faci l i ty  (IN-61236 Srrps) was published and trans- 
mitted t o  AEC. The -lysis shows that the f a c i l i t y  cannot cause 
a reactor excursion and tha t  a reactor excursiors w q u l d  not cause 
81: accident in the f ac i l i t y .  
effect on a reactor maximan credible accident. The maximum credible 
accident in the rupture f ac i l i t y ,  rupture of the pressure tube, 
could damage the reactor but would not affect i ts  nuclear safety 
nor increase its radiological hazards. 

The f ac i l i t y  would have a negligible 
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ELutonium Fuels Develapnrent 

Elutcmium-Bearing F’uel Elements for  PHIIR. 
e leEn t s  have been operating in the F!lutonium Recycle Test Reactor 
during the mnth of May. 
clusters, three Al-Pu instnrarr?nted with flux monitoring pine and 
vim, three BX ~ 1 - w  clusters (16.5 w/o ~u-240), sewn Vi-pBc u@- 
PuOp, aad four swaged U(&-Pu@ clusters. A l l  of the fuel elements 
are the W k - I ,  lg-rod cluster geoaPetry. The present program cal ls  
for  adding eight U@-Pu@ clusters i n  the PFER each nwrth for the 
-der of 1962. 
special test elements, the reactor wlll by that time contain a core 
loading of uniformly enriched U O p P u Q  fuel  elements. These w i l l  
be fabricated by both cold swage compaction and vibratory compac- 
tion i n  about equal numbers. 

Fif ty  plutonium fuel  

The present charge is  made up of 33 Pu-A1 

Except for  a few process tubes containing 

The A1-m spike fuel elearent fabrication has been phased out with 
a t o t a l  of 70 Mark I-H, 19-rod clusters now irradiated in the PRIR. 
Of t h i s  number, twelve have reached goal exposure of 80 Egawatt 
days, 17 between 60 and 70 MJD, eight between 50 and 60 MID, and 
the remining something l ess  than 50 MJD. 

The concentrated fabricatiau effort  in A p r i l  resulted in the output 
of over 600 UCQ-puo2 fuel  element rods. This is sufficient t o  make 
up ten Vi-Pac 19-rod ckusters and twenty cold swaged 19-rod clusters. 
The final steps of etching, autoclaving, wire wrapping, and cluster 
assembly have.been continuing through May. 
clusters and two swaged U%-Pu% clusters were delivered t o  the 
P!B!L!R at the f i r s t  of the rmnth, and six swaged U@-Pu@ and two 
Vi-Pec U(&-Pu@ clusters w i l l  be ready fo r  delivery on June 1. 

Eight Vi-Pac U@-Pu@ 

Bcperimental Fuel glemsnts for  PKtR Irradiatian. 
fuel element was fabricated by cold swaging. 

A 19-rod MgO-Pu@ 
Feed material con- 

sisted of coarse e 0  (-6325 mesh) and a mixture of fine 
MgO and Puw. The master blend of f ines contained 29.7 
The f ina l  compositiau of the fuel rods was 2.1 w/o PuG. 
w e r e  incremntally loaded, w i t h  160 increments per rod. 
rods are currently being etched prior t o  autoclaving and final 
assembly. 

The rods 
The fuel  

Several fuel  rods containing ZrCQ are being swaged t o  determine the 
swaging characteristics of the material. 
prepared f o r  the fabrication, by cold swaging, of a 19-rod cluster 
containing Zr@-Pu@. 

Feed material is  being 
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Three thin-* stainless steel U ~ - P u ~  19-rod clusters are 
being fabricated for  irradiation testing in the PRTR. 
currently in progress on an elenrent clad in 0.008-inch thick 
304-L eeemless tubing. 
0.010-inch thick AIS1 406 type stainless steel t u b a  when it 
becom?s avsilable. 
fabrlcated by vibratory compactia of U@-PuQ using the Fncre- 
-tal loadirrg technique. 
0.48 v/o puo2 using plutmum which cclltains 11.61 percent 
Pu-240. Since the opexating pressures in the PKlTR would collapse 
aay unsupported areas of the dladding, the fuel material com- 
pletely fills the fuel rods and provides the necessary clsdding 
support. ~re l i zdnary  autoclave testing of 88-inch 1- thin-- 
stainless tubes containing U@ has shown that it is necessary t o  
obtain a uniform density of a t  least 8’75 of theoretical density 
for  the fuel  t o  support 0.W-inch w a l l  cladding at autoclave 
pressures of 1300 psi. l?onnal tauping procedures used with 
O.O3O-iach wall Zircaloytubing t o  capac t  the oxide near the 
top of the rods causes deformation of the thin w a l l  tubing. 
Apparently coarse particles of oxide are indented into the tubing. 
For this reason It was necessary t o  explore other m?8ar, of obtain- 
ing uniform fuel density without using’ the tamping rod. 
variations and compactor operating procedures are being investi- 
gated In an e f f o r t  t o  produce thin w a l l  fuel rods which have 
adequate internal support. 
jected t o  hydrostatic testing at room temperature before auto- 
c l a w  in order that the autoclaves w3I. l  not be unnecessarily 
jeopardized. 

Work is 

The other two elements w i l l  be clad i n  

These elght-foot 1- elements are being 

The fuel camposition is U@ - 

Powder 

-@-bearing fue l  rods xill be sub- 

@e fuel rod f o r  the segregated plutonium fuel  element was com- 
pleted. Data fo r  the rod are shown below. Unfortunately, a 
mptured glove was encountered during the final clostlre step, and 
some atmospheric contamination of the closure zone probably occurred. 

Segregated Plutonium Fuel Rod 

~r-2 (low nickel) dadding 

Al-7.5 W/O Pu-2.0 W/O I 9 i  alloy tube 

0.565-inCh m, 0.030-inch 

0.500-inch aD, O.llC3-inch ID, 
wall 

88-inch long 
Pu-240 content 9.704 

uo2 -weight 2047 P 

uo2 (mt-) 0.433-inch aD 
U@ density &$ of theo. 

Pu ( to t a l )  weight 13.5 P 

1 2 3 1  1 3 3  
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A second Al-Pu-Ni alloy tube was successfully extruded. 
able difficulty hss been encountered with the tooling for  t h i s  
extrusion work. A number of mandrels have been necked down or 
fractured. 
borderline of being workable but were used since, i f  successful, 
it would =an expediting the tube fabrication and keeping the 
equipmnt expenditures t o  a m i n i m u .  

Consider- 

The length/diameter and reductian ratios are on the 

A zirconium clad, plutonium-zirconium alloy core fuel  plate was 
made by roll-cladding; the aluminum f o i l  wrapping previously used 
around the core for  contamination controlvas eliminated. It had 
been hypothesized that the aluminum foil reacted with the Pu-Zr 
a l l o y  core t o  form an Al-Pu intermetallic which caused localized 
thickening of the COR in the finished plates. W i t h  the elimina- 
tion of the aluminum foil, no i n t e m t a l l i c s  were detected radio- 
graphically, and the fuel density per unit area appeared uniform 
with some thinning at the edges and end of the core. 
alpha contamination occurred on the plate a f t e r  roll ing and trim- 
ming, but the contamination could be readily removed; A me-inch 
wide section through the core of a clad plate was tested in an 
autoclave t o  determine the corrosion and undercutting of the core. 
After 72 hours a t  350 C, the mimum depth of penetration into the 
core was one-fourth inch. The bond could not be broken in the 
area which was not penetrated. 
Pu - 15 w/o Zr U o y  were cast t o  provide core material for  addi- 
tional roll-cladding experiments; the plates w i l l  be rolled t o  
0.025-inch thick sheets. 
radiographs of the plate castings, 
was 14.9 g/cc .  

Some localized 

Two me-fourth inch thick plates of 

No inhomogeneities were detected in  
The density of the cast plate 

A sunrmary of the roll-cladding process is as foUuws: plutonium 
is  alloyed with 15 percent zirconium at  1350 C. 
in to  one-fourth inch thick plates in cold graphite molds a t  1250 C. 
The plates are cold-rolled t o  O.025-inch sheets. Cores are sheared 
fromthe sheets and placed i n  a zirconium picture-fram assembly. 
The p i c t u r e - f r q  assembly is, in  turn, placed in  a mild s tee l  
sandwich. The sandwich is welded shut and hot-rolled a t  840 C t o  
a 12:l reduction (14-17 passes). 
is stripped from the fuel  plate. 
( i f  necessary) sheared t o  size, and formed into the desired fuel 
assembly. 

The alloy is  cast 

After ro l l ing  the s teel  sandwich 
The fuel plate is  decmtaminated 

Phoenix Experiment. The irradiation and reactivity measurements 
on the high-exposure aluminum-plutonium samples is continuing in  
the MIIR and the ARMF. The current status of the irradiations and 
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reactivity measurements is  as follms: 
i n i t i a l l y  contained plutonium w i t h  6.25 percent Pu-240 (GEH-21-1) 
has received four cycles of irradiation and ARMF measurements 
have been made; the sample containhg plutonium with 16.33 w/o 
PU-240 (m-21-3) has colnpleted its fourth cycle of irradiation 
and is now cooling prior t o  ARMF measuremnts; and the sample 
containing plutonium w i t h  2'7.17 percent Pu-240 (GEE-U-19) is  
now being irradiated for i ts  third cycle. No react ivi ty  data 
have been received since recalibration of the ARMF. Amroval 
has been obtained t o  irradiate the aluminUm-plut04ium samples 
for  seven MllR cycles each. 

An underwater work platfonn and underwater handling tools  are 
being designed and fabricated t o  pennit easier manipulation of the 
irradiated sanples in  the MPR canal. 

An analysis of the aluminum-plutonium-boron ARMF poison standards 
has been started i n  the PCIIR. 
being made on these samples t o  determine the boron content and 
homogeneity. 

Irradiation Testing. 
long swage compacted uniformly enriched UQ-Pu@ seven-rod cluster 
element (Cnr-11-7) i s  continuing. 
the irradiated fuel  rods t o  glass revealed areas of localized 
fission product concentration which resulted from segregation of 
the plutonium enrichnrent during fabrication. 
sampled f o r  f ission gas and the results are given below: 

the sample which 

PCTR reactivity measurements are 

Radionretallurgical examination of the @-inch 

Autoradiographs msde by exposing 

Each fue l  rod was 

Fuel Total Gas 
Rod No. mterial Type Collected ( m l )  a t  STP 

Center Outgassed* 
16 Unoutgassed 
17 Outgassed 
12 Unoutgassed 

Outgassed 
Unoutgas s ed 

19 
15 
20 Outgas sed 

50.1 
40.4 
42.9 
39.9 
51.6 
58.7 
44.9 

*Vacuum outgassed a t  1000 C fo r  two hours. 

1 2 3 1  1 3 5  
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This element was irradiated for  23 full power dsys in the ETR 
high temperature loop which is an estimated maxlmm exposure of 
800 WD/T. !Che t o t a l  gas release data do not indicate any dis- 
cernible difference between outgassed and unoutgassed fuel  
material fo r  these exposures and operating conditions. 
however, a difference in the amount of gas released from rods in 
the element w h i c h  were closest t o  the center of the reactor and 
those which w e r e  furthest fromthe reactor center. 
closest t o  the center of the reactor released less gas than those 
which w e r e  furthest fromthe center. It is  estimated tha t  the 
horizontal peak t o  average flux ra t io  in the loop f ac i l i t y  is  about 
1.2 which would result in approximately a 20 percent difference in 
the specific power generation of the fuel rods from one side of the 
elemnt t o  the other. Those rods closest t o  the reactor center w i l l  
therefore operate at a higher temperature and hence, more in-reactor 
sintering and higher fuel  densities occur. 
density material retains the fission gasses better than the less  
fu l ly  sintered material which operated a t  lower temperatures. 
the fuel  temperatures were further increased, however, so that 
center core melting or  central voids and columnsr grains w e r e  
formed, the gas release from the higher operating temperature 
core msterial would probably be greater than f r o m t h e  lower tem- 
perature material due t o  the sweeping action which occurs during 
recrystallization. 

There is, 

Those fuel  rods 

Apparently the higher 

If 

One of the high operating temperature fuel rods f romthis  element 
was sectioned both transversely and longitudinally in areas of high 
and low plutonium concentration. 
fuel  material clearly showed areas of different operating tempera- 
tures characterized by different structures. Even in the areas 
which operated a t  the highest temperatures, however, there was no 
central void formstion o r  columnar grain growth; anly large 
equiaxed grains had formed. 
spec-ns which clearly i l lustrated where the plutonium enrichrent 
is located. In the same fuel  rod there were areas of unsinterea 
fuel material indicating that in-reactor sintering is  incomplete for 
swage compacted.arc-fused material operating under PWlR conditions. 

The appearance of the U@-Pu@ 

Autoradiographs were made from polished 

The 42-inch long U@-Pu@ cosine enriched seven-rod c lus te r  is 
being examined in RadiometaUurgy. 
along the length of this element i n  an attempt t o  achieve longi- 
tudinal power flattening. 
the ETR high temperature loop which gave a maxiawn exposure of about 
U O O  WD/T. The appearance of the elemnt is good following i t s  
irradiation; i.e., there are no loose bands o r  wires, no harmful 

The Puo;! e n r i c h n t  was varied 

It operated for  27.3 full  power days in 

1 2 3 1  1 3 b  
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corrosion effects are visible, and no warpage of the element has 
occurred. The color of the Zircaloy cladding in  the fuel  regions 
is not uniform, and there are darker spots located on the surface 
of the rods. The elemMt Wiu not be disassembled, and auto- 
radiographs of individual fuel rods w i l l  be made. It will be 
attempted t o  relate the discoloration on the surface of the fuel  
rods with l igh t  or  dark spots on the ackoradiographs. 

Four of the eight !&r@-Pu@ fuel capsules have completed the i r  ir- 
rairiation in the HIR, and six of the eight M@-Pu@ capsules have 
successfully canrpleted the i r  i rmi ia t ion  period. Four of the l&O- 
Pu@ capsules have been stupled for fission gas, Bpd the data are 
being analyzed. 
off zero ges even though there was no indication of a malfunction 
of the sampling apparatus and no obvious indication of a cladding 
failure in the s a q l e .  
scrutinized =re closely in an effort  t o  explain this apparent 
Snamaly. 

(be of the MgO-pU@ capsules (W-14-350) gave 

The condition of the capsule Kill be 

!be sanples are being sectioned transversely. 

-pu@ capsule ( a -14 -85)  which contains high density U@ - 
The second capsule (GEH-14-86) containing high 

2.57 me "7 a o Pu% pel le t s  was recharged into the Ml'R fo r  additional 
irradiation. 
density U@-4.13 a/o Put& is tentatively scheduled fo r  insertion 
during the next cycle. 

The four specimens with UOp0.154 a/o Pu@ and U@ (1.00 a/o U-235) 
pellets have not been irradiated in the MCEZ VH-4 Facility. Reactor 
personnel state that as a res-dt of the i r  recent experiments the 
series of t e s t s  on the specimens (CZH-21-13 thm 16) are just not 
compatible with the existing faci l i ty .  The major problem is that  
the operating persannel cannot control the coolant flow closely 
enough t o  permit discharge of the samples and y e t  not scram the 
reactor. 
so that the tests m y  proceed. 

It has been decided t o  modify the f a c i l i t y  at  our expense 

The bellows assemblies fo r  the ICARUS Brperiment were received, and 
a full-scale flow model of the fue l  assembly and transport vehicle 
was prepared. Flow t e s t s  and calibration m s  are being ini t ia ted.  

Uranium Fuels D e v e l p n t  

P€U!R Fuel Elements. Vibratinnally campacted (771 MUD/Tu), hot swaged 
(681 MWD/w), and cold swaged (ZOO0 MUD/%) Uo;!, 19-rod cluster PKllR 
fuel elements were visually examined i n  the p#IIR storage basin aurin8 
a reactor outage. A l l  reflected continued, expected good performance, 

1 2 3 1 1 3 1  
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and no indication of corrosion or Echanical dam8ge. Follaving 
the examination, the hot swrrged and vibrationally colqpscted 
el-nts were recharged into the reactor. The cold sraged ele- 
meot, replaced in reactor by a plutonium-containing element, w i l l  
be destructively examined to provide the first data on PKllR tJ% 
performance and to provide exposure data f o r  physics analyses 02 
the mw cole. 

Hjgh Iprergy Impaction. 
paring ultra-high density fuel particles from U@ and other refrac- 
tory nudear  materials. 
ultra-high density and (2) impaction followed by hest treating. 

High energy -action is  a mthod for pre- 

b i e r  investigation are (1) impaction t o  

The effects of inqeact pressure, in the range 100,000 - 300,000 psi,  
an compacted and sintered densities for  the impaction-heat treating 
process were determined. Although the compacted U@ density varied 
fram 8.4 t o  10.6 g/cc over this pressure range, the density of each 
sample after sintering was greater than 10.8 g/cc. 
pressures used in  this series of experiments w e r e  attained w i t h  a 
12 percent cobalt - 88 percent tungsten carbide punch. 
were performed a t  successively greater pressures, un t i l  the punch 
fai led at  390,000 psi. 

The high 

Impactions 

Four-inch dianeter, six-inch lcmg, stainless steel cans containing 
ten pounds of micronized U@ powder were heated t o  U O O  C and com- 
pacted by high energy impact at  150,000 ps i  in the vertical  Model 
122OB Dynapak machine, using an energy release of 145,000 foot- 
pounds. 
after crushing it t o  minus-four laesh screen size and heat treating 
12 hours at 1700 C. 
before heat treating, because air trapped in the pawder during im- 
paction, which WSB sealed in by surface sintering of large pieces 
of U@ during heat treating, caused bloating of the UC&. 
U@ which  sintered t o  10.87 g/cc when crushed t o  minus-four nresh 
screen size, sintered t o  10.48 g/cc in approxim8tely one-inch 
di-ter pieces. 

Mterial with a density of > 99 percent TD was obtained 

It was necessary t o  crush the compacted UC& 

Campacted 

An air atmosphere furnace which will heat sixteen capsules, four  
inches in  dianm?ter by six inches long, is being instalIed. A 40- 
minute heating t- will provide one capsule for  conrpaction every 
two and one-half minutes (a rate which would be capable of pro- 
vlding approximately 2000 pounds of U@ per eight-hour day). A 
transfer mechani sm t o  deliver the capsules from the furnace t o  the 
Dynapak machine is being designed. 
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A tungsten carbide punch and die l i ne r  are being installed fo r  
conpacting Uo;! a t  pressures of 350,000 ps i  (compared t o  the 
presently usable pressures of 150,000 psi on tool steel dies). 
It w i l l  be used in attenpts t o  develop the impaction process in 
which ultra-high densities m e  obtained by the i n i t i a l  impact, 
without subsequent heat treatment. 

Remote Fabrication Studies. 
of U@ i n t o  all three components of a preassembled W k  I I - C  nested 
tubular fuel  element appears feasible. 

Disassembly and inspection of a colaplete fuel eleloent, after ex- 
tensive vibratian tests revealed essentially no damage t o  cladding 
ribs. 
the inner surface of the large tube. In-reactor tests on 19-rod 
cluster elements hsve Shawn that similar cladding marks soon ob- 
ta in  an "in-re&ctor-autoclaw f i l m , "  and do not constitute a 
hazard. 

Simultaneous vibrational compsction 

Same scuff marks, 0.001-inch or less deep, were found an 

A U@ dispenser-loader too l  w a s  built for  loading fuel into the 
inner tube of a W k  XI-C fuel element by remote operation. 
t ional t e s t s  are under way t o  develop remote compaction techniques. 
The inner tube w i l l  be used alone for  all prelimfnary remte  opera- 
tion tests'because i t s  particular geometry makes it the most dif- 
f icu l t  component in which t o  obtain high fuel  compaction e f f ic i -  
encies. 

Func- 

The remotely operated w e l d i n g  turntable and remote Tv equipment 
are scheduled fo r  shipment June 4 and 25, respectively. 

Physics !Pest FZements. 
were assembled with cobalt-Zircaloy-2 a l l o y  ere spacing members 
aad charged in to  the PR!FR. Each wire w a s  numbered and marked at 
c r i t i ca l  locations for future reference. A special pin, which w i l l  
fac i l i t a te  bundle disassembly, was used t o  fasten the bottom hanger 
f i t t i n g  t o  the central rod. 

Six U@, 19-rod cluster FTER fuel elements 

Cladding Studies. 
beam welding equipment, attached the spacing members t o  f ive sets 
of the smallest di-ter cladding fo r  nested tubular, PKCR mrk-II, 
fuel elements. A weld pass was made on each side of each member t o  
assure complete penetration, a vir tual ly  crevice-free weld, a smooth 
weld contour, and correct positioning of the spacer, i.e., the member 
will be perpendicular t o  the tangent of the cladcling at the point of 
contact. 
half the cladding thickness. 
foot length was not appreciable. 

An off-site vendor, using high voltage electron 

The depth of the heat-affected zone does not exceed one- 
Mstortion of the tubes over the eight- 

1 2 3 1  1 3 9  
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Four types of electron beam w e l d s  were used t o  assemble a proto- 
typic length of an internally-only cooled fuel  element. 
advantages of good fit-up of components are clearly demonstrated. 
Unexplained phenoswLa of the electron beam were apparent in micro- 
scopic examination of the weld cross sections. 
wide- of the weld area occurred a f t e r  the narrow beam had 
entered the metal. 

The 

An appreciable 

The capabilities of the welding equipment are revealed t o  a great 
extent by these t e s t  sections. 
welding equipment w i l l  perform well under a wide variety of condi- 
tions. 

The high voltage electron beam 

Prototype PKIlR Fuel Glement. 
U@ fuel element conprises a single rod containbg a t  least as 
mch IJCQ as is now contained i n  a 19-rod cluster. 
lang section of such a fuel element was fabricated by vibration- 
al ly  compacting high energy impact formed Uo;! into a 2.328-inch Crr, 
by 0.060-inch w a l l  Zircaloy-2 tube t o  a bulk density of 89 percent 
of theoretical. 
tubing and massive end caps. 
the  fuel wil l  be molten during reactor operation. 
tailed calculations are being made t o  predict the mechanical 
s tab i l i ty  and thermal hydraulic performance during operation. 

A simple, potentially useful, PFU’R 

A three-foot 

TIG closures were made between the heavy wall 

Further de- 
Calculations indicate that much of 

Wterials  Development 

Water Quality Studies. 
l i t h i u m  concentrations in solutions of LiO in WO was calculated 
and compared with analytical data obtained from samples of the PFER 
primary coolant. 
agreement with the analytical results. 
t ion conductivity t o  lithium concentration and pH has not been cal- 
culated; however, analytical results are i n  good agreement with 
values obtained a t  the Savannah River Project (SRP). SRP reports 
that they obtaFn pH values by nzasuring the pH w i t h  standard 
laboratory equipment and then adding 0.4 t o  t h i s  value. 

The relationship between measured pH and 

In  general, the calculated values are i n  good 
The relationship of solu- 

Discussions of the procedure fo r  fluoride analysis i n  WO solutions 
with SFP personnel revealed the following differences between their  
procedure and that used a t  PIiTR: 

(a) Blanks, reagents, and standards are prepared asing high 
purity m0 f o r  dilution. A t  PKm, H20 is  used. 



(b) Fluoride ion is measured by determining the concen- 
t ra t ion of the reaction product of fluoride ion and 
the chelate fonned by mixing lanthanum (or cerium) 
and al izar in  complexone. A t  PR!I!R zirconium is used in 
place of lanthanum. 

The present pRII( procedure has been checked by camipsring standards 
prepared using &O and B O  for dilution. 
the measured fluoride cancentration is about O.9-pcUcts per m i l l i o n  
M e r  w i t h  820 than w i t h  RO. 
SRP has beep written apd forwarded t o  PRER for use in place of the 
present procedure. 
possible t o  lower the fluoride detectian l imit  t o  about 0.1 parts 
per m.17lian. 

These t e s t s  indicate that 

A procedure based an that used a t  

Using this revised procedure it should be 

Capacitance Wasuremezlts on Vapor Blasted and Vacuum h e a l e d  
Zircaloy-2 Surfaces. 
being used t o  conpare the relative rougbnesses of Zircaloy-2 
surfaces prepared by different methods. 
bridge capacitance limits the geometric area of the electrode t o  
abolrt 1-2 cm2. 
blasted and etched, respectively, fo r  use as electrodes. The r a t io  
of capacitances (C vapor bl-ted/C etched) was 5.48. 
during autoclaviag of vapor blasted and etched Zircaloy-2 specimens 
were also campared, using platinum crucibles t o  preclude spalling 
losses from the vapor blasted specimens. In the early stages of 
the weight gain versus tFme curves (- 3-5 days) the r a t i o  A W vapor 
blasted/A W etched was 4.6 which correlates re la t ively well w i t h  
capacitances measureEnts as an indication of the relat ive surface 
roughnesses of etched and vapor blasted surfaces. 

Polarization capacitance measurements are 

!l!he range of the available 

TWO ~ i r c d o y - 2  wires ( 7 0 - m ~  dianreter) were vapor 

Weight gains 

Corrosion of Carbon and Stainless Steel in 300 Area Boiler Water. 
Corrosion coupons exposed for 220 days in the primary heat exchanger 
of PKllR w e r e  removed for  examination during my. 
weighed, cleaned, veighed, examined, and same metallurgical sections 
made. 
corrosion  ad only minute veight losses (7 to 10 mg/&). !W type 
A2l2B carbon s t ee l  coupons lost 6 to 7 gr/& and displayed pi t ted 
surfaces especially in the stressed region of the U-bend. Evalus- 
t ion and corrosion product analyses are currently in progress. 

B e  coupons were 

The type 304 stainless s tee l  coupons showed no localized 

Corrosion of 17-7 pH Spring.  A spring made of 17-7 pH stainless 
s t ee l  which had been exposed t o  a hot mist atmosphere for about 
one year disp lapd  several cracks. 
contaminated with chlorides a t  one time. 

This atmosphere might have been 
Mtal lurgical  sections of 
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this spring revealed the cracks t o  be similar t o  s t ress  corrosion 
cracks which have been reported in other similar alloys. 

PlEiTR Process Tube Ek>nitoring. 
inspected during the May PRTR outage. 
t ions disclosed new wear corrosion marks on most of the tubes 
examined. 
7 mils. 
deep wear corrosion mark caused by the lover end bracket of a U@ 
fuel element. Also, a mark 12 mils deep by l* inches long of un- 
hewn origin was observed 18 inches above the location of the lower 
fue l  element end bracket in the process tube in channel 1643. This 
tube w a s  removed fo r  destructive testing and evaluation. The mea- 
sured gas gap of channels 1857 and 1348 were essent ia l ly  unchanged 
from the previous inspection of two months ago, being about 85 and 
40 mils, respectively. 
the remaining tubes are still being analyzed. 
cribing the results of the 
A p r i l  of 1962 has been issued. 

Sixteen PKlTR process tubes were 
I n  general, visual examina- 

The depth of the w e a r  marks ranged mostly from 1 t o  
Barever, the  pressure tube in  channel 1946 had a 12-mil 

Inside diameter and gap measurements f o r  
A docuarent des- 

tube monitoring program through 

Post-Irradiatian Evaluation of F"R Pressure Tubes. Studies have 
continued on PKllR pressure tubes removed from the reactor. 
room temperature burst t e s t  of an annealed section exposed t o  
5 x 1019 nvt (E > 1 Mev), failure w a s  initiated by a w e a r  corro- 
sion mark at  about 85 percent of the predicted u l t i m t e  tabe 
strength. The crack did not prapagate a f t e r  penetrating through 
the wall indicating that  the Illeta1 w a s  s t i l l  behaving i n  a ducti le 
m e r .  Metallographic examination indicated a layer of massive 
hydrides abouttwo mils deep located direct ly  below the corrosion 
mark which measured 1/2 inch long, 1/8 inch wide, and a maximum of 
f ive m i l s  deep. 
throughaut its length. 

Another burst test specimn with an exposure of lo7 nvt (E > 1 Mev) 
with two wear corrosion marks fai led at  about the predicted ultimate 
tube strength. The fracture did not propagate the ent i re  specimen 
length nor was the failure through the corrosion marks. Both of the 
marks had a maximum depth of f ive mils and had the appearance of a 
contoured re l ie f  m p  with several plateaus. Metallographic examina- 
t ion of these marks showed a massive layer of nydride beneath the 
one, and only a slight increase of hydrides beneath the other mark. 
A document (m-73698) describing the post-irradiation evaluation of 
Zircaloy-2 PR"R pressure tubes through April 1962 has been issued. 

In the 

Mimy small  cracks traversed the hydride layer 

UNCLASSIFIED 
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W k  III Tube Mnuitoring muipment Development. 
section of the Mark 111 tube monitoring cm’tniscope has been cor- 
rected t o  give the required imsge size and returned t o  Hanford. 

me eyepiece 

A body fo r  the Msrk III gas gap instnms%t hss been successfully 
machined from phenolic. !RE two previous bodies of silicone 
resin w i t h  Fiberglas and mica f i l lers  split transversely and 
longitudinally, respectively, during machining. 
mine the effect of water absorption and radiation an the phenolic 
are in progress. 
presently being wound with final assembly scheduled f o r  early June. 

Tests t o  deter- 

The eddy current coils fo r  the instrument 8re 

!Be dilatometer used in obtaining bulk expansion data an Puo;! t o  
900 C has been calibrated using a high purity copper standard of 
length such that the t o t a l  expansion should be idehtical with the 
total expansion of the unlmown. After these data are analyzed, 
the PuO2 expansion will be corrected and a least squares f i t  t o  
the data w i l l  a l l o w  an equation t o  be written fo r  the thermal ex- 
paasion of m e .  
Additional points on the l a t t i c e  expansion of Pu@ were obtained 
on the high temperature diffractometer. 
Aa/% values of ll.472 and 12.936 were obtained. After the high 
temperature m the recirculating coolant water was found t o  be 
heating cansiderably and the experiment was halted. 
of a heat exchanger t o  the recirculatbg p u q  is nearing cwxpletian. 

A t  ~ 2 6  and 1275 C, 

Installation 

Another anneal of FCC PUq.62 was made in an e f for t  t o  transform 
this structure in to  the BCC phase. The sample was heated t o  1300 C 
for one-half hour i n  vacuum and slovly cooled. The O/Pu after this 
treatnreat was 1.6l and the phase relations were similar t o  prevlous 
experiments. A strang Pu+,, pattern vith a. = 5.409A was found in 
addition t o  a moderate amount of BCC alpha-Pu2c)3. 
high temperature FCC allotrape of Pu203 cannot be whoUy transformed 
t o  the low temperature BCC phase, but rather undergoes a pa r t i a l  de- 
conposition reaction. High temperature x-ray diffraction would  be 
mst helpful in studying this r e a c t i a .  In addition, a smal l  amount 
of a t h i rd  phase was detected which gave 8 cubic structure Similar 
t o  PuO, though the l a t t i c e  constant of 4.964A i s  higher than antici-  
pated. 

Apparently the  



A set of Puo;l,x speclmns has been made by sintering at  various 
temperatures in dry hydrogen. These samples w i l l  be used f o r  re- 
sistivity and t h e m  emf Easurements which are planned fo r  this 
s m r .  

The change in lat t ice  paraEter of PuC samples stored a t  room 
temperature with th? which was reported last mnth has been noted 
in additional samples. 
stored in 0.5 mn diameter capillaries have both shown this change. 
!I%@ folluwing table shows the change in cel l  s ize  of a set of three 
samples, two of which were located on the previously reported lattice 
constant horizontals in arc-melted material. 
both a back reflecticm integrating camera and a 114 mm Debye canera. 
Lattice constant data f r o m  the Debye patterns were obtained by ex- 
trapolation against a Nelson-Riley plot.  

Powder samples stored under vacuum and 

Samples w e r e  run in 

sample A u g u s t  15, 1961 a, 1 9 e  
No. a/o C Back Reflection Back Reflection Debye 

E-141-1 29.25 4.9659 f 0 . m  4.9724 f O.OOO6A 4.0724 f 0.0005A 
E-141-2 33.02 4.9682 f 0.001 4.9734 f 0 . m  4.97'+2'* O.ood, 
E-141-3 35.95 4.9684 f 0.0006 4.9754 f 0.0003 4.9756 f 0.0007 

These samples all showed extremely weak lines due t o  a second phase 
and were quite close t o  reflections expected from alpha-plutanium. 

Another specimen containing 48.24 a/o C has exhibited la t t ice  
constant changes in both the arc-melted and annealed (400-550 C f o r  
91 hours) conditiau. 

Sample Date Lattice Constant 

L-2-9 arc melted 12/u/61 4.9709 f 0.003 

L-2- 9A annealed 4/18/62 4.9771 f 0.0006 

L-2-9 arc  melted 4/23/62 4.9728 f 0.0004 

L-2-gA annealed 5/23/62 4.9780 f 0.0008 

L-2-gA annealed 1/15/62 4.9747 f 0.0002 

Some scatter is  apparent on these la t t ice  data; nevertheless, the 
trend appears toward increased la t t ice  parameters. These samples 
showed PuC plus a s m a l l  amount of Pu2C3. There is no obvious ex- 
planation fo r  these observed changes. 
defect PuC phase were occurring, one might anticipate a decreased 

If a precipitation from the 

1 2 3 1 1 4 4  
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ce l l  size rather than an increase. 
comes t o  mind is self-induced radiation damage though at present 
this is  pure speculation. 

Some th i r ty  coatings on graphite w e r e  tested for  the i r  ab i l i t y  t o  
resist attack by PuC at 1550 C. 
a c-rcial Be0 coating which includes a binder and is applied in 
two coats w i t h  an eight-hour bake; a masmatron-sprapd alumina 
coating; and a Elasmstron-sprapd five-mil TaC coating. 
of these shawed a good resistance t o  attack. 
bonded t o  the graphite and was thin enough so that it successfully 
withstood three sintering cycles (one hour a t  1550 C )  without any 
signs of attack or spal l ing.  The oxide coatings yere satisfactory 
i n  resisting attack but tended t o  spall a f t e r  one cycle. 

Another possibil i ty whicn 

Of these the most successful were: 

The last 
It was t igh t ly  enough 

Plutonium Nitride 

Several rods of alpha plutaium weighing 10-20 grams each were arc 
m e l t e d  under one atmosphere of gettered nitrogen. 
the products by x-ray diffraction showed plutonium nitride,  Pum, 
plus residual alpha plutoniuni. 
buttons shov a Pull dendritic structure in a plutonium mstrix. To 
date, a single-phase structure has not been formed by this method. 
The most propitious means of W synthesis appears t o  be t o  react 
plutonium hydride with either anhydrous ammonia or  nitrogen. mu- 
tonium h m d e  can be obtained easi ly  by heating massive plutonium 
t o  150 C in high purity flowing hydrogen; the plutonium rapidly dis- 
integrates into small part ic les  of hydride. (b completion of the 
hydridbg process, nitrogen gas is substituted for  hydrogen, and the 
temperature is raised t o  600 C. An alpha plutonium rod or button 
i s  thusly converted in s i t u  t o  plutonium nitride.  
nique may possibly be used t o  convert the plutanium matrix in the 
arc-melted products t o  the nitride. A t t e m p t s  t o  accomplish this 
matrix conversion w i l l  be made dazing the next reporting period. 

Exadnation of 

Photamicrographs of these arc-PPelted 

This same tech- 

Specific Volume of Molten UOp 

The specific VOluE of U@ a t  temperatures between 3000 K and 320O IC 
was measured. 
A t  the m e l t i n g  p o b t  (3063 K), the densities of the solid and the 
liquid were 9-88 g/cc and 9.33 g/cc, respectively. 
the liquid a t  3200 K was  9.03 g/cc. 

The change in volume during m e l t i n g  was 7.2 percent. 

!The density of 
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Measurements were made by radiographing sealed tungsten capsules 
par t ia l ly  f i l l e d  with Uo;! and self-resistance heated t o  tempera- 
ture. Each capsule contained s l ight ly  more than one gram of U@ 
in a cav i t y  one-eighth inch in dianr?ter by one inch long. 
graphs w e r e  made at 3000 K, 3063 IC, 3100 K, and 3200 IC during 
both heating and cooling. 

!Che radiographs required a two-minute exposure t o  a 100 curie CO-60 
radiation source. The dimnsions of the mass of U@ were precisely 
determined from each radiograph, using a measuring microscape. 
Fromthese dhmsions  snd the accurately known weight of U@ in the 
capsule, the specific volume was calculated. 

Radio- 
..- 

Each capsule was designed so that the U Q  solidified directionally 
fram bottom t o  top. 
in the body of the oxide and caused the shrinkage t o  occur as a 
single, easily Easurable pipe at  the top of the Uo;! column. 

This prevented entrapment- of shrinkage pores 

Single C r y s t a l  Uo;! Irradiations 

The U@ single crystal thermal conductivity specimen studied in 
the joint HAPO-BMI program was irradiated in the Hanford "snout" 
f ac i l i t y  t o  an approximate exposure of lols nvt. nux monitoring 
materials included in the capsule Ki l l  be used t o  determine exact 
exposure. Thermocouple and centering guide wires imbedded in the 
crystal during previous measurements at BMI were not removed fo r  
fear of damging the crystal; they w i l l  be replaced, using the 
ultrasonic d r i l l  a t  BMI, before further thermal measurements are 
made. !!!he eirystal was returned t o  BMI, and the next series of 
measurements is expected t o  be completed within two weeks. 

A second precharacterized single crystal of U@ was irradiated in 
the Hanford "snout" f a c i l i t y  t o  an exposure of approxidtely 
1s6 nvt. 
t i m e  irradiation experiments. 
post-irradiation studies of radiation d-ge t o  be conducted with 
minimrlm shielding in the laboratory. 

This irradiation test is  the first in a series of short 
me low exposure irradiations permit 

U h  Relocation mer iment  

A fuel capsule containing tungsten marker wires in sintered Uo;! 
pel le ts  was irradiated in the MFR GEH-4 fac i l i ty .  
contained 1/4-inch long, 0.014-inch diameter tungsten wires i n  a 
sp i ra l  array. During irradiation, relocation of fuel was  expected 
t o  change the relative positions of the tungsten wires. 

Two of the pellets 

Coxuparisan 
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of the locati txs of the wi-res before and af te r  irradiation w i l l  
provLde quamitative xlccat icr :  data. 
when high gama activ',+,y was dezected Fn the coolarrt shortly 
after the test el-,ment reached f u 3 .  paver. 
returned t o  H d o r d  for destructive rafio?netGurgicd. examination. 

!Be t e s t  was terminated 

The element is  being 

Electran Microscopy 

camparisae of mosaics of r e f l ec t im  eiectrcz micrographs of an 
irradiated Uo;! crystal revealed th8t recogzizakle chaxges oc- 
curred during heating t o  9 0  C. 
mn t  of a broad, fluted micro-crack. 
the line suggest it might 'have res-iLcled from an accmulatios of 
defects in a sub-gr- boundary d u m  heating. 
conditions did not allov sepazate i d e s t i f i c a t i w  of effects  due 
t o  irradiation plus heating, & tc heat- dose. 
is being planned with more detafleG examiraticlns before and af te r  
each treatmert. 

Most prominent was the develop- 
The shape and structure of 

BrperfiPental 

Further work 

Sequential CeramograpkLc Bxsminatiocl of Irradiated Uo;! 

A series of photographs w e r e  made of the crose-sectimed surface of 
a U@ Are1 rod to stcnr the changes in the appearance of the surface 
as it is ground away, w h i l e  moving thrcugh the fuel  from a l o w  heat 
flux zone t c  a high heat f lux zone. 
approxinstely 0.002-Fnch i2zt.e-s thrc7-h a ore-- inch long 
section of a rod from the "PrIccess" (heterogeneously enriched) 
t e s t  element. The pLor-ographs were malie int.0 a motioE picture 
which gives the i l lusioI l  of a threa-dimemkr.al viev of an ir- 
radiated Uo;! fuel e l e e n t .  

Pncfiographs were taken a t  

Irradiation Effects 

A paper, "Irradiatiaz Alteraticn of Uranium Dioxide," (HW-73072), 
-as written and presezted a t  the i A E A  SynposLum on Radiation Damage 
i n  Solids and Reactor Materiais, May ?-E, 1962. The paper reviews 
i r rad ia t ic r  behancr studies by Mp,Itbers of Reactor and Fuels Re- 
search ai=d Developmzt OperatFoz. 
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Irradiation Program 

Two general swelling capsules w e r e  discharged after attaining 
their goal exposure. 
discharge basin prior t o  shipment t o  Radiometallurgy for  dis- 
assembly. 
i n  t a n d e m  in a single test tube. 
opersted at constant temperatures of 575 C and 625 C, respectively, 
regardless of reactor operating conditians. (he additional 
capsule is  complete and has been shipped t o  the reactor for  
charging. Another capsule is approximately 75 percent complete. 
Assembly of additional general swelling capsules will be delayed 
until heaters which are on order are received. 
construction of metallographic swelling capsules w i l l  proceed. 
The assembly of a p.rototype n&aUographic swelling capsule is 
now in progress. 

These capsules are cooling in the reactor 

Two additional capsules are st i l l  under irradiation 
These capsules are being 

In the interim, 

Post-Irradiation Bamination 

Capsules 7 and 8, each containing three pairs of half, hollow, 
uranium cylinders, have been opened and the inner spacer con- 
taining the spec-ns retrieved. 
t o  a burnup level in the specinens of about 0.4 a/o a t  respective 
caatrol temperatures of 525 C and 575 C. 
very poor condition. 
fromthe holder. 
position with O.OO3-inch thick, perforated tantalum fo i l .  
irradiation the samples are severely warped and bulging against 
the fo i l .  
through the perforations in the f o i l  by as much as one-sixteenth 
of an inch. 
are much worse in  this respect than are the specimens in Capsule 8 
(575 C control temperature). 
nucleation and growth of fissian gas pores in the normal sense, 
the relative magnitude of the damge t o  the specimens appears t o  
be reversed, i.e., the specimens in Capsule 7 should have been 
less  severely affected. The fact  that  they were not suggests that  
something other than swelling has occurred. 
tha t  occurred l a t e  in the irradiaticm due t o  an operator error may 
have had considerable influence on the specimens. The specimens in 
both capsules momentarily were heated into the beta phase when a 
burnup of about 0.3 a/o had been achieved. The effect of a high 
temperature pulse (probably less than two minutes) on the behavior 
of uranium irradiated t o  high burnup levels is not born.  

Capsules 7 and 8 w e r e  irradiated 

The specimens are i n  
It is extremely d i f f icu l t  t o  remove them 

Each sample was originally held loosely in  
After 

In many places, portions of the specimens protrude 

The specimsx in Capsule 7 (525 C control temperature) 

If these effects are due to’ the  

A temperature excursion 

UNCLASSIFIED 
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(he of the pairs cf specimezs 2i Capsule 8 -as remcved from the 
specimen holder and +he tan2aluni remcveS fron the specimens. 
One of the half, hcllaw cylinders was mounted in boat resin, 
mechanically pclished and exainked m?tUogrsphically. 
sample appeared t o  be m e + , U i c  but extremly porous all- 
large por t ims  t o  be Impresated witk boat resin. 
comidered t o  be typical Sehatfror cf uranium irradiated t o  this 
bumup a t  t h i s  temperature. A d d i t i d  study i s  required t o  
understand the damage accunulated by this specime~. 
being d e  t o  develug the microstructure of the s q i e  with the 
use of chemical etchants. 
measuremEnts are also Flmned. 
pair is being mounted in a mechslzical momt t o  attempt polishing, 
cathodic vacuum et- and replication. 
t o  metallographicUy ex-e the other specimelrs that are s t i l l  
an the holders. 

The 

This is - nct 

Efforts are 

MLcraha=.cioess a ~ d  x-ray diffraction 
The other half of the specimen 

Attempts w i l l  be made 

Duplicate samples given the sari?? thermal treatwnt Fn NaK f i l l e d  
laboratory capsuies as the Fn-reactor Capsules 7 azd 8 show no 
distortion. Tne specimen surface€ exhibited 0d.y minor sta- 
where c a t a c t  was &e a*& the t s - t a b c  f c i i  wrapped around the 
samples. 

Zircaloy-2 clad coaxial U-U d i f f u s i z  ctxples Lrradiated t o  two 
~UIZIUP levels have Seer! amealed fsr 100 hours a t  650 C ati6 a l s o  
a t  TOO C. Prior t o  the amea3 ig  z rea tpe~ t ,  the irradiated 
specime&s showed no evideace of cracking Fr the u r d u m ,  or 
cracking a t  the bccd between the clad ar.d the uranium. The outer 
layer of enrizhej. uraoim had sl;si;si?led a bm-up cf G.2 a/o and 
0.4 a/o durhg  the two expcsures; s l ; r s u ~ s  in the deplete3 central 
core are lcwer by a fscCIcr of ZC. 

After a 650 C -e&, some crackbig k the urazium @cth enriched 
m d  depleted) had occurred, but zhe ba.d betweec cl& and uranium 
was sound. 
adjaceEt t o  the cladt a band of s d U ,  eqsiaxed grains w i t t  rela- 
t ively large pores a t  t h e i r  bourrdaries devEloped. Withic the en- 
riched layer only fine pores saaller thaL 0.5~ - diamefer had 
developed. The core of rieplete8 u r a m  shcws cnly very small  
pores, LI 400 A in diameter, whereas i z ~  the specimeo with lower 
buzzup, nc p r e s  whaksoever were observable i=L the core cactaining 
the depleted uranium. 
zone between the clad and uranium was found. 

Iz the 0.k a/o h m ~ i  - L Z U I C  shel l  immediately 

Nc eddence of FCES in the intermetallic 

UNCLASSIFIED 
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In the case of similar specimens annealed 100 hours at 700 C, 
marked chaages have occurred. 
widened and a circumferential crack between this zone aad the 
enriched uraniumlayer developed. The enriched uranium from 
optical microscope examination has developed a wide band due 
possibly t o  diffusion of clad -tal into the uranium. 
in the enriched uranium shel l  and depleted uranium core has also 
occurred. Extensive metallography, both by optical and electron 
microscopy, will be conducted. 
depleted uranium grains adjacent t o  the enriched uraniummay have 
occurred during the 650 C anneal in high burnup specimens, as  son^ 
evidence of this has been found. Additional evidence, however, is  
needed. 

The interrPetallic zone has 

Cracking 

Pore fornration a t  boundaries of 

Restrained Irradiations 

In order t o  gain insight in to  the influence of Zr-2 cladding on 
the swelling of uranium, Zr-2 clad uranium rods with selected 
uraniumtemperatures, cladding thicknesses, and exposure are 
being irradiated in loa f i l l e d  temperature monitored capsules. 

Density and burnug were maeured on five fuel rods removed from 
capsules irradiated in the MIIR. A sixth fuel rod fromthese 
capsules w a s  so severely oxidized that a sample could not be ob- 
tained. The results fromthe fuel rods are tabulated below: 

Density Change Burnup Volume Avg . 
Sample g/cm3 A U r a n i u m  Temp., C 

- 1.91 0.48 567 - 4.96. 0.33 482 
94-2 

95-2 - 5.01 0.30 462 
99-1 - 1.01 0.49 430 
99- 2 - 6.95 0.42 480 

95-1 

The large density decreases of samples 95-1, 95-2, and 99-2 are 
attributed t o  badly cracked and oxidized ssmples. 
samples 94-2 and 99-1 agree very weU with previous swelling data 
reported from these capsule irradiations. 

The swelling of 

UNCLASSIFIED 
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5 . l R R A D L A T I a o D A M A a T o R E A c ! r O R ~  

Alloy Selection 

llvo square feet  of 0.062-inch sheet of expe-ntal precipitation 
hardening Alloy R-27 has been obtained. 
iron, chromium a l l o y  of the following conqosition: 
Mn, 0.24; Si, 0.03; Cr, 15.18; Bi, 44.78; Fe, 32.54; Ti, 2.07; 
Al, 0.35; Cb, 4.56; Ta, 0.15; B, 0.Oll; P, 0.008; S, 0.0dr. 
exceptional strength praperties of this U o y  make it slritable 
for many reactor applications. 
the double aged condition is about 210,000 psi.  

This mterial is a nickel, 
Cy 0.076; 

The 

Its 0.2 percent yield strength in 

A three-inch strip of the R-2'7 a l l o y  is being cold rolled t o  
0.005 inch. 
for electron microscopy transmission examination. 
material. is being prepared for  Erichsen Cup t e s t s  t o  obtain data 
on the alloy's formability. Tensile speciEns will be prepared 
and irradiated t o  obtain data which w i l l  indicate the effect  of 
irradiation on its mechanical praperties. 

Tiris w i l l  be used t o  develop thinning techniques 
Additicnsal 

mm-8 i s  a nickel base a l l o y  which was developed by ORX'lL 8s a 
container vessel fo r  molten fluoride s a l t s  t o  be used i n  the ORNL 
molten s a l t  reactor. 
the %pes-Stel l i te  Caaplany under the trade name "Xastelloy N" and 
h8s the following nominal composition: 
Fe, 5.00; Si,  1.0; Mn, 0.8; C, 0.06. Available data indicate that 
th i s  alloy has excellent oxidation resistance t o  air as w e l l  as 
excellent strength and stress t o  rupture properties a t  temperatures 
to 1800 F. 
er t ies  indicate the possibi l i ty  of using the a l l o y  i n  high tempera- 
ture gas cooled reactor applications. Samples of this alloy are 
being obtzined fo r  cursory corrosion, oxidation, and irradiation 
tes ts .  

This alloy is  presently being produced by 

IJi, 67.0; h, 16.5; C r ,  7.0; 

These properties together with good fabrication prap- 

Data Collection .sad Exchange 

me first meeting of the Data Collection and Exchange 
whose mmbers are T. T. Claudson (EL0 - chairman): D. 

Committee , 
S. B i l l i n g t a n  

(om); T. A. Trozera (GA); and F: R. Shober (BMIj, vas held  a t  
Hanford Laboratories t h i s  past m-th .  
included recommendations that  f i r s t  a quzrterly progress report 
made up of contributions from each participating s i t e  be conpiled 
and edited a t  HAP0 and, second, that a semi-annual meeting of a l l  
participating s i t e s  be held t o  exchange data and information. 

Tne results of t h i s  meet- 

Tne 
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first such semi-ann- meeting is scheduled t o  be held at HAP0 on 
October 16, 17, and 18 of t h i s  year. Subsequent meetings w i l l  be 
held at  other participating sites. 

Irradiation Effects i n  Structural W t e r i a l s  

B e  purpose of this program is t o  investigate the canbined effects 
of radiation ahd reactor enviranment on the mechanical properties 
of structural  materials. 
determination of mchanical property changes produced in metals by 
irradiation at elevated temperatures. 

Special attention will be given t o  the 

During the m t h ,  54 Wrcaloy-2 tensi le  specimens irradiated in 
the E 7  EIlR hot water lwp were tested. Of these specimens, 39 
w e r e  tested a t  room temperature and 15 were tested a t  300 C. 
specinrens contained 0, 20, and 40 percent cold work prior t o  ir- 
radiatian and represented both the longitudinal and transverse 
directions w i t h  respect t o  rolling. 
Zircaloy-2 exhibited marked directional effects in tensi le  properties 
both at room temperature and at 300 C. 
transverse specimens had a higher yield strength and lower uniform 
elongation in the annealed condition, but lower yield strength and 
about the s a u ~  uniform elongation in several cold worked conditions. 
Furthermore, the tensi le  fractures of the transverse specimens be- 
came shear-like in appearance as the cold work level increased. 
Raising the testing temperature t o  300 C reduced the tensile 
strength fo r  the 0, 20, and 40 percent cold worked specimens t o  
about 50, 57, and 60 percent, respectively, of the i r  room tempera- 
ture values. However, both uniform and t o t a l  elongation underwent 
l i t t l e  change, and in some cases decreased a t  the higher temperature. 
Shear fractures for  cold worked specimens representing the trans- 
verse direction were m r e  perfectly developed a t  300 C than at room 
temperature. m y  of the observed directional effects both a t  room 
temperature and a t  300 C are due t o  differences i n  the mode of 
deformation resulting from the crystallographic texture induced by 
cold work. 
i n  which s l i p  is restricted by texture, thinning is virtually absent 
in longitudinal specimens in wnich the texture I'avors s l ip .  

Neutron irradiation a t  280 C t o  about 3 x 1019 nvt ( f a s t )  had im- 
portant effects on both the strength and plast ic  s t ra in  of Wrcaloy-2. 
In general, many directional features observed in the stress-strain 
curves for  the unirradiated specimens were also observed i n  curves 
for  the irradiated specimens. The transverse specimens showed lower 
uniform strain than the longit-dinal specimens and exhibited well- 
developed shear fractures for the cold worked conditions both a t  

The 

In the unirradiated condition, 

A t  roam temperature the 

Whereas thinning is prevalent i n  transverse specimens 
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room tenperature and at 300 C. 
irradiated state, the yield strength for  the transverse direction 
was higher f o r  a l l  cold work levels at both t e s t a  tengeratures. 
The effect of temperature in reducing the tensi le  strength of the 
irradiated spec- was about the SBE as fo r  the unirr&iated 
specimens; hawever, the effect of temperature on plas t ic  strain 
was inconsistent. For the transverse direction, increased testing 
temperature (€0 300 C) increased the t o t a l  strain of the cold 
worked speciEns, but reduced the t o t a l  strain of the annealed 
specimpms. For the longitudinal direction, increased testing 
t w r a t u r e  increased the t o t a l  strain of the annealed specimens, 
but had l i t t l e  effect  on the t o t a l  s t ra in  of the cold worked speci- 
mens. 

However, in contrast t o  the un- 

A t  3 x 1019 nvt exposure, -ked reductians in W o r m  strain 
occurred for  the annealed specimens both at room tenperature and 
300 C. 
about 13 t o  4 percent at  roan temperature and from 16 t o  2 percent 
at  300 C. 
were from 9 t o  0.7 percent at  room temperature and from U t o  l e s s  
than 0.2 percent at 300 C. 
curred for  cold worked specimens tested at  room temperature. 
However, a =ked change occurred f o r  transverse, cold vorked 
specimens tested at 300 C. lZlese specimens displayed a sharp 
yield point, beyond which plast ic  strain occurred with decreasing 
load t o  fracture. 
the start of p las t ic  instabil i ty.  
of the various ccmditicms tested t o  date, transverse specimens, 
both annealed and cold vorked, irradiated near 300 C and tested at  
300 C have exhibited the greatest ins tab i l i ty  in tension with 
respect t o  uniaxial stress. 

These reductions for the longitudinal direction vere from 

Corresponding reductions for the transverse direction 

L i t t l e  change due t o  irradiation oc- 

Hence, the advent of p las t ic  strain also -ked 
It is of imporkance t o  note that 

Botch tensile investigations of both annealed and cold worked 
Zircaloy-2 are continuing. Data representing cold work levels t o  
40 percent reveal that Zircaloy-2 is  notch-insensitive in ' t he  un- 
irradiated s ta te  and is  not prone t o  b r i t t l e  fracture at room 
temperature or above. 
for both the plane strain (KIc) and plane s t ress  (I+) c r i t e r i a  
have been unsuccessful t o  date due t o  extensive p las t ic  s t ra in  
that precedes crack propagation. Several methods, including 
spec- and notch geometry optimization, are being tried t o  
correct for  p las t ic  strain i n  calculating k. 
portional e las t ic  l i m i t  is  reached before crack "pop-in" in the 
unirmdiated s ta te ,  it is expected that t h i s  order Will be reversed 
a f t e r  a c r i t i ca l  low neutron exposure. Beyond t h i s  exposure, the 
relatianship between stress intensity and yield strength for  ir- 
radiated Zircaloy-2 will be determined. 

A t t e q t s  t o  measure the stress intensity 

Although the pro- 

UmCLASSIFD 
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In-Reactor Measurement of bkchanical Prop erties 

Two creep capsules have been charged in the reactor during the 
m t h .  
A creep test is in progress in one capsule a t  30,OOO psi  s t ress  
and at  a temperature of 250 C (482 P). 
used t o  conduct an in-reactor creep t e s t  at 350 C and 30,000 ps i  
stress an a 20 percent cold worked specimen. 

Each contain a 20 percent cold worked Zircaloy-2 specinren. 

The other capsule is being 

The 250 C - jO,OOO ps i  in-reactor t e s t  has been running nearly 400 
hours. A parallel ex-reactor t e s t  in an instron creep machine has 
accumulated 14.4 hours. 
is greater than the ex-reactor creep strain.  
reactor, however, are lower a t  14-4 hours than ex-reactor. These 
are about 5.0 x 10-7 in/in/hr and 1.4 x 
This behavior is consistent with the t e s t  conducted at 310 C and 
3O,OOO psi in that in-reactor rates were lower than ex-reactor 
rates, but the to t a l  In-reactor creep s t ra in  is  greater than the 
ex-reactor creep strain. 

After 144 hours, the in-reactor creep s t ra in  

in/in/hr, respectively. 

The creep rates in- 

Precise measurements of creep rates during reactor outages have 
not been obtained due t o  the temperature instabi l i ty  of the micro- 
positioner probe zero point during this period. Temperature fluc- 
tuations are produced in the probe by changes in the internal water 
pressure of the cooling coils. These pressure fluctuations, not 
present during reactor operating conditions, markedly affect the 
amount of heat transmitted t o  the micropositioner over'short periods 
of tinre. 
as the water can be completely removed fromthe internal cooling 
coils without producing a temperature in excess of 250 C from gannna 
heating. 

This diff icul ty  is  not anticipated in the next s h u t d m  

Damage Mchanisms 

Three pounds of high purity (99.996 percent) iron have been re- 
ceived. This material i s  in the form of bars w i t h  a one-fourth 
inch d i a t e r  and 10 t o  15 inches long. The impurities consist 
of 15 ppm metallics and 25 ppm normetallics. 
iron has been cold swaged and the cross-sectional area reduced by 
37.6 percent and 45.6 percent in four and five passes, respectively. 
The nominal 0.250 inch diamter  bar was reduced t o  diameters of 
0.234 inch, 0.218 inch, 0.203 inch, 0.187 incn, and 0 . l p  inch. 
During the swaging operation it was noted that the iron was ex- 
tremely ductile. 

A portion of the 



The microstructures of both the as-received and the cold worked 
material have been characterized. 
received material was very large, averaging 1.25 rn in diamter. 
After cold work, a pronounced wrought structure prevailed and a 
veining type substructure was detectable. Annealing treatments 
in high vacuum t o  relieve stresses and produce the desired fine 
grain size are in progress. 
material is  required so that comparisons between this material, 
high purity iron currently on order from other suppliers and iron 
t o  be refined on-site can be made. 

The grain size of the as- 

Complete characterization of this 

A set of grips for  tensi le  testing one-eighth inch diameter 
specimens has been designed and is currently being fabricated. 
These grips are t o  be used in canJunction with both the instron 
testing equipment end x-ray. diffraction equipment. 

The fourth capsule i n  the series of irradiations of EGCR graphite, 
H-3-4, is operating sat isfactor i ly  in the th i rd  cycle in the GEITR. 
Sample temperatures have retuned t o  normal (450 t o  825 C) from 
the high values reported last month. 
ture peaking has not been resolved. 

The reason fo r  the tempera- . 

Radioactivity from Irradiated Graphite 

Gama-emission spectrometric analyses were made on several samples 
of irradiated nuclear-grade graphite t o  determine which isotapes 
cause the radioactivity observed in  the sahples. 
were CSF, TSX, TSGBF, NC7 and NC8. 
of irradiation t o  the date of analysis varied from10 days t o  850 
days. 
from h p r i t i e s  in the graphite, were found t o  be scandium-46, 
cobalt-60, zinc-65, and antimony-124. 

Materials analyzed 
The period from the termination 

The principal gamma emitters, which presumably orzginate 

To obtain a more quantitative comparison of the ac t iv i t ies  of these 
four isotopes, calculations were &e for  sample irradiated for  

and a t h e r m l  flux of 1.35 x 1$4 (E > 0.17 ev). 
indicate that fo r  the f i r s t  100 days a f t e r  irradiation nearly 85 
percent of the gannna act ivi ty  i s  caused by the scandium-k6; a f t e r  
200 days t h i s  has decreased t o  75 percent; and a f t e r  800 days over 
85 percent of the act ivi ty  i s  due t o  the cobalt-60. These results 

approximately 100 days at a f a s t  f l u x  of 2 x l& t nv (E > 0.18 k v )  
The calculations 
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a f t e r  being converted t o  microcuries, were compared with "Cutie- 
Pie" measuremnts made on each sample. 
per microcurie (a t  1 meter) was used based on an average gamma 
energy of approximately 1.0 &v fo r  the four isotopes. 
results agreed w i t h i n  approximately 10 percent. 

Calculations were also made fo r  the isotopes causing beta activity.  
The principal beta emitters (beta only) were found t o  be phosphorus- 
32 and sulfur-35. 
gama emitters and gamma-plus-beta emitters. 

A conversion of 0.5 m/hr 

The two 

The two tables summarize the ac t iv i t ies  f o r  

Calculated Activity of Impurities in  Graphite - Gamma Ebitters 

Activity, $ 
0 20 100 200 800 - - - - -  Days After Irradiation 

Scandium-46 88 a7 84 75 4 
cobalt- 60 4 5 8 16 87 

9 zinc-65 3 3 5 7 
Antimony- 124 . 5  5 3 2 - 

Calculated Activity of Impurities i n  Graphite - 
Gamma- Plus -Beta Emitters 

Activity, $ 
0 20 100 200 800 - - - - -  Days After Irradiation 

Scandium-46 
cobalt-60 
Wnc - 65 
Ant im~ny-124 
Phosphorus- 32 
Sulfur-35 

Boronated GraDhite Irradiations 

62 73 84 75 4 
3 4 8 16 87 

9 2 3 5 7 
4 4 1 2 

1 1 1 - 
- - - 28 15 1 - 

A heat transfer test was run in the Snout I1 f a c i l i t y  confirming 
calculations which indicated relat ively high heating rates of samples 
of graphite which contain boron. 
of burnup and heating rates are necessary for  further planning of 
irradiations of the Fermi reactor shield graphite. 
a small sphere (0.6 cm diameter) w i l l  generate 4 watts/g i n  a 
therm1 flux of 1 x 1013 nv. 
for  m y  experimental techniques used for graphite irradiations.  

This experimnt and calculations 

As an example, 

This heating load i s  excessively high 
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Gamma Irradiation Fac i l i ty  

AU additional 51,000 curies of cobalt-60 were added t o  the garmpa 
irradiation f a c i l i t y  in the 3730 Building, bringing t i  t o t a l  
anmnt in the source t o  61,000 curies. Dose rate measuremMts of 
t h  combined 61,000-~urie source indicated a maxirmrm of 3.45 x 
10 r/hr in the usual configuration in which four irradiation ex- 
periments are conducted sFmultaneously in 2-inch dianreter tubes 
positioned within the source. 
holder was fabricated f o r  use with a 1-inch dianreter irradistioaz 
tube. when 50,000 curies of Co-60 were  p aced around the 2-inch 
dianreter tube, the dose rate was 6.6 x 10 r/hr as measured by 
ceric sulfate des-try. 
tinue experiments on tne effects of gamma radiation on gas-graphite 

% 
For higher dose rates, a source 

2 
G l a s s  lwps are being assembled t o  con- 

reactions. 

Graphite (kidation T e s t s  in the PEZPR 

A study is in progress t o  determine the effect  of ganrme intensity 
an the rate of oxidation of graphite in air. 
intensity available u n t i l  recently vas the CO-60 f a c i l i t y  in the 
3730 B ding in which experiments have been conducted at  
1 x 10 r/hr. 
intensity closer t o  that expected in the EGCR a f t e r  shutdown 
(-107 r/hr), t e s t s  were conducted during shutdown in PKCR tube 
1556 from which the fue l  had been discharged. 
sulfate dosimetry m?asurements indicat d that the gamm intensity 
nine hours a f t e r  shutdown was 5.6 x 10 r/hr. 
cayed with a 13.9-hour half- l i fe  as indicated by the equation: 

The highest gamm8 

2fil ~n an e f fo r t  t o  masm the oxidation rate  a t  an 

A series of 10 ceric 

The intensity de- % 

where t = hr  after shutdown for the period 8.8 - -  < t 20.8 

The oxidatian t e s t  was conducted a t  610 C. 
t e s t  the ganrma intensi ty  decreased from 5 x lo6 t o  3 x lo6 r/hr. 
The oxidatian rate of 0.02 g/S/hr l i e s  within the scat ter  band of 
the t e s t s  conducted at 1 x loo r/hr. mre t e s t s  are required t o  
establish a va l id  ra te  equation. 
the CO-6 

During the period of the 

Future t e s t s  w i l l .  be conducted in 
f a c i l i t y  in  the 3730 B u i l d i n g  i n  which a dose rate  of 

6.6 x 10 8 r/hr can now be achieved. 

1 2 3 1  151 
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Graphite Compression Test 

The l a t e s t  results obtained from the JWX?--LS (NPR reflector) 
graphite samples in the latest 150 ps i  compression boat tend t o  
substantiate the results observed in the previous t e s t .  The 
results suggest that dlnrensions may affect the rate of con- 
traction of irradiated graphite. 
1/4 inch dismeter AG<III-LS trsnsverse samples was on the order of 
-0.01 percent per 1000 bWd/At. 
m e r  amproximately 6500 Mwd/At appears t o  be l ess  than one-half 
the contractian of standard size samples (0.43-inch diameter) cut 
from the same graphite bar. 
full-size bars and standard-size samples was reported in the 
December 1961 mthly ~ e p o r t .  

The cantraction rate of the 

The t o t a l  amount of contraction 

A difference in the contraction of 

The differences between the length changes of loaded and unloaded 
samples apparently decreases with increasing exposure. 
loaded and unloaded samples now appear t o  be deforming a t  approxi- 
matelythe same rate as i n i t i a l l y  observed for  the loaded samples. 

Both the 

Dynamic Corrosion Tests 

The corrosion test t o  determine the corrosion rates of A212 carbon 
steel, REI 1031 carbon s teel ,  RH 1051 carbon s teel ,  304 stainless 
steel, Hunter-Douglas C-1 alloy aluminum, ahd Zircaloy-2 i n  pH 6-7, 
290 C, deionized water has been completed a f te r  2500 hours of ex- 
posure. The aluminum samples were all removed a f t e r  1800 hours of 
exposure and were corroding at  a rate of 70 mils/year. The stain- 
less  s tee l  corrosion rate  fe l l  from 0.09 mil/year during the first 
half of the t e s t  t o  C 0.01 -/year a f t e r  2500 hours. 
s t ee l  rate was also decreasing from the 0.26 mil/year obtained during 
the f i r s t  1800 hours of the t e s t ,  but an exact determination of the 
rate  could not be obtained from the limited amount of samples avail- 
able during the remaining 700 hours of exposure. The Zr-2 rate  was 
< 0.02 mil/year a f te r  2500 hours. 

The carbon 

The test of corrosion and crud deposition of coupons in reactor H-1 
loop a t  pH 7 cnntinues. Since the t e s t  was charged on April 13, it 
has accumulated only about one week of high teqera ture  operation 
(260-290 C ) .  
of the t e s t  because of high pH and conductivity. 
reaching high temperature a leak developed i n  a s q l e  l ine.  
th i s  could not be valved off,  it was necessary t o  reduce the tempera- 
ture and pressure until t h i s  could be repaired. 

The temperature was held down f o r  the f i r s t  few days 
A few days a f te r  

Since 

The reactor w a s  

UNCLASSIFIED 
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dawn fo r  a retubing outage May 13 t o  28. 
days of the t e s t  were characterized by poor water quality, the 
clean-up resin was replaced, and high water purity has been main- 
tained since then (-106 ohm). 

Although the first f e w  

Aluminm Alloy Develaprpent 

Several melts made t o  determine the reproducibility of the corrosion 
resistance of three high purity base a l loys  have naw received an ex- 
posure of 15 mths in 360 c water. 
N i l  2.15 Fe; (2) 1.6 ai, 1.85 Fe; and (3)  1.55 IVi, 1.55 Fey 8J. l  cas t  
with 99.9955 base aluminum. 
penetrations, the highest penetration being 0.64 mil. 

After nine m t h s  of exposure t o  360 C water melts of the 1.25 Xi, 
1.85 F’e in 99.9955 aluminum fabricated t o  determine the effect  of 
casting variables s t i l l  show that the auly change in casting proce- 
dure which affected the corrosion resistance of the alloy was a sluw 
cooling rate. 
pouring temperatures have not changed the corrosion characteristics 
of this alloy. 

The three ~ o y s  are (1) 0.645 

A t  15 mosths all melts s t i l l  show low 

Different holding times, holding temperatures and 

8. AEC-AECLPROGRAM 

The feas ib i l i ty  of using dr i l led  holes as primary calibration 
standards for  the ul t rasonic  defect test on Zircaloy tubing i s  
being determined. Two se ts  of smal l  holes w e r e  fabricated, one 
set  with varying diameter, the other with varying depths. Ultra- 
sonic response measurements of these holes are in progress. 

Raised portions of m e t a l ,  such as a burr, som=times give inordi- 
nately large ultrasonic responses fo r  t he i r  size. 
=tal were fonned on an outer surface by a chemical milling tech- 
nique. 
plateaus did not give as large a response as notches or holes w i t h  
conparable reflecting surfaces. 
metal, such as burrs, w i l l  be studied. 

Two plateaus of 

In a transverse t e s t  with a f l a t  rectangular c rys t a l  the 

Other types of raised pieces of 

A curve of ultrasonic response as a function of entry angle for  a 
spot-focused 10 Mc U2SO4 c r y s t a l  has been plotted from 14 degrees 
through 30 degrees. Unlike the curves taken w i t h  the line focused 
and the f lat ,  rectangular crystals, t h i s  curve does not show dis- 
t i n c t  peaks a t  certain angles. However, there are small peaks which 
r i se  from 5 t o  15 percent above the general curve a t  entry angles of 
200, 23O, and 260; the 200 and 260 entry angles correspond t o  the 



A-49 m-73905 

sharp peaks obtained with the other crystals .  
focused crystal was  not as sensitive t o  changes in angle as the 

Thus, the spot- 

othex two crystals. 

Fifteen experiPDental boiling burnout points were determined i n  
the laboratory with an electr ical ly  heated model of a 19-rod 
bundle fuel element. 
tubes, 0.629 inches 0, l* long and was installed i n  a 3.25-inch 
ID horizontal coolant tube. Twelve of the rods were wrapped with 
wire t o  maintain a O.Ol5-inch spacing between rods and t o  promte 
coolant mixing. 
Easure the inside surface temperature near the downstream end. 

The t e s t  section was made of 19 Inconel 

A l l  of the tubes had thermocouples placed t o  

The tests were performed by sett ing a f l o w  and in l e t  water 
temperature and then increasing the power in steps until boiling 
buraout was reached. 
by a temperature excursion of one or more of the surface thermo- 
couples. 
a t  flaw rates between 5OO,OOO and 4,000,000 lb/hr-sq f t .  

The onset of boiling burnout was defined 

The t e s t s  were performed a t  8 pressure of 1200 psig and 

In t h i s  t e s t  section the radial  heat generation (from rod t o  rod) 
was uniform. Therefore, since the spacing between the outer rods 
and the coolant tube was greater than the  spacing between rods, 
the burnout generally took place on the inner rods. A t o t a l  of 
seven and possibly eight different rods indicated burnout a t  one 
time or another, all occurring on the inner rods except f o r  one 

.burnout indication on the outer rods. (h one occasion four dif-  
ferent rods showed burnout while several burnout excursions came 
on two rods a t  once. 
rods i n  the upper portion of the bundle indicated burnout. This 
would be expected because of the s t ra t i f icat ion influence at low 
flows, though t e effect  was not as pronounced at mass velocities 

During the runs a t  the lower flow rates the 

of 3 snd 4 x 10 2 lb/hr-sq f t  and the lover enthalpies. 

The concentratian of the burnouts on the seven inner rods was t o  be 
expected. 
tube and the outer I 2  rods as compared t o  the hydraulic diameter of 
the inner seven rods does not match the heat generating surfaces 
seen by these two flow paths. Since the inner seven rods receive 
less  than the i r  "share" of flow and since there i s  presumably l i t t l e  
or no mixing between channels, these rods experience the larger 
enthalpy r ise .  Q the other hand, if t h i s  disparity was overly 
severe, one would expect that  the center rod would see a large 
portion of the burnouts, which was not the case. 

The hydraulic diameter of the chamel between the process 
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Analysis of the data Cas beer, ssarted, but no q w t i t a t i v e  con- 
clusio&s c m  be made y e t .  
qualitative cacclusiccs. 
with th i s  Test. section are mch reduced at the sans  bulk coolant 
conditions framthose obtaioed w l t h  a sindlar test section w h i c h  
had a O.U&-icch  ,cpacing betweea rods. 
section had boiling burncut heat fluxes comparable t o  t e s t  sections 
of tubular or aGcular geometry. 
fluxes with the 0.015-inch spaced rods is mcre prowunced a t  low 
coolant flows. 
boiling burnout heat fluxes were abaut 150,000 Btu/hr-sq f t ,  and 
generally independect of exi t  ellthaLpy from about 150 F subcooled 
t o  15% quality by veight. 
of a factor of five frm those cbtaioed n t h  +de 0.07Linch spaced 
bundle e 

burnout heat flux was mre dependent upcn the ex i t  enthalpy and 
ranged fran about 600,~oo t o  95C,OOC Bcyu/hr-sq ft a t  ex i t  enthalpies 
corresponding t o  about 5s quality by weight t o  150 F subcooling, 
respectively. 
of about two from those of the O.@%-irch spaced bundle. 

Hmever, the raw data do permit several 
!Rie k c z i n g  b m c u t  heat, fluxes obtained 

The O.C?k-Inch spaced t e s t  

The reduction i n  burnout heat 

At a coolant flow rate of 500,009 lb/hr-sq f t ,  the 

‘These fluxes are reductions on the order 

A t  a coolant f l o w  ra te  of 3,OOO,OOO lb/hr-sq ft , the boiling 

These f i u e s  are reductio= on the order of a factor 

The heat fluxes qucted above snm a strcag coolmt f l a w  rate  
effect  upon the boS.ing burnoat hea3 fPYteso 
mass flow rates substactlate tLiE.  
between 250,000 t o  38O:OOO azd betweeli 480,300 t o  509,000 Btu/hr- 
sq ft were obtained a t  coclmt flow rates of i,OOO:OOO and 
2,000,000 lb/hr  sq ft ,  respectively. B ~ i l i L g  burnout heat fluxes 
obtained a t  a coolant fiow rate  cf 4,c).3OpO00 lb/hr-sq ft were not 
much higher thaL those cbtained a t  3,300,OCO lb/hr-sq f t ,  indi- 
cating that the strong effect of c o c i a t  flow ra te  may become less  
pronounced a t  the higher rates. 

The behavior of t i e  thermcouples used t o  measure rod surface 
temperatures gave some u d f 2 c i %  cf the s t a r t  of 33i1bg. 
may be deduced from t h i s  bzhadc.:.r that  boiiiag s tar ted within the 
bundle at canditians where the  bc;k n,colaz% was highly subcooled. 
This Indicates paor mFxicg bezweeI; the water within the bundle and 
the comlderabie amount of water bstween the bundle and tube wall, 
w i t h  the water within the k d l e  a t  a mch higher enthalpy than the 
bulk average. 
reduction ic boil- bu;xzout heat fluxes fomd with this t e s t  section. 

The flrures for other 
B c i l 3 g  b m o u t  heat fluxes 

It 

This $henanen= may be largely resporsible for the 
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Advanced Reactor Concepts Studies 

Preliminary estimates of core size for  a 30 W t  fas t  reactor 
cooled by boiling rubidium show that the size will  be governed 
by thermal hydraulic considerations rather than by fuel inventory 
requirements. 
and with 50 v/o coolant, a typical exi t  coolant velocity would be 
300 f p s .  
flux with 3/16 inch diameter fuel  pins would be 1.3 x lo6 Btu/hr ft2.  
Available published data on the boiling alkali mtals are insuf- 
f ic ient  t o  support estimates of heat transfer coefficients, points 
of departure fromnucleate boiling, or a reasonable range of 
coolant quali t ies and velocities. 
reactor, it will  be necessary t o  make some arbitrary assumptions 
as t o  coolant capabilities. 

Initial reactivity calculations for  rubidium cooled, plutonium 
fueled f a s t  reactor cores haw been completed by Applied Physics 
Operatian. 
t o  those of interest  are cow under way. 

For a cylindrical core of equal length and diameter 

Average heat This value is insensitive t o  exi t  quality. 

For the i n i t i a l  layout of t h i s  

Calculations t o  narrow down the c r i t i ca l  reactor sizes 

A r e v i e w  of the current status of thermionic converter technology 
and research was gained by attendance at the Thermionic Fbwer 
Canversion Symposium. Thermionic power conversion remains a very 
promising scheme for  reactors with space missions, but formidable 
materials problems remain t o  be solved before useful efficiencies 
and endurance can be demonstrated i n  the laboratory. 

D. RADIATIOm EFFECTS METALS - 5000 PROCRAM 
SFngle crystal and polycrystalline molybdenum containing i n t e r s t i t i a l  
and excess carbon as impurity are being studied t o  establish the com- 
bined effect  of neutron irradiation and carbon impurity level on the 
properties of the =tal. This program includes the following t es t s ,  
masurements and studies: 
measurements, deformation studies, electron microscope studies, x-ray 
diffraction analyses, microhardness tes t s ,  length change measurements, 
and some pre- and post-irradiation damge recovery studies. 

Four single crystal bend t e s t  specimens recharged into the irradiation 
f a c i l i t y  a f t e r  an irradiation exposure of 5.7 x 1018 nvt ( f a s t )  have 
now attained the goal exposure of 1 x 1019 nvt ( fas t ) (as  determined 
fromtitanium flux monitors) and have been discharged. Two of these 

(1) tensile tes t s ,  (2) e lectr ical  res i s t iv i ty  
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spec- contain 10-20 ppm C, and the other two contain 400-500 ppm C. 

polycrystslline fo i l s ,  0.003 inch thick, prepared from Johnson-Msthey 
high purity molybdenum have been thinned after an exposure of 
1 x 1019 nvt ( fas t )  -aad-hve bhhn exfunbed by trapsmissioh electron 
microscopy. 
tected. 
relieved a t  700 C.) 
fraction techniques and vlll be subjected t o  various post-irradiation 
anneal- treatments. Foils of polycrystalline molybdenum containing 
three levels of carbon as impurity (10-20 ppm, 100-200 ppm, and 400- 
500 ppm) have been irradiated t o  1 x l@ and. 1 xild.9 nvt (fast);  
they w i l l  be processed by x-ray diffractian and electron microscupe 
techniques. 

No change in the pre-irradiation microstructure was de- 
(Prior t o  irradiation these as-rolled f o i l s  had been s t ress  

They are currently being analyzed by x-ray d i f -  

Apprecibble recovery of damage sustained by a spec- may occur during 
irradiation if gama heating of capsule camponents is not dissipated. 
Tests on tensile specimens with 0.180 inch gage diameters have been 
canducted. 
specimen contained in a prototype capsule during irradiation was de- 
termined. The maximum temperature in the molybdenum tensile specimen 
in  an envlromnt  of helium at a pressure of one atmosphere was 57 C, 
a t  a pressure of two atmospheres it was 55 C, and in  a vacuum enviran- 
mept it was 160 C. H e l i u m  as a heat transfer =dim must be added t o  
capsules which do not have adequate internal rn?tal-metal thermal con- 
ductance. New capsules w i t h  better thennal conductivity have there- 
fore been designed and are being fabricated. 
future irradiations of single crystal  and polycrystalline specimens. 

!Be temperature at  the center of the gage section of a 

They w i l l  be used i n  

Resistivity measurements are being made on control non-irradiated 
specimens t o  evaluate the u t i l i t y  of mercury contacts on specimens. 
Preliminary t e s t s  are encouraging. Accurate length measurements on 
U.2 single c rys t a l  tensile specFmens require equipment which was not 
available for  use during the past manth. 
was therefore postponed. 
tim data from 24 specimens have been obtained, and include x-ray 
intensity, l ine  shape, and l a t t i c e  parameter data. 
t e r i s t i c  of the specimens containing high carbon (400-500 ppm) is that 
diffraction l ines  show f ine structure. 
sumably responsible f o r  a polygonized structure within the matrix. 

Irradiation of these crystals 
Pre-irradiation single c rys t a l  x-ray diffrac- 

A unique charac- 

The high carban content is  pre- 

Pleld ion microscopy u t i l i z ing  emitters prepared from specimens contain- 
ing carbon as i n t e r s t i t i a l  impurity w S L l  be evaluated under a joint  
Hanford-Linfield Research institute program. 
emitters suitable f o r  irradiation and study both before and a f t e r  ir- 
radiation. 

Work has begun on preparing 
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E. CUSTOMERWOFX 

The rotary core d r i l l  assembly fo r  sludge samples of Redox waste 
storage tank was disassembled and contained liquid rather than a 
solid sample (RM 367). 

Bramination of an overbore and a standard production element re- 
vealed both elements failed due t o  groove corrosion penetrating 
the aluminum cladding (RM 443 and 448). Two l o w  exposure I&E 
elelnents were received with separations a t  the =le end caps. 
defects were found in the weld closures (RM 4.49). 

No 

CGH-857 physical & hkchanical Properties Testing Cell 

Au. portions of the Instron Tester with the exception of the in- 
ce l l  leads are now scheduled for  delivery in "early June 1962.'' 
The approval drawFngs for  the -act Tester were returned t o  the 
vendor. 

The B & L Precision Gage is scheduled for  shipment on 6/15/62. 

Delivery is scheduled for  7 / n / 6 2 .  

CGH-858 High Level Uti l i ty  Cell 

Minor construction forces have completed the i r  work on the project. 
An engineer from AME' has installed the two extended reach manipu- 
la tors  and instructed the Radiometallurgy maintenance group in the 
maintenance and repair of the manipulators. The engineer also in- 
structed the operating personnel on the operation of the manipulators. 

Vacuum Annealing F'urnace (E-9)  

A furnace has been designed and fabricated for  vacuum annealing of 
preformed samples. 
"E" cel l ,  has a maximum working temperature of 1850 F. 

The furnace t o  be installed in  the north end of 

Micro Sampling Equipment 

The fabrication of the micro sampling equipment has been completed. 
A wooden, ce l l  mockup is  being fabricated f o r  equipment set-up and 
testing . 

1 2 3 1  l b 4  



A- 54 

3. METALLCGRAPHY LABORATORIES 

Three flanging tools, used t o  expanu the ends of the NPR Zircaloy 
process tubes , fa i led in service during the month. 
w h i c h  are similar t o  a tapered ro l l e r  bearing had been hardened 
t o  Rockwell c-65. Failure was a type of fatigue induced cracking 
which originated just below the surface in a circumferential ring 
a t  the location of the highest stresses.  

The par ts  

A variation in  polishing technique fo r  certain samples; especially 
those containing uranium, has resulted in a much longer service 
l i f e  f o r  polishing cloths in the vibratory polishing units. 
solution of two percent sodium dichromate i s  substituted for  the 
previously used two percent chromic acid. 
chromic acid must s t i l l  be added t o  obtain proper results on the 
uranium.  ) The new solution produces excellent polishing resul ts  
and does not attack or  weaken the f ibers  of the polishing cloths. 

A 

(A small amount of 

An Elgeet Olympus metallurgical microscope, w i t h  camera attachment 
was added t o  the laboratory th i s  month. This unit  has an inverted 
stage, and photographs can be taken on e i ther  35 IIP~ film or  with a 
Polaroid attachment. 
br ight  f ie ld ,  polarized l ight,  sensitive tint, and phase contrast. 
The phase contrast can be varied through four steps o r  degrees of 
contrast. 
even when using fu l ly  polarized l i gh t  a t  high magnification. 

The microscope has four types of illumination; 

Very reasonable exposure time on the camera results 

Replicas have been examined from a polished,, cathodically vacuum 
etched, irradiated, NPR inner tube cross-section surface. The 
material was irradiated t o  approximately 1000 MWD/T. No swelling 
pores were observed in  the replicas examined. A type of a r t i f a c t  
was observed which has been noticed previously. The a r t i f ac t  can 
be identified as 0.2 micron circular bumps on the specimen (de- 
pressions i n  the replica ) tha t  are homogeneously distributed over 
uranium and zirconium carbide par t ic les .  
is  not known. 
a t  the t i m e  the softened p las t ic  is added or  par t ic les  deposited on 
the specimen surface during cathodic etching are two possible ex- 
planations. 

The source of the a r t i f ac t  
The presence of condensed water vapor on the specimen 

Other work performed during the month w i l l  be reported in connec- 
t ion  with the research and development programs served. 

D ECLASS EFl EF’ 



Modifications 

A- 55 

The modifications t o  the hydraulic connector control valves which 
were mentioned i n  the April monthly report have been completed 
and tested. The modifications corrected t i e  shock condition. 

About 130 hours of e lec t r ica l  c ra f t  t i m e  was expended in additions 
and modifications t o  the cantrol circuitry.  

Additional modifications t o  the "C" elevator magazine support 
t ro l ley  have been completed. These consisted of installing cam 
ro l le rs  in place of the t ro l ley  wheels and the fabrication and 
instal la t ion of a new brake assembly. I n i t i a l  testing of these 
components indicate that performance has been improved. 

A magazine drive rol ler ,  of new design, was fabricated, installed,  
and tested. 
incurring excessive darnage. Previous drive ro l le rs  were  severely 
damaged a f t e r  65 cycles. 

This drive ro l l e r  Ius completed ll0 cycles without 

The dunnqy plugs on the plug conveyors have been removed and 
modified t o  incorporate a chain tensioning device. The ea r l i e r  
models did not include t h i s  feature and when the plug conveyors 
were operated forward, slack chain gathered immediately ahead'of 
the drive sprocket. 
drive sprocket and broke. 

On one occasion the chain caught in the 
The modified system has not been tested. 

Testina 

Acceleration, deceleration, velocity and optimum set t ing of the 
pressure reducing valve and t h e  flow control valve for  the un- 
loaded transfer arm drive s y s t e m  WELS investigated. 
gation indicates that there is a velocity, above which the un- 
loaded transfer arm drive system w i l l  osci l la te .  
is significantly lower than the design velocity. 
modifications w i l l  be determined after the loaded transfer arm 
tests are performed. 

The investi- 

This velocity 
The scope of the 

During the month three fue l  element charges were performed using 
an NPR process tube with nozzles. 
the process tube w a s  completely inspected using a boroscope. No 
serious defects were found. The first charge, consisting of nine- 
teen 24-inch fuel  elements, was made with a flow of 14 gpm flow of 
sanitary water through the tube. 
accomplished using an aluminum push pole w i t h  teflon fee t ,  pushed 

Prior t o  the first charging, 

Discharging of the tube was 

1 2 3 1  l b b  
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from a magazine into the process tube using the charging machine. 
Inmediately after discharging the push pole was removed manually 
and the tube was dried. The tube was reinspected using a boro- 
scope, and scratches w e r e  noted s t a r t i n g  about 16 fee t  from the 
front of the tube, becoming more numerous toward the discharge 
end. 

A second charge was made using new fuel (eighteen 24-inch pieces). 
The s a m  charging, discharging, and drylng techniques were used. 
About the same amount of scratching was observed; however, the 
scratches s tar ted a t  about four f ee t  fromthe front of the tube. 
Photographs of the scratches w e r e  taken through the boroscope. 
An Fnrpression of a portion of the scratches near the rear of the 
tube was also made using room-temperature-hardening synthetic 
rubber. From this impression, the depth of the scratches was 
measured a t  between 0.3 mils and 1.1 mils with the majority 
ranging between 0.5 and 0.7 m i l s .  

Subsecpently, a charge was made using twelve long and eight short 
dummies (spacers). 
present a fresh surface t o  the dummy feet.  No scratching was ob- 
served as a resu l t  of this test .  

The tube was rotated prior t o  this t e s t  t o  

5 .  SPECIAL pLuT(XUIlM FABRICATI(rJS 

Fission Product Transient Samples fo r  Phill ips 

Fabrication of the f iss ion product transient samples fo r  Phi l l ips  
Petroleum Company is i n  progress. Substitution of Al - 2 W/O S i  
a l l o y  cladding f o r  the originally specified high purity aluminum 
has resulted in bet ter  quali ty extrusions. 
b i l i t y  of the s i l i con  alloy with the plutonium-aluminum core alloys 
has minimized the "dogboning" a t  the t r a i l i ng  end of the core. 

Several of the elements require additions of small amounts of l i t h i u m  
for  calibration purposes. 
controlling the oxidatian of the l i thium during alloying. 
of the material in a controlled atmosphere of nitrogen appears t o  
have corrected t i s  problem. 

The be t te r  compati- 

Sane diff icul ty  has been encountered in 
hklting 

Manager, Reactor and Fuels Research * -  

and Development 
FW Albaugh:kb 
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Escponential Pile EScperiments f o r  NPR 

The strength of the NpR control system has been measured with the correct 
rod spacing. 
insertion of six rods. 
appraimate agreement w i t h  the change expected fran a simple flux squared 
weighting of the rod worth. 
(HW-68407) is  182-220 pB, where this  range arises from two methods of 
calculating the average t ranssort  mean free path. 

The change in buckling of the wet l a t t i c e  is 179 @ upon 
The previous value w a s  222 @. The cheJlge is in 

The range of rod strength calculated 

A previous study (March, 1962) shuwed the need t o  determine more precise 
values of extrapolation distances from exponential experiments. 
then flux traverses fran various NpR mockup experiments, which included 
variations in fuel loadings and flooding conditions, have been re-analyzed. 
The results were canpared t o  see if one consistent set  of extrapolation 
distances could be used t o  describe a l l  experiments. The conclusions are: 

Since 

One - can determine a consistent set of extrapolation distances 
that w i l l  apply t o  many experiments provided that the spectra are 
reasonably similar. 

The horizontal extrapolation lengths are more uniform than the 
vertical  extrapolation lengths, which have large variations i n  
a few cases. 

The consistent set  of extrapolation distances which should apply 
t o  any NPR mockup experiment w i t h  fuel is 2.02, 1.60, and 2.29 
inches for side-to-side, f ront- to-rea,  and vertical  extrapolation 
distances, respectively. 

These experiments were analyzed w i t h  a new BvT8C8 program which w i l l  be 
described later.  

The derivation of effective cross section and neutron texperatures from 

1 2 3 f l b 8  
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copper traverses has been completed and an a r t i c l e  describing the work has 
been started.  

' Exponential p i le  f l u x  traverses deviate from a pure exponential near the 
bottom, of the f'ueled region because of transients a t  the interface with the 
base. A two group calculation (reported in March) reproduced the deviation 
for  the f irst  case tested. The same method was used f o r  a second case, 
b G t  this time the calculation accounted f o r  only half of the deviation. No 
explanation f o r  the remainhg discrepancy has been found. 

The cadmium covers f o r  the BF3 neutron counter tubes are open a t  the back 
t o  prwide space f o r  the cable. 
measured t o  determine the error in the cadmium r a t i o .  
count ra te  with the hole open is 2s high f o r  the half-inch tube and 75 
high f o r  the quarter-inch tube in a position where the cadmium r a t i o  i s  
about 40. 
cadmium since symmetric geometries were chosen. An experiment w a s  a lso  
perfomedto determine the epithermal flux depression a t  a cadmium covered 
BF tube caused by the csdmium cover on the tube i t s e l f .  The results show 
a l e v  percent flux depression for  the half-inch B f i  cadmium sleeve but a 
negligible depression for the quarter-inch cdmium'sleeve. 

The leakage through this opening was 
The epicadmiurn 

The experiment w a s  not affected by f lux depression-caused by the 

Slowing Dawn Theory and the Modified Gas Model 

The first order approximation t o  the scattering l a w  f o r  a material w i l l  
necessarily involve some s o r t  of first moment. 
theory employs the f irst  moment in lethargy. 
cated by the modified gas model, the first moment in energy gives bet ter  
r e s f i t s  in the thermal region. 
anti suggests wing the equivalent of slowing down theory with the scatter-  
ing law approximated by the f i r s t  moment i n  energy rather than in lethargy. 
The on ly  change in the theory is that wherever the logarithmic decrement 
5 appeared there now appears 2A/(A+1)2. 
moment in lethargy o r  first moment in energy has been a controversy extend- 
ing back t o  the mid-thirties, although the usually.accepted view is t o  use 
the first moment in lethargy. Consequently, spectrum comparisons between 
the two slowing down models and an exact calcxlation are planned before 
deciding on a f ina l  method. 

Slowing down or  Fermi age 
On the other hand, as indi- 

This creates a problem in the j o i n i n g  region 

Whether one should use the f i r s t  

Computational Progrnmmifig Services 

BVTBC8, the program combining the two w o n e n t i a l  data processing codes 
VTBCL and C B F ' I E ,  is in preliminary production status, and a number of 
cases have been processed satisfactorily.  
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Ins t nrment at ion 

-her testing continued w i t h  the prototype a t  of twenty-four transis- 
torized gamma spectrometers t o  be built by GE-APED for  the NPR me1 Failure 
Monitor. 
tes ts ,  the high voltage supply and one discriminator s t i l l  show excessive 
sensit ivity t o  temperature and l i ne  voltage changes and t o  l i ne  noise. 
These sections W e  been returned t o  the vendor fo r  further design changes 
while tes t ing continues on the remainder of the prototype, Instrument 
Design, CE&UO, also w a s  prwided assistance in preparation of acceptance 
t e s t s  f o r  the spectrometers. 

Although most of the spectrometer f'unctions satisfactorily in 

A comment issue specification w a s  prepared at the request of Advanced mi- 
neeringp FPD, concerning procurement of a source range neutron monitor 
system f o r  the Hanford Test Reactor. 
NPR were used so that valuable performance data might be obtained before 
NPR startup, 
able t o  benefit from the NPR spare parts inventory. 

Specifications similar t o  those fo r  

In addition, the Hanford Test Reactor system w i l l  then be 

A GE-APED current pulse amplifier w a s  obtained and is befig tested as a 
par t  of the instrument procurement program related t o  NPR. 

Discussions were held w i t h  Tracerlab, Inc. representatives regarding 
their  G.M. Tube detector count-rate and current logarithmic response w e a  
monitors purchased fo r  use in &Reactor buildings. 

An estimate of instrumentation needs was given t o  Irradiation Testing, IPD, 
f o r  the i r  rupture monitor under the WO-264 Program. 

Advice and assistance w a s  given Research and mineer ing ,  IPDJ concerning 
the titanium wire t o  be used in the NpR traveling wire neutron flux moni- 
t o r .  The irradiated wire storage drum is shielded by 1.38 inches of lead 
as based on the low energy (0.32 MeV) gammas from titanium. 
the wire indicates the presence of about O.OO5$ manganese and this w i l l  
require several inches of lead t o  obtain adequate shielding. Pnther  cal- 
culations w i l l  be done t o  establish shielding requirements as soon as 
refined analysis data become available. 

Analysis of 

Avthorization w a s  received t o  start detailed design and procurement of 
experimental fuel fa i lure  detection instrumentation fo r  the fuel element 
tes t ing loop a t  PRTR. 
t ion  Desi@-CE&UO, and Reactor Physics-IPD members t o  review the project 
scopep the practicali ty of certain design and layout features, and t o  
establish the proper l ines  of effort  and liaison. 

A meeting w a s  held wi th  varixs PRTR, Wstnunenta- 



The 6" x 6'1 Process Tube Distortloxi Traversing Mechanism (Mark IV) w a s  
tested a t  185-~ in an out-of-reactor process tube. The target and image 
was clear and easy t o  read through the borescope even in a severely bent 
tube at f 'u l l  borescope length. 
f ee t )  of process tube were made in as short a time as 20 minutes. One rzul 
yields data on both horizontal and vert ical  displacements. 
the data shows that the general shape of the tube is  faithfully indicated. 
The results were presented t o  IF'D people at two meetings. 
meeting, it w a s  decided t o  use the 6" x 6" Traverse Mechanism for  hori- 
zontal displacement measurements in B, D, and F Areas. A spare 6" x 6" 
unit  is being completed in the Optical Shop. A new 12" x 12" Unit a l so  
baing fabricated is expected t o  reduce errors in the indicated displace- 
ment by a factor of four  and decrease the time needed t o  make a run through 
the process tube. Because of its increased sensit ivity,  it w i l l  not have 
s e f i c i e n t  range t o  give on-scale readings in the mast severely bent process 
tubes. 

Complete runs through the full length ( 4 0  

Analysis of 

A t  the last 

A proposal submitted t o  I P D  t o  develop an electr ical  readout traversing 
mechanism for  NpR w a s  favorably received. 
ccmstn;ction of a demonstration model have beer, prepared and fabrication 
has beg&. 

,Shop sketches detail ing the 

Sys t ac  Sturlies 

Technical consultations on NPR instrumentation continued in support of the 
Nm( Project Section. Meetings of the NpR Failure Seqgence Analysis Group 
were attenaed. 
cf ewpment in the primary loop pressure and inventory systems. Several 
sessions of the Ewms and Rare presentation 011. NPR systems were attended. 
A meeting w a s  held in U s  Angeles t o  determine the signal infomation needed 
fm prcgramirg the Central Data Logger., and t o  discuss methods of flow 
modtor  isolation recently proposed by Information Systems, Inc. Our 
recommezhtions are being withheld un t i l  the vendor discloses specific 
ccnfigurations and corponent values of the proposed isolation c i r c d t s .  

Wcrk continued on the preparation of prelimhazy specifications f o r  the NPR 
simulator a.nalog cmputer. 
operatiorial specifications are now being prepared. Contacts have been made 
with the major mamifacturers of analog computers t o  discuss the types of 
analog computing eqgipment now available. 
CE&uO personnel in  the preparation of information t o  be included i n  the 
budset data sheet and design proposal f o r  the simulator. 
equipment and space requirements w a s  completed and estimates of design and 
prociuement schedules and costs were submitted t o  Project Engineering Opera- 
tien, IPD. 

Assistance w a s  given in analyzing the possible fa i lure  modes 

The equipment l i s t  has been completed and the  

Assistance w a s  given t o  IPD and 

A review of the 
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The reactor instrumentation problem using an eleven-node kinetics simu- 
l a t ion  is progressing as expected. 
factorily except f o r  werating diff icul t ies  w i t h  the GEDA computer. 

The siarulation is  operating satis- 

Application of m c  Optimization techniques t o  nuclear reactor con- 
t r o l  systems continued. 
simple results that appear practical. 
equations w i l l  probably have t o  be handled by sane type of appraximation 
not yet t r ied.  

Approaches t r i ed  last month have s t i l l  not yielded 
The non-linearities in the Xenon 

SEPARATIONS 

Brperiments with Plutonium Solutions 

Cri t ical i ty  experiments were ini t ia ted with a water-reflected assembly 
during the month. These aze the first measurements with the 14-inch 
sphere, fully reflected with water. 
solution w a s  A/ 4.4 g Pu/d, with a n i t r i c  acid molarity of about four. Frau 
the inverse multiplication curves auring the c r i t i c a l  approach, the c r i t i -  
cal  volume and mass were + 21 liters, and 924 g Pu. 

The concentration of Pu in the ni t ra te  

The data obtained from the water-reflected experiments w i l l  provide a 
needed t i e  point fo r  canparing the current experimental results w i t h  the 
early Hanford P - l l  experiments which were conducted with di lute  Pu solu- 
t ions.  The acid molarity and pu concentration w i l l  be adjusted t o  obtain 
c r i t i ca l i t y  in the Arll sphere (23.2 l i t e r s )  for  a more direct  comparison 
with the P - l l  results. 

In the above experiment the system was not taken t o  fu l l  c r i t i ca l i t y  
because of mechanical difficult ies;  there w a s  some indication of a small 
Pu leak back through one of the valves. 

After being inoperative f o r  a period of t i m e  because of the assignment of 
key personnel and equipment t o  the Recuplex incident, considerable time 
w a s  involved in placing the equipment a t  the Crit ical  Mass Laboratory back 
i n t o  proper operating condition. After checkout of the instrumentation 
and safety system, the c r i t i ca l  ass&bly fuel addition pumps were found 
t o  be inoperative. 
have broken diaphragms; upon replacement of the diaphra,gms the p u p s  worked 
satisfactorily.  A t  this point the control rod became inoperative. The 
unit  w a s  disassembled and examined; a stretch wire t o  the magnet coil w a s  
found broken; the uni t  was repaired and now operates satisfactorily.  
contamination w a s  handled as a matter of routine and without incident dur- 
ing these operations. 

Investigation disclosed two a i r  operated valves t o  

Pu 
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Dr;ricg the month exhaust fans were instal led in the control room t o  increase 
the a i r  flow for  improved cooling of the instruments which were overheating. 
New type radiation dosimeters were mounted in the control rom, hallway, 
arxi mixing room at the  f a c i l i t y .  

A practice evacuation for a c r i t i c a l i t y  incident w a s  held on May 29. 
mately four minutes were required t o  evacuate Building 209-E., assemble in 
the l u c h  room at the Hot Semi Works, and complete an accounting of all 
persomiel in the Laboratory at the time the c r i t i ca l i t y  evacuation a l a r m  
was sounded. 
the evacuation. 

Approxi- 

Seventeen persons were at the Laboratory and participated in 

Bperiments with Plutonium Oxide Plast ic  Mjxtures 

The c r i t i ca l  assembly (spli t-ha3f) machine, fo r  use in c r i t i ca l i t y  measure- 
nrents with &$-plastic mixtures, w a s  moved t o  the Cri t ical  Mass Laboratory 
frm the Technical Shops where it w a s  constructed, 
and subsequent tes t ing of this device are  t o  be completed at the Lsboratory. 
Experiments w i l l  begin after completion of a Hazards Summary report. 

The e lec t r ica l  work 

Limiting Cri t ical  Concentration of Pu239 in Aqueous Solutions by Monte 
Carlo Technioues 

;L --- - - - - - - _ _  

(1) 
The limiting c r i t i c a l  concentration of a plutonium-water mixture w a s  
previously determined from & measurements i n  the PCTR t o  be 8.4 2 1 g Pu/g 
whereas; the l imiting c r i t i c a l  concentration w a s  calcul t d t o  be IV 7.25 g 
PL239/1 ut i l iz ing  the 9-Zoom Miti-Group Diffusion Coder2!. In an effor t  
t o  resolve this difference, a series of calculations were made of l& f o r  
X239-water mixtures with the  HISMC Monte Carlo Code. The inf ln l te  m u l t i -  
plication constant w a s  computed f o r  concentrations of 7.5J 8.4, and 11.4 g 
P L ~ ~ ~ / ~ .  
?.5 and 8.4 g/J concentrations, and three thousand his tor ies  f o r  the U.4  
g / t  ccncentration. The resu l t s  of the calculations are s-anrarized in the 
Table belaw. 

; 

A total of four thousand neutron his tor ies  were traced f o r  the  

(i) Masterson, R. H., e t  al., "Limiting c r i t i c a l  Concentrations f o r  a 
Plutonium-Nitrate Solution and f o r  a Uranium-235 Solution", Physics 
Research and Development Operation Quarterly Report, J a n u a r y ~ a r y ,  - W c h ,  HU-73Ub, April, 1962. 

( 2 )  Reardon, W. A,,  Private Communication. 



Monte Carlo Calculations of & fo r  Pu239- 
Water Mixtxres 

7.5 g/S 8.4 g/j 11.4 g/S 
Run No. Absorptions Fissions Absorptions Fissions Absorptions Flssions 

351 0 7 7  1021.15 420.40 
980 .oo 332.26 987 * 55 408.08 
980.18 303 83 985-79 

350.40 996.52 4a2.86 
1 996 e69 336 *99 989 062 

362.81 1040 84 383 031 990.49 
2 
3 
4 316.81 

1041.02 

TUTAIS 399?*89 1335-89 4003.80 1402.29 3008.16 1231.34 
k, 0 8724 1.0192 1.1912 

From the Monte Carlo calcpations,  the l imiting concentration of a Pu2% 
water mixture is 8.0 g Pu 39/j; this  value i s  in bet ter  agreement with the 
experimental value, and is  w i t h i n  the  uncertainty of the experimental error. 

Measurement of k& in the PCTR for Dilute Solutions 

Stainless s t ee l  tanks were used for the containment vessels i n  PCPi experi- 
ments for determining the limiting concentration of a Pu-water mixture. 
The uncertainty in  the measured value of 8.4 f 1 g Pu/j is  the resul t  of 
the uncertainty i n  the correction fo r  the effect  of the stainless s tee l  
on the measured value of k,. 
PCTR t o  study the effect  of the s ta inless  s t ee l  and t o  further evaluate 
the +tude of the correction. In this caser the experiments w i l l  be 
conducted with highly enriched U @ n  solutions, since the resul ts  are 
expected t o  be applicable t o  the measurements with d i lu te  @u solutions, 
and there w i l l  be no potential  hazard t o  the PCTR from Pu sontamination. 

An experiment is  planned during June in the 

Subcritical Interactions 

The calculation of interaction probability functions between pa i rs  of sub- 
c r i t i c a l  assemblies has been extended t o  incli.de both paral le l  and per- 
pendicular slabs, of equal area paral le l  cylinders w i t h  and without p a r t i a l  
shadowing, and a paral le l  slab and cylinder. Using these functions, the 
calculated &ff agree w i t h  measured c r i t i c a l  systems of these geometries 
t o  abmt f 3$* 
systems, n > 2. 
value matrix w i t h  better definit ion of the parameters than has been u e d  
previously. 

Some theoretical  work i s  now being done on n component 
An effor t  is  being made t o  reduce the problem t o  an eigen- 
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T r c s y ~ t  Theory Aaalvsis cf Plv.tozim Me+Jal-SGlLtiCn Systems 

T2e analysis cf this prctlem: which was &scribed in tne  March montbly 
repcrt ,  has heen xmplsted by ~ s e  cf Program S-X md cr3ss sections based 
on LAMs-25L3. 
&le fo r  rx1ea.r safety aFplications? namely9 B=L "e?sVelTpe" curve which 
;rives zhe mkbx rn  c r i t i c a l  mass fcr a p d i e d a r  vohme of the system, 
vltLcxz specific regarti t c  the r a t i o  of p1Ltcd-a  m e t a l  t o  plutmium in 
s3iiiticz for  w5i:fi this xummuti - Inas& OCCGr6 .  

!RE firzal form of the data lias 3een obtained ir a form s ~ t -  

. .  

r r m s ~ s n  theory z m e  as ~3taiL& gives s lcwer minimrrm c r i t i c a l  mass 
far the met&-solctica s y s ~ e m ~  th vas cstaiaeil with ear l ie r  m i o n  
theory ( 1 8 - g ~ ~ p  9-ZOOM) ca l c~a t iCz&.  Fcr homogeneolls systems (i .e.> all 
scli5 metai 5%solv&j, howe-ver., tke t r w p o r t  tnecry CalcGlations did not 
agree w i t h  ~ e r h e ~ ~ . ,  iz coctrast t c  the difA;sic:- theory resirlts. On 
the basis of the reasonable essumption that the cross sections used in the 
Program S-X celctllatiorrs are sat isfactory fo r  the faster spectra of the 
mstal-so2czim systems, while the  9-ZOOM cr38s sections are satisfactory 
for  the hcmgenems &ystemst it was decided t o  J o b  these t w c  ClirYes to-  
gctlfier rgther zhaz search f a r  the L i f f i cd t i eE  with the  Program S-X cal- 
c?ilati=s cf ?Le hanogeneom systems. 

C q 3 a r l o n a l  Progaming 

QTJEIlCH. a -:ersion of TRIP, has been prep red  t o  do m e t i c s  calculations on 
fi r w e  c,9 space in5epedent reactors with c m p s i t i o n s  and time-dependent 
reactivity behavior sirmilating possible cod i t ions  Fn the K-9 nuclear 
s x : x r s i w ,  
=.qlamtioll='  of' the estimated m t t l d e  of the initial excursion. 
p re l i z inuy  cSlcLLatias have pivec E~CGZ@II~ r e s d t s  . 

The purpose of these calcx2ations is to identify p l a u i b l e  
A few 

t rcment at. 1 oz 

W e  nethcri GC -sing lastrimexitation t c  rnocitor the bmdLp of plctonim i n  
H o e  Nine at, the 23L-5 BVLsih lg ,  CFD, vas tried. The a t t q t e d  method was 
& i e c a r b 3 .  af ter  fi series of meas-iements prcrred i C ,  t o  5e hp rac t i ca l  in i t s  
Fresezt fcm. 
moierate qymtit ies cf plutoniu;  however, the high gamma dose rates  at 
H s d  N h e  s w q e 9  the system. 
verrts the -;se of adeafite lead ccllimators while s t i l l  permitting proper 
c-ssservatian of the reqgire3. areaso 
vised. 
CELL Tecboiogy, CED. 

A gammti energy s p e c t r m t e r  w a s  assembled and mea t o  measwe 

The mechrvlicai arrangement cf the h o d  pre- 

An al ternate  scheme remains t o  be de- 
The work i s  being done in cooperation with Finished Products Chemi- 
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S t d i e s ,  2) General Discussion of Nuclear Safety Gade; 3 )  Discussion on 
Raft of Compilation of Cri t ical i ty  Data, 4 )  Standards and Regelations, 
5 )  Transportation of Fissile Materials, and 6 )  Theory and Special Topics. 

The group toured the Crit ical  Mass Laboratory on May U, and E. D. Clayton 
w a s  chairman of the meeting. Tbe next meetkg w i l l  be hela in the Spring 
cf 1963, at Washington, D. C. C. D. Luke, Chief? Cr i t ica l i ty  Evaluation 
Branch, Division of Licensing and Remation, USAEC, w i l l  be host f o r  the 
next meeting. 

mclear Safety in HLO 

mzlear Safety specificstio~ls F-4 and E-2 were appraved and issue&. F-4 
cuvers the fabrication and storage of 2.5 w/o OrUay-thorium alloy fuel 
elements that w i l l  be made in the 306 WrFl&.ing by the Reactor an6 Fuels 
Research and Development Operation. 
materials in the two wet storage basins in 327 
lrrrgy Laborat oxy. 

Wclear safety specification 5-3 w a s  prepared f o r  the Plutonium Metallurgy 
Operation. 
carWde, which is  t o  be fabricated in Building 231-2. 
in the C / P u  range of 0.7-2.0. On May 18, 1962,, a meet- w a s  held with 
-personnel of the Plutonium Fabricatioc Operation t o  d i s c ~ ~ s  the nuclear 
safety aspects of the plutonium carbide process. The potential hszards 
a d  safety requirements of each step of the precess w e r P  reviewed. 

A meeting w a s  held with Plutonium Metallurgy Operation personnel on May 29, 
1.962~ t c  discuss the general. nuclear safety l imits  for dry glove baxes i n  
B . 3 l a . i ~  308 &ad 231-2. 
L.5 Kg per hood" l i m i t  currently iz: use colild be revised t o  a single l i m i t  
of 3.5 Kg. The 
s rec i f i ca t im  w i l l  also give the reqtLremects necessary fc r  a glove box 
t c  be classified as "rkry''. 

E-2 covers the storage of f i s s i l e  
by the RaOiametal- 

This specification covers the h a n d l a  and storage of plutonium 
The PuC w i l l  be 

It w a s  cosrcluded thaz the "2.8 Kg per batch - 
A specification i s  t o  be prepare& t o  covsr this revision. 

Nuclear Safety in CPD 

Participation as a member of the CPD Hazards Aralysis Grmz continued 
thrcmghccut the month. 
t ion ac t iv i t ies  that a r e  currently being carried out in  the  Recuplex 
f a c i l i t y  of Z Plant. 
May. 

This group meets regularly t o  evaluite the deactiva- 

Twenty-one hazards evaluations were campleted during 
The group a l s o  evalusted the hazards associated with the startup of 
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(3)  Tasks I, II, and 111. 

A t  the request of the R e d o x  Operation, a nuclear safety review w a s  made of 
Project CGC-913. 
Buildings w a s  rearranged t o  permit the accumulation and recuvery of 
neptunium without interfering with the production of plutonium, 
f ac i l i t y  w a s  inspected on ~ a y  8, 1962. It w a s  concluded from the review 
that the f ac i l i t y  is safe frogn the standpoint of c r i t i ca l i t y  under the 
operating controls specified; comments were submitted t o  Redax personnel 
in a meeting on May 14, 1962. calculations are now being made ( a t  the 
request of Redm personnel) t o  determine the minirmUn c r i t i ca l  plutonium 
concentration f o r  each vessel in the fac i l i ty .  A report w i l l  be issued 
when these calculations are completed. 

Under this project, eqdpment in the 202-S and 233-S 

The 

Nuclear Safety in Transportation 

The shipment of several containers of slightly enric 
Laboratories.railroad cax w a s  approved ~ a y  31, 1962. 
is t o  include: 
b )  255 lb.  of 2.6 w/o e 3 5  enriched Uo;! pellets,  and c )  1337 l b .  of 1.47 
w/o $35 enriched uranium fuel  elements. 

uranium on a Mound 

a )  5 lb. of 1.0-1.75 w/o $35 enriched uranium metal, 

NEUTRON CROSS SECTION PROGRAM 

Quasi-Elastic Scattering of Neutrons fram Water 

Several measurements are in progress which are designed t o  confirm or 
c lar i fy  the results of previous measurements of the quasi-elastic scatter- 
ing of neutrons frm room temperature water. 
at 811 in i t ia l  neutron energy of 0.15 ev w i t h  a higher resolution in  neutron 
energy than previously used. 
degrees scattering angle f o r  two different water sample thicknesses. Meas- 
urements are i n  progress at a larger scattering angle. 

Measurements have been made 

Measurements have been completed a t  four 

Two papers were accepted f o r  presentation a t  the IAEA symposium on Inelastic 
Scattering of Neutrons in Solids and Liquids, C h a l k  River, C a n a d a ,  Septem- 
ber 10-14, 1962. The papers report work done on the KE neutron spectrometer. 

( 3 )  C. L. Brown, M. J. Stedwell, R. L. Stevenson, "Hazards Analysis of 
Task I, 11, and I11 Reactivation (Supernate Handling by Load Out)",  
HW-73646, ~ a y  u., 1961. 

(4 )  Letter from P. F. G a s %  t o  F. J. Zelley, "Nuclear Safety Approval fo r  
Slightly Ebriched U r a n i u m  Shipment", May 31, 1962. 



They are authored and t i t l e d  as foUows: 

1) D. A. Kottwitz, B. R. Leonard, Jr., azYi R. B. Smith, "Quasi-Elastic 
Scattering by Roam Temperature Light Water" and 

2 )  D. A. Kattwitz B. R. L e o d ,  Jr., "The Scattering L a w  f o r  
Room Temperature Light Water." 

Inelastic Scattering of Neutrons fran Water 

Additional measurements on the scattering of slow n e u t r m  with large energy 
change from roan temperature water are in progress. 
measurements have been caqle ted  f o r  the scattering of neutrons of i n i t i a l  
energy of 0.3 ev t o  a final energy of 0.125 ev. 
tinued on lrmltiple interaction effects i n  scattering samples. 

T o t a l  Cross Section of Graphite 

Measurements have been made of the tatd cross section of a sample of 
pyrolytic graphite Over the neutron energy range froa 0.008 ev t o  0.3 ev. 
Measurements were made i n  two different sample orientations w i t h  the neutron 
beam parallel  t o  and perpendicular t o  the direction of preferred orienta- 
t ion of the basal planes of the graphite crystals. 
ences i n  t o t a l  cross section w h i c h  were observed occur primarily f o r  neu- 
tron energies less than 0.028 ev. 
c cmplet ed . 

mar distribution 

Calculations have con- 

The significant differ-  

Analysis of these data has not been 

Fast Neutron Cross Sections 

Samples of lead, sulphur, and c a l c i i i  wOre prepared an5 aested f o r  use as 
transmission samples fo r  fast neutron t o t a l  crass seeticn measurements. 

The phase-quadrature deflection piate assembLv t o  suppress alte-nate charged 
pan ic l e  bursts of the swept beam w a s  installed in t h e  Van de G r a a f f .  Oper- 
ation of the system w a s  satisfactory but it produces a small horizontal 
displacement (abort 0.5 mm) of the beam which can be controlled. 

The preparation of a computer program, BIG NED, fo r  the reduction and 
computation of fast neutron cross section data has contin~ei?. 
portion of the program which performs a polynomial f i t  t o  the open-beam 
spectrum data has been successftrlly compiled. 

The i n i t i a l  
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Iaet rument at i on 

Construction of the 1024-channel time-of-flight analyzer continued t h i s  
month. 
of the logic is in progress. 
le ted by the  first of Jture. 

Wiring of the analyzer has presently been completed and debugging 
It is expected that debugging w i l l  be comp- 

REACTOR DEVELOPMEXC - 04 PROGRAM 

P m o m  RECYCLE 

Zero-Dimensional Analysis of Pu-Al-HpO Assemblies 

Work on the zero-dimensional analysis of the 5 w/o m-L-&O assemblies has 
been completed. 
of Same PubAl -&O Assemblies", is being issued. 

A n  informal report, ~ - 7 3 6 5 3 ,  "Zero-Dimensional W y s i s  

Heterogeneous Pu-ElpO Reactor physics cslculations 

Final. resul ts  of a three-group diffusion theory analysis of heterogeneous 
5.0 w/o Pu-AI. rods in QO have been obtained. 
significant interim resul ts  is  a l s o  given in  Table I including calculations 
I, 11, and 111 which were reported last month. 
had been used in the calculations of I, 11, and IIIJ the more accepted 
value of 2.91 was used t o  obtain result IV. 
the multiplication by a nearly constant 24 mk fo r  all l a t t i c e  spacings. 

A c q l e t e  tabulation of 

Whereas, a v valEe of 2.84 

This pertubat ion increased 

Result V re f lec ts  the  resul ts  of a pertuxbation calctrlatim t o  correct 
result IV fo r  the lower r a t i o  of epithermal t o  thermal fluxes near the top 
and bottaan reflectors.  The 
first is t o  deduce a change in the specific effective multiplication r a t e  
in the core due t o  the spectral  change. 
t ion  in  the radial direction yields the three-group fluxes and adjoints 
and the vector multiplications @*J@ and @K@ are performed. The quantity, 
J,. is  the three-group production matrix (vEg) i n  each region arxl K i s  
the three-group loss matrix (by diff'usion, absorption and group t ransfer)  
i n  each region. @* is the three-group adjoint f l u  (rar vector) and pr is 
the flux (column vector). 

Two approaches t o  thst correction were used. 

The one-dimensional exact solu- 

sunaning is the  radial. direction m l y  mer  the 
core, the specific effective multiplication i n  the core is  

However, the specific multiplication deduced from, 
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would yield the stme result  i f  the effective spectral ra t io  in the ce l l  
case (radial  boundary conditions of zero current) were the sane as i n  the 
core in the reactor case. 

The fast and epitherntal &roup ages and the t h e m  diffusion length are 
core-averaged values i n  the above equation and the values of the group 
radial bucklings were calculated as 

The effect of the reflector-induced spectrum change in the core ( in  the 
radial direction) is: 

If the s t a t i s t i ca l  weight (relative t o  a core-center value) of such a 
spectral change is nearly the same neaz the ends of the cylindrical core 
as near the core radius, the effect near the top and bottom reflectors 
is approximately proportional t o  the amount of core-reflector interface 
involved so that 

A keff (axial, core) = M - R~ A Gff (radial, core) 
MRH 

where 

R is the core radius 

H i s  the core height 

A second approach t o  t h i s  correction yields substantially the same result .  
This method is t o  deduce the proper 
radial buckling as calculated by 

thermal ax ia l  buckling from the thermal 
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Is the t igh t ly  packed l a t t i ce s  this quantity is  negative. The new thermal 
buckling attributed t o  the a x i a l  direction is simply the calculated radial 
value multiplied by the r a t i o  of the geometric a x i d  and radial bucklings. 
Then the correction amounts t o  

A keff (axial, core) = (reactor) . 

where g~* and @ are thermal values. 

R and H are the extrapolated values. 
expedites this second method. 

Result V is  the exact solution which 

Result V I  is again an application of the Deutsch neutron temperature cal- 
culations. 
been used t o  determine the thermal parameters f o r  %O, the neutron tempera- 
ture range frm 140 C (0.75” l a t t i c e )  t o  40 C (1.5” l a t t i ce ) .  

In this case, where a constant 80 C neutron temperature had 

R e s u l t  7 has corrected fast and 
into the exact solution. These 
culated fo r  these two groups in 
greater than the constant value 
results.  

epithermal axial  bucklings incorporated 
are based on extrapolation distances cal- 
the radial direction, and are s l ight ly  
of 9.0 cm assumed previous t o  the ear l ie r  

A graphic canparison of the computed and measured c r i t i ca l  number of rods 
i s  sham on Figure 1. 

PRTR Coolant Loss Effect with All Mcortyl Loading 

A theoretical  estimate of the multiplication change due t o  the c q l e t e  
l o s s  of coolant in same or all €?R!J!R coolant channels has been obtained. 
T??e reactor condition assumed w a s  a uniform loading of green mactyl fuel 
with 210 gms PU/element and 16 w/o Pu-240. The calculation w a s  performed 
using the SWAP code i n  a manner used before t o  determine the effect of 
coolant loss  with the ftgctor i n  a spike-loaded configuration (three-zone 
GO;! and I, PU loading) . 
graded N O  coolant in sll channels (85) w a s  -16.9 mk. 
t ion  is  sham in Figure 2 .  

The effect  of complete l o s s  of 0.25% QO de- 
The radial distribu- 

( 5 )  “PRTR Critical. Test Results”, HW-61900 F& PRTR Physics Subcouncil, 
December 31, 1961. 
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Pu-239 Resonance Zlux i n  & Pu-A1 fue l  ELement 

A t  the request of Reactor Lattice Physics an eleven grmp HFN CakU.htiOn 
of the flux in a @-rod l o w  exposure Pu-AI. cluster w a s  made. 
w a s  on the flux in the 0.3 ev Pu-239 resonance t o  provide a mew of cor- 
recting lutetium f o i l  data for  the flux dip when attempting t o  deduce 
Westcott r and T values. 
volumes of each material. 
w a s  used t o  obtain a set  of fast group (0.6826 t o  lo7 ev) constants, and 
the slowing down density at 0.6826 ev. 
0.6826 ev were hand calculated assuming isotropic e las t ic  scattering and 
transfers frm the fast group were normalized t o  0.6826 ev , 

Fine w a s  used t o  obtain f lat  f l u x  weighted Pu-239 cross sections. 
elements were assumed t o  be l /v  absorbers below 0.6826 ev. 
welliaa thermal group at 100 F with cutoff a t  0.1798 ev w a s  assumed. 
epithenaal group fluxes and the Maxwellian thermal group were converted t o  
@(u) and are given in Table I1 f o r  the three fuel  regions. 

The % results show that #(u) is virtually flat from 0.68 ev t o  1.8 ev. 
T a k i n g  pI( .6338 ev) as ' the  epithermal flux in the absence of the Pu-239 
resonegce, the spectral r value caa be obtained from the relation 

The emphasis 

The &rod cluster w a s  d a r i z e d  by preserving 
The 19-level slowing down d i f f b i o n  program @ 

Group transfer cross sections below 

program c- 
@fast 

All other 
A single Max- 

The 

1 

Taking the cutoff energy t o  be where the eipthermal flux equals the Max- 
wellian flux, p Irlll = 0.18 ev and p = 6.7. The r values are  computed below: 

In support of the work on the PR!lB theory-experiment correlation, an analy- 
sis of-the relative errors associated with the PRTR operating data was 
init iated.  
t i e s  t o  the recorded data and perhaps recommend more appropriate measure- 

The objective of the analysis is t o  assign reasonable uncertain- 
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ments t o  f ac i l i t a t e  the correlation. 

PR!lB-Banked Shim Rod Test 

A t e s t  was performed i n  the pRTRs wnere3y the shim rods were a l l  held at 
the sane vertical  height and the corresponding flows and differential  tem- 
peraturfg)recorded. These data were processed by the PRTR Data Processing 
Program 

An effort  is  currently under way t o  theoretically compute these experi- 
m e n t a l  tube factors. At present? a model t c  describe the various cel ls  
(U@, Pu-Al, and mcwtyl) is being derived. From these modelsp the appr 
priate constants w i l l  be obtained for  use in a two-dimeasional analysis 
Presumably:, t h i s  two-dimensionaJ. amlysis w i l l  yield the pmer distributions 
matching the experimental values. 

which cmwted the appropriate ''Td)e Factors'' 

p;r 1 . 

Advanced Concepts - Space Applications 

A set  of 16-gr0up cross sections were obtained fo r  two isotopes of rubidium 
(Rb-85 a.nd Rb-87) from the B U  basic library. The (87 and inserted into weighted by a spectrum computed by Y f f t a h ,  et al., 
a library tape f o r  -se with HFN. 
rubidium coolant, tantalum stmcture, and Pu%, U%., and PUN as fuels is 
now proceeaing. 

08s sections were 

Computatl~n of reactor systems using 

A 10 an beryllium reflectar 9s assumed in all cases. 

addition t o  rubidium, nitrogen, beryllium, U-234 and U-236 have been 
added t o  the HET? crcss section tape, 

The attempt $0 analyze p l ~ t O ~ ~ - i L & ~  f ie led l a t t i ce s  wlth Program 
S(s> 'aas continwd. Several runs were made 5urrb-g t'ae month as input 

( 6 )  Mshbaugher, J. R.>  ''PRTR Data PrczessiM Pr~gram''~ W-64631j 
April 5> 1960. 

(7 )  Stone, S. P.. con  mi^ - A Two-Dimensional, Mciti-Group, Neutron D i f -  
fusion-Theory Reactcr C&e for  the IBM '739 3r 7090"s UCRL-6076, Oct- 
ober 28, 1960. 

(8) Y i f t J a b ,  Okrent, and. Moldauer, "Fast Reactor Cross Sections", Perga- 
m a 1  Press, 1.960. 

(9) Duane, Bo S o >  Nmtron 4 €?hotan Transport - Plme Cylinder Sphere 
Program S Yaria t fomi  Opt- Formrlation, XOc-59-9-lltr.  an. 9, 
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i rxozis tencies  were found and removed. 
eqerimental copper act ivi ty  traverse through a c e l l  t o  with& I$ 5ut the 
calculated va3ue of 160 f o r  the poisoned c e l l  i s  0.85 rather than unity. 
The reason f o r  this is unlmam but is  probably due t o  remairhg errors i n  
cross sectioL data. 

Effective Resonance lirtegral of Pu 

WGrk has continued during the moath on the interpretation of the experi- 
ment t o  deteraim? the effective resonance i n t e g r a  of P12b relative t o  
the d i l t t e  resoaarce integral. 
This eqeriment has been designed t o  provide general resonance i a t e g r d  
information applicable t o  Pa- f i  fueled reactors. 

The most recent rzul reprodtrces an 

240 

The diluent for  the plutonium i s  ehnimm. 

Progress has been made in the dete 
reactor t o  $he addition of di lute  m. An approximate correction f o r  
self  shielding needs t o  be made on several points f o r  which the self  
shielding is smU. 

The work of Dresner(l*) i s  applicable t c  this problem. His treatment 
takes i n t o  acccant the scatter- in the al 
Doppler broadening. Nordheim's analysis ( I l E s o  takes these effects 
into accout,  but Dresner's work can be applied wi tha t .  the use of machine 
calculations. 

For each of the i sets  of PU-Al rods that differ  orzly in Pc240 coment, 
the difference in  react ivi t ies  measured i n  the XTR betweec the rods in 
a se t  is given by 

t ion  of the sensit ivity of the 

nun =Gent, d includes 

1 

The subscript "a" refers t o  the rod with the smaller concentration of 
Ft240: aod he cbsc r ip t  
t ion  of R2'. If $he PtzLK in b G t h  rods were perfectly dilxte, 
tne s e c d  term would vanish, and the constant "c" c a d  be evaluated 
r3lrcctly flrcan the exTerinental data. 

refers  t o  the r d  w i t h  the greater cmcentra- 

For se5s of r& which are nearly 

(10) Dresner, L. Resonance Absorption in Muclear Reactcrs. New York: 
Pergammon Press, 1960. 

(11) Nordheh, L. W. "A New Calculation of Resonance Integrals", - Mrc. 
Sei. and m., p.  2, 457-463, 1962. 
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dilute, the second term is smallp and is being evaluated from the calcula- 
t i ons  discussed above 

Preliminary analysis indicates tha t  the effective reso 
Pu2Q for  the rod with the highest concentration of Pu 
factor of apprccximately f ive from the di lute  integral. 

ce integral. of 3% is reduced by a 

Plutonium Recycle Crit ical  Facility 

The final d r a f t s  of the PRCF Startup Procedures are being prepared. 
Approximately 16s of these procedures have been canpleted. 
is being done i n  preparation for  Pressure and Temperature Coefficient 
Experimerrts and Reflector EXperiments . 

Additional work 

Three physics orientation meetings have been held f o r  PRCFO personnel. 
The purpcses and physics background f o r  the startup program have been 
covered in these meetings. 

The pulse-height a s t r i b u t i o n  of €35 counters which  axe available have been 
measured with the 256 charmel analyzer. The standard p i le  w a s  used as a 
source zf nectrons f o r  the measurement. The purpose of the measurements is 
t o  determine which counter8 w i l l  be satisfactory f o r  use during PRCF s t a r t -  
UP* 

A report of inTJenCvion IwIR-1519 which describes the thickness gauge that 
w a s  used t o  measure the thickness of cadmium on the PRCF safety rods has 
been written and forwardsd t o  the AM: f o r  evaluation. 

Measurements on Phoenix me1 Standards 

Because of 7;ke d i f f i d t y  of accurately determining the boron content of 
the poison stardards f o r  the M!El/ARMF Phoenix Experiment by chemical 
B;LL&1ysIs, it has been proposed that the boron and plutonium content be 
determined from reactivity measurements i n  the PCTR. 
water jackets have been desimed and are now being fabricated. 
jackets w i l l  surround the samples and w i l l  allow the relative worths of 
thermal and fast Qeutrons i n  the PCTR t o  be varied. The FU and B content 
can be f m d  f r a  ccmpapisons w i t h  Cu and U235 standards. 

Two cylindrical 
These 

Approach t;c Cri t icaZ Measuraents with F u A l - I + O  systems 

ESrperimtnts 20 determine the nuclear parameters for  1.8 w/o Pu-Al f'uel in 
l ight  water were coLducte3 in the tank i n  the TllR reactor room. 
the approach t o  c r i t i ca l  experiments and q o n e n t i a l  experiments have been 
c m l e t e d .  

A l l  of 

ming the month the exponential experiments f o r  the 0.75 and 
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0.80 inch l a t t i c e  have been completed. 
ca l  for  the 0.75 inch  l a t t i c e  w a s  repeated i n  order t o  check an inconsistency 
in  the data. 
of 0.75 and 0.80 inches, respectively. 
of 3.63 and 4.10 kg of Pu. 
loadngs  of 5 and 6 w/o pu?b are being planned for  a l a t t i c e  spacing of 
0.85 inches. The l a t t i c e  structure has been assembled f o r  these experi- 
ment s . 

In addition, the approach t o  c r i t i -  

The r e m i t s  are 563 f 2 and 510 i 2 reds f o r  l a t t i c e  spacings 
This corresponds t o  a c r i t i c a l  mass 

Additional experiments which w i l l  employ zoned 

PRTR Fuel Irradiation Weriments 

Bare ad cadmiun covered lutetium f o i l s  were attached longituainally on two 
unirradiated 1.8 w/o m-Al fuel elements. 
irradiated separately in EliTR tube 1556. 
at 50 kw with f'ull pressure and coolant flow. 
%e remwed immediately from the reactor because of PRTR instrument diffi- 
c d t i e s j  however, it i s  believed that the delay did not adversely affect the 
experiment. 
ly ing in  the calibrated position on the N a I ( T 1 )  crystal. 
frcm measurements with a 2 6 channel analyzer that much of t h  
caning from the 6.8 d Lu 175 . The counts from the 3.7 hr Lu 1 7 % ~  act ivi ty  
vould be l o s t  if  the f o i l s  were not counted un t i l  the  t o t a l  act ivi ty  had 
decayed s o  that the f o i l  could be counted on the c rys t a l .  Thus, several 
arra=lgements were established so that the foils could be counted a t  fixed 
distances from the crystal and data were obtained t o  a l l o w  normalizations 
between the various distances. 
aadys i s  of the data has begun. 

The develapment of computat iod methods related t o  this work is reported 
untier "Ccde Development". 

Each of the a e l  elements w a s  
Each irradiation lasted 30 minutes 

"he first element cuuld not 

Some of the f o i l s  were too  radioactive t o  count with the foils 

activity was 
It w a s  concluded 

All of the f o i l s  have been counted and the 

NeGron Rethemalization 

A Trip report on the BNL Conference on Neutron Thermalization was prepared. 
This conference produced a significant s e t  of papers on neutron thermaliza- 
t ioc.  that are available upon request. 

Ccde Development 

Program t o  Correct Sensor Activity 

A program t o  compute the time evolution of the radioactive daughter atom 
density when a stable parent atam is exposed t o  an arbi t rary flu h i s t o r y  
has been written and checked out. The objective is  t o  provide a means of 
correcting observed sensor activity t o  give accurate flux-times, for  instance, 

1 2 3 1  1 9 1  
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the act ivi t ies  obtained from the monitors on the pmsics t e s t  elements i n  
PRTR. 
dependent parameters in lutetium foil irradiations. 

The program assumes that the exposure history can be described by alternate 
periods of constant power and zero power; however, by t a n g  small enough 
time steps it is possible t o  approximate a continuously varying exposure. 
A t o t a l  of lk5 up-down cycles is  provided. 

Another application might be the calculation of radiation history 

The program ccmrputes: 

or 

N(T+tn) = N(T) e-ktn 

depending upon whether t, is  an exposure pericd o r  a decay period. 
values of flux are given in an input table, where as as 100 f lux 
values and a corresponding reference parer level are given. 
values are sealed t o  the appropriate powers for  each exposure period. 
resulting corrections t o  flux-time f o r  each f lux level provide a meam of 
obtaining the integrated flux-time for the exposure. 

The 

The f lux  
The 

The revision t o  the Monte Car lo  collision roEtine modifying the treatment 
of collisions with bound scattering centers w a s  inserted and par t ia l ly  
debugged. 
about 0.015 ev, and a flux peak-to-tail ra t io  measured at 0.5 ev of about 
265. 
effective neutron temperature 0.027 ev, and a peals-to-tail r a t i o  of about 
200. 

The first results predict an effective neutron temperature of 

These results do not compare favorably with SPECTRUM results of 

Work lis naw under way t o  determine exactly w h y  the spectrum does not 
apprmimate the s p e c t m  previously generated using a gaseous hydrogen 
moderator. The leakage estimate seems t o  be i n  error as well. 
aaUy calculated leakage expectation value differs  by approximately a factor 
of two fram the directly (Monte Car lo )  calculated particle leabage from the 
system. 
the new model i s  not yet performing correctly. 

The inter- 

The cause of this discrepancy is unknown, and it is  assumed that 

1 2 3 1  1 9 2  



B-26 Hw-73 

CALX 

SIGMA-3, the program which prepares cross sections f o r  use in the CALX 
& t i - g r o q  burnup code, has been coded and is  being debugged. 
tbe t h - d  neutron spectrum code, and GAM, the epithermal neutron spectrum 
codej were successAtlly run as a single package, and generated the "basic 
library" from w h i c h  SIGMA-3 w i l l  construct a CALX data tape. A "merging 
library" w h i c h  enables SIGMA-3 t o  re la te  CALX, GAM, and notation, 
is being recorded on data sheets. 
39 fuel and 120 non-fuel isotopes, is  c q l e t e ,  a dummy l ibrary w i l l  be 
used for debug ruas. 

Preliminary ruas on C A I X  indicate satisfactory performance. 
ging awaits successful data tape generation. 

- 
m, 

Until the ~IU merging library, covering 

Further debug- 

N o n - W a r  Nel-Cycle Functions 

Optimizatim work on the non-linear aspects of nuclear fuel-cycle analysis 
progressed through fonrmlation, FORTMI? programm.inn, and check-out of a 
versati le complex-f i e ld  subroutine for  generating, differentiating, and 
integrating the errtire family of doubly-periodic e l l i p t i c  ctions. The 
work w a s  motivated by the previously reported observation 
functions sat isfy first-order different ia l  equations having non-linear 
atructt;re resembling that of the isotope balance equations and the neutron 
energy-spectrum balance equations f o r  an inf ini te  homogeneous medium. 

The logic of the subroutine revolves about systematic use of four of the 
e l l i p t i c  generating functions: 

that e l l i p t i c  

(1) The Weierstrass siepla-f+un~tion(~~), defined as having a doubly- 
periodic l a t t i c e  of simple zeros in the complex plane, with an 
essential singularity a t  infinity,  and ccaaputed direct ly  from 
this definition as the uniformly- convergent doubly- in f in i te  
product 

1 ~ ( z ,  q, q) = z 11' 1 - z/(2 m c q  + 2 n %) 
m, n [ 

(12) 

(13) 

PIRDO Monthly Report, EW-Wm B, p. B-13, February, 1962. 

Neville, E. H., Jacobian El l ipt ic  Functions, Clarendon Press, 2nd U- 
t ion  (1951)) EQS. 0.52, 0.53, 0.61, 0.65. 
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(2) The Weierstrass z e t a - f u n c t i ~ n ( ~ ~ ) ~  defined as having a doubly- 
periodic array of simple poles) and camputed f r o m  this definit ion 
as the  uniformly-convergent doubly-infinite sum 

f (zp  3, 9) = 1 / z  + C' 1/(z-2 m y - 2  n 9) 

( 3  ) The Ueierstrass " p " - f u n ~ t i o n ( ~ ~  I, a doubly-periodic l a t t i c e  of 
second-order poles, computed by the uniformly-convergent double 
SUm 

1 

(4) The Neville N-th order z e t a - f i ; n ~ t i o n ( ~ ~ ) ,  a doubly-periodic array 
of N-th order poles ccaaputed by the  -dformly-convergent double 
SUm 1 

In all these expressionsj the a r p e c t  z 4 the dual half-periods y and cq 
are complex numbers, the  product-or-sum indices (mpn) run through all posi- 
t ive and negati-re integers, and a primed product-or-sum symbol signif ies  
omission of the singular ( m 4 ,  n&> term. 

El l ipt ic  functions having any spezified singularity structure are obtainable 
q ~ t e  clearly from these generating funckions. 
multiple-zerc sigma-f'unctfom may be u e d  t o  Dbtain any specified doubly- 
periodic pattern of zeros and poles. 
zeta-functions may be used t o  obtain any desired distribmion of poles and 
residues 

These e l l i p t i c  generating f i c t i o n s  form a sequence of successive deriva- 
t ives,  having clean and Fmerl'cl doubly-perioCic orthogomLity properties, 
which essentially transform the in t r ica te  properties of e l l i p t i c  functions 
in to  the simple formalism of elementary pa rk id  fractions. 

Products and ra t ios  of the  

Weighted suns of the multiple-pole 



Tke lc;rari.thii: derivative zf the f i r s t  fuactioE gives the second f u c t i o n .  
Ea* suzcesef-?e fbctio;: theresfter i s  the  renormalized derivative of the  
Trecci= h c t i o a .  
ar;i ictegrsls of e l l i z t i c  func+,ions simply by shifting the o d e r  N of the 
- ceser at ing f3.m t ioa . 

Ccrrespodingly, the subroutine evaluates derivatives 

Six  nicre plctoniun samples from PRTR fJel  element No. 5075 were isatopi- 

fc serve as a standard f o r  calibration purpcses and Quality control. !I%e 
~ Z a d a r d s  resul ts  indicate that the systematic bias error in the  measured 
mass ra t ios  vas 
5ccccuLtered h A p i l .  
cf repeated a a l y s e s )  agreed with the inte-rnal precisiozl of a single analysis. 

analyzed. Alternate analyses were made on a single plutonium sample 

0.3 percent as zmrpared t o  a bias of 2.0 percent 
In addLtion, the  external precision ( r ep rokc ib i l i t y  

Bstnunemation and  Systems Studies 

One aqerimental transistorized sc in t i l l a t ion  PR!FR Liquid Effluent Gamma 
Mcnitcr has sat isfactor i ly  c w l e t e d  laboratory operational and drift  tests 
an6 is re- for  i m t U a t i o 2  at PRTR as soon as PRTR perscnnel istall the 
ca3les e a t  prepare the probe and i a s t m e n t  l x a t i o s .  A second generation 
p g z z t g c  i s s  already been desigrred a d  partly fabricated in t e s t  form. 
P-e  seccnd a i t  cses electroaic t r i p  alarm circui ts  rather than the  con- 
tacting meters -sed in  the  c r i g i d  u i z .  
is idenCVical in both units, all on-line tes t s ,  except alarming, can be 
easily sone with t h e  original uniz. 
car. 5e doae at any time uben it has hesn ccmple5ed. 

Slnce the res t  of the ci rcui t ry  

Direct sribstitLtd.cn of the second unit 

Elssrrica?. tra?s&xers were instal led 03 the PRTR degasser system as re- 
qgirei t o  r e d  czt degasfier presswe, leve l  an6 efflcent l iquid flow i a to  
either -.e?ic tape or s s r ip  chart reccrders. 
e@paezt Ls rresently being imta l l ed .  

The necessary recor8i.w 

Electrical transmitti= equipnelzt has a lso  been installed on twc PRTR 
meerator lelrel measuring systems; the servomanometer and the high range 
3iptG3e systems. 
PRTR binetics Ioeasuement (Test No. 35). 
are S e m  prepa re  f c r  use in the  nectron flux measuring portion of t h i s  
te5t .  

This e w p n t  w i l l  be used in connection with the next 
Three BF3 ionization chambers 

U o g  m n p t e r  c i r cc i t s  are being designed for  a PRTR ncclear excursion 
StUTy,  

http://sribstitLtd.cn


NEUTRON FI;ux MolE$rrORS 

Continued i s r e s t i  t i o n s  and more c q u t e r  stu5ies haye sham that three 
radionuclidesj $ye2 $38, and Pu2409 are of interest  f o r  use i n  regenerat- 
i n g  "phoenix" nectron in-core Seteztors e 
of the three are sensitive t o  zeutrcrs. t,Pnrperat.;re and t o  spectral hmdness; 
huweverJ the zross sseticns are cf the craer cf m e r u d e  of lo1 looI and 
1000 barns, respectively, so an eval.ca%ion of them sho;ld encompass the 
field. Bvrr?out of the f e r t i l e  material lWt6 the us fcil lifetime of the 
detectors, and since burnmt is proportional t o  e-gUa , either high fluxes 
or  large absorption cross sections will accelerate bumxt. 
sensit ivity or  f ission rate  is p r g & i c W  t o  #ufNf wnere IQ is the amber 
of f i s s i l e  nucleis with fissim cress secticz q2 ir, the detectar. 
a regenerating detector, Nf is  related tc the initial. f e r t i l e  nuclei con- 
tent;  therefcre, detector sem1:Evity in a gi-cezz flux san be established 
by the number of f e r t i l e  n x l e i  u e d  fb3 the det=ctor w i t h  the l i m i t  of 
detector size possible for  the specific applicaticL;. 

The absorption cross sections 

f. 
Defector 

In 

From the foregoing, it can be concl~5ed qydftaGsely that the best f e r t i l e  
materid f o r  a given detector is o2ie with the snidlest cross section w h i c h  
w i l l  provice adeq,ate sensitivi3y i z ~  the space maii.akl.eo m h e r  detailed 
calculatiolas are  necessary to establish sc1xtfon crit.eriao 
at3-t t o  u t i l i ze  t b e  nmtroz?. flw mcni%or i e f e c t x  program, as written 
by Opsratiom Researah and Syztkes is  perscmel: =-as xsx;..n,essf%l becazse 
of recent mG5ificatlom tc the ecmp,ter system. m e  program. was revised 
so detaiLed c&s-Lat iom can be made  t .3 iD-t.restigate the stated nwlides t o  
establish detec+,cr srlectic-, c r i t e r i a  as a f i x t i . c n  of reactor in-core flux 
enviromem 

An i n i t i a l  

The i n i t i a l  f eas;bility s+,-c.Cy repcrt of regerer at kg il-- core neutron flux 
monitors w a s  rewritt$cg LE p.~!-, t c  Femtt re'sase as an -&.classified 
reporz ., 
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N0M)EZSTRUCTIVE m I N G  RESEARCH 

Electromagnetic Testing 

The multiparameter eddy current tes t ing equipment is being modified t o  
permit i t s  use and evaluation on metal t e s t  specimens. Assistance was 
given t o  Physical Testing by developing a small internal t e s t  probe and 
associated eddy current t e s t  e w i p e n t  for tes t ing 1/4-inch Inconel tubing 
ixstalled in the IPR project. 
structure and was accessible only through the bore. 

This tubing was encased within a concrete 

Final c i r cu i t  values and system configuration for  the multiparameter eddy 
ccrrent t e s t  equipment were recorded. 
indicating signal. f l a w  through the equipment were taken. 
the next phase of development were taken. 
are now on order frm the machine shops. Each is t o  be fabricated from 
1-3/8-inch I.D. WrcaLoy-2 tub- with a O.03O-inch w d l  thickness, and 
w i l l  3e 18" i n  length. Two types of manufactured defects w i l l  be used, 
axial electro-machined notches and changes in wall thickness. 
w i l l  be made for each type of defect, one with the defect s tar t ing a t  the 
inside of the tube and the other with the defect start ing at the outside. 
Tne set  of notches t o  be used w i l l  consist of notch depths of 5, 10, 20, 
25,  and 30 a s .  
Fcr the w a l l  thickness variation, the tube w a l l  w i l l  be reduced from 30 t o  
15 mils An three five-mil steps by machining. 

Brass forms t o  permit accurate construction of t e s t  probe coils on recessed 
1/4-hch and 1/2-inch General Ceraaics Ferramic type cores were fabricated. 
Tcese were used t o  build two each of three types of test-probe heads. Each 
head cansists of both a drive and a pickup c o i l  w o i d  on the Ferramic cores 
Jxst mentioned and set in a phenolic m c m t .  
arld a r e  potted in plastic for  mechanical protection. 

A series of waveform photographs 
Steps init ial  t o  

Four eddy current t e s t  specimens 

Two samples 

Each notch is t o  be abuut 3/8 inch long by 2.5 mils wide. 

All c o i l  leads come t o  terminals 

Preliminary eddy current t e s t  measurements were made on 1/4-inch Inconel 
t a b k g  with ncuniml wall thickness of 0.049 inch t o  obtain data on which 
t c  base the design of a multiparameter t e s t  for separating t e s t  indications 
2mm cracks near the inner surface and those near the outer surface. Tests 
were made with samples having some electroaachined notches opening t o  the 
inner smface and others with electroxriachined notches opecing t o  the outer 
sxrface. Measurements were made with an internal probe operating at 500, 
800, and 1200 kilocycles. 

Assistance w a s  given t o  Physical Testing i n  providing eddy current t e s t  
eqtlipment f o r  use Fn tes t ing instal led Inconel tubing. Available commercial 



B-31 Hw- 

testing eqyipment had insufficient sensit ivity fo r  this t e s t ;  thus, an 
instrument and associated t e s t  probe were developed f o r  this application. 
The instrument was developed, checked aut in the laboratory, and placed i n  
service in the f i e ld  a l l  within a period of about one month. The instru- 
ment operates at approximately 500 kilocycles and uses a t e s t  probe 0.140 
inch i n  diameter mounted at the end of a 3O-foat section of 0.045-inch 
diameter cable. 
inside w a l l  estimsted t o  be 0.010 inch deep, and 1/8 inch long, and an 
O.D. notch estimated t o  be 0.035 mils deep, frm the outside and 1/8 inch 
long. 
signals obtained from an average nom8l tube. 
fabricated and w i l l  be used f o r  evaluation t e s t s  using external encircling 
coils fo r  testing 1/4-inch diameter Inconel tubing. 

The standaxd used in the f i e ld  t e s t  has a nutch i n  the 

Both  of these notches give good signal-tornoise r a t io  campared t o  
A second instrument was 

Heat Transfer Tes t ing  

A dual radiometer fo r  use in minimizing the effects of differences i n  sur- 
face emissivity has been tested. 
ing of the radiometer lenses-. 
lem, and the cracked 
coated sil icon lens available on loan from the optical shop. 
t e s t s  showed a lack of agreement i n  signals from the two radiometers. This 
lack of agreement is  believed due either t o  differences in the lenses, o r  
differences in the angle that the two radiometer optical axes make with the 
f i e 1  element surfaces. 
the dependence of radiometer signals on the angle made with variaus fuel  
element surfaces are continuing. 

Transformers were installed between the pre snd post ampLifier systems of 
the radiameters t o  break up electr ical  ground loops. 
cause severe problems when phutoelectromagnetic infrared detectors are used 
because of the law detector output voltages. 
time constants in the amplifiers t o  reduce recovery time due t o  transients 
generated by the high frequency arc-starting unit i n  the plasma a r c  j e t .  

Heat from the plasma arc j e t  caused crack- 
Masks were installed t o  alleviate this prob- 

lenses replaced w i t h  a coated germsnium and a 
Subsequent 

Replacement lenses have been ordered, and t e s t s  Gf 

Such ground locps 

It w a s  a l s o  necessary t o  reduce 

Zirconium Hydride Detection 

Attenuation measurements were made on seven Zircaloy-2 samples having the 
same metallurgical history, and having hydride concentrations ranging frm 
0 t o  600 ppm f 35. These measurements were made at 15 Mc, with salol  as a 
coupling material. Due t o  coupling uncertainties, several different m a t -  
i n g ~  were made on each sample. The smallest value of attenuation w a s  re- 
corded fo r  each sample, since deviations from perfection i n  mounting increase 
the attenuation. These measurements indicate that an increase i n  hydride 
concentration increases the ultrasonic attenuation. This increase, however, 
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~ p y  variation in  the surface finish, 
o r  metU-gical history of the sanrple, c&d possibly give a greater change 
iz sttellusti=. 
izlternal f r ic t ion  cf Zircalcy-2 increases the w i d e  concentration. 

!Exis change in attenuation indicates, however, that the 

A rnmtting j i g  w a s  fabricated w h i c h  permits s a lo l  t o  be used BS a couplant 
fcr a?tenuation meastrrements made with variable stress.  Preliminary meas- 
sremezrts indicate that dynamic s t ress  increases attenuation in hydrided 
Zrrcaloy-2 more' than s t a t i c  stress.  
make it difficxlt t o  ascribe this increase only t o  effects w i t h i n  the metal. 

Harever, the many variables involved 

A selective l i teracure search on the Hall Effect f a r  BrOLLp IV ani? V metals 
w a s  canpleted by the l ibrary ,reference staff. Letters t o  research 1836 
& informstion ceaters confirmed our opinion that scch a comprehensive 
mugilatiorr dces not now exist. 
Work on the H a l l  Effect hydride detection probe w a s  zemporarily suspended 
F? Pavm of more pressing problems, 

EUting cf the data w i l l  be a major task. 

Nzdestruc5ive Test- cf Sheath EbFng 

TEE feas ib i l i ty  of uing dri l led holes as primary calibration starrdards f o r  
the l i l t rasa ic  Cefect t e s t  in Zircaloy tubing is  being determined. 
scniz respoase measwemeats are in progress on two se t s  of dr i l led holes, 
OCE set w i t h  varykg diameters, the &her w i t h  varyicg depths. 
hclec Qffer advantages over mackuzled nmches b simplicity of fabrication 
azi in reprociccibility. 

C t r a -  

Drilled 

Wcrk coEtime2 tarsrds establishing tentative specifieations for transdxcers 
fcr sheath tLbe testing. 
k i l l e d  hole standads for  caparison with masuements of reflection from 
b C i  bearings axxi other evaluatiozl metha5.s. 
600 Reflectcscope system w a s  measued Yhen -e8 with each of twelve repre- 
sentative 10 Mc U@04 crystals. The system carr ier  frewency 1-aried w i t h  
transiucers froan 9.2 t o  9.8 MC. This demonstrates one of the variables %hat 
may have t o  be controlled for a successful t e s t t  particularly f o r  Lamb-wave 
tes t ing ,  

preparations were c q i e t e d  fGr meassemects 02 

The carr ier  frequency of an LE? 

The development of alignment a,nd calibration procedures f o r  the electronic 
h s t . m e n t a t i o n  ccntinced. 
frequency a d  bandwidth of the Immerscope agreed within lo$ with the 
metho2 prevlollsly used. 
being further examined. 

A new faster  method f o r  & j u s t a  the center 

Same side effects dEe t o  amylitude distortion are 
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Experimental verification of theoretical Lamb-wave curves continued. 
velocity of ultrasound in  water f o r  our conditions w a s  measured t o  be 0.57 
x 105 inches per second rather than 0.585 x 105, the value previously 
assumed.. 
theory. 

The 

The new value provides better agreement of experimental data with 

The longitudinal. and shear velocities of ultrasound in Zircaloy are also 
impor tant  in Lamb-wave theory. U s i n g  the Schlieren system t o  observe mode 
propagation, the shear velocity w a s  found t o  be 0.92 x 105 inches Der 
second, in exact agreement with the theoretically assumed value. Measme- 
ment of the longitudinal velocity, VL, was a lso  attempted. 
ultrasound t o  propagate down a thin plate with the leas t  attesuatior: when 
the velocity is very nesr or exactly at VL" Under those conditio=, the 
motions of particles at the plate surfaces are predominantly parallel  t c  
the surface and minimum leakage of energy surrounding water wocld occur. 
Conversely, leakage a t  the edge of the thin plate would be expected t o  pass 
through a maxirmwn when the Lamb-wave phase velocity, V I  i s  equa3 t o  VL. 
The Schlieren system was used t o  observe that generation of the f i f t h  
symmetric Lamb-wave mode gave maxima i n  edge leakage at fd  products of 
4.43 and 4.51 x 105 inch cycles per second and a sharp decrease i=; leakage 
a t  an fd  product of 4.47 x 105 inch cycles per second. If one se t s  V = VL 
in the Lamb-wave equations, the result  is not solvable. It is postulated 
tha t  propagation of modes with V = VL may be physically impossible alsc; 
however, the sharp decrease in edge leakage has not been observed with the 
fif th asymmetrical mode. 
symmetric mode does define the condition for  VL, one can calculate that 
VL = 1.8 x 105 inches per second, in good agreement with the theoretical 
value of 1.82 x 105. 

One w a d  expecr; 

Assuming that the decrease observed with the 

Good agreement with theory has been obtained f o r  experimectal data on the 
ultrasonic responses fram notches ranging f r m  0.0014 t o  0.0175 h c h  in  
depth. A number of ScHieren photographs were also made t o  aid an attempt 
t o  more fully describe the manner i n  which surface par t ic le  vibrations 
affect the ultrasonic response. 
subtle requirements f o r  Lamb-wave propagation. 

This may help clar i fy  some of the mcre 

PHYSICAL RESEARCH - 05 PROGRAM 

Mechanism of Graphite Damage 

An improved apparatus fo r  thermal conductivity measurements is akod 
finished by the shop. Work is continuing on adding an ion pump t c  the 
electron accelerator. 
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A Zecisim hhs been reaches t o  terminste %is study az *he end of FY-1962. 
Prepar6;tion cf a terminal report is  under way. 

BIOLOGY AND MEDICINE - 06 FROGRAM 

Atmcspneri c P Q E  i c s  

E ~ e s t i g a t i o n s  contbued intc the variabi l i ty  of w i n d  direction observed a t  
the meteorology t m e r  as related t o  horizontal spread of a continuous plume 
f rm a p c b t  source. Last nionth, resul ts  were reported f o r  a diffusion 
n:5d whizfr assme2 that; the w i n d  directiox observed near the source was 
p-zgqEi+,ed unchanged mer  the ent i re  s a m p l u  grid during the period of 
release an3 sampling. 
Edxrim atztozorrelation of wind direction f luc tua t i ac  at tbe s w c e  be 
i i e ~ l s a l  t c  the Lagrangian correlation fol lowing the motion. =her in- 
irestigators have suggested that the flad-attached Lagrangian time scale 
be ides i f i ed  with the fixed-pcint Eulerian time scale Sy a simple propor- 
tionality, p, ranging in ralxe from one t o  ten. Tne power spectnxn of one 
t o  sirteen cycles per h m ,  derived for  one moderately stable experiment, 
shm& that 90 p2rzent cf the t c t .a l  varistion of viad cllrection was within 
tnis r q e ,  representing "meander" frequencivs. U s k s  tne caicrtlated 
speztrzl  Zertsity wi7h the cbse-Ted. crxswind plume vicith, uy,, the h;leriaa- 
Lqraz&;an prqcr t iona l i ty  factGr., p, W&S f a E d  t o  be &Sy f C r  the experi- 
E ~ I X  
velozi?y f l x c t a t i c m  amiPeaqxtat iors  t o  f ac i i i t a t e  evaluation of aLdi- 
t icr,ill urperinen5s. 

This assiznptiop i s  ewivalent t c  rewir ing  that :he 

Ax- IBM 'TWO pr3pam was developed f o r  spectral analysis of w i n d  

I x i  Ab- Farce xpported programsy diffision Zata cbtained ist Cape Canaveral, 
nVrid;i were prscessed and transmitted t o  :he Zophysice Research Director- 
5te.  EqiipizerA from the C a v e r a i  site w a s  received at Hanfcrd fcr cse 
xi fir tkr s k d i e s  here. Data fram Vdenberg series I1 were processed 
a c ~ i  e5 i t ing  sta-teii. 
l d q r  28 an5 w i l l  te-mirate ~ z ~ e  300 

Tlie Vadenberg series 111 experiments started 02 

IE the search f o r  scitable flucrescent pigments f o r  use ic rmtlticolor 
tracer techz-iqces f c r  atmospheric tiispereion stuiies,  the criginal list 
E? twenty-f ive pcitential flucrescent zr  phosphorescexk pmders w a s  re&uced 
Sc five. 
012 :-.rent Tracer, zinc sclfide #2210. The phosphorescent pi@er,ts gen- 
e r a l l y  tavc a sl ightly larger p a n i c l e  size distribxtisn than the flucres- 
-.5rit I;ignects, p e m i t t h g  possible studies of the relat ioz between s ize  
ch-Ctribxion and dispersior. 

Selection of these f ive  was on the basis of compatibility wi th  

€iW-?14OO1 Volume I, t i t l ed ,  "The Green Glow Diffuicr! Prcgram," was dis- 
:ri%md d-uing the month. The first volume includes descriFtions of the 
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f i e ld  s i te ,  forecasting techniques, diff'usion-measuring methods, meteorolo- 
gical  equipment, and operating procedures during the experiments. The 
second volume: contains tabulations of the diffusion data and the meteor- 
ological data collected during the program and should be re- f o r  distribu- 
t i on  in Jwy. 
they are completed. 

Results of data analyses w i l l  appear in Jounal a r t ic les  as 

Dosimetry 

Prepazations f o r  measurement of radioactivity i n  Alaskan eskbos were 
completed. 
taminated with 22-Nb-95. The contamination was located in  the surface of 
the i ron m o u n t i n g  plate and removed by grinding off the surface of tne 
plate. The beds i n  the shields were provided with motor-drivec;, screw 
drives. The shadow shield system w a s  calibrated for Cs-137. A system w a s  
devised f o r  using a standard 500 
of food and vegetation in  the shadow shield counter. This system was 
calibrated- with Ce-141, Cr-51, Cs-137, Z ~ N b - 9 5 ~  Mn-54, and 211-65. A 
portable motor-generator was  obtained and proved satisfactory f c r  pcwer- 
ing the whole system. All other supplies that  are expect& t o  >e zeeiied 
were obtained. The lead and other heavy items were shipped by tprzck and 
barge t o  Fairbanks. N.2. 
material must go by a i r  from Fairbanks t o  Kotzebue, the f i r s t  work- lcca-. 
t ion. 

While calibrating the shadow shield f o r  Cs-137, the calibration of the 
whole body counter w a s  checked. It was within the errors of measuement 
of i t s  old calibration. 

A new shadow shield was assembled. It w a s  fwnd t o  be con- 

plast ic  carton for  caurt izg samples 

The instruments were shipped by a i r  t o  Fair5arik.s. 

A n  experiment w a s  conducted that confirmed our abi l i ty  t o  measure a ~ m - c s  
of P-32 i n  the body i n  the range 50 t o  150 nc. The counting of ti s-&jecs 
on a weekly diet  of white f i sh  is  continuing, 

Ohe of the men involved in the Recuplex accident was exemined for  P-32 
ten  days a f te r  the accident and then several more times. The P-32 w a s  
easily detected. 
with a 14.5 day half- l i fe  (i.e.,  the radioactive decay half- l i fe)  rather 
than the 8 t o  10 day half- l i fe  observed for  subjects who r ece ivd  P-32 
intravenously. This indicated that most of the P-32 being observed w a s  
formed in the relatively t igh t ly  bound phosphorus. pmbably that i n  the 
skull, rather than the more mobile portion in which the intravenously 
injected P-32 appears. 
done with intravenously injected subjects, w a s  not applicable; i f  applied 
anyway the calibration would have indicated two t o  three times as much P-32 
as predicted frm the act ivi ty  of the Na-24 that had been preseat. 

The counting rate  due t o  P-32 decreased expanentially 

Thus the calibration of the counter, which w a s  

The other 
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two men who 
f r m  AU-198 

miat have been counted could not 
in fillings in  t h e i r  teeth. 

be because of the interference 

Radiation Protection Operatian w a s  assisted in installing a new multi- 
channel analyzer for the whole body counter. 

The positive ion accelerator operated sat isfactor i ly  duriag the month. 

The neutron detection instnrments that were set  up near Recuplex were 
taken down and restored t o  normal use. Several investigations related t o  
the Recuplex accident and involving activation studies in the large modera- 
t o r  were carried out. These required sett ing up scint i l la t ion and Geiger 
counters and calibrating the themmiL flux in the moderator; this work ha8 
been planned for  much later t h i s  year. 
Chemistry, the thermal flux w a s  m e a s u r e d  by measuring the activation pro- 
duced in sodium; copper f o i l s  were used as f l u x  monitors. They then per- . 
formed activation studies of various objects that had been on the persons 
of the people a t  Recuplex. W e  first t r i e d  t o  evaluate the gamma-ray dose 
recorded by the sensitive film in the film badges by activating the s i lver  
i n  the developed film; these films were t o o  dark t o  be read by an optical 
densitmeter. This did not provide a useful result. 
were right a t  the first maximum of the activity vs. garmna-ray dose calibra- 
t ion  w e  and could not be interpreted wi th  any worthwhile accuracy. N e x t  
we prepared insensitive films with different canbinations of thermal neutroil 
snd gamma ray exposures. matching these with the personnel film, it w a s  
possible t o  make est instes  of the slow neutron flux t o  which the people were 
exposed. These estimates w e e d  reasonably well with those from activation 
of the objects the people were carrying. 

With the help of Radiological 

The measured ac t iv i t ies  

Four precision long c a t e r s  were canpared using neutrons frm the T (p,n) 
reaction. An examination of the data f o r  six such counters that we have 
%ested shaws that they have responses within +0.7$ of each other. 
continued, but s t i l l  without success, on trying t o  find a bet ter  characteri- 
zation of the scattered neutron flux in our laboratory. 

Wcrk 

The plutonium source that w e  had measured calorimetrically w a s  also meas- 
ured calorimetrically at Mound Laboratory during a v i s i t  there by oae of 
our physicists. They also measured more heat output than calculations 
based on the plutonium analysis indicated should be there. 
this has been a common finding in t h e i r  work, and that, because of the con- 
firmation provided by our work, they intend t o  make a special study t o  
uncover the cause of the discrepancy. 
ference between the resul ts  found by us and by Mound. 
the possibil i ty of errors in temperature measurement due t o  heat f l o w  
patterns in the calorimeter. 

They report thaz 

There w a s  a disturbing 2 t o  34 dif-  
We are exploring 
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Radiation Instruments 

A method w a s  developed f o r  providing manual keyboard entry of data into 
the printer and tape punch of the new Whole Body Counting Facility 400- 
channel analyzer. 
Cured. 

Camponents f o r  the manual entry device are being pro- 

Two off-site fabricated, modified pencil dosimeters of the illuminated f iber  
and CdS l ight  sensor type were received and are ready t o  be tested with one 
type of audible signalling dose meter. 
reading type dosimter w a s  disassembled t o  accurately measure f iber  diameter, 
length, and movement. With these data, the expected change in capacitance 
with f iber  movement can possibly be calculated. 
i s  large enough, it ma,y be possible t o  vary the frequency of az oscil lator 
i n  propoeion t o  f iber  movement. An invention report is being prepared oa 
this idea. 

Following a suggestion, one self- 

If t h i s  capacitance c h u e  

ExAensive testing of the autaanatic recharging type of dosimeter, as used 
i n  one type of experimental pocket dose meter, indicates the dosimeter 
with an Aquadag-coated center quartz rod and stainless s tee l  f iber  will 
operate correctly t o  an indicated exposure dose in excess of 1000 r. 
cuitry development for  this type of dose meter is  complete. 

C i r -  

Two circui ts  me  available with one using an amplifier and miniature regis- 
t e r  and the second employing five binaries and an alarm circui t  to provide 
readout and selectable audio alarming at 10, 20, 40, 80, and 160 m r .  ~TLfty 
automatic recherging dosimeters, which are being fabricated off-site, a r e  
t o  be delivered in W e .  Four complete dose meters w i l l  then be assembled. 

Methods of detecting airborne zinc sulfide particles f o r  use i n  atmospheric 
studies w a s  continued with emphasis on dual pigments. 
that several pignents can be discriminated with the use of proper detectors 
and pulse height analysis circuitry; however, same of the pigments may be 
unacceptable f o r  use in diffusion studies. A secod  portable experimental 
m o d e l  of the single pigment "in-field'' detection method w a s  fabricated and 
partly tested. 
a recorder along with the activation l ight  and phototube detector. Mockup 
laboratory t e s t s  were successful. 

It was determined 

This f i e ld  unit employs a solid s ta te  dc amplifier and 

The developed low voltage dc t o  dc converter and a rechargeable nickel- 
cadmium battery were installed i n  an experimental portable transistorized 
G.M. monitor which has both a count-rate meter and audible outpct. 
ing successful i n i t i a l  t es t s ,  the instrument w a s  started on a schedcled 
program of complete evaluation testing. 

Follaw- 
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Design w a s  star ted on a special miniature G.M. detector and transistorized 
c i r w i t  instrument which will hgve ei ther  a flashing light or audible 
indication of increasing gamma f i e l d  intensity. The detector, w h i c h  w i l l  
be sealed in thin aluminum tubing, w i l l  be immersed in a Biology Opera ion 

wires implanted in them; thus, as the  suitably-marked car r ie r  f i s h  swim 
by the detector, the sim output frequency r a t e  w i l l  markedly increase. 

f i s h  tank. Several of a number of f i s h  in the  tank w i l l  have small co 20 

Accelerated fabrication continued on one prototype six-decade, 1 m r  t o  
1000 r, scint i l la t ion,  transistorized, logarithmic-response, area radiatioz 
monitor. All printed c i rcu i t  boards, including four electronic alarm- 
t r i p  c i rcui ts ,  have been completed and the  chsssis has been prepared fo r  
par t s  instal la t ion.  In addition, several c i rcu i t s  were completer2 for  one 
second-generation, prototype, combination logarithmic and linear response, 
four-decade area radiation monitor. 

Four successful transistorized, selectable-level, alarm-trip c i rcui ts  were 
develaped and tested during the month. 
designed fo r  use i n  line-operated instruments and the other two are useful 
f o r  e i ther  portable or line-operated instrument use. 
drive either audible resonant air column oscillator-type alarms or relays 
t o  be used fo r  heavy duty light or audible klaxon-type alarms. O f  the two 
line-operated types, one employs 4 pulse amplifier and integrating c i r c ~ t  
used t o  control a reed relay and the second employs a solid s t a t e  opera- 
t iona l  amplifier t o  control a relay. The two t r i p  c i rcu i t s  fo r  e i ther  
portable or line-operated instrument use are of the  solid-state long-tailed 
pa i r  d i f fe ren t ia l  amplifier type and were designed f o r  an i n m t  signal 
voltage range of 0 t o  0.5 VDc. One c i rcu i t  requires two bat ter ies  or power 
supplies fo r  plus and minus voltages and the second u e s  a constantly- 
energized Unijunction audio osc i l la tor  and diode pump circui t  t o  provide 
the  necessary minus voltage. Typical power scpply voltage levels are 4 t o  
10 VDC with current requirements of 1 t o  6 milliamperes. 
of the  dual-battery type indicated alarm tr ip-point s t ab i l i t y  t o  be within 
L 25 of full scale range fram +30 t o  +=5 F ~ZKI w i t h i n  i 4 $  of ML scale 
range from 0 t o  +l5O F. 
added temperature compensation circuitry.  
c i r cu i t  w i l l  be applied t o  the experimental gamma background compensated 
beta-gamma sc in t i l l a t ion  hand and shoe monitor t o  eliminate the need t o  
use contacting meters fo r  alarm purposes. 
conversion w a s  completed. 

Two c i rcu i t s  were specifically 

All c i rcu i t s  can 

Temperature t e s t s  

If necessary, the  s tabi l i ty  can be improved with 
The d i f fe ren t ia l  amplifier type 

The c i rcu i t  design fo r  this  

Portions of the programmer section of the  portable mast system fo r  Atmos- 
pheric Physics were completed and in i t ia l ly  tested.  
included the power supply and regulator, the frequency division circui ts ,  
the  r ing ccclllters of 20 and 6 f o r  t iz ing,  gating control, and distribution, 

The completed work 
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the pulse generator and buffer amplifiers, and the automatic reset circuits 
f o r  the ring counters. 
and diode AND gate cards which were modified t o  be usef’uJ. over a wide range 
of input pulse conditions. Twenty commercial, inexpensive logic cards have 
been employed t o  date w i t h  only two faulty diodes found. 

The ring counters use standard flip-flop storage 

The Ampex tape recorder electronics equipent purchased by Atmospheric 
Pbysics Operation is being checked out. 
t o  obtain power density spectra and pertinent correlation coefficients 
related t o  measured w i n d  velocity components. 

It i s  planned t o  use t h i s  equipment 

Three design modifications were cmpleted f o r  the Atmospheric Pbysics Radio- 
telemetry System. 
wind chargers t o  the existing towers. A specification w a s  prepared for 
obtaining new sine-cosine potentiometers t o  replace the defective units. 
Design w a s  c q l e t e d  on a l o w  voltage dropout c i r c u i t  for incorporation 
into the data stations. The circui t  w i l l  prevent the data stations from 
answering and staying energized when the supply storage battery is  nearly 
dead. Only sane Zener diodes need t o  be received t o  complete the prototype 
circuit .  The scanning sequences of both the central station and the data 
stations were changed t o  provide more reliable and logical sequence w i n d  
direction readout. A general report w a s  started t o  describe all system 
changes, t e s t  equipment and methods developed, complete circuits,  and a 
detailed analysis and adjustment procedure. 

A special. mounting plate w a s  designed t o  adapt the new 

\ 

WASHINGTON DESIGNATH) PROGRAM 

Isotopic analyses were provided on program samples as received during May. 
These analyses were performed using the single-filament ion-source mass , spectrometer. 

An electron multiplier structure (RCA-6810A) f o r  ion detection w a s  washed 
with di lute  n i t r i c  acid t o  attempt t o  reduce the internal leakage current. 
This technique i s  used by the mass spectrometery personnel a t  the National 
Bureau of Standards. 
current in this  t e s t .  

This procedure had no measurable effect on the leakage 

Work continued on sett ing up the ion-optical t e s t  bench f o r  experimental 
studies. Fabrication of several components was completed. Preliminary 
measurements were made of the detection of 60 kv electrons by scint i l la t ion 
detection. 
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TEST REACTOR OPERATIONS 

The PCTR w a s  operated intermittently during the month rith no unschedul 
shutdowns. Three sets of f o i l s  were irradiated for the Non-Metallic 
Materials Developuent Operation. 
ing the  month by the University of Washington Graduate Center. 
i n  May w a s  used for  maintenance items. 

The reactor was used two afternoons dur- 
One week 

The TlIR w a s  not operated during the month. 
approach measurements using 1/2 inch diameter rods of 1.8 w/o Pu-Al in a 
3/4 inch triangular water l a t t i c e  finished the first series of t e s t s .  
work is being done in the Cri t ical  Approach Tank which uses the TlIR safety 
and control circuits.  

The cclnzpletion of the c r i t i c a l  

This 

CUSTOMER WOIRK 

Weather Forecasting and Meteorological Service 

The mid-May forecast & prospective 1962 crests of the Columbia River f l o w  
at Hanford w a s  issued. Predicted levels show no change fromthe two 
ear l ie r  forecasts. 

Consultation service w a s  rendered on meteorological and climatological 
aspects of the Recuplex incident t o  RPO, dispersion and deposition calcula- 
tions t o  OR&, and Carbon 14 releases t o  RPO for IPD. In addition, meteor- 
ological and radiation data fran the meteorology tower were sunmarized f o r  
the Recupla Study Committee and a document reporting the incident was 
reviewed f o r  RPO. 

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

Weather Sumnary 

Type of Forecast Number Made $ Reliabil i ty 

8 - H m  Production 93 
24-Hour General 62 
Special 2u. 

82.4 
83 -7 
86 -3  

May w a s  much cooler and wetter th+ normal, although not record-breaking 
i n  either respect. 

U 
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Ins tmenta t ion  and Systems Studies 

All laboratory t e s t  work w a s  canpleted on she Automatic Conveyor Laundry 
Monitor fo r  alpha-beta-gamma detection. Sketch d r a w i n g  information as 
t o  mechanical features and electronic c i rcui ts  w a s  canpleted and given 
t o  Drafting Operation for  use i n  preparation of complete drawings of the 
system. Final pha detection tests with actual contaminated garments 
showed that R2% contamination spots as l o w  as 200 t o  400 d/m could 5e 
detected and consistent detection of 1000 d/m spots w a s  obtained when 
passing Over the sc in t i l l a t ion  alpha probes. Large brushes were added t o  
the mit t o  provide smoothing and positioning of %he garments before they 
are passed over the probes. Other changes incluled a conveyor speed rduc -  
t ion  from 10 feet per minute t o  6.5 feet per minute, an added canplete 
orerhead L i & t  shield painted with black no=-reflecting paint, and a change 
of power c i rcu i t s  so the drop-drive motor is controlled by the  conveyor 
start switch t o  prevent possible mechanical jamming. A design was also 
c q l e t e d  for  large coat hangers which w i l l  be shop-fabricated. 

Mcdificakions were completed on a special holding and positioning mechanism 
for  use with a nine-inch diameter N a I  crystal  for haly t ica l .  laboratories, 
HLO. The holder had been f ak ica t ed  off-s i te  a& had t o  be morlified t o  
abtam correct performance. 

A nmber of s t a d a r d  HAP0 air  filters f'rm the 325 Buiiding were cout.ed 
fo r  plutonium ac t iv i ty  on a rush basis i n  the experimental coincident-count 
f i l t e r  counter, since the  regular camters i n  325 Building were inoperative 
due t o  lack of good quality double-aluminum-coated Wlar light shielding 
material. 

All cecessary commercial instrumentation was received f;r the assembly of 
oEe coincidence-count type alpha air f i l t e r  scimter t o  be used by RadiatioE 
Mcnitoriq fo r  comting of standard HAP0 4-inck x 8-inch air f i l t e r s .  
Deeign w a s  completed fo r  the transistorized miti;er followers, coinc-ldence 
gates, anrl multivibrator c i rcu i t s  t o  %e used is the  system. The detection 
head assembly has been fabricated. 

Bitid testid% w a s  started on the ac imi l ia t ion  t razi is tor ized Coirunbia 
River RaLiatfon Monitor designed &ad fabricated -fcr  Ezviromemdl Stz2ies 
a,& h r d U . a t i C I l ,  RPO. 

A special c i rcui t  using a rechargeable nickel-cdmiuu battery w a s  designed 
for use by Radiological Engineering, IPD, in t he i r  twelve "Sentinel" scin- 
t i l l a t i o n  appraximate-gamma-dose-rate monisors which have adjxstable set-  
point alarming features both on the i n i t  and a t  a remcte point. 
w i l l  permit the portable units t o  be 110 VAC l i ne  crperated with 

The design 
t.he battery 
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being constantly trickle-chsrged. 

Maintenance suggestions were presented t mental  Monitoring, Rpo, 
concerning th&iensitive sc in t i l l a t ion  transistorized gamma monitors used 
in serial survey work a,nd on the  Columbia River. 

A t  the request of Chemical Effluents Technology, HLO, a transistorized 
circuit, consisting of an amplifier and trigger, w a s  designed for use with 
a tachameter which'would not perform correctly with the available commercial 
circuit. The project w a s  successfully canpleted. 

Discussions were held with Rrels Technology, HID, personnel concerning 
methods of detecting the surface level of uncompacted Uo;! in fuel rcds dur- 
ing vibratory compaction. One navel idea will be investigated. 

B i b  were reviewed f o r  the slxty-point data logging system t o  be used in 
the Physical Metallurgy studies of radiation effects on fissionable materials. 
The l o w  bid of $25,000 by Goodyear Aircraft Company w a s  rejected as not meet- 
ing the specifications. 
Systems, Inc., who proposed a system w h i c h  meets all reqpirements. 

!!!he second law bidder at $3l,OOO w a s  Non-linear 

An estimate was prepared of the cost of a device for the digi ta l  readout 
of fuel element dhnensions. 
FPD, and is similar t o  that developed for Fuels Design in the  306 Building 
installation. 

The instrument w i l l  be used by Quality Control, 

Work w a s  started on the design and fabrication of a solid-state programmer- 
scanner for  use i n  Physical Metallurgy Operation's creep capsule data logging 
system. The new system w i l l  incorporate all solid-state logic and drives, 
and w i l l  use ultra-reliable mercury-wetted relays f o r  the low-level switch- 
ing. The programmer-scanner w i l l  i n i t i a U y  handle 96 points but w i l l  have 
ctipabilities for expansion t o  any number of points due t o  the shift-register 
matrix design. The system w i l l  scan and record at the optimum speed campati- 
ble with the C l a r y  printer  and punch (appraxbately one point per second). 
The log cycle ra te  w i l l  be variable frm continuous t o  one cycle per 24 hours 
and w i l l  automatically increase d u r a  a reactor transient. 
cycle the programmer w i l l  make a calibration check on the creep measurements. 
Other features t o  be included in the programer-scanner are: 

Every sixth log 

1. 
2 .  

3. 

4. 

Push button randcrn access t o  any channel. 
Push button selection of capsules t o  be scanned and logged; 
capsules not selected t o  be skipped. 
Patchboard selection of signals per capsule t o  be scanned 
and logged. 
Scan and log cycle t o  be initiated autcnatically, by d ig i t a l  
clock or manually from front panel. 



5 .  Digital clock t o  indicate decimal time. 

The programmer-scanner will be irrtegrated with a Non-Lhear Systems d ig i ta l  
voltmeter system which w i l l  measure and digi t ize  the input signals t o  
f O.l$ of reading plus one digi t .  
a t  1OO-KW with a canplete temperature control loop. 
performed on the system and optimization of s t a t i c  and dynamic response 
w a s  achieved. 

A dunrmy expansion capsule was installed 
Tests and analyses were 

A method of reducing the adverse effects of the rate mode of control on the 
autoclave vessel control temperatures is being studied for  FPD. It appears 
that insertion of a properly designed low pass f i l ter  in the controller 
input circuit  w i l l  reduce the controllerus response t o  the step changes 
produced when the two auxiliary temperatures are monitored while retaining 
the necessary phase lead during the autoclave startup period. 
been requested t o  install the f i l t e r  c i rcui t  in one of the controllers for 
t e s t  purposes. 

FPD has 

Consultation w a s  provided Messrs. Fernard and Smith of the U. S. Army Corps 
of Eugineers regarding methods of wind and temperature data telemetry from 
existing snow-depth measuring s i tes .  

The reference system for  calibrating micro-displacement readout systems, 
t o  be used by Physical Metallurgy Operation for  a - reac tor  creep measure- 
ments, i s  being checked out in preparation for calibrating several third 
generation transducer readuut systems. Operations Research and Synthesis 
has tentatively completed a 7090 program for  correlating data generated by 
t h i s  program. Preliminary analysis of the December 1961 reference system 
self-calibrations indicates that the precision of t h i s  system has been 
improved t o  appraximately f 20 micro-inches Over a 0.040 range, or about * O.O5$, on two independent instruments. 

Optics 

During the five-week period (Qril 29-June 3 ) included in  t h i s  report, 
a t o t a l  of 528 man hours of shop work w a s  performed. The work included: 

1. Fabrication of a photometer f o r  Process Control Development, HLO. 
2. Fabrication of a periscope f o r  Maintenance Eugineering, IPD. 
3 .  Fabrication of two quartz pieces for Ceramic Fuels Development 

Operat ion, HLO. 
4. Fabrication of components f o r  Traversing Mechanisms f o r  Irradia- 

t ion  Testing Operation, IPD. 
5 .  Repair of three crane periscope heads f o r  P u r a  and one for  B Area. 
6 .  Modification of an infrared radiometer for  Physical Measurements. 
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7.  

8. 
9. 

10 . 
u. 
12. 

Fabrication of a small f i l t e r  f o r  Radioloacal Development and 
Calibrations, HLO. 
Fabrication of a radiometer f o r  Coextrrrded Product mineering, ~m) .  
Coating of 14 lamps with stainless s t ee l  f o r  Structural Materids 
Developmeaty no. 
Fabrication of 12 quar tz  w h e e l s  for  AlSi Product -neering, F~D. 
Servicing in field-of f o u  crane periscopes at pura.  
Servicing in f i e l d  of two B-BuildFng craae periscopes. 

- 

Physical Testing 

Sexvice test- work proceeded routinely. 
on 2,497 items, representing sane 10,134 feet of material, mostly s t i l l  
tubular components. 
ing as various projects have been phasing aut. Test work inclaed:  
claving; borescoping; dimensional measurements (micrcrmetric); eddy current; 
heat treatment; magnetic particle; mechanical tests (bend, flattening, 
hardness, tensile); metallography (macro and micro examination, and 
fracture); penetrant (fluorescent O.D. and I.D.); radiography (fluoro- 
scopy, gemma-ray snd X-ray); surface treatment (conditioning, pickling, 
steam detergent Cleaning, and vapor deseasing);  and ultrasonic (flaw 
detection and thiclmess measurements). Work w a s  done for 29 different 
W O  c q o n e n t s  representfag most of the operating departments and service 
organizations, and other AEX: contractors. 
occasions on general tes t ing theory and applications. 

m e  testing and treatment of mpR process tubes w a s  resumed on May 7 and 
corrtinued until the mpR work stoppage on May 14. During the work stop- 
page, IPD has been assisted on a special problem involving NPR rupture 
monitor sample lines. 
0.049-inch-waJJ. Inconel tube. 
the tub- penetrates eleven feet of shielding. To make the penetration, 
the tubes (approximately 525) axe contained in an 18-inch-diameter carbon 
s t ee l  pipe. 
ment t o  Inconel tube sheets at each end. 
(up t o  93s iron powder) ccmpletely surrounds the tubes. In the course of 
making hydrostatic tests on connecting tubing t o  be attached t o  the pene- 
t ra t ion  tubes, failures occurred. ascribed t o  discontinuities in the  as- 
received tubing. As a consequence, the instal led tubing became suspect 
and a nondestructive test w a s  desired f o r  establishing the integrity of 
the installed tubing. An eddy m e n t  method was developed by Physical 
Measurements (see Nondestructive Tes t ing  Research section of this report). 
Sensitivity t o  7-to-10 m i l  deep electroanachined notches on the I.D. sur- 
face w a s  successArlly demonstrated, w i t h  noise due t o  diameter and w a l l  
thickness changes minimized. 

A t o t a l  of 4,164-tests were made 

Howevery the tubing test  work has been steadily declin- 
auto- 

Advice w a s  given on 49 different 

Each process tube is sampled with a 1/4-inch O.D. x 
A t  locations on each side of the reactor, 

Tubes are f i t t e d  f o r  t h e i r  passage through the pipe by attach- 
A high density concrete grout 

To date same 300 tubes have been successfully 

1 2 3 1 2 1 1  



B-4 5 

probed in an effort  t o  determine the extent of defective tubes. 
s t i l l  being analyzed. 
than the number of spares provided, the defective tubes w i l l  be sealed and 
the penetration used as installed at a considerable savlngs in time and 
cost. 

Results are 
If the number of defective tubes proves t o  be less  

In addition t o  the examination of the installed tubing, tubing not yet 
installed w a s  examined using an encircling coi l  f o r  the eddy current t e s t .  
About 80 tubes between 20 and 40 feet  long were tested and served as pilot  
runs f o r  the developnest of the I.D. probe t e s t .  
feet  of tubing remains t o  be examined. 

Other tube tes t ing work included: 
i n  the charging machine after simuLated loadings of fuel; special condi- 
tioning, pickling, and autoclaving of NpR t e s t  tubes for  machining and 
corrosion tes ts ;  and precise ultrasonic w a l l  thickness measurements of 
bent tubing t o  referee t e s t s  made by NPR subcontractors. 

Field testing act ivi ty  consisted of X-ray and gamma-ray work a t  PRTR (rup- 
ture  loop, primary system, and helium system), NPR (instrument leads), ~e 
Lavsl pump impellers (lOO-H, 100-D, and 100-DR), carbon steel ,  s p l i t t e r  
blades (B, .D, F, and H reactors), and graphite coolant piping for 105-N 
reactor fabricated by J. A. Jones at North Richland. 
t e s t s  were conducted on over-bore nozzles and De Laval pump impellers. 
Uitrasonic thickness measurements were made on vessels i n  the process ce l l  
and service basement of the pRTR reactor. 
work on an emergency basis. 
PRTR outage on radiographic examination of piping welds involving both new 
construction and repair work. 

Testing work on NPR primary piping continued. 
frm 27" t o  48" long, of NPR connector tubing, were nodestructively and 
destructively tested t o  evaluate the extent and nature of surface discon- 
t inu i t ies .  Magnetic particle t e s t s  revealed areas w i t h  discontinuities, 
and samples were cut out f o r  flattening, micro, and fluorescent penetrant 
tes t s .  
continuities. The immersion t e s t  w a s  used. No discontinuities were detected 
giving a response greater than the signal return from a notch 8 mils deep 
x 1 inch long. 
neers fo r  an evaluation. 

f ive rings cut from NPR primary piping (18" O.D. x 1.036" w a l l )  were ultra- 
sonically tested f o r  discontinuities pr ior  t o  start of fatigue testing. 
Ultrasonic tests w i l l  be made during the fatigue t e s t  at intervals t o  
determine if  propagation of the discontinuity w i l l  occur. 

Approximately 100,000 

borescoping of a prototype process tube 

Fluorescent penetrant 

C a l l s  continued t o  be made for 
Special assistance was  given during a recent 

Forty-six pieces ranging 

Seven sections of the tubing were ultrasonically examined f o r  dis- 

The results of the tests were submitted t o  NPR project engi- 

Ultrasonic, macro, 
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fluorescent penetrant, and side bend t e s t s  were made on a sample which had 
fa i led in fatigue t e s t .  
inches away from the weld. 
ranging fram 5 mils t o  90 mils. 
evidence of influencing the fai lure  of the base meta l .  

A major problem was the examination of chromium steel roller-bearings used 
t o  expand the ends of mpR process tubes f o r  installation. A se t  of f ive 
roller-bearings ( p i l l s )  are placed on a mandrel and insel-ted i n  the tube 
and rotated t o  flare the tube. Some p i l l s  broke during the f lar ing process. 
We were asked t o  help determine the cause of the fai lures .  
designed with a long taper on one end aad a short taper on the other, fa i led 
i n  the area of the thickest diameter. 
dccted on ten new p i l l s  found them free of defects, but of 93 used p i l l s ,  
f i f ty  percent were defective in the area where the fai lures  occurred. No 
correlation was appsrent between the extent of the indications and the 
amuunt of usage. Flve of the new p i l l s  now in service are being given 
periodic checks t o  determine the extent of indications pennissible before 
fa i lure  can be expected. 
all p i l l s  i n  service. 
par t ic le  indications t o  be cracks. 
t c  be in the Rockwell c-63 t o  ~-67range, indicating the e l a s t i c i ty  of the 
material i s  almost negligible. LVew p i l l s  are  now being manufactured with 
specification changes as t o  the degree of hardness i n  an effor t  t o  elimi- 
nate failures.  

The fai lure  occurred in the base metal about three 
Inspection of the weld disclosed discontinuities 

Discontinuities found in the weld gave no 

The p i l l s ,  

Magnetic par t ic le  inspection con- 

Procedures are i n  effect  t o  periodically t e s t  
Metallographic examinations revealed the magnetic 

Rockwell hardness t e s t s  showet! the p i l l s  

A procedure w a s  se t  up t o  fluorescent penetrant t e s t  on NPR pump sleeve 
&er recycle corrosion tes t s .  
mittently during the corrosion t e s t  t o  determine i f  cracks occur. 

The penetrant t e s t  w i l l  be done inter-  

A number of miscellaneous examinations included: Inconel t o  stainless 
s tee l  weld samples t o  determine the Quality of the weld; Inconel socket 
welds f o r  discontinuities in the weld; stainless s t ee l  weld samples taken 
from welded chains; and stainless s t ee l  mechanical seal  f i t t i ngs .  

An ultrasonic test w a s  developed t o  detect three-mil-wide x three-mil-deep 
x 1/4-inch-long electromachined notches located on the O.D. and I.D. sur- 
faces of a 4-1/2-inch O.D. pipe standard. 
header piping in the 189-D Building thermal hydraulic laboratory. 

This w a s  designed f o r  tes t ing 

The radiographic density of uranium w a s  evaluated i n  the molten and solid 
s t a t e  with gamma-radiography. The t e s t  setup consisted of induction heat- 
ing a tungsten clad uranium fuel elenent i n  an argon atmosphere. A brass 
water jacket cooled the fuel  elements sufficiently t o  allow placement of 
film on the outside. 
readings. 

T q e r a t u r e  w a s  determined and controlled by pryameter 
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A study w a s  made of methods f o r  radiographically determining density changes 
in Fu a l l oy  fuel elements. Twenty-five samples with Pu density var ia t i  ns 
from 0.5 t o  16.8 g n / d  were used. The study ut i l ized 250 KV X-ray, Cogo, 
and Irl92; all sources of radiation were evaluated f o r  contrast, density 
latitude, and detail .  
of 2.0 mrucimum with one exposure and necessitated several setup changes 
and exposures t o  cover the camplete range of densities. 
material had t o  be placed in a masking template t o  prevent undercutting. 
The contrast and detai l  w a s  good i n  the law density materials but w a s  
limited in penetration of higher density material. 
wider density lati tude but loss of deta i l  and contrast i s  great. 
results were obtained with the Iridium-192 by the use of two films of 
different speed; it w a s  found the c q l e t e  ranges could be covered with 
one exposure; no masking template w a s  necessary; detail. and contrast were 
good Over the entire demity range. 

The X-ray results indicated a material density change 

In addition, the 

cobalt-60 covers a 
Good 

An unusual problem w a s  encountered when a piece of tool s tee l  w a s  l o s t  
while loading and campacting UQ pRTR fuel  elements. 
attempt t o  find the s tee l  in the uranium element. 
Iridium-192 could give good definition of the s tee l  i n  a t e s t  sample. 

It w a s  necessary t o  
It w a s  shown that 

Work on s l i t  radiography w a s  continued with back-scatter s t i l l  presenting 
a masking problem. 
pieces including pipes from 2" O.D. up t o  8" O.D. A 1/4" sli t  i s  used at 
the sample surface and a speed of rotation of 1 rpm with appropriate 
exposure times gave good results. 

Successful radiographs were obtained on a variety of 

Development of equipment f o r  detecting process tube cracks i s  complete, 
A f'unctional t e s t  w a s  made on two 105-H process tubes. 
one defect indication which w a s  equivalent t o  a calibration standani i ,  
standard w a s  a 0.020" deep x 0.125" long transverse notch in the I.D. of 
a 105-H process tube. 
t o  55s of the standazd indication were found. Tube No. 2371 has been 
remmed from the reactor for visual examination. Sections where indications 
occurred w i l l  be f'ully examined by sectioning for  discorltincLties. 

Tube No. 2371 had 
This 

A t o t &  of 10 other indications ranging fram 2O$ 

A reactor Parker f i t t i n g  which w a s  deliberately subjected t o  intergranular 
corrosion and cracking was tested. 
The depths of the cracks are unknown. 
cracking causes uniform attack, the entire f i t t i n g  w a s  exposed. 
tapered end where the ultrasound enters was a lso  cracked. 
prevented or reduced ultrasound entry. 
pending acquisition of samples having cracks 1ocaLized i n  the vicinity of 
the f i t t i n g  thread re l ie f .  

No defect indications were observed. 
Since the process used f o r  causing 

The 
This may have 

Further test- w i l l  be delayed 
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ANALOG COMPUTER FACILITY OPEFW!ION 

The major c q t e r  problems considered during the month were: 

1. NPR Sirmhator 
2 .  "C" Column ~imulat ion 
3. Reactor Instrumentation Studies 
4. H a s t e  Cask Heat Transfer 

Eighty-two percent of the  GEDA equipment (average), and ninety-one percent 
of the EASE eqpipmext was in good operating condition during the month. 
Ccxputer ut i l izat ion w a s  as follms: 

144 
21 
3 
0 - 

168 

147 Hours Up 
21 Hours Scheduled Downtime 
0 Hours Unscheduled Downtime 
0 Hours Idle 

168 H o u r s  T o t a l  

- 

Routine maintenance of the ccxnputers was good although minor troubles were 
experienced with the GEDA function generators and patch bay. 
scanner would not scan through the alphabits class at the beginning of the 
month, but this problem was corrected by placing 220 K resis tors  in series 
with the set l ines  feeding the alphabits registers, 

The EASE 

INslIRuMENT EVALUATION 

Tests'were started on the use of rechargeable nickel-cadmium bat ter ies  i n  
a prototype transistorized portable G.M. monitor. Tests indicate a t  l eas t  
25 hours of constant service caa be obtained before recharge is  necessary. 

Substitution of a new diode pump circui t  wen in the logarithmic and l inear  
response area monitors has prwed the worth of using the new men, because 
the noise level w a s  considerably reduced, Both the logarithmic and l inear  
ranges calibrated correctly on one monitor scheduled for use in the 326 
Building. 

All evaluation and acceptance t e s t s  were sat isfactor i ly  c q l e t e d  on one 
vendor prototype Model I1 Scintran of 65 on order by RPO. The units are 
being fabricated by Instrument Laboratory, Inc., of Seatt le.  
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A l l  circuit  prints were ccnrpleted for  the prototype scint i l la t ion transis- 
t o r i z e d  alpha portable "poppy" instrument which successfully ccernpleted 
a l l  evaluation tests. Following preparation of mechanical layout prints, 
some 30 units w i l l  be ordered off-site by Radiation Protection Operation. 

Of some 200 Bendix 0-200 m r  self-reading pencil dosimeters tested in co- 
operation w i t h  RPO, about 20$ had a response of minus 1% for  a given 
exposure whereas the acceptable l i m i t  is minus 54. 
Preliminary acceptance t e s t s  were completed and one minor circuit  modifica- 
t i o n w a s  made t o  eliminate interference on two scint i l la t ion transistorized 
alpha-only hand and clothing monitors being fabricated by the 328 Building 
Electronics Shop; one f o r  use a t  Biology Operation, and the second for use 
by J. A. Jones Ccaapany a t  a waste treatment fac i l i ty .  The register readout 
signal-to-background ra t io  is 5 t o  1 for  a 500 d/m Pu2B source distributed 
Over a 4-inch x 8-inch area. Layout photographs 
of the units w i l l  be made before they are sent t o  the f ie ld  so future instru- 
ments w i l l  have a similar construction. 

This is  quite satisfactory. 

To eliminate minor occasional e r ra t ic  operation of the 30 aluminum chassis 
Model I1 Scintrans fabricated off-site, one uni t  was modified t o  use a 
buss-wire common ground soldered connection t o  all ground points. 
change eliminated, a t  least  t o  date, the spurious action apparently caused 
by aluminum a i d e  f i l m  buildup on the many ground points. 

This 

PF Gast:RSP:mcs 

1 2 3 1 2 1 b  



,DECLASSIFIED 
c -1 Hw- 73905 

CHEMZCAL RESEARCH AIVD DEVELOPMENT OPERATION 

RESEARCH AND ENGINEERING 

FISSIONABIB MAmIALS - 02 PROGRAM 

IRRADIATIOH PROCESSES 

Characteristics of NPR Decontamination Wastes 

A document, "Crib Disposal of the NPR Decontamination Wastes," 
HW-73482, is being prepared. 
follows : 

Waste l iquid permeability experiments showed the permeability of 
specified NPR decontamination wastes t o  be 43 to  65 percent that of 
w a t e r .  A percolation rate for the sludge-free waste solution is  
expected to  be 5 gal/ft2/day. No evidence of s o i l  plugging by the 
f i l t e red  wastes w a s  detected. Percolation of the waste solution 
w a s  almost stopped by the presence of sludge. More than six hours 
of standing w a s  required t o  set t le  completely the slowest se t t l ing  
Phos-l@ ( a  proprietary 10  percent phosphoric acid solution contain- 
ing corrosion inhibitors) waste solids. The an u d  volume of waste 
sludge i s  expected t o  be i n  excess of 25,000 f t  . 
Waste frothing w a s  recognized as a possible problem in waste 
handling. 

A surmnnry from th i s  document i s  as 

3 

Treatment of N E 3  Decontamination Wastes 

Dibasic ammonium c i t r a t e  is a current candidate t o  replace Phos-1 
for decontaminating the non-stainless steel portion of the NPR 
primary coolant loop. Preliminary experiments wi th  one percent 
citrate solutions, simulating the waste concentration, and con- 
taining CO-60 were carried out. 
found to  date is the addition of ferrous sulfate followed by 
sodium hydroxide to  a t  least  pH 12. Potassium permanganate and 
cobalt n i t ra te  showed limited scavenging while  calcium and aluminum 
salts were ineffective. 

The addition of 100 ppm Fef2 removed 10, 95 and 99.7 percent of the 
cobalt a t  pH 10, ll and 12, respectively. Increasing the Fe+2 con- 
centration t o  400 ppm increased the Co-60 removal t o  80, 98 and 

The best scavenging procedure 

@ oducts, Inc. 

1 2 3 1 2 1 1  



c-2 m-73905 

> 99.9 a t  the corresponding pH values. 
with or  without Fef2 present, showed a maxbum CO-60 removal of 
75-80 percent, as did a cobalt salt. 

Citrate solutions containing cerium, zinc, strontium and zirconium 
were effectively scavenged (> 99 percent removed) at  pH 12 by the 
addition of e i ther  the Fef2 o r  the permanganate. 
removed and only 40-70 percent of the ruthenium w a s  removed by 
e i ther  iron or  permanganate. 

Scavenging w i t h  permanganate, 

Cesium w a s  not 

Ground Water Temperature Studies 

A te-erature profile obtained from an abandoned farm well, located 
one-half mile east  of 100-B Area, showed the temperature of the 
ground w a t e r  a t  this s i t e  t o  be 43 C .  This new information indi- 
cates that thermally warm water from beneath 100-B Area i s  moving 
toward the east  as w e l l  as toward the west and north. Ground 
water samples from four wells located six miles east  of 100-B 
Area, which show temperatures several degrees above background, 
a re  being analyzed for  radionuclides (primarily C r - 5 1 )  present i n  
reactor effluent. 

Airborne Particulates in  Reactor Operations 

Final samples were collected in  
borne particulates from reactor 
th i s  work i s  being written. 

E f f l u e c t  Monitorinn 

the program t o  characterize air- 
tube replacement. A report of 

A faul ty  voltage regulator tube in the power supply f o r  the scaler 
c i rcu i t  caused the only malfunction of the As-76-monitor during 
the month. The sample supply t o  the monitor w a s  interrupted on 
May 26, by fa i lure  of a f lexible  coupling on the 107 i n l e t  sample 
P U P  ' 

C C 1  extractions were used t o  measure iodine interference i n  
effkuent samples from 100-D and 100-H during the extended reactor 
outage a t  100-F. Interference ranged from 10 to  20 percent i n  
these samples. 
decreased from approximately 50 percent before the outage t o  8 
percent a f t e r  the outage. 

The iodine interference in  the 100-F effluent 

A carbon tetrachloride extraction treatment of the monitor sample 
appears to  be the most satisfactory method of removing the iodine 
interference. Heating the sample and purging w i t h  noble gas caused 

1 2 3 1 2 1 8  



c -3 Hw-73905 

The particulate nature of some of the parent materials i n  
Columbia River water w a s  determined by f i l t r a t ion  in  a study 
of means of removal of these materials. River w a t e r  w a s  passed 
through a succession of eleven meabrane f i l ters  with decreasing 
pore sizes and the residue on each filter w a s  neutron activated 
and analyzed f o r  P-32, Sc-46, CO-60 and Zn-65. The particulate 
material appeared t o  be in  two particle size ranges. The amounts 
of the particulate parent material held are tabulated below: 

only minor reductions i n  interference. 
may be useful as a method for  rupture detection. 

The extraction techniques 

Reactor Effluent Water Radioisotope Studies 

A reactor tube study of the effect of addition of s i l i ca t e  on the 
production of radioisotopes i n  the effluent water w a s  started at  
the KE reactor on April 30, 1962. 
control tube to  which no s i l i ca t e  w a s  to be added were chemically 
cleaned prior t o  reactor start-up. Ten parts per million sil icon 
as sodium silicate were added continuously for  f ive days when the 
tes t  had to be interrupted because an improperly mixed batch 
of sodium s i l i ca t e  caused a high pressure drop i n  the tube. 
the f ive days the concentrations of P-32, Mn-56, As-'76, Cr-51, 
Np-239 and Zn-65 were lower i n  the tes t  tube than i n  the control 
tube by about a factor of two. The addition w a s  restarted four 
days later although regular process water without added s i l i ca t e  
had been used during that period, and the radioisotopes concen- 
trations i n  the two tubes were about equal. The factor of two 
decrease i n  the radioisotope concentrations was l e s s  than expected 
from the laboratory studies. 

The tube t o  be tested and a 

After 

Reactor Water Treatment Process Studies 

A laboratory water treatment plant study of the effect  of a lum 
addition on phosphate ion removal under conditions similar t o  
those a t  the K areas w a s  completed. 
that the poor removal observed when alum addition w a s  adjusted 
to  establish an optimum zeta potential of the f loc may w e l l  have 
been due t o  the delay of some 30 seconds which elapses between 
a l u m  addition and pH adjustment i n  the plant. This hypothesis 
will be tested in  future studies. 

An indication w a s  obtained 

Pore Size Isotope ($) 
(mp) P-32 Sc-&6 CO-60 211-65 ---- 

> 3000 78 a0 39 26 
15.5 19  57 51  

@I&q5O - 300 
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mR 
The s m a l l  particulates would probably not be retained by the process 
f i l t e r s  and would contribute to the radioisotopes formed in reactor 
effluent water. Further studies of the particle s ize  distributions 
of additional parent materials and of other water streams are in 
progress to guide further removal studies. 

SEpARATfONS PROCESSES 

Purex Process 

Studies were continued to discover the source of material causing 
the reduction in uranium transfer  ra te  noted when Purex plant 2DX 
( R - 7 )  is  contacted w i t h  simulated 2RFS solution. 

Transfer rates continue t o  show the presence of a surface active 
material in R - 7  which is  removed by permanganate treatment but not 
by carbonate washing. Severely degraded Soltrol-TBP w a s  carbonate 
washed and added t o  laboratory solvent. No decrease i n  extraction 
ra te  w a s  found. Thus, although degraded Soltrol  has undesirable 
physical properties, it does not appear t o  be the source of the 
material adversely affecting the transfer rate.  Both anion and 
cation types of 'ion exchanger res in  were pulverized and extracted 
w i t h  w a r m  water. 
OIL t r scs fer  ra te  was observed. 
fer rate.was observed, however, upon ei ther  addition of methanol 
o r  water extracts of material held up by the glass wool water 
f i l t e r  downstream from the plant ion exchange w a t e r  treatment beds. 
These extracts also very markedly increased coalescence times in  
alkaline washing steps; but the effect  w a s  much l e s s  i n  acid 
systems. The infra-red absorption analysis of these extracts 
showed -OH and -COOH bands as well as others tentatively identi-  
f ied  as due t o  -ON0 or -NO2 groups. The source of the organic 
material on the f i l ters  has not been established, although i ts  
presence is unquestionable e 

When added t o  the 2D extraction system, no effect  
An appreciable reduction i n  trans- 

Diluent Studies 

A sample of South Hampton Company's molecular sieve process 
n-psraffin, SOH0 (our nomenclature) has been examined. The mole- 
cular weight w a s  too low, but the chemical behavior w a s  setis- 
factory. More comprehensive tests w i l l  be made when the sample 
of reguler production material is  received. 

O f  the immediately available petroleum diluents, Penn Refining 
Company's 2251 oil s t i l l  appears t o  be well ahead with respect 
to  chemical s t ab i l i t y  and would be an excellent candidate f o r  interim 
Purex operation pending the larger  scale production of pure n-paraffins. 

m 
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Plutonium Recovery from RMC Line - Continuous Task I Oxalate 
Supernate 

The work reported las t  month on the development of an anion 
exchange process f o r  the recovery of plutonium oxalate-containing 
Task I supernate w a s  completed during the month and a f ina l  
summa.ry report w i l l  be issued as soon as remaining analytical 
work is  completed. 
(1) the effect on resin capacity of higher n i t r i c  acid concen- 
trations than previously used, (2) the effect of higher temperature 
and flow rate, and ( 3 )  the effect  of a large aarount of fluoride. 
Resin capacity a t  ambien (25 C ) temperature, 8.8 M HNO , and a 
flow rate of 8 ml/min.c& w a s  about 45 grams Pu/lize 2 resin. 
Operation a t  58 C and a t  a flow rate of 17 ml/mln.cm’ kcreased 
the loading t o  75 grams/l, which is essentially the theoretical 
capacity of the resin. 
decreased the capacity only t o  68 g/l, indicating a wid; operating 
range. 
ra t io  of aluminum) did not affect capacity. 
less aluminum would be equally effective. 

Process variables investigated i n  May included 

Increasing the acidity t o  10.0 M HN03 

Addition of fluoride equivalent t o  0.2 M (plus a 1:l mole 
It-is possible that  

In summary, the solution t o  the precipitate and resin loading 
problems encountered i n  the i n i t i a l  stages of this study i s  to  
increase the feed n i t r i c  acid concentration to  9-10 M and t o  
add alumiaum, i f  fluoride i s  present. 
i tate is dissolved a t  the high acidity and the oxalic acid 
ionization is  suppressed sufficiently to  prevent excessive corn- 
plexing of the plutonium by oxalate. 

A l l  but a trace of precip- 

Reduction of Uranyl Nitrate t o  Uranium(IV) Nitrate w i t h  Aluminum 

Studies on the formation o f  uranium(IV) n i t ra te  by the reduction 
of uranyl n i t ra te  w i t h  aluminum metal were continued. 
ing solutions contained only uranyl nitrate,  n i t r i c  acid and 
hydrazine or  sulfamic acid. Highlights of the findings include: 

The start- 

1. Laboratory scale runs indicate t h a t  a bed of aluminum turnings 
can be substituted fo r  the powdered aluminum used i n  previous 
studies . 

2. The reduction rate increases wi th  an increase of temperature. 

3. The source of the uranyl n i t ra te  solution does not appear t o  
affect  the reduction reaction. 

4. R u n s  made on a 200 l i t e r  scale produced results consistent 
w s e  experienced on a 500-ml scale. 

I 2 3 1 2 2 1  
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Charging of Overbore Slags ir a XCLtipirpose Dissolver 

Ac increase in  the di-ter c? %&e fuel elements used in the pro- 
duction reactors i s  being contemplated. 
expressed about possible janrziLg of *%ese overbore slugs in the 
amular cr ib  of the mlt ipr l -? .se  dissolver. 

Steel  slugs, 2 inches ir dfamezer end 8.9 inches long were charged 
t c  a csrbon s t ee l  mckup 8,CD ci 70 itckes, I D  of 49 inches) of the 
Redox multipurpose diseclver slug ~ ~ 1 5 .  Eo jRmmfng in  the slug 
c r ib  w a s  observed during the dumpicg of  16 buckets of the s t ee l  
slugs. 
scxe jsmming between the bucket =a the cocical distributor w a s  
o5served. 
in  breaking the jame 

Scme concern has been 

When the slugs were ~ e r t i c d l y  stacked in the slug bucket, 

Raising and lowerkg of  tke slug bucket w a s  effective 

The "overbore" steel slugs cccq ied  50 percent of the cr ib  as 
conpared t o  41; percent of the c r ib  Wi,th "standard" s t ee l  slugs 
t l . 5  inches in  diameter and 8.9 i tches  long) used in prior t e s t s  
o r  tbe same wckup. 

Dispcsal t.@ Grclund 

A tritium rmterfal bdance around the Purex a d  Redox plants for  
the wnth of Noveniber, 2361, reveded tha t  less  than one-half of 
the fission product zritiuz: present i n  the irradiated fuel  elements 
c m  be accourted fo r  ir the waste stre- discharged to  ground. 
AraLyses of  sei-eral. coqcs i ted  process ccndensate samples showed 
UF to 3OO-fclid variations ic trisicn: concentrations; t h i s  stream 
w a s  expected to contair ms'u cf the trftium. 
=&e t o  collect  and analyze sanples of coating removal waste, 
m n i a  scrubber solut ior  a& stack gas to  assist in  determining 
the pro&ent Faths cf rritiurr dischuge frcn tfie separations 

Arrangements were 

F;aCts e 

S c C  Coi- t e s t s  oc limestone-neutralized and unneutralized Purex 
Frocess condensate waste were completed a t  the Redox laboratory 
u d  the results were fiott-ed and s3alyzed. 
z k a l  t c  those noted several yesrs ago, showed 85-95 percent 
breakthrough of Sr-90 in  iess than three column volumes of waste 
i n  each case. 
resulting from the neutralization of this  w a s t e  szream w i t h  lime- 
stone. 
the recommended ground water iidt of 1 x 10 

Results, nearly iden- 

mu, there dppesrs t o  be no significant benefit 

The Sr-90 cocceotraticc i r z  the wfiste is consistently below 
7 pc Sr-gO/cc. 

i 23 E 222 
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Iodine-131 i n  Airborne Effluents 

The adsorption on charcoal of I-13l from streams carrying volatile8 
and particulates was further studied. 
ploratory to  disclose atmospheres from which 1-13 would not be 
eff ic ient ly  removed, and to help identify the reasons for lower 
than anticipated 1-13 removal on charcoal used in  stack sampling 
and in  recent t e s t s  with oxidizer off-gases. The following table 

These experiments were ex- 

presents the data obtained relative to-adsorption of 
various atmospheres : 

Charcoal Adsorption of Molecular 1-13 
and Removal of Particulates and Vapors 
Carrvinn 1-131 bv El& Efficiency F i l t e r s  

$ Fi r s t  * $ Second* 
Charcoal. Gas Carrying Charcoal Charcoal 

Pretreatment Stream Capsule Capsule 

Saturated with A i r  + tri- 99.4 0.6 
Trichloroethane chloroe thane 

None (new) Unfiltered air  89 3 
+ metal fumes 
from sparking 
copper 

None (new) 

None (new) 

None 

None 

A i r  passed over 99 
simulated boil-  
ing oxidizer 
solution con- 
taining 1-131 

A i r  + o i l  mist 20 
from pump 

A i r  + hot oil 86 
vapors 

A i r  + o i l  78 
vapors passed 
through a 
high efficiency 
f i l t e r  

* 1/2-inch diameter by 1-1/2 inch long 

l 

63 

5 

11 

t e r  was downstream of second charcoal t rap 

1-131  in 

$ Fi l t e r  +E 

(Molecular) 

- 

8 

17 

9 

11 
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Trichioroethane vapors which zay be present from degreasing- 
decontamination does not lower the efficiency of charcoal. 
presence of oil or f ine  par t ic les  materially reduce6 the effective- 
ness of charcoal for  removing 1-13. 

The 

Temperature measurement i n  a smal l  bed of charcoal revealed tha t  
a strong exothermic reaction occurs when approximately 30 percent 
NO2 in air is passed through hexone-saturated charcoal. 
temperature rose rapidly t o  240 C under these conditions. 
EO2 passed through clean ch6rcoB1, temperatures of about 80 C 
were reccrded. 
i n  potential  applicaticns of charcoal t o  sDre8.m which may have 
hexcne and NO2 present. 
hexone vapors passed through, no evidence of  reaction was obsemed. 

The 
When 

This observation may be of considerable interest  

When NO2 was adsorbed on chsrcoal, then 

Cesium Removal from Formaldehyde-Treated Waste 

Resesrch ccntinued on the separation of  cesium from FTW waste 
using IGinerai c o l m s  and on the subsequent loading of the separ- 
aTea cesium on high capacity inorgsnic excharigers. 

Zecior and Liode AW-503 were evaluated f o r  separation of the cesium 
fram FTW. The waste volme processed t o  cesium b reak th row on 
Zeolon w a s  about 80 percent that of c l inopt f ic l i te ,  The AW-500 
w a s  not sta3le a t  the acidi ty  of the FTW. 

r AS evolut.ion 6uring e h t i o n  of cesium from e l inopt i lo l i te  w a s  
micinzized by washing w i t h  1 M NE40H pr ior  t o  eluting w i t h  8 solu- 
t ion of 2 - M (NE4)2C03 + 0.5 - E NH4OE at 55 C .  

Eluates fron : l icoptiloli te separations of cesium from F'Iw were 
boiled t o  remove (IVE ) and then passed through beds of candi- 
5ate c e s l u  packaging k i a l s .  Cesiun lcading sapacities for 
these sclutions on Linde 13, AW-503 and Zeclon were 2.2, 2.1 and 
1.6 meq Cs/g. 

0 

Cesium w a s  alsc loaded on 1 3  aad AW-500 from a solution containing 
0.02 M cesium ard 0.5 M HNO 
s o l u t h  is a simulate3 ceszum prociuct from the &picrylamine 
extraction process. 
and AW-500, respectively. 

neutrdized to  0.5 M NaN03. 

Loadings were 0.43 and 1.32 nieq Cs/g for 1 3  

This 

1 2 3 1 2 2 4  



DECLASSIFIED 
c -9 Hw-73905 

Strontium, Cerium, Ruthenium, Niobium and Neptunium Behavior 
During Cesium Removal from Formaldehyde-Treated Waste 

The behavior of major fission products and neptunium during the 
loading of cesium on c l inopt i lo l i te  from a simulated FTW solution 
wea investigated. A simulated FIW solution spiked with Purex 1 W W  
was passed through a column of c l inopt i lo l i te  un t i l  80 percent 
cesium breakthrough was reached. Strontium, cerium, ruthenium 
and neptunium reached 50 percent breakthrough within one column 
volume. 
c l inopt i lol i te .  
because it was not detectable in  the spiked feed solution. 

About 95 percent of the niobium was adsorbed on the 
Measurements were not possible for  zirconium 

The c l inopt i lo l i te  column was subsequently flushed with one molar 
n i t r i c  acid, water and one m o l a r  ammonium hydroxide. The cesium 
w a s  then eluted with two molar ammonium carbonate a t  60 C.  
tamination factors fo r  strontium, cerium, ruthenium, and niobium 
were 2000, > 100, > 1000 and 10, respectively. Most of the 
niobium remained on the c l inopt i lo l i te  during flushing and elution. 

Decon- 

Elution of Cesium from Zeolites after Beating 

Additional resul ts  were obtained on the elution of cesium with 
ammonium ni t ra te  from c l inopt i lo l i te  which had been heated t o  
200 and 400 C after loading. 
w a s  eluted w i t h  20 column volumes of 2 M NH NO from the mineral 

After heating t o  400 C for the same time period, 93 ?ercent could 
be s imi la r ly  eluted. 

Ninety-nine percent of the cesium 

which had been heated t o  200 C f o r  perizds up 4 2  o 510 hours. 

Ces ium loaded on Linde 1% and heated to 600 C fo r  24 hours w a s  
only 6 l  percent eluted with 20 column volumes of 2 M NH NO ; 
however, 99 percent was eluted with 0.5 M €IN0 i n  55 c o k d  volumes. 
There was no evidence of Cs-137 voletiliFatiod during the 24-hour 
heating period. 

Greater than 99 percent of the cesium could be removed from Zeolon 
in  equilibration experiments w i t h  2 M NH NO 
mineral had been heated for  24 hgur sa t  bo3,. af te r  the loaded 

Recovery of Neptunium from Purex Formaldehyde-Treated Waste with 
D2EHPA 

Work was continued toward developing a satisfactory flowsheet for  
recovering neptunium from hrrex plant FTW solutions. 
sheet currently under study involves reduction of Np(V) t o  Np(IV) 

The flow- 

1 2 3 1 2 2 5  
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a d  pu(IV) t o  Pu(II1) w i t h  i ron(I1) sulfamate and hydrazine. Over 
95 percent of the neptunium i s  extracted in a single batch contact 
with one-tenth volume of 0.04 M t o  0.1 M D2EHPA in Soltrol .  
tunium is removed from the or&ic by szrippiag with 0.5 M w2O4.  
Experiments with synthetic F2W showed that neptunium extr&tion i s  
not significantly altered by elhinating TBP from the extractant 
or by substituting Soltrol for  Shell Spray Base. 
t ion equilibrium was obtained within 10 minutes colltact a t  either 
25 or 50 C; neptunium distribution rat ios  were lower at  the higher 
temperature. I n  decontamination studies with tracer Zr-95 - Nb-95 
appreciable co-extraction of these elements with neptunium occurred. 
Coqlexants such 86 E m ,  HEMlA and c i t r i c  acid suppress extraction 
of zirconium-niobium. 
being studied. 

Nep- 

Neptunium extrac- 

Their effects  on neptunium extraction are 

Solvent Extraction Removal of Fission Products from Purex FTW 

Maiature mixer s e t t l e r  runs were made with feed solutions prepared 
from synthetic Purex FIW solution t o  test a study flowsheet in 
which c i t r i c  acid we8 used both as buffering and complexing sgent. 
Feed pH was 4.0; extractant was 0.2 M D2EHPA - 0.2 M TBP - Soltrol;  
scrub w a s  0.25 M c i t r i c  acid a t  pH 2Tg. With sevenextrsction snd 
f ive scrub stag& and at relat ive flows of l.o/o.U/o.98 feed, 
scrub and extractant, greater than 99 percent of the strontium and 
over 30 percent of both cerium and promethium were extracted. 
t d a t i o n  from cesium, zirconium-niobium and sodium w a s  excellent; 
sodium concentration of the organic product w a s  only 0.002 M .  
Decontamination from iron was poorer than with HEm complexed 
feeds but s t i l l  acceptable. 

Decon- 

Product Forms 

The t h e m  s t a b i l i t y  of calcined strontium oxide w a s  studied i n  a 
pressure bomb experiment. 
system t o  900 C with a result ing pressure of 160 psi .  
salcination at 900 C i n  sn open system, the molten material changed 
to  a hard white sol id  apparently due t o  decomposition of Sr(OH)2. 
No pressure w a s  experienced on subsequent reheating in a closed 
system. 

Calcined SrO was  heated in e closed 
A f t e r  re- 

Strontium carbonate plus l i t h i u m  fluoride s inters  t o  a hard porous 
cake a t  about 650 C w i t h  as l i t t l e  as 3 w/o LiF. 
freely-flowing melt, at  least 1 2  w/o L i F  and heating t o  800 C are 
required. 
fluxed SrC03 has a bulk density of 3.2 g/cz and i s  50 w/o Sr. 
leach ra te  i n  tap water i s  0.002 g/(hr)( cm ) . 

To produce a 

The dense product formed by complete melting of the 
The 

rru 
1 2 3 1 2 2 b  
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Prototype Loading Station 

A conical. filter 7.5 inches in diameter by 16 inches high with a 
one-inch annular cake space inside a conical filter can has been 
tested with precipitated SrCO3. 
passing the f i l ter  screen (16 x 150 mesh w l l l e  t w i l l ) ,  diatomsceous 
earth f i l t e r  aid was added to the feed slurry. The filter cake 
contained about 0.35 g Sr/cc and f i l l ed  completely the annulus. 

To prevent the precipitate 

When* conical f i l t e r  was removed from the filter can the f i l t e r  
broke away cleanly from the f i l ter  cake. The can waa  then heated 
fo r  dehydration of the cake. 
cake during the boiling period, but there was no foaming. 
whole f i l t e r  can eventually attained the deeired temperature of 800 
C.  

There were minor splashes of wet 
The 

Heeting was by a 15  KW induction heater. 

Fieeion Product Binding Materials 

Two hi@ capacity synthetic alumino-silicate zeolites, Linde 4A 
and Linde 1 9 ,  have been propoeed f o r  the fixetion of cesium or  
strontium. Thermobdance measurements on these two meterials 
showed t h e m  t o  be stable to  weight l oee ' a t  temperatures i n  the 
500 t o  960 C range. Attempts were made t o  fuse these two zeolites 
using 2 t o  25 w/o of N e ,  KF, CaF2, LiF, PbF CuF2 or  lead oxide 
as a fluxing agent. Maximum temperature rew%ed was ca. 925 C .  
Of these, only l i t h ium fluoride shows promise 88 a f l a n g  agent. 
The 1 3  material. with 10 and 25 percent and the 4A with 25 percent 
l i thium fluoride formed dense hard compacts w i t h  apparent fusion. 

In-Tank Solidif ication 

In laboratory studies synthetic "old coating removal waste" w a s  
concentrated a t  constant temperatures of 91 and 103 C t o  form 
slurries which sol idify completely when cooled t o  25-50 C .  
t e s t s  a t  temperatures w e l l  below the boiling point simulate more 
nearly conditions expected when concentrating by sparging with a 
hot gas than do previous t e s t s  i n  which the solutions were maintained 
a t  the boiling point. 
estimated t o  contain 10-20 percent solids which tended to  s e t t l e  
out and which could interfere  with operation of an air  l i f t  c i r -  
culator. 
deliquescence as those fcrmed a t  the boiling point. I n  e i ther  
case, the solids hold more water than can be accounted f o r  by 
known hydrate forms; they are apparectly gels. 

These 

The final. slurries (before cooling) were 

The solids appear to  have the same tendency toward 

@ Linde Co., Division of Union Carbide Corporation 
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greater than 90 percent in the precipitate after washing and meta- 
thesis, (2) the presence of both tartrate and peroxide are requird 
to prevent rare earth precipitation, (3) variation of hydrogen 
peroxide concentration between 10 and 40 ml (of 30 percent H202) 
per l i t e r  of PIW and tartrate (5  M) between 100 and 400 m l  per 
liter had only s l igh t  effect  on cerium hold-back, although higher 
concentrations of each yielded better cerium decontamination 
factors, and (4)  cerium decontamination factors were generally in 
the range 5 t o  10. These are about the same as are achieved i n  
the plant i n  the oxalate step and are adequate to  reduce the heet 
load in the CR vault t o  an acceptable value, the primary reason 
f o r  rare earth removal. 

The fact that both tartrate and peroxide were required, plus 
visual observations on the color of the f e r r i c  tartrate complex, 
suggests that a tartrate oxidation product, probably an alpha- 
hydroxy acid, is responsible f o r  the observed rare earth behavior. 
The expected decomposition products of t a r t a r i c  acid are being 
tested t o  determine whether any of them exhibit unusual complexing 
ab i l i t y  fo r  cerium. Hot c e l l  runs with actual plant feed are also 
planned. 

Removal of Cesium f r o m  Purex Supernate by Ferrocyanide Precipitation 

The carr ier  precipitation of cesium from Purex waste with ferro- 
cyanides, ferricyanides, etc., haa been extensively investigated 
in  the past and demonstrated in  hot c e l l  experiments with plant 
waste. However, the flowsheets used were designed t o  yield a 
product of high specific ac t iv i ty  rather than to  produce very high 
degree of cesium recovery. The study has accordingly been extended 
t o  define conditions fo r  achieving the 95-98 percent cesium removal 
required by the Waste Management Program to  control salt-cake 
self heating. Laboratory experbents indicated that t h i s  degree 
of removal is easi ly  achieved, a t  l ea s t  with synthetic solutions 
and ef f ic ien t  phase separation. Two one-li ter scale hot c e l l  
experiments were run during the month with actual 10% Purex 
supernate. 
residence time a t  TOO G )  w a s  used fo r  precipitate removal t o  
r ea l i s t i ca l ly  simulate plant centrifuge behavior. Over 99 per- 
cent cesium removal was achieved i n  the f i r s t  run, using f u l l  
strength supernate, 0.001M N i ,  and 0.005 M potassium ferrocyanide. 
Feed diluted wi th  an equal-volume of water-(and with only half 
the above concentrations of nickel and ferrocyanide) was used in  
the second and yielded 97 percent cesium removal. 
loss w i t h  diluted feed was somewhat poorer than laboratory resul ts  
but could doubtless be improved by using more precipitant. 

A continuous overflow solid bowl centrifuge (20 min. 

The observed 
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The cesium-bearing nickel ferrocyanide precipitates from the two hot 
cell experbents were slurried from the centrifuge and metathesized 
with one gram each of solid silver carbonate (to form soluble 
cesium carbonate and insoluble silver ferrocyanide and nickel car- 
bonate). Recoveries in this step were very poor (17 and 6 percent, 
respectively), probably because of mechanical slurry transfer 
problems. 
this point. 

Additional experfments are being performed to resolve 

Cesium Solvent Extraction with Dipicrylamine (DPA) 

New information was obtained during the mnth on selective scrub- 
birg to remve sodium, disengaging times were measured, and a 
multiple batch extraction of cesium from 10% supernate was per- 
formed in B Cell. 

When DPA (dipicrylamine) is used to extract cesium from a waste 
solution containing large quantities of sodium, any DPA not 
associated with cesium will be converted to the sodium form (Na.DPA), 
and subsequent stripping with dilute acid will remove both to- 
gether, resulting, for example, in a Na/Cs ratio of ten if 0.001 
M cesium is extracted with 0.01 M DPA. While further enrichment 
of cesium with respect to sodium-could be achieved by additional 
cycles, use of a selective scrub to remove the extracted sodium 
prior to cesium stripping would be desirable and would result in 
a much simpler process. Ammonium ion was found to be an effective 
scrubbing agent since its extractability into DPA falls between 
sodium and cesium. Furthermore, most ammonium salts can be 
readily volatilized from the strip solution or product to yield 
cesium free of all other metallic ions. In experiments simulating 
an extraction-scrub column followed by a stripping column, cesium 
was extracted from either 10% supernate or 1965 FTW with 0.01 M 
DPA in nitrobenzene, scrubbed twice with 0.02 M ammonium nitrat;, 
and then stripped with dilute nitric acid. 

recovered from FTW contained only 3 w/o sodium and that from 103 
supernate 19 w/o. 
essentially "CP' cesium. 

Th; decontamination 
factor for sodium (feed to product) exceeded 10 4 . The cesium 

Use of more than two scrub stages would yield 

The disengaging times of dipicrylamine-nitrobenzene solution in 
contact with various aqueous phases were determined in support of 
current cold Semiworks pulse column studies. Disengaging times 
against synthetic 10% supernate were 176 seconds, aqueous phase 
continuous, snd 76 seconds, organic continuous. Against 1965 salt 
waste, the corresponding numbers were 54 seconds, aqueous contin- 
uous, and 80 seconds, organic continuous. While these values may 
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be satisfactory, it was found tha t  adaition of 25 t o  75 ppm of 
"Mistron" (a magnesium aluminum s i l i ca t e  surfactant) shortened 
the disengaging times by a factor of about three. 

A hot c e l l  experiment was performed in  which a liter of actual 
103 supernate was extracted batchwise three times w i t h  equal 
volumes (O/A = 1) of 0.01 M DPA diluted with a 50-50 mixture of 
nitrobenzene and " T e t r d i E T  (tetrahydronaFhtMene ) 
the Tetralin w a s  t o  decrease the specific gravity of the organic.) 
After three extractions, approximately 97 percent of the cesium 
had been removed from the aqueou8. 
not yet available. 

(Purpose of 

Other snalyt ical  results we 

ANALYTICAL AKD msm- C r n S r n Y  

Cesium Analytical Procedures 

Results were reported last month on development of an improved, 
rapid radio-chemical method fo r  cesium-137, based on the use of 
diplcrylamine-nitrobenzene solvent extraction ( t o  replace the 
tetraphenyl boron extractant previously used) e The analytical  
use of DPA solvent extraction has been extended th is  month t o  
include flame photometric determination of cesium (which would 
include both active and inactive cesium), rubidium and potassium. 
The general scheme is  t o  neutralize acid saorples w i t h  lithium 
hydroxide and t o  complex iron, and other elements which are in- 
soluble i n  basic solutions, w i t h  the lithium salt of E m .  
(Lithium is used because it interferes l e s s  with she extraction 
than does sodium, particularly in  the case of rubidium and 
potassium, and i ts  greater solubi l i ty  allows higher concentrations 
of DPA to be used.) 
extracted with DPA an0 &&e nrgaz.de phase read direct ly  on the 
flame photometer. 
saccess and is  being used in the Analytied. Laboratories. 

Eie neutraliced, soqlexed sample is  then 

The procedure has been applied wi5h good 

EQUIR@NT AND MATERIALS 

Corrosioc of 304-L by HNO?-3F-Al<N03 )3-Fu(N03 I,, Solutions 

Samples of 304-L s ta ic less  s t ee l  were exposed st room temperature 
t o  a variety of soiuticas c o ~ l t a i ~ i z g  CF 30 15 M mo 
g/l Pu(N0 )4, up t o  1.0 M EF and up ts 0.10 M E(N03)3. The pur- 
pose w a s  40 evaluate corrosion potential i n  334-5 Building storage 
and transport containers. Corrosion rates observed were s 0.6 
mils/mo. TWO samples exposed a t  higher temperatures, 60 C and 
boiling, corroded rapidly, 25 and 250 n9s/moj respectively, as 

up t o  200 3' 
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Corrosion i n  Formaldehyde Treatment Reactor 

As reported last month, corrosion rates for  304-L stainless steel 
i n  chromium-free solutions simulating the conditions expected in 
the Purex formaldehyde treatment vessel were about 0.5 mils/mo. 
In  the presence of 0.01 M Cr(VI), rates of f ive to seven d.s/mo 
were found; the presence-of Cr(II1) did not significantly affect  
corrosion rates. 
Cr(1II) i n  this vessel. 

Corrosion of Tantalum by Some Purex Solutions 

Samples of commercially pure tantalum were exposed i n  the l iquid 
and vapor phases of boiling synthetic Purex 1 W W  containing 0.004 
M, - 0.02 M and 0.04 M €IF. 
condensaxe from the-boiling solutions flowed over them. 
cases,  corrosion rates were less than 0.01 m i l / m o .  

It is expected that chromium w i l l  be present as 

Other samples were so situated that the 
In a U  

Commercially pure tantalum w a s  a l s o  exposed to  various decontam- 
inating solutions used in the -ex plant--caustic tartrate a t  80 C, 
oxalic acid-nitric acid solution a t  60 C, alkaline permanganate a t  
room temperature and n i t r i c  acid-ferrous sulfamate at  room tempera- 
ture. Corrosion rates  i n  all cases were l e s s  than 0.01 mil/mo. 

Stress Cracking i n  1020 Mild Steel  

Testing of notched and stressed 1020 mild s t ee l  C-rings w a s  con- 
tinued. 
simulated Purex stored waste, neutralized current formaldehyde 
treated waste o r  coating removal waste. 
observed i n  50 w/o NSm03 at 80-90 C on specimens which have been 
(1) given a spheroidizing treatment, ( 2 )  given a quench hardening 
%reatment, (3)  etched in hydrochloric acid, o r  ( 4 )  stressed t o  
i n i t i a t e  cracking in the base of the notch. From these and pr ior  
studies by other workers, it appears tha3 three approaches t o  mini- 
mize suscept ibi l i ty  of underground tanks to cracking offer  merit; 
namely, (1) anneal the fabricated tank, ( 2 )  utFlize cathodic 
protection, and ( 3 )  use al ternate  weld f i l l e r  material. Three 
3 - f O O t  5y 3-foot by 1/2-inch welded plates are being fabricated t o  
study the l a t t e r  two approaches. 
rod commonly used f o r  1020 steel. 
5 A q  al loy rod spot welded along the weld s e w .  
welded with Inconel 82 welding rod. A l l  three w i l l  be exposed in 
simulated waste solution containing six molar nit rate .  

No cracking fai lures  have been obtained t o  date in 

Some cracking has been 

Two w i l l  be welded w i t h  6010 weld 
One of these w i l l  have a 95 Cd - 

The th i rd  w i l l  be 
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Evaluation of Corronel 23@ 

Corrosion test  speclmns of Corronel 230, a 65 a/o m i  - 35 a/o 
C r  alloy developed t o  r e s i s t  corrosion by hot n i t r i c  acid, were 
tested i n  typical HAP0 envlrorsnrents. The alloy appears t o  have 
good resistance t o  HNO3-HF solutions and may prove useful in 
certain 234-5 Building applications. Huey tests and t e s t s  i n  
boiling synthetic 1 W W  solution indicate,the alloy is  inferior to  
304-L stainless steel for  use in Purex waste concentrators. 

PROCESS CONTROL DIEVELOPMENT 

Purex PW Photometer 

A dusl filter photometer developed f o r  monitoring uranium concen- 
t ra t ion in the 21xJ stream began operation i n  March 1962. The in- 
strument ha6 performed quite w e l l  and is accepted by CPD personnel 
as a useful tool i n  controlling operation of the 2D column. 

. 

Turbine Meter Evaluation 

The 150 gpm turbine meter under evaluation ceased functioning after 
200 hours t o t a l  running time under intermittent operating conditions. 
Bearing failure was the direct  cause of the malfunction. 
cause of the rotor bearing failure i s  the high axial loading exper- 
ienced by the bearing as the rotor was accelerated from zero t o  5000 
rpm during approximately 350 on-off cycles. This intermittent 
operation was deliberately designed to  be more severe than a prob- 
able plant application. However, fa i lure  in  t h i s  short time indi- 
cates that  further bearing improvements are needed. The meter has 
been returned to  the vendor f o r  repair and bearing modification. 
The vendor's proposed modification w i l l  decrease the rangeability 
and sensi t ivi ty  of the instrument but should substantially improve 
i t s  operating re l iab i l i ty .  

Probable 

Column Mathematical Models 

It was found that the addition of an organic backmixing term t o  
the describing d i f fe ren t ia l  equations is needed t o  obtain an ade- 
quate representation of the experimental data from the column. 
This backmixing parameter becomes important in regions near the 
flooding curve where the volumetric fraction of organic i s  quite 
large. The need for  this  term indicates the invalidity of neglect- 
ing organic backmixing i n  the usual methods of calculating HTU's 
for a C- type  column. 

ional Nickel Company 8 
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Sa l t  Cycle Process 

Precipitation of Plutonium Oxide - Plulanium oxide was precipitated 
from various melts containing uranyl chloride and europium chloride 
t o  test the separation of plutonium from europium i n  this system. 
!The europium decontamination factors  obtained are not as high as 
those reported for neodymium with promethium tracer, but neither are 
t5e uranium decontamination factors Also, the decontamination 
factors did not vary as much with changing sal t  system or  oxygen 

chlorine ratios, leading t o  the belief that  some unknown extraneous 
e f fec t  limk%ed 1 r8ce i eeath decontamination in this experiment a 

Precipitation of plutonium oxide from a melt containing one weight 
percent plutonium l e f t  about the same concentration of soluble 
plu3onium chloride i n  the melt as precipitations from a 0.1 weight 
percent plutonium m e l t  (i.e., 0.012 t o  0.03 w/o Pu). 
some solubi l i ty  effect  may be limiting the completeness of precipi- 
ta t ion of Pu02 by 02-C12 mixtures i n  molten alkali chlorides. 

This indicates 

UOp Crystal. Growth Studies - X-ray diffract ion techniques have been 
used to  identify crystal  faces on electrodeposited U02 and to  deter- 
mine crystal  grouth patterns. The study of crystals representative 
of the various stages of growth i n  the wCl,-2.5 KC1 and the LiC1- 
KC1 systems showed the i n i t i a l  growth pattern to  be the same in 
both melts, with (when cky) rapidly growing 111 faces. 
final stages of growth in  PbCl 2.5 El, the crystals developed 
100 and ll0 faces and became c s e s .  . In  L i C 1 - E l ,  311 and 511 faces 
developed and the crys-&s became odd shaped polygons. Crystal 
growth in NaCl-KCl follows a pattern similar t o  that  in PbC12-2.5 
KC1, with the formstion of cubes, I n  "wet"  melts, the development 
of dendrites apparently proceeds with rapidly growing 210 faces 
appearing during the en t i re  growth period. 

- 

In the 

Electrochemistry of Uranium i n  Molten Chloride S a l t  Solution - 
Mclten chloride s a l t  solutions ( E l - N a C 1  a t  7 1 5  C )  of-uranyL(V) 
ha-re been prepared by reacting sol id  U02 w i t h  3 x 10-3 molar 
uranyl(V1). 
zolor (by reflected l i g h t )  from yellow-orange t o  brown. 
chronopotentiogram showed an oxidation wave which is not seen i n  
e i ther  uranium(N) or  uraayl(VI) solutions. A reduction showed 
o n l y  the wave characterist ic o r  the uranyl(V) to U02 reduction. 

The reaction was accompanied by a change in solution 
An anodic 

m h  
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Pi lo t  Plant Electrolyses - Pi lo t  plant electrolyses tests were con- 
tinued during the month i n  the 60 w/o KCl - 40 w/o L i C l  molten salt 
system. 
crucible t o  further investigate voltage and impurity effects  and 
the dissolution and melt drying time cycle. 

Four runs (LK-28 - LK-3.) were made in  an 80 l i t e r  quartz 

Run8 LK-28 and 29 were made in  melt previously used fo r  two other 
runs. In LK-28, 47 pounds of small crystal  "walnut type" UOg was 
electrodeposited a t  0.76 volts reference potential and a maximum 
current density of 0.54 amp/in2. 
percent of theoretical  and the O/U ra t io  2.0071. Analysis of the 
melt showed the presence of 0.54 w/o nickel which may account for 
the poor crystal  chsracterist ics.  The results of the electrolyses 
showed that nickel impurities produce the s a m  bad effect  on 
crystal  characterist ics as previously noted with iron. The nickel 
entered the m e l t  through corrosion of HasteUoy I$) and Duranickel* 
cathodes and hence the use of these metals without further develop- 
ment cannot be tolerated in  a process depending on a reusable m e l t .  

The i n i t i a l  bulk density w a s  94.4 

A f resh m e l t  was prepared from pure salt and u30g feed for use in 
the next two runs. In  LK-30, 73 pounds of U02 were electrodeposited 
on a smooth graphite electrode a t  a reference potential s ta r t ing  
a t  0.55 and ending a t  0.66 volts. (This voltage range was caused 
by a changing potential drop in  the cathode as the current decreased 
during the electrolysis . )  
emp/in2 and current efficiency 75.7 percent. 
decreased from 30 t o  14 w/o uranium during the run. 
was thin and columnar appearing, had a bulk density of 96.8 percent 
of thecret ical  and an O/U r a t io  of 2.0023. 

The maximum current density w a s  0.95 
Melt concentration 

The product 

The m e l t  from LK-30 w a s  recharged w i t h  U308 and used for run LK-31. 
A 44.5 pound deposit was produced a t  0.4 t o  0.45 volts reference 
potential at  a maximum current density of 0.636 amp/in2 and current 
efficiency of 75 percent. 
product were excellent and are attr ibuted to  the lower reference 
potential. used. 
O/U r a t io  2.006 and impurities a f t e r  a preliminary water rinse 
only 40 ppm L i ,  180 ppm K, and 285 ppm C. 

The crystal  characterist ics of the 

The bulk density was 98.6 percent of theoretical, 

P i lo t  Plant Dissolution Studies - During m e l t  preparation f o r  R u n  
U-31, a 24 hour dissolution t e s t  was made a t  600 C t o  determine 
w h a t  a minimum dissolution and drying cycle might be. 
feed w a s  added in two 30-pound increments a t  zero and el@? !ours, 
and a 20-pound increment a t  16  hours. 

A U 0 

The melt was c i rcda ted  

* Hestelloy D - Haynes S t e U i t e  Company 
Q e l  - International Nickel Company 
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through a gas lift with 4.4 liters/minute of chlorine and an 
ional three liters/minute of chlorine w a s  introduced through a sparge 
tube providing a to t a l  chlorine gas flow of  7.4 liters/minute. 
t o t a l  of 81 pounds, or a four-fold excess of chlorine w a s  used. 
i n i t i a l  m e l t  concentration w a s  14  w/o uranium and the f i n a l  concentra- 
t ion 28.3 w/o uranium. 
i n  place using three liters/minute hydrogen chloride and 4.4 l i ters/  
minute chlorine flow at  530 C .  

A 
The 

Drying w a s  carried out with two carbon anodes 

As anticipated, maximum dissolution occurred immediately after each 
incremental "Os addition w i t h '  very l i t t l e  dissolution during the last 
four hours of each eight-hour period. Dissolution w a s  complete before 
the end of the 24-hour period. 
incremental additions the dissolution could be completed in approxi- 
nately 12 hours. 
completed in two hours with appropriate adjustment of gas flow rates. 

It appears tha t  with properly timed 

Drying w a s  completed in four hours, and may be 

Molten Sa l t  Density Measurement - Molten salt density i s  an important 
variable in  the Sa l t  Cycle Process, and measurement of its variation 
with uranium concentration may be useful i n  controlling -the electro- 
deposition process. 
a p w e n t  weight of a submersed plummet of known volume and weight. 
Using t h i s  principle, an instrumentation system w a s  devised consist- 
ing of a quartz plummet, a s t r a in  gauge load cel l ,  aud a Tecorder. 
This system was fabricated, tested, and installed in the Pyrochemical 
T e s t  Faci l i ty  for evaluation. The instrument i s  designed to  measure 
specific gravity i n  the range 1.5 t o  3.0. 

Density of a l iquid can be determined from the 

I n i t i a l  calibrations indicate an accuracy of about two percent of 
f u l l  scale, w i t h  a reasonable likelihood tha t  one percent accuracy 
can be obtained. The range and span of density measurements can be 
adjusted to  cover a variety of applications. 

Electrode Msterials - Successful operation of the Salt Cycle Process 
requires a non-corroding cathode from which the UOg deposit can be 
removed easily without inclusion of the electrode material i n  the 
product. A l l  metallic materials tested to  date have corroded pre- 
ferent ia l ly  a t  the l iquid gas interface or have produced a corrosion 
layer a t  the electrode-deposit interface which w a s  incorporated 
in  the UO product. An electrode composed of  Duranickel (which 

deposit) plated below the bath surface w i t h  a thin layer of platinum 
(which corrodes severely a t  the interface but produces no corrosion 
layer on the deposit) w a s  tested w i t h  encouraging results.  
platinum coating adhered well t o  the Ruranickel during deposit 
removal but there w a s  corrosion of the substrate a t  f l a w s  i n  the 
platinum coating. 

shows goo $ overall resistance but produces a corrosion layer on the 

The 

A 3-mil layer of A1203 w a s  sprayed on a Duranickel 
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cathode a t  the l iquid gas interface. 
diminished a t  the interface although U02 dewsited on the Al O3 

thermal shock, part  of the A120 
after it waa removed from the s&t bath. 

Corrosion w a s  greatly 

below the interface due t o  its inherent porosity. Because o f 
separated from the electrode 

Reactor grede graphite electrodes (sp gr 1.67) have been used 
in recent large scale runs, but strong adherence of the deposit 
t o  the graphite made removal d i f f i cu l t  and resulted in 100 to  
300 p p  carbon in the UO product. I n  several p i lo t  plant runs, 
the  remval of the deposft has been fac i l i t a ted  by immersing the 
hot electrode in cold water. 
the U02 from the electrode without apparerzf damage, al+vhough it 
did not reduce the carbon content of a e  deposit.) Small-scale 
tes ta  w i t h  non-porous pyrolytic graphite (ep gr 2.23) cathodes 
k v e  shown that the adherence of the deposit to the electrods 
i s  due to the intrinsic surface roughness of reactor grede graph- 
i t e  8nd not t o  chemical bonding. 
came off easily, leaving the electrode surface smooth and shiny 
as before deposition and w i t h  apparently no graphite on the U02 
surface. 
planned. 

(The thennaL shock effect  separated 

Deposits on pyrolytic graphite 

Future p i lo t  plant tests w i t h  pyrolytic graphite are 

Materials of Construction - Samples of Ni+>  nickel-rich H i + ,  
NiAl and Ni-12.5 a/o Al-12.5 a/o C r  were exposed for single six- 
hour periods t o  chlorine-sparged LiC1-Kc1 melt a t  600 C.  A l l  of 
the Ni-A1 a l l o y s  corroded a t  rates of 5 mils/mo or less ;  the 
N i - A l - C r  a l l o y  corroded a t  180 mils/mo. 
w i t h  10 w/o UO$l 
Larger castings OF the Ni-Al a l l o y s  are being prepared t o  permit 
studies of heat treating and mechanical properties. 

In the same melt but 
present, N i A l  alloy corroded a t  83 mils/mo. 

RADIW!CIVE KESIDUF, FIXATION 

Synthetic Zeolites 

The strontium capacity of several synthetic zeolites, estimated 
at  50 percent breakthrough, was determined w i t h  0.05 N SrC12 
solution a t  25 C .  
minute w a s  used. Results expressed as milli-equivalents strontium 
per gram of exchanger are as follows: c l inopt i lol i te ,  0.64; 
Linde AW-500, 1.18; Decalso, 1.40; Linde 13, 2.56; and Linde 4A, 

A standard flow ra te  of 0.8 column-volumes per 

3.38. 

Zeolite kA strontium loading capacities a l s o  were determined for 
several strontium feed compositicss. With 811 i z f l u e n t  containing 
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c -22 m-73905 

0.001 M Sr(I?O?) 

feed solution containing 0.0035 M Sr(N0 )2 + Sr-85 + 0.0015 - M Ca(NO3)2 
+ 0.01 
fold increase i n  the concentration of all components of the latter 
solution did not change the strontium capacity of the zeolite.  

+ Sr-85 + 0.01 M NaNO a t  pH 6, the capacity was 
3 37 c q  Sr/g4a$ a flow rate of 8.8 eo 4 uum volumes per minute. A 

Na??O3 at pH 6 yielded acapac i  z y of 2.49 meq Sr/g. A ten- 

Nitr ic  acid equilibrium data equivalent t o  a total of 40 column 
volumes of 0.15, 0.74, 1.47, 2.94 and 7.35 E HN03 solution passed 
through Linde 4A and 1 3  were obtained. Zeolite weight loss data 
indicate that n i t r i c  acid concentrations greater than 0.05 IV f o r  
4A and 0.1 IV fo r  1 3  begin t o  dissolve the aluminum present-in the 
zeol i te  s t s c t u r e .  may be required 

t ion  may be necessary during strontium recovery procedures. 

Since greater than 0.05 l? HNO 
for strontium elution from 600 C calcined an ill uminum separa- 

Condensate Treatment 

Micro P i lo t  Plant Run 26 w a s  performed to evaluate the decontamin- 
a t i o r  ab i l i t y  of Amberlite 200 ( a  sulfonated polystyrene cation 
resin)  in the hydrogen form and to  observe the hydraulic character- 
i s t i c s  of the bed with the feed acidified t o  a pH 4, but not pre- 
f i l t e red .  

erated with four l i t e r s  of 8 N HN03 for use during Run 26. 
l i t e r s  of steam-stripped Purzx Tank Farm condensate waste were 
treated before the run w a s  terminated. Except f o r  RU-106, all 
radioisotopes present i n  the w a s t e  were being effectively removed 
by the bed. 
improved the hydraulic characterist ics of the bed. 
drop per foot of bed depth across the resin column a t  a flow rate 
of about 1 g p m / f t 2  increased from 0.1 ps i  a t  the beginning of  the 
run to about 0.2 p s i  a t  the end of the run. During an equivalent 
period f o r  R u n  25 the pressure drop under the same flow conditions, 
3ut without feed acidification, reached about 5.5 ps i .  

The 0.5-liter bed which was used during Run 25 was regen- 
Over 3000 

!l%e addition of n i t r i c  acid to the feed significantly 
The pressure 

Passage of the effluent from the cation resin during R u n  26 through 
a 0.5-liter mixed resin bed column (Amberlite XE-150) removed Ru-106 
from the first 500 l i t e r s  treated with a decontamination factor 
greater than 100. The concentration of t h i s  isotope i n  over 100 
l i ters  of mixed resin bed effluent was below i ts  q. Even after 
the  effluent concentration exceeded i t s  Mpc, the isotope w a s  being 
removed with a decontamination factor of 4 to 8. 
concentration of RU-106 appears t o  have some relationship with the 
saturation of the anion resin portion of the mixed resin bed w i t h  
n i t ra te  ion. 

The increasing 
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In-Cell Calciner 

Testing of the mock-up of the in-cell equipment has been completed 
and can be mved into the c e l l  as soon as the prerequisite elec- 

b i c a l  work is  completed. 

'Phe power sugply to  be used w i t h  the electrostat ic  bubble scrubber 
arrived, and performsnce was tested during a spray calciner run. 
Perfonnance was excellent, the decontamination factor across the 
scrubber exceeding a value of 100 (analytical detection limit). 
The design is, therefore, believed t o  be satisfactory, sad a more 
durable but functionally similar l inear  polyethylene and stainless 
steel inner assembly is  being fabricated t o  r e p l s e  the somewhat 
f rag i le  glass l i n e r  used i n  these tes t s .  

The spray calciner run (during which the above measurements were 
made) was uneventful except for  trouble early i n  the run w i t h  mtal 
chips in the steam l ine .  This di f f icu l ty  is believed t o  have been 
eliminated by thorough p g i n g  of the l ines  and instal la t ion of a 
micro-porous metallic filter on the line. The powder product from 
the run w a s  mlted down in the m e l t  pot while corrosion coupons of 
304-L stainless and Ni-0-ne1 w e r e  exposed i n  the off-gas l ine.  
Corrosion rates were 1 mil/month fo r  Hi-0-ne1 and 30 mil/mnth for  
304-L. On the basis of these observations, and similar ones during 
pot calcination run, Ni-0-ne1 i s  recommended for  off-gas l i ne  and 
condenser c o i l  service. 

A second pot calciner run was made. 
resulted in foaming since a high concentration of sodiumwas found 
i n  the condensate, corresponding to  a decontamination factor  of 
only 16 f o r  sodium. Therefore, a draft tube was bu i l t  into the pot 
t o  minimize foaming by creating a rol l ing motion i n  the liquid. 
This appears t o  have been eriective,  since the decontamination 
factor f o r  sodium in the second run was 6 x lo6 t o  the condensate. 
Liquid level  control was accomplished wi th  thennocouples as before, 
but a running inventory of the feed and the condensate gave an 
additional check of the boildown process. Eighteen liters of simu- 
lated Purer w a s t e  were added t o  the pot while boiling down in  7-1/2 
hours. The pot w a s  cooled (during overnight shut-down) and opened. 
The draft tube w a s  completely plugged wi th  green salt. 
there was no evidence of foam having reached the off-gas pipe, and 
the corrosion samples were s t i l l  bright.  Three more hours were 
required to  complete boildown, calcination, and melt-down. 

The previous run had apparently 

However, 

The off-gas rate w a s  generslly very low and the par t ic le  samplers 
showed no iron detectable above the blank value.- The corrosion 

Bwhll 
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coupons again showed Ni-0-ne1 t o  be superior t o  304-L stsinless 
for off-gas l ine  service and corrosion ra tes  were 1 and 2 mils/mo, 
respectively, based on a 12-hour run. However, only for  1/6 of 
this time were the extremely corrosive sulfate off-gases coming 
past the coupons. 
tha t  m r e  rapid corrosion results where the metal can become 
damp from moisture condensation. 
run w a s  half full of melt. 
ponding to  a volume reduction factor  of 9.7. 

There is  indication (due t o  coupon placement) 

The pot upon completion of the 
The bulk density w a s  2.7 g/cc, corres- 

BIOLOGY AND MEDICIN3 - 06 PROGRAM 

'ESRESTRIAL ECOLOGY - EAR!TH SCRZIVCES 

Hydrology and Geology 

Evaluation of the airborne geomagnetic survey data i s  in progress. 
An ear l ie r  study located major anomalies i n  basalt  contours and 
correlated them with known basal t  features. 
w i l l  yield f iner  de t a i l  and be m r e  quantitative. The rec t i l inear  
tapes are being converted to  graphs showing changes i n  t o t a l  
magnetic f i e ld  strength along each f l i gh t  l ine.  The end result 
w i l l  be a map of the project showing contours of equal magnetic 
anomaly. 
surfaces can then be made. 

The present study 

Detailed correlation w i t h  the known buried basalt 

The work on lapse t i m e  of flow from a c r ib  to a nearby r iver  w a s  
modified since satisfactory results were obtained only when the 
c r ib  w a s  assumed to  be somewhat dis tant  from the river.  The 
necessary expressions have been obtained to  permit calculation of 
arr ival  time distributions by the modified method and programming 
is  in progress. 
closely approximate the actual flow from a cr ib  t o  rn adjacent 
r iver  e 

The solution t o  th i s  problem is expected t o  

Head losses through the internal  or i f ices  i n  the weU packer have 
been determined for various water addition rates. These losses 
range from 0.1 t o  36 centimeters f o r  flows of from 1 t o  16.6 gallons/ 
minute. 
ments, it is necessary to subtract these inherent equipment head 
losses from the taped potentials t o  arrive a t  the true head 
attr ibuted solely t o  s o i l  permeability. 

Since the packer i s  used f o r  in-well permeability measure- 

The three-fold division of the Ringold Formation into a lower 
"blue clay", a middle conglomerate, and an upper s i l t  and f ine 
sand member w a s  demonstrated t o  be an oversimplification or 
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arbitrary division, although useful for general purposes. 
200 West Area only 40 feet of s i l t y  clays characterist ic of the 
"blue clays" ex is t  at  the baee of the Ringold Formation. 
the Columbia River, opposite 100-P Area, more than 400 f ee t  of 
unffonn s i l ts  and clays are present i n  beds stratigraphically 
equal to a , l l  three members of the Formation. 
ations and discontinuity of beds indicate that the Formation 
beneath the Heniord Works is more f luv ia t i le  than lacustrine in 
origin. 
more complexly interfingered than if the Ringold Formetion were 
dominantly lacuetrine. 
encee in  thickness aud nomenclature of the three members at  
different locations. 

Beneath 

E a s t  of 

Gross lateral vari- 

Aquifers and aquicludes thus w i l l  be less continuous but 

The correlations now made resolve differ-  

ATMOSPHERIC RADIOACTIVITT AND FALLOUT 

Radiation Chemistry 

A mchanism of radiation induced hemolysis of humsn red blood 
ce l l s  w a s  postulated, reduced t o  8n equation, and tested experi- 
mentally with striking agreement. 
damage t o  the c e l l  which ultimately results in  hemolysis is  
caused by free radicals, tha t  a c e l l  can undergo numerous 
reactions w i t h  the  radicals giving r i s e  t o  ce l l s  visually un- 
changed but chemically modified, that  all the reactions between 
radical and c e l l  are bimolecular w i t h  equal ra te  constants, and 
t h a t  the t i m e  it takes a c e l l  t o  hemolyze is  a function of the 
number of reactions it has undergone. One parsmeter, the 
protection index of the ce l l s ,  has not been measured as yet and 
was adjusted to the experimental data. 
further experimental data w i l l  be evaluated. 

It waa suggested that  the 

This parameter and 

RADIOISOTOPES AS PARTICLES AND VOLATILES 

Particle DeDosition in  Conduits 

I n i t i a l  experiments were performed to  establish the magnitude of 
par t ic le  deposition in  elbows of tubes and conduits. Some 20 
experiments were performed under laminar and turbulent flow 
conditions t o  measure the fraction of ZnS (4 .2  p mass median 
diameter) deposited i n  a l/2-inch OD tube bent t o  a radius of 
1-1/2 inches. 
was shown; however, a t  the higher velocit ies used some re- 
entrainment caused an apparently lower deposition. 

A defini te  increase in deposition w i t h  velocity 

I 2 3  f 2 t i  I 
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O f  considerable significance was the marked effect  of the elbow 
on the pattern end magnitude of deposition i n  the s t ra ight  portion 
of the tube inmPediately downstream of the elbow. 
preferentially deposited along the inside radius of the tube, and 
a large fraction w a s  deposited i n  the downstream 3 to 4 f ee t  of  
s t ra ight  tube. The deposition w a s  U n S v t r i C a l ,  occurrtng largely 
along the side of the tube nearer  t o  the bend radius center. 
much as 44 percent of ZnS entering a bend and passing through four 
f ee t  of l/2-inch tubing w a s  deposited. 
expected for an equal length of s t ra ight  tube, strongly suggesting 
that the bend has a significant e f fec t  on the flow pattern in  the 
downstream portion of the tube. Although equations have been 
developed by others t o  predict deposition during laminar flow, 
the results obtained could not be predicted because the assumptions 
made in the derivations did not recognize the complex deposition 
pattern actually observed. 

The particles were 

As 

This i s  far more than 

Further experiments are planned t o  es tabl ish deposition parameters 
for  particles deposited i n  tube elbows and i n  immediately down- 
stream sections. 

Manager 
Chemical Research and Development 

WH Reas:cf 
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A. ORGANIZATION AND PERSONN~L 

Dr. L. A .  George, a BLologkal Scientist  i n  the  Biological Analyses Cperation, 
passed away on May 19. 

B o  TECHNICAL A C T I V I T I E S  , 

FISH INCIDENT 

On the evening of April 30, nearly our ent i re  population of f i sh  - about 
8,000 being held in troughs and ponds containing r iver  water, was wiped out. 
The cause was sought by IPD and HLO personnel for  the following two weeks. 

IPD obtained evidence that  chlorinated water from the reactor water treatment 
plant backed down through pipe l ines  into the intake of the pump supplying water 
t o  I.46-m. 
an experimentally controlled k i l l  of f i sh  i n  W - F R  quali tatively identical  
t o  t h a t  cn April 30 w a s  obtained. 

Conditions believed t o  exist on April 30 were established, and 

State and Gcvernment f i s h  hatcheries and t h e  University o f  Washington's 
Laboratory of Radiation Biology are generously cooperating t o  restock our 
laboratory. 

FISSIONABLE MATERIALS - 02 PR(33RA.M 

Effect of Reactor Effluent on Aquatic Organisms 

Test on the effect of reactor effluent on young chinook salmon fingerling 
was continued a t  1706-m. 
evident f o r  the 3 per cent treatment level, but the 7 per cent treatment 
groups are experiencing greater mortality and growth depression. 

No adverse growth r a t e  or mortality rate was 

BIOLOGY AND MEDICINE - 06 PROGRAM 

METABOLISM. TOXICITY. AND TRANSFER OF RADIOACTIVE MATERIALS 
PhOSphONS 
Cichlids feh food containing P3* levels of 0.25, 1.0, and 4.0 pc/g have shown 
no d i f f  erencea in mortality- attr ibutable t o  four month8 of isotope feeding . 
Alkaline Earths 

L i v e r  and Mdn mitochondria were incubated in v i t ro  a t  30 C i n  solutions 

magnesium. The kidney mitochondria required A T P  f o r  absorption of Ca 
and Sr8s whether or  not calcium was present. 
Liver mitochondria i n  the presence of 0.9pM calcium also showed t h i s  
requirement f o r  ATP and indifference t o  cytochrcme C. 
calcium i n  the medium, the reactions t o  t h e  absence of cytochrane C or ATP 
i n  the m e d i u m  uere quite variable. 

Ed" containing Sr8  !? and ca45 with 0 or 0.9 pM calcium, ATP, cytochrome C 

Cytochrome C was not necessary. 

In the absence of 

This variability might w e l l  be due t o  

I 2 3  1211.3 \ 
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residual amounts of ATP and cytochrcme C' f? the 3ver being a t  times 
adequate t o  promote the'absorptiun of Cab and Sr 5 i n  small an n t s  of . Magnesium appearahto be re@ired for abaorptlon of Srg and =yer CS 5 by liver and kidney~ndtochondria i n  the presence of 0.9 pM calcium 
but not i n  i t a  absence. 

Strontium 

A female miniaturs.*pig placed on 625 pc arm per day.at 9 months of age 
succumbed 9 months .after the i n i t i a t ion  of 'feeding. 
of W l y  Srm fbsding this anfmal cmceimd, gave birth,  and weaned a l i t t e r  
of offspring, wfiich,.axcept for a s l igh t  reduction h i s i z e ,  were apparently 
n o d .  The animal..had exhibited a progreerri neutropenia and thrombo- 
cytopenia since uhmtlyafter  i n i t i a t ion  of Sp feeding. Erythrocyte and 
lymphocyte mbem were Teduced in number during the last few months of 
feeding . 
A t  post-mortem, widesprsact hemorrhage was obsemd,  which was particuhrly 
prominent in the 'lungs. 
The estimated radiation dose rate t o  portions of the animal's skeleton 
approached 100 racB per day before death. 

Analpis of the Srm and calcium.content of the  skeleton of a number of 
miniature pigs being, fed Srm dai ly  revealed that  the younger animals are 
apparently not tdiacrirninating agai.net Sr9O re lat ive t o  calcium t o  the 
extent t h a t  older animals are. 
is -0.03 tha t  of  the d 

diet. 
the milk, the  sou disc w t e s  against S 3 relative t o  calcium by a factor  of 
about 10. Thus the Sr /Ca ratio of the  neanllng'a skeleton is  -0. that of 

r a t i o  of the animal's .skeleton i s ~ O . 2 5  tha t  of i t s  diet. 
months of age.hae-significant PO 

formed during the period *om weaning (6 weeks) t o  3 months of age must have 
had a Srm/Ca ra t io  of about 0.4 that of diet .  Animals sacrificed a t  6 months, 
9 months, and 1 year of age had skeletal Srm/Ca r a t io s  0.25 tha t  of diet .  
Thus for the different age periods ( b i r  t o  weaning, weaning t o  3 months, 

and 0.25, respectively, tha t  of the individualre diet. 

t o  a number of young animals of various ages are planned. 
prcvide further evaluation of the resu l t s  obtained from the  chronic feeding 
studies .) 

During the period 

No gross alterations in the  skeleton were noted. 

The Sr9O/Ca r a t i o  of the skeleton of the newborn 
Is diet, o r  0.12 tha t  of the dam's plasma. By 

weaning, t h e  skeldon Sr Yo /Ca ratio has increased. t o 4 . 0 7  that cf the dam's 

its diet  - the milk of the mother. By three months of age, the Sr 98 /Ca 

t o  attain an wer4.l skeletal  S r  ?a /Ca r a t i o  of 0.25 that of diet, t h e  skeleton 

and' 3 montha t o  1 year) the estimated S r  90 /Ca r a t i o  of skeleton is  60.7, 0.4 

However, in the passage of Srm and lclum from the  dam's diet t o  

The skeleton a t  three 
ans t h a t  were fonned p r i o r  t o  weaning. Thus 

( A d d i t i d 1  studies ut i l iz ing  single o r e l  administratiom of 51% and Ca LS 
These should 

Comparative Todci ty  

A female miniature pig uaa sacrificed when semi-comato 
receiving a single intramnuus injection Df 6.4 FC RaZfg/kg body weight when 
apprcodmately b years old.  
blood urea nitrogen and creatinine levels since 3 months post-Injection. 
Durim the.month prim t o  m i c e  the  a n h a l a  developed gross symptcms 

8 months after 

The animal had shown a progressive increase i n  

UNCLRSSIFIET) I 2 3  I 2 U 4  
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of uremia. 
apparent detachment of the kidney capsule. 
kidney and capsule w a s  f i l l e d  w i t h  over a l i t e r  of d a r k  red fluid.  

~ a d i u - 2 2 6  do 
decays t o  Rn2@ of which ap ciabls amounts are returned t o  the circulating 
blood, it then decays t o  Po'", which i s  known t o  concentrate in the kidney. 
(It i s  conceivable that the kidney damage i s  the resul t  of alpha irradiation 
from the  decay of  the  short-lived Po218.) 

A t  post-mortem a severe bilateral nephrosclerosis was noted w i t h  
The space between the shrunken 

not concentrate t o  any great extent i n  the kidney, but it 

I 

Neptunium Studies 

DTPA-treated animals show 56 per cent lees  Np237 than animals receiviq 
0.89 pc  Np237 alone. 

Pathological examinations of animals receiving Np237 two t o  three ciaye 
prior  t o  sacr i f ice  indicated a decrease i n  the mega karyocyte content 
and f a t t y  degeneration of the l iver.  

Plut anium 

Comparati 
doses, P u ' ~ ~  i s  considerably more toxic than Pu 

toxicity of Pu239 and Pu238 indicatqg8that, given comparable pc 
t o  ra ts .  

Radioanalysis of  selected t issues seven days after intradermal injection 
of a miniature pig with 1 pc h 2 3 9  (N03)b per s i te  suggested tha t  up t o  
11 per cent w a s  translocated t o  the regional lymph nodes, about 7 per cent 
t o  the l i ve r  and 5 per cent t o  the bone. 
the s k i n  of the animal injected with 5 pc Pu239/site was considerably 
less than tha t  observed i n  the animal injected with 1 pc/site. The 
concentration of plutonium in t h e  regional lymph nodes was verified 
autoradiographically. 
pa r t i a l  t o  complete necrosis of t h e  lymph nodules (and reticuloendothelial 
ce l l s  f i l l ed  with cel lular  debris and a heavy in f i l t r a t ion  of granulocytes 
in the cort ical  and sinusoidal areas. The most severe damage appeared 
t o  be i n  the hilar area). 

The amount translocated f r o m  

Histologic examination of these nodes showed a 

Transfer of Radionuclides t o  Milk 

The study of the transfer of Ca45, U233, and C m 2 a  f r o m  plasma t o  milk 
following a single intravenous administration was canpleted. 
these results with earlier studies showe the rate of clea nce f m 
plasma (in decreasing order) t o  be: U 23$ , followed by Cm 2E&, Am2f;P, and 
Cab5 closely grouped together, and then Pu239 and Np237. O f  special 
interest w a s  that  the  plasma concentration of U233, Am2b1 and C m 2 k  showed 
an in i t i a l  decline followed by a s l igh t  increase i n  concentration and then 
a continuous decline f o r  the remainder of the 10-day study. 
suggested tha t  this increased concentration a t  7 hours may represent 
release of the nuclide from an i n i t i a l  s i t e  of deposition such 'as the 
reticuloendothelial system of l iver.  In  the case of Np237 a s l ight ly  
higher concentration uas noted a t  2 and 4 hours post-injection than 
observed a t  1 hour. 

Combining 

It is 
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On t h e  bas s of m i l k  t o  plasma ratios, the radionuclides-could be grouped as 
fol iows:  a) Ca t 5 with ra t ios  of 10 t o  &O, b) Am2k1 and Cn2bb with' ra t ios  of 2 t o  
5,and c)  Np237, Pu239 and U233 with ra t ios  of 0.02 t c  0.15. 
i n t  
Cm2rfran plasma t o  milk. This impliee that these radionuclides are being, 
actively transported from plasma t o  m i l k .  
radionuclides studied i s  i n  close agreement with what would be anticipated on 
t h e  basis of t h e i r  chemical properties, including valence state .) 

O f  particular 
st was the actual concentrating effect  noted for movement of h& and 

(The marked variation i n  these 

Radiation Protection Agents 

'While 10 control rats died between the 7th and 10th day af ter  Po0 r, 60 per cent 
of a sFmilar grmp receiving 100 mg/kg of Calmagite. were a l ive  &2 days later. 
Tiron at  200 mg/'kg had: 20 per cent survival while A'Luminan a t  80 mg/kg had 
10 per cent survfval on t h e  &2nd day post-irradiation. 

Mice given xenogeneic ( r a t )  bone marrou showed an enhanced l i v e r  phosphatase 
which was m a x i m a l  at  2 weeks. 
no significant r ise  i n  acid phosphatase. 
was not as pronounced i n  non-x-rayed animals receiving bone marrow from 
fcreign sources (allogeneic and xenogeneic) as in the case of animals similarly 
treated but w i t h  prior  950 r x-ray. 

Injection of polyvinyl pyrrolldone (PVP) , a biologically stable macromolecular 
substance, resulted i n  acid phosphataae levels that  were comparable t o  the high 
values obtained Kith allogeneic bone marrow treated mice receiving pr ior  950 r. 

C3U1 mice receiving syngeneic bone marruw showed 
In  general, the phosphatase response 

Inhalation Studies 

Daily t eatment of a dog with DTPA aeroso 
of Cea E O2 increased t h e  clearance o f  Ce 
routinely with the whole-body counter. 
retained 85 per cent of the estimated alveolar deposition of Ce lU-Pr l f j  while 
the dog treated with DTPA retained lees than &O per cent. 
as marked as those obtained i n  two earlier r a t  experiments; however, i n  the 
case of the rats ,  treatment with DTPA was started immediately af ter  exposure. 
The resul ts  of  a similar experiment with d 3 9 i . n  dogs are not complete. 

ng one week after inhalation 
The dogs w e r e  monitored 

A t  the end of 30 days the  cont 01s 

These resu l t s  are not 

S t a t i s t i ca l  analyses of l i f e  span data for mice w e r e  com le ted  and indicate 
that pulmonary deposition i n  mice of 0.03 t o  1.0 nc Pu23502 did not significantly 
a l te r  the mean age a t  the time of death. No lung tumors or other pathology 
were seen i n  the mice. 
contributing t o  the often asked question of whether a f e w  radioactive par t ic les  
deposited in the  lung are harmful. 

The results of this experiment are optimistic, 

Plutonium excretion data were programmed for cum f i t t i n g  by the IBM 7090 canputer. _. 
The results show a significant effect  of par t ic le  .size on excretion of plutonium 
following inhalation of Pu239@. 
increasing maes median diameter of the plutonium part ic les  camprising the  
aerosols over the range 0 . 2 3  t o  7.6 p .  
excretion of plutonium suggesting that  be t te r  estimates of body burden c d d  be 
obtained from fecal rather than urinary excretion data. 

The rate of excretion in urine decreased with 

Them were less differences i n  fecal 
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Devehpmerrtal Biology 

Concentrations of H 
cichUd. eggs. from 1 t o  2 days as compared t o  controls. 

3 ranging from 0.05 mc/ml t o  0.5 mc/ml delayed hatching of 

About, 10 per cent of cichlid eggs which had been exposed t o  30 per cent b20 
hatched by the 7th day following fer t i l izat ion.  
and transfer t o  solutions containingsfrom 0 t o  30 per cent D20 fai led t o  
produce a sundvor beyond 1 2  days after fer t i l izat ion.  

Oregon l1Rf1 f l i e s  were allowed t o  propagate and produce-a sizable population. 
When equilibrium had. been established, a S rm source, irradiating about 
25 rads per hour, w a s  introduced. 

A f t e r  two months, locale of egg deposition s t i l l  lacks preference with 
reapect t o  distance f r m - t h e  radiation source. Develapment of eggs i n  
the irradiated media i s  greatly impaired and decelerated. 

Development w a s  impaired 

When male f lour  beetlea, T. confusum, were present with females for  1, 2, o r  
10 days, the reproductiveabili t ies of the females were unaltered. This work 
is  prerequisite for  radiation studies designed t o  determine the incidence and 
recovery of induced mutations i n  stored VS. fresh sperm ce l l s ,  

Plants 

Benzimidazol 
measuring Rbg6-labeled Rb uptake. Concentrations which stimulated uptake 
of K i n  excised root studies were injurious t o  intact  plants. 
severity of injury was proportional t o  concentrations used. 

Comparison of Cs1j7 and S r  65 

Cs137 uptake varied w i t h  s o i l  type. 

was used t o  pretreat  young in tac t  baby seedlings prior t o  

Onset and 

take by bean plants from SrW plot s o i l  and 
C s  control s o i l  showed (a $r88 uptake from both s o i l s  surpassed tha t  of 
Cs137 by 100-fold, (b) Sr  uptake was independent of s c i l  type, and (c) 

Plant Ecology 

A small floating aquatic plant, Lemna, was used to  determine t h e  ab i l i t y  
of t is  plant t o  take up carrier-free Cs13b from pond water. 

the amcunt of cesium i n  the system. 

- 
Uptake of 

Cs 1 3 t  was proportional t o  t h e  concentration i n  pond water rather than t o  

Rattlesnake Springs 

Definite chemical changes i n  the chemical content of Rattlesnake Springs 
water during the past  two months was evident. 
was a doubling of the sodium and sulphate concentrations, and a twenty- 
and tenfold decrsase of phosphate and nitrate, respectively. These large 
decreases are undoubtedly related t o  assimilation by the increasing autotrophic 
populations in the water. 

Especially noticeable 

BIOLOGY LABORATO 
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c. Lectures 

a. Papers Presented a t  Society Meetings and Symposiums 

R. T. O I B r i e n .  Studies on effects of deuterium oxide on yeast. 
American Society f o r  Kicrobiology, Kansas City, Mo. May 10, 1962. 

R. C. Thompeon. Factum and conditions modifying t h e  absorption and 
retention of chronically ingested radicetrontium. 
Transfer of Ca and Sr Acroes Biological Membranes. 
University, Ithaca, N . Y .  

R. 0. IkClellan and L. K. Bustad. 
calcium t o  milk of miniature ewine. 
Meeting, Colorado Springs, Colo. 

Conference on 
Cornell 

May 13, 1962. 

Transfer of ingested Srm and 
Radiation &search Society 

May 21, 1962. 

Symposium on the Biology of t he  Transuranic Elements. 
May 28-30, 1962. 

X .  J.  B a r .  

Richland, Washington, 

The effect  of low levels of inhaled Pu*3902 on the 
l i f e  span of mice. 

iJ. J. B d r .  Deposition, retention, translocation and excretion 
of inhaled plutcnium i n  dogs. 

J. E. Ballou. The combined toxic effects of diitonium plus 
X-irradiation i n  rats. 

J. 2. Ballou. 

L. K. Bustad, 'd. J. Clarke, L. A.  Gecrge, V. 6 .  Horstman, R. 0. KcClellan, 

Preliminary evaluation of TTHA f o r  plutonium removal. 

L. J .  Seigneur and J. L. Terry. 
metabolism and toxici ty  of plutonium i n  miniature swine. 

PrelimFnary observations on 

J.  V J ,  Cable, V. G. Horstman, W. J. Clarke, and L. K. Bustad. Effects 
of intradermally injected plutonium ni t ra te  i n  Swine. 

and Strontium-90 i n  Pig Bone. 
3. J . Clarke. Comparative histopathology of Plutonium-239, Radium-226, 

H. E. Erdman. Effects cf ingestedplutonium-239 on fecundity, 
f e r t i l i t y ,  and l i f e  span of  Habrobracon (Hymenoptera: 
Braccndidae) . 

R. 0. McClellan, H. d. Casey, and L. K. 
traneuranic elements t o  milk. 

J. F. Park. Acute and chronic toxicity 
i I l  dQg8. 

R. C. Thompson. Studies yLth neptunium 

of .inhaled plutonium . 

i n  the rat. . 

Bustad. . Tranefer, of e m  
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b. Off-Site and Local Seminars 

V. H. Smith. Use of chelating agents i n  removing internally deposited 
radicactive materials. 
May 4, 1962. 

Oregon State  University, Corvallis, Oregon. 

c . Seminars (Biology) 

B. A .  McFadden, Washington Sta te  University. Control of the glyowlate 
cycle i n  Pseudomonas indigofera. May 1, 1962. 

David Hewitt, University of Washington. The somatic effects of low-level 
radiation exposure i n  man. May 3, 1962. 

D. Publications 

a. Documents (Fd) 

McClellan, R.O., J. R. McKenney, and L. K. Bustad. Metabolism and 
Document HW-72Sll (February dcsimetry of cesium-137 i n  male sheep. 

1962). 

b. Open Literature 

None 

E. General 

The Symposium on the Biology of t h e  Transuranic Elements held May 26-30 
i n  Richland was attended by about 70 non-Hanford scient is ts ,  including 
10 from foreign countries. 

UNCLASSIFIED 
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OPEZUTIONS €U?,SEARCH IWD SYNTRESIS OPERATIOX 
MONPILY REPORT - MAY, 1962 

OFGANIZATION AND PERSONNEL 

Bertrand B. Field transferred from the Operations Research and Synthesis 
Consulting Service, new York, to the group as Specialist, Operations Research, 
effective m y  16. 

STATISTICAL AND MAZEMUZCAL ACTIVITIES FOR OTHER HAP0 COJ!PONENTS 

Fuels Preparation Department 

Copies of the rough draft of the formal report discussing models which relate 
dimensional distortion of fuel elements during irradiation to reactor enviroa- 
ment have been circulated for comment. It is planned to have the final draft 
ready for typing by June 8. This report is being coauthored with FPD person- 
nel. 

The revisions to the MERCY routine are ccimpleted except for debugging. Basic 
input data w i l l  consist of sets of measurements made by different instruments 
and/or operators on the same items (e.g., fue l  elements). 
put will give components of measurement error contributing to the total error. 
Ektensive use w i l l  be made of the progran in view of FPD's active interest 
in effectively controlling sources of variation due to measurement errors. 

The program aut- 

Measurements of clad thickness for NPR fuels are made by eddy current and 
by autoradiograph techniques. 
covering a period of several days, were submitted to the existing MERCY 
routine to provide estimates of the measurement errors. Assistance was 
given in interpreting the program output. 

Sets of data, using different operators and 

Qusrterly rupture data for the last nine quarters were analyzed using the 
GEORGE routine (generalized regression analysis). 
frequencies of ruptures adjusted for reactor environment 
reactor and enrichment level. 

These data were 
and separated by 

The behavior with time was under study. 

In measuring irradiated fuel elements, measurements are performed on the 
jacketed elements. 
diameter growth values. In order to adjust the existing diameter growth 
models fo r  this uniforn corrosion, an existing corrosion model was 
estimated by a qyadratic model, 
empirical quadratic response surface for diameter growth. 

Thus, uniform corrosion w i l l  tend to bias bare core 

thereby permitting direct addition ta the 
It was found 
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that 3 quadratic surface fits the corrosion model reasonably well in the 
region of interest. 

In 100 percent testing situations, the bases for setting specifications often 
take into account only the cost to the producer. 
is set to reJect the worst a percent, where a is chosen such that the cost 
is not "excessive". A document was issued, coauthored with FPD personnel, 
pointing out that in setting specifications at many fuel element test 
stations, it is also possible to estimate the cost to the consumer associated 
w i t h  the occurrence of ruptures. This being the case, a logical basis for 
setting specs is the minimization of producer's and consumer's cost. This 
basis was used in providing a recamended specification for external total 
bad discs in the Vr-4 tester, as an example. Ihe effect of measurement 
error was also considered. 

Tnat is, the specification 

Analyses are being made on data frm a production test designed to determine 
the effectiveness of the UT-2 tester in s o r t i n g  art dimensionally unstable 
fuel cores. Designed as six replicates of basic Utin squares, the analysis 
is hampered by the existence of many '%o type" profiles, attributed to 
measurement error, which should be removed. 
excluding and including these fuel elements. 
be impossible to clearly separate the effects. 

Analyses will be made both 
In the former case, it w i l l  

13ata are being analyzed to detennine the preheat furnace temperature setting 
to be used, and the time required to reach uniform temperature in the fuel to 
be jacketed by the hot die sizing process. The analysis translates the time- 
dependent thermocolrple temperature readings into measures of averages, longi- 
tud ina l  and transverse effects, and within core variation. 
har these relationships vary with time. 

It also studies 

Two sets of dsta were analyzed to better estimate the cooling rate f o r  mPR 
fuels after Beta heat treating. 
'Ihe cooling rate determination must be made in order to set specifications 
on the transfer time such that the ending temperature is within a desired 
set of limits. 

Components of variance were also estimated. 

D e  analysis of claa thickaess data from same 100 NPR extmsions was ccaapleted, 
and a report issued. compare vendors. This was performed primarily in order 

As requested, a critique was prepared on a document which reported the results 
of a study on the effects of brazing variables on the thiclmess and percent 
continuity of the Be-Zr braze/uranium ccompound layer. 



Irradition Processing Departm ent 

Work continue& on the problem of estimating the probability of detecting 
defects in welded prFmary piping for the NPR project. 
model of defect size was constructed, and sane statistical analyses of 
data from guided bend tests were made. 

A mathematical 

An evaluation of a sampling scheme for sampling connector tubing was 
made. 
population parameter, the number of scratches or scores per 27-inch 
length of tubing sampled. 
ested person. 

Presentation of the I P D  Operations Simulation study progress, and analytical 
report explanations were made during the month to reactor managers, maintenance 
managers, and reactor analysts. Considerable interest was indicated by all 
groups regarding the analytical reports developed for the study. !The first 
of a series of these documents has been issued. 
maries indicated flaws in the source data, they are currently being edited. 
It is intended that several other analytical reports generated fram these 
data will be issued. Further progress in the original study direction w i l l  
continue upon campletion of the issuing of these control reports. 

The evaluation was given in terms of confidence intervals on E 

The results were written and sent to the inter- 

Since comparative sum- 

Assistance was given in developing criteria for classifying process tube 
wall thickness versus corrosion index curves for different sets of process 
tubes characterized by reactor and date of installation. 

Eight-tubes of weight loss data were used to re-estimate parameters in two 
uniform corrosion models. 
data processing IBM routine. More data will now be included to refine the 
estimates and determine if the existing m o d e l s  are unbiased. 

!Ibis was done primarily in order to test the 

Chemical Processing Department 

In connection with controlling the density of fabricated parts, the relatim- 
ship between part  densities measured directly and those coming from boomerang 
samples was examined. Although measurement precision, as estimated by 
duplicate observations, indicated good control of the measurement errm for 
both methods, the correlation between part and boomerang measurements w a s  
not too high, indicating that the two methods do not consistently measure 
the same quantity. 

A meeting was held to discuss the technical difficulties which are encountered 
when design gauge data for manufactured parts are converted from the standard 
coordinate system to one more convenient for local gauging. The convenience 

1 2 3 1 2 5 2  
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and practical advantages of the proposed system were evaluated against the dis- 
advantage of less accurate error control. Since the investment in the proposed 
system is relatively small, it was decided to code the gauge data conversion 
routine for the Ec[pM so that some experience could be gained. 
nearing completion and will enter the check-out phase in the near future. 

Mathematical assistance was given on constructing a msthematical model for 
the dissipation of heat in the earth fran long cylindrical containers of radio- 
active materials. 
functions. 

A partial analysis of medical treatment injuries was completed, and the results 
were written and sent to the interested person. 

This program is 

Solutions to the model were obtained in terms of tabulated 

Relations Operation 

Initial statistical consulting is being given in planning for the next attitude 
survey to be conducted at W o r d .  

Further salary curves were fit as requested. 
quadratic fit on the logarithms of salary data provided better fits in those 
instances where the cubic fits on the r a w  data bid not yield randomness of 
residuals. 
quartile data. 
along the curve. 

In addition, it was shown that a 

This lack of randomness is ccamnon when fitting upper decile and 
The logarithmic transformation tends to stabilize the variance 

Cantract and Accountinq Operation 

Work was begun on the calculation of sane probabilities associated with an 
information retrieval system. 
sbilities were calcuhted. 

Preliminary estimates of some coincidence prob- 

STXLTSTICAL AND MATBEMATICAL ACTIVITIES WITHIN HLO 

2000 Progrsm 

Pulse Column Test Facility 

Statistical analysis was begun of a time series of mid-column photometer aqueous 
uranium concentration data to estimate the random variability of uranium con- 
centration at a fixed point in the column during equilibrium operation. 
results of this study w i l l  be used as stsndard information in the furthcdng 
flooding curve experiments. 
so, stability can be used as an index to locate the flooding curve. 

Ihe 

Flooding is preceded by increasing instability; 

1 2 3 1 2 5 3  
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U02 Fuel Density 

Density and haaogeneity tests on a c t d  fuel elements whose particle sizes 
and size distributions had been predicted by theoretical considerations 
confirmed their exceptional quality. 
made for annular and nested annular elements. 

Additional calculations are now being 

General 

Revisions and additional features are being made to the EsIp%I program which 
calculates the longevity and sensitivity of a proposed neutron detector as 
a function of its isotopic constituents. 

Discussions were held on the subject of creating a mathematical model of 
the concentration and precipitation phase of a proposed piece of' calcining 
equipment. 

Calculations were completed on the weight specifications of numerous odd- 
geometry castings which form the components of a proposed materials test 
cell. 

Rotary Lathe Control 

Document HW-73537, "A Theory of Control for 64Rotary Lathes," has been 
issued. 
which exist between the p o b  coordinate design specifications of a desired 
surface of revolution and the controlliwpositioning and timing variables of 
a 8 4  lathe on which it is to be machined. 

This document develops the appropriate mathematical relationships 

An autaanatic timing an8 speed -toring routine is in the process of being 
incorporated into the 7090 program which generates the magnetic tapes which 
serve as input to the prototype8-~~ 
to generate a special tape for  testing purposes as soon as  the control cm- 
ponents arrive from the Manufscturing Services Laboratories and are assembled 
at HAPO. 

lathe control system. It is planned 

4000 Program 

Waste Fixation 

Statistical analysis was completed of data from a recent pilot study mineral 
bed waste column experiment. 
of three independent variables, column residence time, column particle size, 
and waste dilution, on the waste removal characteristics of the column. The 

The results of the analysis indicate the effect 
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specific indices correlated with these independent 
evaluation were the capacity 
breakthrough) and the number 
column saturatia rate). 

Fuels Research 

m e r  work was done on the 
plutonium analysis methods. 

of the colunm (column 
of theoretical pLates 

variables in the statistical 
volumes of waste to 50 percent 
(a function related to the 

precision and accuracy studies of uranium and 
Battelle Memorial Institute reactivity measurements on 

k u m  and plutonium fuel samples fabricated by Plutonium Fuels Development are 
being correlated w i t h  Analytical Laboratories Uranium and plutonium analyses to 
determine whether or not there is a significant bias between the two Laboratories. 
As further Justification for switching from Quinalizarin method to the Azure C 
method for  estimating trace boron content in the fuel samples, an experiment 
was designed to measure the within day and between day experimental errors in 
the Azure C method. 
is in progress. 

The experiment was completed and the analysis of the data 

A frequency distribution of groove depths, caused by brackets which hold the 
PRTR fuel elements, was fit by a Weibull distribution in order to estimate the 
percentage of groove depths fn the reactor exceeding a specified amount. 

Actinide Element Re search 

’Ifie final version of a FORTRAM program to index cubic crystals is being debugged. 
This program is an improvement Over earlier versions in that it reduces the 
input to an absolute minimum number of program parameters plus experimental 
d a t a .  
currently under way. 
problem of determbing the 90 degree lattice constant of indexed cubic crystals. 

Division of Research Programs 

A first attempt at prOgranrming 8 hexagona,l cqmtal indexing program is 
A FWl!EW program is being prepared to solve the related 

In connection with the Division of Research programs, a data processing workshop 
was held at Banford on May 16 and 17. 
Hanford personnel involved in data generation and evalution and persons function- 
ing in similar positions at other AEC sites. 

Ihe meetings were attended by several 

The activation analysis background study was completed. 
presentation of unamlyzed samples to help establish priorities for analyzing 
samples was devised and a l l  unanalyzed samples processed with it. 
matical tables were calculated in connection with the report, “Fixed Time 
Estimation of Counting Rates with kckgruund Corrections”. 

A procedure for graphical 

Three mathe- 
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A new program, GEM, has been written to replace the SPEC program for the 
quantitative resolution of a time dependent gamma ray spectrum. The new 
program has increased capabilities and uses only about 50 percent of the 
memory required by the previous program. 
ccanplete. 
of the time dependence of the data was run successfully on several sets 
of data. Weekly meetings are'being held with EXPO personnel to further 

Debugging of this code is nearly 
A new verion of the ZERO program which provides for estimtion 

define the IRA I1 file. 

6000 Program 

Biology and Medicine 

Work continued on fitting a multiccnnpartment model to data from a retention 
study on fish. 
an associated system of differential equations. 

A statistical analysis of data from an experiment to determine the effect 
of plutonium inhalation on the longevity of mice was completed. 
were written and sent to the interested person. 

A digital computer program is now being written to solve 

The results 

Other - 
Tne FORTFUN language program for routine analysis of reference system cali- 
bration data supplied by Instrument Research and Development Operation has 
been ccxpleted. 
functions fitted by this program to determine the effect of temperature on 
a linear differential transducer. 

A statistical analysis was begun of several calibration 

Six fourth order matrices expressing standard spectra for the quantitative 
estimation of a four isotope mixture into individual peak region counting 
rates were inverted. 

A. D. Wiggins attended the Advanced Seminar in the Statistical Theory of 
Reliability conducted by the U. S. Army Mathematics Research Center at 
the University of Wisconsin. 

Acting for 

Operations Research and Synthesis 
Manager 

WL Nicholson: d g l  

1 2 3 1 2 5 5  



UNCLASSIFIED F-1 m-73905 

KEACTOR DEVELOPMENT - 04 PROGRAM 

PrnOIqIUM RECYCLE PROGRAM 

Code Development 

Activities this month have centered upon adjustment of existing codes and develop- 
ment of adjunct codes so as t o  f ac i l i t a t e  completion of the surYey portions of the 
HLO fuel cycle analysis work. 
code and the  major effort has been t o  adjust certain parameters i n  MELEAcfER s o  
that the results of MELEA0ZR computations w i l l  be i n  l i ne  w i t h  the  results from 
more precise and time consuming computational codes as w e l l  as  i n  l i ne  with cur- 
rently available experimental data. It w a s  possible t o  make some substantial 
improvements i n  the MELEACSER formulation because of the avai labi l i ty  of codes 
based upon experimental neutron thermalization data. I n  addition, two additional 
reactor physics codes designed t o  ref lect  the reactor geometry with MEIXAGER were 
completed and are being debugged. The first code, JASON, supplies l a t t i c e  ce l l  
dimensionality f o r  MELEAGER, and the second code w i l l  supply over-all reactor 
dimensionality. 
reactor can be taken into account, such as the re lat ive location of coolant, fuel,  
jacketing, and moderator composing the l a t t i c e  (JASON) and variously loaded re- 
gions of the reactor including the ref lector  and control rod regions. For many 
survey studies, the de t a i l  afforded by the foregoing codes i s  unnecessary and the 
basic MELEAGF,R code can be most economically used f o r  these. 

The survey work uses MELEAGER as  the bas i c  burn-up 

By use of these codes with MELEAGEX, the major effects  of the 

Several codes have been prepared t o  f ac i l i t a t e  preparation of cases and handling 
of the data. The code, "DATA MAKER" w a s  completed and applied. This code pre- 
pares input f o r  MELEAGEE4 CHUM. A similar, but more sophisticated code known as 
"SUPERCASE GE2ERCIIIOR" was also completed. 
f o r  MELEAGER, as does DATA MAKEZt, but is  able t o  a l t e r  the enrichment levels so 
as t o  space the points i n  the  range of interest  t o  provide optimum selection of 
the mi- fuel cost conditions. 

This code i s  used t o  prepare input 

A test  case was successfully completed on the new FEFJ code. This code wiU be 
applied t o  compute the  cost of fuel element fabrication and jacketing fram esti-  
mated labor, capital, and yields f o r  discrete steps i n  the jacketing processes. 
The code treats reject from any step as waste o r  as rework t o  any previous s tep 
and also accounts f o r  f i s s i l e  material inventory build-up throughout the process. 
The code is  designed t o  apply, not only t o  fue l  element fabrication, but t o  any 
fabrication process. The process t o  be studied is broken down in to  individual 
steps with one main sequence as the primary line. As many concurrent para l le l  
steps ard recycle l&ps can be ,used gs nee#e(lito.prdper2y represent the system. 
For each step, individual cost factors may be entered as direct  material, labor 
cost, process time, equipment cost, equipment rental, f l oo r  space, electzdcal 
power, depreciation factors, and others. Costs can be entered i n  all o r  any 
number of these categories depending upon the best data source f o r  any step. 

1 2 3 1 2 5 7  



UNCLASSIFIED F-2 Hw-73905 

Expenses that are best known on an annual basis are entered as such, along with 
interest  rates and annual production. Once the plant size and costs a r e  estab- 
lished for  a given processing system, the importance of each step can be assesed 
by simply varying the yields and cost appropriately. 

Bwn-up experiments with the MEIIEAGER code f o r  a broader range of fue ls  have been 
made possible by a careful calibration of the  neutron reaction model used i n  
MELEAGEZ code with SPEZCRUM V (See aW-71953), a 75-energy group code. According- 
ly, modifications have been made t o  the  flux spectrum model used i n  MEIIEACXR and 
the  selfshielding of the cross sections have been suitably adjusted t o  give 
reasonable results, even with considerable amounts of plutonium enrichmerrt i n  
closely spaced la t t ices .  

Since MELEAm and SPEEJXUM codes arrive at  effective cross sections by ent i re ly  
different rartes, it i s  not possible t o  make a direct  canparison of the  absolute 
magnitudes of cross sections between the two codes. It is, however, possible t o  
compare the relative cross section ra t ios  between the two codes f o r  various iso- 
tope pairs. 
errors i n  the msgnitude of cross sections than by errors i n  the re la t ive  values 
of the cross sections. In  other words, if one were t o  reduce the cross section 
of a l l  isotopes by 50 percent, the net effect  would be merely t o  increase the 
neutron flux t o  maintain the specified power with the exception of those isotope 
sequences involving radioactive decay. Fuel comparisons between MELEAGER and 
SPECTRUM are  reasonably vaUd only f o r  isotopes whose major resonances l i e  be- 
 OW 4.2  ev. - such as the U-235 and the  plutonium isotopes. 
table compares the results of the calibrated MELEAGERwith the results from 
SPECTRUM V which i s  an adaptation of the o r i g i n a l  SPECTRUM code f o r  this work. 

The calibrations were made using neutron temperatures supplied from S p E m  
code. 
neutron taperature'could be related t o  the moderator temperature and c e l l  black- 
ness. 
t o  that suggested by Dawson and Steves: 

Fortunately, the resu l t s  from a burn-up are affected much less  by 

The accompanying 

Earlier work by Dawson and Steves (being published) established that the 

The MELEAc;ER code now contains the  following expression which is  similar 

where : 

Tn is the neutron tanperatme OC 

is the moderator temperature 
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TABU I 

CWAFlISON OF MODIFIEDW MELEXGER REACTION RATES W I T H  SPECTRUM V 

m R  RATES FOR VARpfmG ERRlcBMEmr I N  HOMOGENEOUS 260 OC $0 - 
Assumed Isotope Concentrations, grams/ cc: 

u-235 0.028 0.056 0.140 0.28 0.56 

h-239 0,028 0.056 0.140 0.28 0.56 

Pu-240 0.012 0.024 0.060 0.12 0.24 

Computed Spectral Index: 

0.1465 0.251 0.491 0.672 0.103 Modified MELJ3AGEZ 
SPECTRUM v 0.1405 0.243 0.458 0.623 0.730 

Cmputed Reaction Rate Ratio: 

Pu-239 t o  U-235 per atom.present 

Modified MEGE3lc;ER 2.822 2.856 2.46 1.65 -- 
SPECTRUM v 2.902 3 .I24 3.39 3.35 2.97 

Computed Reaction Rate Ratio: 

Pu-240 t o  Pu-239 per atom present 

Modified MELEAGER 0 717 0.883 1.339 2.15 -- 
SPECTRUM v 0.6534 0.782 1.052 1.88 1.736 

Computed Pu-239 Alpha: 

Modified MELEAGER 0.548 0.561 0.584 0.581 -- 
SPECTRUM v 0.5515 0 . 5 6  0.581 0.581 0.5648 

Vhe modifications bp-Lo@d here i n  MELEAQ3 constitute a new MELEAGE3 deck 
t o  be known hereafter as "Post-June 1, 1962 MELEAc;ER." 
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IC3 i s  a suitably adjusted constant OC 

qa I? = the 2200 m/s macroscopic cross section 
i 

RTM = Fortran variable 

TNL = thermal nodeskage 

expression = I/* 

probability 

SDW = slowing down power of the moderator normalized t o  
the fuel.  

Computations shuw that this expression gives excellent resul ts  fo r  plutonium 
mixtures f o r  typical  power reactor moderstor temperatures at a value of 
K = 0.7. For moderator temperatures widely different ,  it i s  expected that the 
o$er values of IC3 w i l l  give bet te r  results. 

As was mentioned i n  the previous monthly report, neatron absorption i n  Am-241 
has a very marked impact on the l ifetimes of plutonium enriched fUels involving 
significant amounts of PU-241 (Pu-241 has a 13-year half l i f e  t o  decay t o  Am-241). 
The r a t i o  of Am-241 cross section t o  Pu-239 w a s  derived from MEIEAGER and SPECTRUM 
experiments and was found t o  be much higher i n  MELEAGER, especially f r a hard 
spectra (r  values greater than 0.1). were 

approximately 50 percent higher than those of Spectrum at spectral  "r" values of 
0.5, and 25 percent higher than those of Spectrum at  spectral  "r" values of 0.2. 
With adjusted cross sections, the error  i n  MELEAGER at 9'' = 0.2 is negligible 
and only about 1 5  percent higher at  "r" values of 0.5. This change i n  cross 
section should have the effect  of reducing the impact of low specific parer on 
plutonium value as the relat ive probability of decaying PU-241 t o  Am-241 is much 
greater the lower the neutron flux. 
cmparable Phoenix fue l  computations u t i l i z i n g  the  revised Am-241 cross section 
and the  nonrevised models. 

The MELEAGER values of the 
m-239cr 

This i s  supporbed by preliminary analysis of 

Fuel Reuse Cycle 

"Fuel muse" is  defined as the consecutive i r radiat ion of fue l  assemblies o r  
components i n  different reactor regimes, without intermediate chemical reprocess- 
ing. 
t i on  of a thermal reactor with fuel elements previously irradiated in the  blanket 
of a fast reactor. 

The aspect of fuel reuse currently under investigation involves the  opera- 
. 

The fast reactor has a Pu%-U% core &.a depleted TJ* blanket. The companion 
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thermal machine studied so f a r  i s  a %O cooled and moderated, pressure tube reac- 
to r .  Both machines operate on a constant over-all parer graded cycle. 

The principal effort, t o  date, has been t o  evaluate the economic incentives f o r  
developing this fue l  reuse cycle. 
sis i n  such manner as t o  eliminate immediate necessity of delving in to  the 
economics of the fast reactor. The method used i s  t o  compare t o t a l  fue l  COSTS 
f o r  the fie1 reuse cycle w i t h  fue l  costs f o r  the conventional plutonium fueling 
from which it i s  assumed that purchased (leased) plutonium i s  mixed wi th  tails 
uranium (0.40$ U-235), fabricated in to  fue l  elements, irradiated t o  a reactivity- 
limited exposure, chemicslly reprocessed, and the recovered plutonium returned 
(sold). 
fabricated in to  fue l  elements, irradiated i n  the f a s t  blanket t o  various degrees 
of plutonium enrichment, reirradiated (reused) i n  the thermal reactor t o  a 
reactivity-limited exposure, and e i ther  returned f o r  further "enrichment" t o  the 
f a s t  blanket and further burn-up i n  the  t h e m 1  reactor o r  chemically reprocessed 
and the recovered plutonium sold. 

An attempt i s  being made t o  conduct the analy- 

In  the fue l  reuse cycle it i s  assumed that ta i ls  uranium (0 .46 U-235) i s  

For conventional plutonium cycle, the t o t a l  fue l  costs must include: fabricstian, 
shipping, and reprocessing; interest  on fue l  value and on investments i n  fabrica- 
t ion  and shipping; and burn-up and losses of fue l  materials. 
cycle, the fue l  fabrication costs f o r  the fast reactor blanket rods snd the ther- 
mal reactor fue l  elements are combined. The costs f o r  tmnsfer  of fuel must be 
added as needed. 

The fuel  cost vs. exposure (enrichment) curve w i t h  standard plutonium fueling fo r  
the system described above exhibits a mathematical minimum at fa i r ly  high expo- 
sures. 
and shipping, the mathematical fue l  cost minimum of O.g+ milllkwh occurs a t  
30,000 t o  40,000 W / T .  
occur a t  quite low exposures because the apparent jacketing costs are  less .  For 
zero incremental fabrication and t ransfer  charges, the t o t a l  fue l  cost increases 
from -0.15 mill/kwh at 1000 MWD/T t o  1-0.6 milllkwh at  30,000 MWD/T. 
incremental charge, a minimum fue l  cost of 0.1+ mill/kwh occurs a t  2000 W / T .  
Similarly, f o r  a $2/lb cost increment, the minimum fue l  cost i s  0.2+ mill/kwh at  
3000 t o  4000 MWD/T. 
incremental cost cases approach the zero increment case-lying within 0.05 
mill/kwh at  exposures of 15,000 t o  30,000 MWD/T. 
closely located with highly integrated f'ueling systems, t ransfer  cost increments 
of $ 1 O / l b  may be more t3;pical. 
cycle) appear t o  be somewhat more costly than f o r  the first pass. 

For the fuel  reusc 

Even, with the low total charge of $30/lb f o r  fabrication, reprocessing, 

Conversely, for the  fue l  reuse cycle, minimum fue l  costs 

For a $l/ lb 

A t  higher burn-ups, t he  fue l  costs f o r  the $1 and $2/lb 

Unless the reactors are very 

Fuel costs f o r  repeated passes (of t he  fue l  reuse 

The relat ively l o w  fuel costs computed f o r  the reuse cycle result from the cur- 
r en t  Eni ta t ion  of the study t o  a D 0 cooled and moderated reactor as we= as t o  
the accountifig nethoci- assume2 i n  whch only depletion and interest  on fue l  value 
are charged against parer gcnemtlon ir  t h e  t h e m 1  reactor. 
fue l  costs (-0.15 t o  a . 2 5  mill/kwh) computed f o r  the lowest fue l  exgosures 

2 
The extrenelLr low 
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(1000 t o  5000 MWTI/T) result from the f ac t s  that the t o t a l  fue l  enrichment i s  
very l o w  (-natural), that a substantial  f ract icn (m) of the enrichment 
i s  residual U-235, and that the cost of using and burning depleted uranium i s  
negligible. 
depleted uranium costing $3/bg, and making s m a l l  net amounts of plutonium which 
may be sold fo r  $lo/@. 
concentrations during subsequent reuse passes. 

Increased fuel costs at  fuel exposures and for repeated passes of the reuse 
cycle result principally from the  fac t  that larger  quantit ies of ( re la t ively)  
expensive plutonium are required fo r  reactivity and f o r  burn-up; the  increased 
concentrations of f iss ion products (from both reactors) have lesser  effects.  

It appears tha t  application of fue l  reuse will reduce fuel cycle costs s ignif i -  
cantly. 
thennal reactor i s  located near the fast reactor (minimum fue l  t ransfer  costs) 
and if both reactors have provisions f o r  rapid and frequent refueling (required 
for  low exposures on gmded cycle), the fue l  cycle costs of the thermal reactor 
applying fue l  reuse may be low enough t o  easily compensate f o r  the increased 
capi ta l  costs involved. 
reactor types are considered. 

The negative fuel costs result f r m  burning small amounts of 

This U-235 i s  present i n  smaller o r  even negligible 

Specifically, based on preliminary results, it appears that if  the 

These savings may not be as great when other thermal 

CAR: pc 
6-15 -62 
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RADIATION PROTECTION OPERA!lXON 
E O R T  FOR THE MONTH OF MAY 1962 

A.  ORGANIUTIONANDPERSONNEL 

Transfers within the Section during the month included David N. Brady 
t r a n s f e k n g  from Radiation Monitoring t o  Internal Dosimetry, and Ira1 C. 
Nelson transferring from Environmental Studies and Evaluation t o  Internal 
Dosimetry, both effective May 1. R. Wayne Meisinger w a s  transferred from 
Technical Administration Operation to  Environmental Studies and Evaluation, 
and Thomas M. Beasley was transferred from Internal Dosimetry Operation t o  
Chemical Research and Development, both effective May 1. New-hires into 
the External Dosimetry Operation during the month included G.  B. Lage on 
May 7, S. B. Bridge on May 7, and R. W. e o n  on May 16. 
the Internal Dosimetry Operation effective May 18. 
transferred from External Dosimetry t o  Technical Administration effective 
May 15.  
Internal Dosimetry effective May 21. 

Lee A. Bond joined 
R. Doug Tillson w a s  

Wendall A .  Briggs transferred t o  Fuels Development Operation from 

B. ACTIVITIES 

Occupational Exposure Experience 

There were no new cases of plutonium deposition confirmed by bioassay 
The t o t a l  number of plutonium deposition cases that analyses during May. 

have occurred a t  Hanford i s  288, of which 207 are currently employed. 

On May 3 l  two CPD process operators received general hair and fac ia l  
plutonium contamination t o  > 40,000 d/m when a glove rupture occurred i n  the 
234-5 Building. Nasal i r r igat ion w a s  promptly performed. Skin decontamina- 
t ion w a s  successful within two hours. 
first eight-hour urine samples showed that internal deposition may have 
occurred; complete collection of urine and feces w a s  initiated. 

Prompt analysis of aliquots from the 

A CPD process operator received a plutonium ni t ra te  contaminated injury 
on May 29 while working i n  the Redox greenhouse ion exchange contactor area. 
Excision of t issue a t  the wound s i te  w a s  performed a t  W e c  Hospital about 
one hour after the injury. 
showed about 0.03 pc i n  the excised tissue, and 0.003 pc remaining a t  the 
wound s i t e .  
< 1% of the maximum permissible body burden. 
t o  determine the  magnitude of the body burden that may result from t h i s  
injury. 

Examination with the plutonium wound counter 

This employee i s  a previous deposition case estimated t o  be 
Urine sampling w a s  in i t ia ted  

Six other plutonium incidents involving potential  inhalation or  absorp- 
t ion of plutonium fo r  1 2  employees were reported f o r  CPD f ac i l i t i e s .  
other plutonium contamination incidents were reported involving possible 
inhalation f o r  14 employees i n  HLO f a c i l i t i e s ,  
in i t ia ted  for  a l l  involved employees. 

Five 

Special urine sampling was 

UNCLASSIFIED 
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Air con'vamination resulted i n  a Purex analytical  laboratory when a lead 
sample carr ier  containing a vial of concentrated strontium salution was 
removed from the Purex sample gallery without proper survey. 
contamination was detected f o r  f ive employees and urine samples were requested 
f o r  analysis. 

Trace nasd 

A n  HLO Development and Corrosion Chemistry employee received a localized 
skin dose of about 30,rads t o  a s m a l l  area on his thigh i n  a f iss ion product 
contamination incident 'a t  the 222-S Building. 
taining Purex 1 - W W  w a s t e  solution resulted i n  a pressure release and ejection 
of some of the solution. 
examination of contaminated spots of the employee's coveralls. 

Failure t o  vent a cask con- 

A dose estimate w a s  obtained from autoradiographic 

Low-level strontium-90 contamination was spread to  the hallways of the 

A l l  spots of contami- 
141-F Building i n  conjunction with the feeding and care of an animal that 
w a s  on an extremely high d ie t  of this radionuclide. 
nation were marked and cleaned t o  a nonsmearable condition. 
l i s m  cage that housed swine receiving 15 millicuries of strontium-90 per day 
was successfully packaged and moved t o  the 200 West A r e a  fo r  decontamination. 
General surface contamination t o  5 rads/hour at 6 inches was observed on the 
inner surfaces of  the cage. 

The large metab- 

Plutonium contamination of 100,000 d/m i n  room 400, and 5000 d/m i n  the 
immediate hallway at the 325 Building occurred a f t e r  a routine waste bag 
change. Failure t o  observe established follow-up techniques and checkout 
procedures caused the contaminant t o  extend beyond the immediate incident 
area. Although there were no cases of skin contamination detected, 11 cases 
of shoe contamination were associated with the incident. 

. Thorium work commenced i n  the 306 Building where thorium metal was pickled 
i n  the wet chemistry f ac i l i t y ,  butt-welded i n  the electron beam welding vacuum 
furnace, and reduced t o  an ingot i n  an arc-melt furnace. 
2.7 x 

A i r  samples t o  
pc t h o r i d c c  were collected during these operations. 

A three-week scheduled outage at  PRTR involving design changes, reactor 
and system maintenance and inspection w a s  completed with no unusual radi- 
ation occurrences. 
employees receiving doses greater than 25 mrems from internal ly  deposited 
tritium. 
levels to 2.5 r/hour were measured during process tube i spection i n  the 
storage basin. 
immediately following a reactor shutdown. 

T r i t i u m  exposures increased during the month with 44 

The m a i m u r n  accrued dose during the month was 270 mrems. Radiation 

&mum a i r  sample taken w a s  4 x 10-8 pc m/cc i n  A c e l l  

One hundred eighty-four Hanford Crit ical i ty  Dosimeters were distributed 
and instal led throughout the mSnt during May. The number of dosimeters 
required and the location of each dosimeter w a s  determined from a set of 
dosimeter placement c r i t e r i a .  
review the location and condition of each dosimeter semi-annually. 

An audit program has been established t o  

UNCIASSIFIED 
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Environmental Expe rience 

Iodine-131 emitted from the Purex stack returned to  normal (< 0.2 curies 
per day) a f t e r  last month's high values of 44 curies i n  10 days. 

The sporadic increases i n  concentrations of  air-borne fal lout  materials 
noted for  April did not continue into May. 
generated i n  the 1961 USSR t e s t s  w a s  somewhat lower  i n  the Pacific Northwest 
than predicted. 
been found t o  date a t  Hanford. 
ppc/m3 during May i n  contrast t o  the averages o f  5 to  6 ppc/m3 fo r  the first 
four months o f  t h i s  year. 

The spring peak of materials 

No positlve evidence of fa l lout  from the 1962 US tests has 
The average concentration i n  a i r  w a s  3 

A t o t a l  of 108 f i s h  were taken from the Columbia River from sampling 
locations a t  Priest  Rapids, W o r d ,  Rugold, Richland, Burbank, and McNary 
Dam. 
mitted f o r  radiochemical analysis. 

One hundred sixteen tissue samples were taken from these f i s h  and sub- 

Ninety-seven produce samples were obtained fo r  analysis. These include 
milk fromthe Ringold, Riverview, Benton City, Mesa, and Eltopia areas as 
w e l l  as composite samples from the m i n  City Creamery. 
120 gallons; 4 pounds Willapa Bay oysters, 4 pounds ground round steak, 40 
pounds pasture grass, and 42 se t s  of  beef thyroids were also obtained. 

Milk samples totaled 

One aerial monitorhg f l igh t  w a s  made over the project and a second was 
conducted over the Columbia River from Priest  Rapids to  Portland. 
seven f l ights  were made over the Columbia River between Priest Rapids and 
McNary Dam as part of the fishing pressure study. 

Twenty- 

Columbia River flow rates exceeded l50,OOO cfs. Mc significant changes 
i n  river pollution o r  temperature were observed. Seasonal increases i n  
manganese-56 and sodium-24 transport rates persisted through the month. 

Studies and Improvements 

F i l t e r  samples. of tke ventilation exhaust during thorium reprocessing 
Laboratory analysis of the samples is i n  a t  the 306 l3uilding were taken. 

progress 

The new personnel f i l m  badge dosimeter processing machine was operated 
sat isfactor i ly  during the month and delivered t o  the 3705 Building. 
of the new personnel f i l m  badge dosimeters w e r e  supplied by the vendor fo r  
approval pr ior  t o  the production run. 
and accepted by the vendor. 

Samples 

Nominal modifications were requested, 

Calibration j i g s  for  providing radium-gamma exposure calibrations i n  the 
new personnel f i l m  badge dosimeters were designed and fabricated. 
anized beta radiation calibration jig for  the new dosimeters vas also 

A mech- 
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fabricated and i s  now ready for  ins ta l la t ion  i n  the Calibrations building. 

One week of positive ion accelerator time was available t o  RKI during 
May. 
t o  compare their sensi t ivi ty  with diodes previously made at  Batelle Memorial 
In s t i t u t e  under a W o r d  contract. The new diodes proved t o  be less  sensi- 
t ive t o  neutron radiations than the former ones. Further consideration of 
neutron dosimetry through the application o f  solid s t a t e  si l lcon diodes led 
t o  the prediction that n-tpye semi-conductor material may prove t o  be more 
sensit ive t o  neutron damage than the currently used p-type material. The 
purchase of  additional diodes fabricated of n-type material i s  planned to  
substantiate this prediction. 

The sil icon diode neutron dosimeters recently purchased were studied 

Air sampling calibration equipment w a s  designed, constructed, and C a l i -  
brated to provide accurate flow measurements f o r  in-line duct a i r  samplers 
and fo r  the open-face 4" x 8" a i r  sample heads. During the development and 
f i e ld  testing of this air sample flow calibration equipment it was observed 
that the gaskets on many o f  the 
The thin replacement gaskets on several  of the samplers examined were allow- 
ing as much as 3O$ leakage around the door, thus diluting exhaust samples 
w i t h  clean air. 

in-l ine duct a i r  samplers should be replaced. 

C. VISITORS 

V i s i t o r s  consulting with members of the Radiation Protection staff d u r i q  
the month included: 

J. D. McLendon - 
G. L. Toombs - - 
E i j i  Inaba - - - 
D. C. Nichols - 
J. R. M u i r  - - - 
B.A.J. Lister ) 

D.B.B. Jannisch) 

Ralph W t z o  - - 
K. Stuart  1 

Union Carbide Nuclear Company, Oak Ridge, Tennessee 
Oregon State  Board of Health, Salem, Oregon 
Nippon Atomic Industry Group Co., Ltd., Tokyo, Japan 
Savannah River Plant, E . I .  du Pont de Nemours, Aiken, 
south Carolina 
Oak Ridge Mational Laboratory, Oak Ridge, Tennessee 
University of Washington, Seatt le,  Washington 

United Kingdom AtXmic Energy Authority 

Visitors who toured the Whole Body Counter and tbe Bioassay Laboratory 
d M n g  

3 
8 

25 

12 

P. 

the month included: 

W a l l a  Walls Science Class Seniors from Walla W a l l s  College 
Jesuit Priests from the Seminar of A.lilos0phy and Science, Spokane 
Purchasing Agents from the Purchasing Agents Association, Spokane and 

Persons attending the Symposium on the Biology of  the Transuranic 

E. Brown - Oak Ridge National Iaboratory, Oak Ridge, Tennessee 

Tnlnnd Empire 

Elements 
-. 
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C. W. Werner 

G. W. Gaffney - U.S. Public Health Service, Washington,D. C e  
R. C .  Baker - - Carbide & Carbon Nuclear, Paducah, Kentuckjr 
R. Conti 
J.  Sedlet - - - Argonne National Laboratory, Argonne, I l l i no i s  
E. L. Ray - - - Dow Chemical Company, Rocky Flats, Colorado 
A. S. Goldin 

- Medical Service Corp., U.S. Naval Radio. Def., San 
Francisco, California 

- - - AEC, Chicago Operations Office, Argonne, I l l i no i s  

- U.S, Publlc Health Service, Winchester, Massachusetts 

Members of the Radiation Protection Operation staff vis i t ing off-site 
during the month included: 

A. R. Keene - Lawrence Radiation Laboratory, Berkeley, California, t o  
conduct ASA N2.2 Subcommittee meeting. 

7 meeting. 

discuss radiation records systems 

display for  Armed Forces Day. 

an invited lecture, 

Northwest Pollution Control Association. 
L. F. Kocher-Product Engineering.Co., Portland, Oregon, t o  discuss 

"design specifications on new personnel dosimeters, 
H. V. Larson-University.of Washington, Seatt le,  Washington, t o  teach 

AEC Health Physics Fellowship students. 

- Colorado Springs, Colorado, t o  conduct NCRP Subcommittee 

L. C.  Rouse - Lawrence Radiation Laboratory, Berkeley, California, t o  

J. R. Bovingdon - Umatilla Ordnance Depot, IIaatilla, Oregon, t o  accompany 

R.  F. Foster-University of C a l i f o r n i a ,  Berkeley, Ca l i fo rn ia ,  t o  present 

-Seatt le,  Washington, t o  participate i n  meeting of Facific 

De FELATIONS 

A t a l k  on radioactivity i n  the Columbia River and i n  Pasco sanitary 
water w a s  given by R. B. H a l l  t o  the Third Inland Empire Short School on 
F i l t e r  P u t  Operation. 

A t a l k  on Fallout w a s  given by K. R. Heid a t  the Connell school for  
professional educators whobelong t o  the Franklin County Education Associ- 
ation. 

Radiation orientations w e r e  presented on four occasions t o  employees. 
Five 2-hour orientation talks were presented t o  Biology Research, Yuclear 
Physics Research, and Maintenance employees. A talk and demonstration on 
personnel surveys was given to  the Riology Arrfnal Farm personnel. A dis- 
cussion on self-reading dosimeters w a s  held with Firemen i n  the 200 West 
A r e a .  

Six suggestions were submitted by personnel of the Radiation Protection 
Operation during May. 
Two suggestions are pending evaluation. 

One suggestion w a s  adopted and s i x  were rejected. 

UNCUSSIFLED 
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E. SIGNIFICANT REPORTS 

HW-71999 - 'Waluation of Radiological Conditions i n  the Vicinity of  Hanford 

~~-72691-4-"~ummary of Radiological Data f o r  the Month of Apri l ,  1962" by 

HW-73654 - "Contamination Control a t  the Hanford Laundry" by C .  E. Linderoth 

EW-73672 - "Dispersion of 300 Area Liquid Effluent i n  the Columbia River" by 

Hw-73898 - 'Monthly Report - May 1962, Ffadiation Monitoring Operation" by 

f o r  1961" by R. F. Foster and Staff.  

R. F. Foster. 

and G. A. Li t t le .  

G.  E. Bsckman. 

A. J . Stevens. 

"Gas Loop Faci l i ty  Hazards Amlysis" by L. D. W i l l i a m s  (undocu- 
mented) . 

1 2 3 1 2 6 8  



rnCMSIFIED G-7 

PERSONIEL DOSIMETRY AM> RADIOLOGICAL REZORDS 

External Exposure Above Permissible Limits 
Whole Body Penetrating 
Whole BO& Skin 
Extremity 

Hanf'ord Pocket Dosimeters 
Dosimeters Processed 
Paired Results - 100-280 mr 
Paired Results - Over. 280 mr 
Lost Results 

Hanford Beta-Gamma Film Badge Dosimeters 
Film Processed 
Results - loo-300 mads 
Results - 300-500 mrads 
Results - Over 500 mads 
Lost Results 
Average Dose Per Film Packet - mrad (ow) 

- m r  (4 
Hanford Neutron Film Badge Dosimeters 

Slow Neutron 
Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Results 

Fast Neutron 
Film Processed 
Results - 50-100 mrem 
Results - loo-300 mrem 
Results - Over 300 mrem 
Lost Results 

Hand Checks 
Checks Taken - Alpha, 

Skin Contamination 
Plutonium 
F'ission Products 
Uranium 
Tritium 

m-73905 

1962 to Date 
3 0 

0 3 
0 2 

May 

3,474 
8 

16,842 
30 

0 3 
0 0 

47,980 
9,648 1,606 2 37 

18 160 
9 68 

28 . 128 
14 75 11.54 
27 79 27.93 

7,272 
c; 

1,346 
1 1 

2 4 
2 2 
2 10 

347 1,997 
55 305 
15 ' 340 
8 ll 
0 0 

17 , 992 150,095 
53,567 262,902 

19 90 
37 218 
0 ll 
0 0 
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Whole Body Counter 
GE Employees 

Routine 
Special 
Terminal 
Non-Routine 

Non-Employees 
Pre -Employment 

Male Female May 1962 to Date 

2 
7 
1 

25 
4 

2 
7 
1 

29 
4 

0 - 
39 

Bioassay 
0 

24 
513 
1 

61 
0 

Confirmed Plutonium Deposition Cases Plutonium - Samples Assayed 499 

Uranium - Samples Assayed 197 

- Results Above 2.2 x pc/Sample 
Fission Product - Samples Assayed - Results Above 3.W0-5 pc/Sample 

Biological - Samples Assayed 
Strontium - Samples Assayed 

67 
126 
48 

139 
ll 

5" 
2,256- 98 

2,933- 
1 5  

965 
233 
299 

Uranium Analyses Following Period 
Following of No Exposure 
Units of i o ~ ~ ~ c c  units of 10-9 C L ~  U/CC 

Number Number 
Sample Description Maximum Average S les -mum 
Fuels Preparation 9.1 2.1 3- 7.3 
-1s Pre$ratioe 0 
Hanford Laboratories 13.3 
Hanford Laboratories* 0 
Chemical Processing 0 
Chemical Processing"c 0 
Special Incidents 0 
Random 3.1 

Tritium Samples 
Urine Samples 

> 5.0 w/ l  
1.0 pc/l 

Samples Assayed 
D20 Samples 

Moderator 
m m a r y  
Reflector 

* 
* 

Other Water Samples 
NO. 6226 "E" 

The t o t a l  number d 
ford is now 288, of 
Samples taken prior 

0 0 0 
10.2 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

1 . 5  2 1  0 

3.4 43 

39.9 

223.5 

- 0  

0 
0 
0 
0 
0 

2.8 

Count - 
262 
30 

6 
6 
6 

0 
40 
0 
0 
0 
0 
0 

T o t a l  - 

361 

18 

116 
495 

plutonium deposition cases which have occurred at Han- 
which 207 are currently employed. 
to and after a specific job durlng work week. 
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Calibrations 

Portable Instrunents 
CP Meter 
Jtino 
GM 
Other 
Audits 

Personnel Meters 
Badge Film 
Pencils 
Other 

Miscellaneous Special Services 
Total flumber of Calibrations 

Number of Units Calibrated 
Msy 1962 to Date 

1,019 - 
279 
570 
WO 
110 

z,188 

1,620 

5,03 
1,359 
2,788 
1,014 

527 
1 m  

8,644 
12,670 
2; 237 
23,551 

722 5,421 
4,874 39,691 

For the Manager 
RADIATION PROTECTION 

AR Keene:CMU:Ijw 

! -  
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FTNANCE AND ADMINISTRA!PION 

ACCOUNTING 

Cost Ac countinq 

Special requests were established during the month as shown below: 

Accounting 
Code Description 

3c R .  S. Paul - Consulting for International Atomic Ebergy 
Commission in Japan. He Kill conduct lectures and dis- 
cussions on nondestructive inspection techniques and 
provide advice on inspections of fie1 elements to the 
Japan Atomic Fuel Corporation and the Japan Atomic 
Euergy Research Institute for a period of one month 
beginning prior to June 30, 1962. 
of service, travel and subsistence w i l l  be billed to 
the A X .  

Salary, continuity 

.4x 

.4z 

.a 

.a 

Summer Institute in Nuclear mineering for Engineering 
Faculty. Hanford Laboratories and the University of 
Washington Graduate Center w i l l  collaborate in offering 
an Institute in Richland, July 30 to August 24, 1962. 
EstFrnated costs are $2,650 which include salary and 
contimrity of service of S. H. Bush, services, supplies 
and transportation. 

P. L. Hcfmann - Consulting at APED for Audit of Physics 
Methods. Initial participation was for one week begin- 
ning April 22, 1962. 
pated for a period of five to six weeks. 

Further participation is antici- 

Shipment of Aluminum Clad Plutonium Foils to APED. 
Estimated costs for packing and shipping are $200. 

Preparation of Test Samples for Bettis. 
of $~O,OOO were authorized in k y  1962, making a totd 
authorization for the job of gb0,OOO. 

Additional funds 

Organizational code 7124 - Visual Msplays, effective July 1, 1962 has been 
established to accumulate costs incurred in connection with v i s u a l  displays 
and tour arrangements in Hanford Laboratories. 

1 2 3 1 2 1 2  



A t  the request o f  HOO-AEZ, l i s t i ngs  were supplied t o  them of all contracts 
and purchase orders over $4,000 funded by The Division of Reactor Develop- 
ment in FY 1961. Similar information was requested by the Joint Commitzee 
on Atomic Energy Commission from all IWD s i t e s .  

Security clearances of several Hariford Laboratories' sections were reviewed 
i n  l i gh t  of the reeent AM: revisions i n  the Weapons and Top Secret cate- 
gories. 
requests fo r  clearances needed w e r e  submitted t o  the Security and Patrol 
Operation. 

Current requirements f o r  all individuals were determined and 

An audit made of sigmtare authorizations on stores orders issued during 
the  week ending May 6, 1962 by Biology, Programming and Operations 
Research and Spthes is  Operation personnel revealed no serious i r regular i t ies .  

General Accounting 

Following ie a s - m  of the s ta tus  02 i e t t e r  or other agreements covering 
specific actions requiring AEC concurrence: 

AT-237 Summer Ins t i t u t e  i n  Nuclear Approved May 4, 1962 
Ehergy for Engineering Faculty 

AT-2L3 Movement of Mobile Home Approved May 23, 1962 

AT-2u Participation in Wallowa County I n  hands of AEC 
Educational Dsy Camp 

AT-246 Special Science Seminars In hands of AEC 

AT-247 Participation i n  standardizing Ir hands of AEC 
Activit ies 

AM: approval of agreements under Agreement AT-6 w e r e  received on the 
following : 

Cooperative Research P r o e m  - Oregon State University 
Plutonium Foils for  GE-APED 
IAEA iiequest fo r  Consultant t o  Japan (R. S. Paul) 

Two modifications t o  Appendix B (Nos. 14 and 18) were approved covering 
Income =ension Aid Plans for  nonexempt and for  exempt employees. 

During the month $209,016 of equipment was transferred t o  classi f ied plant 
accounts from Equipment Work in Rogress and $2'7,095 from Construction 
Work i n  Progress. 

1 2 3 1 2 1 3  
UMcLAss1m 
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A summary report of findings i n  connection with the FY 1961-1962 physical 
inventory of movable catalogued equipment i n  the custody of Hanford 
Laboratories was prepared and distributed. This report represented one 
complete cycle of inventories for all Banford Laboratories' holdings, and 
permitted comparison between the results of this inventory and previous 
inventories. 
valued at $5,963 compared t o  38 missing items valued at $8,592 i n  the 
FY 1960 inventory. As a resul t  of  the FY 1961-1962 inventory, 75 units 
valued a t  $32,842 were added to record compared t o  194 units valued at  
$99,340 i n  the FY 1960 inventory. 
Laboratories has improved markedly since the  FY 1960 inventory. 
amount of missing equipment (16 i t a s )  is relat ively minor when compared 
with the inventory of 12,842 items. 
contributed t o  the f ine showing by assist ing property custodians i n  the 
control of equipment and by providing a central storage for equipment held 
for future use e 

The FY 1961-1962 inventory disclosed 16 missing items, 

Property control within Hanford 
The 

The Laboratories' Equipment Pool has 

Operating personnel were notified of physical inventory schedules fo r  
movable catalogued equipment f o r  FY-1963 which are (1) Reactor and Fuels, 
JW 1962 (2) Physics and Instruments, J a w y  1963 (3) Radiation Protec- 
tion, March 1963 and (4) Mnance and Administration, A p r i l  1963. 

Results were distributed for the quarterly inventory of Other Special 
Materials in custody of 97 material holders as of  March 31, 1962. 
shortage of  19 grams of platinum valued a t  $55.48 has been of f ic ia l ly  
recorded and approval of write-off t o  Cost obtained. 

A net 

Hanford Laboratories' material investment a t  May 1, 1962 totaling $26.9 
million is  detailed below: 

(Amounts in thousands) 

Spare Parts $ 1 238 . 
SS Material 369 
Reactor & Other Special Materials 25 344 

Tota l  $26 951 

Heavy water c o s t s  incurred i n  May totaling $30,601 were comprised of losses 
of $29,283 and $1,318 of scrap which resulted f'rom PRTR operations. 

Heavy water scrap material returned t o  Savannah River Operations Office 
during May business totaled 20,908.66 pounds with a fund value of 
$2531795 and a n o w  d u e  of $197,484. 
on hand at May 30th totaled 2,594 pounds having a value of $32,311. 

The balance of scrap material 
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Prcperty Accounting, Contract and Accounting Operation, was requested to 
review W o r d  Laboratories' accumulated depreciation accounts t o  (I) 
enmre the adequacy of  coqos i te  rates and reserves, and ( 2 )  take the 
necessasy action t o  adjust our reserve accounts fo r  variances prior t o  
the end of calen6a.r y e a  1962. This action was iniziated after a review 
by M o r d  Laborat3Fies' Property Accomting Fersonnel revealed some 
rather  large variances in the building, machine tools, laboratory equip- 
ment, and portable health instrument accounts. 
accounts may have a net shortage on the order of $900,000. Contract and 
Accounting Operation is unable t o  begin an aciequacy review u n t i l  after 
the  ciose of FY ig62 business. 

In response t o  a request fpom Contract and Accounting, The existence of 
all returnable contamers (189) held Sy Laboratories' personnel was 
checked. 
missing & believed t c  have been either Peturned t o  Crezm-al Stores or  
destroyed because of contanination or f'rozen valves. 
asked t o  confirm through a Ceczral Stores search the containers which are  
deflnitelj.  missing azrd should be prchased. 

Laboratories' reserve 

Accounts Payable vas notified tha t  13 returnable containers a re  

Accounts Payable was 

The AEC wes advised that 6,688 grams of contaminated platinum valued at 
$i5,L59 fcr which there is no -her aeed at EIAPO, is available for  of f - s i te  
shipmem 

Fifty-one items vaiueci at $LL3,ili were received at the Laboratories' Equip- 
ment a m  Materld Pool during the month gf May. 
$6,*l were Loaned or  transferred in l i e u  of piacement of requisitions, 
nine itms velued at $i2,2l5 were withdrawn by custodians, 69 items valued 
at  $2l,C?L vere excesseci- 
$54?,L6i Locazed is stmage Fool 

Mfieen items valued a t  

Tizere are  currently 811 items valued at 

BeryLliurc $ 652 

Paliad:lm 2 736 
Platinum 21 61rg 
SiLver 46& 
zirconium W 4 a  

b l d  3 i42 

A l l  other material heid for 
conveaience of others 246 923 

$588 014 

1 2 3 1 2 1 5  
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Action as indicated occurred on the following projects during the month: 

New Money Authorized Hanford Laboratories 
CAH-963 Geological & mdrological Wells, FY 1963 $11 500 

Physical Completion Notices Issued 
CGH-858 High Level Utility Cell 

Construction Completion and Cost Closing Statements Issued 
CAH-896 Stress-Rupture Testing Facility 
CAH-gOP Uranium Scrap Burnisg Facility 

CGH-923 Spectroscopy Laboratory 325 Building 
CAH-924* 200 ICW Induction Heating System 306 Building 

CAH-919 Air Conditioning 314 Building 

* AEN Services Only 

The continuation of the strike by construction crafts is resulting in sub- 
stantial delays in completion of projects and capital and expense work 
orders. 
however it is estimated that operating costs w i l l  be reduced $100,000 to 
$150,000. 

Actual effect on expenditure patterns is most difficult to predict, 

The following new or revised OPG's were issued in May: 

OPG Mo. 

1.13 

22.1.6 
22.1.5 

22.1.11 
305.2 
4.2 
5.2 &PP. X 

55.1.4 

55.6.1 
9-3 X 

Revised 

X 
X 
X 

X 
X 
X 

X 

X 

Title 

Participation in the Atomic Energy Business 
Biology Operation Organization 
Operations Research & Synthesis Operation 

Programming Operation Organization 
Tuition Refund Propam 
Pressure Systems 
Authorization for Construction or Acquisition 

Payment to Nonexempt Ehployees for Time Spent 

Pavel and Living Ekpense 
Use of Equipment for Electronic Recording of 

Telephone Conversations 

Organization 

of Plant and Empment 

on Off-site Pavel 

!the Functional Organization Chart for Hanford Laboratories was completed and 
will be distributed early in June. 
those sections requiring changes w i l l  be reissued as of July 1, 1962. 

This revision is as of M y  1, 1962. Only 
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Contracrs processed durizig tke month are l i s t ed  below: 

CA-330 Joseph A.  Pask 
CA-333 C. A .  u a f e i s e r  
EDR-lLO BatteLe Memorial k s t i t u t e  
SA-223 
ck-336 AUDS Lane 
SA-195 k O & J C t S ,  Inca 

B&R Tug and Barge Inc. 

Conflict of interest  ackmwledgments were received from 99.7$ of all 
exempt empLoyeeso 
ments from rne rema+- .3$. 

Two employees, J. To RusaeE and R. H. Moore were presented patent awards 
of  $125.00 each d u r a  SIP mxth. 
were presenred t o  employees of w o r d  Laboratories during the  f i r s t  f ive 
months of 1962. One award -*as given 'to R. L. Watts as a result of a patent 
he mbniitted awing empiopent wizh the Capacitor Department, Hudson lklls, 
New York. 

S U ~ ~ = " ~ ; ~ G ~ O C  has be= requested t o  obtain acknowledg- 

Eight patenr awards o f  $125.00 each 

F o ~ o w i n g  are the payroL st .a t is t ics  f o r  The month. of  m y  1962: 

Total Bempt Nonexempt 

E$rpioyees on payroll at  beginning of month 1 432 657 775  

Removals and 'Pansfers Out l7 - 8 9 
Additicns ard Transfers IL 2L 6 18 

Employees on payroll st end of month 1 439 gg 784 
II 

April Overtime Payments During Month May 

a e m p t  
Nonexempt 

Total 

Gross FkyroU Paid D m i n g  Month 

Nonexpmpt 

Total 

$ 5  4 3  
25 641 

$ 3  564 
27 416 

$ 613 676 
442 167 

$1 055 843 

$31 084 

$ 622 613 
426 457 

$1 049 070 
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May Participation i n  Ehployee Benefit 
Plans at mnth End Number Per CeDt 

Pension 
Insurance Plan-Personal 

-Dependent 
u. s. savings Bonds 

savings Plan 
savings & security Plan 

Stock Bonus Plan 

Good Neighbor Pmd 

Life Insurance 
Weekly Sickness &Accident 
Comprehensive Medical 

Dependent Benefits 
Comprehensive Medical 

Total 

1 299 
363 

1 069 

91 
73 

1 0 9 2  
966 

Number 

-0 - 
7 

40 

92 
gg 

99.3 

9907 

39 -7 
5.1 
90.2 
67.1 

Amou.nt 

0 
522 

3 276 

7 843 

$ 

$11 641 

April 
Number Per Cent 

1 292 9904 
361 

1 062 99.8 

89 38.9 
74 5 * 2  

1 079 89.7 
964 67.3 

Number Amount 

-0 - $ 0 
10 873 
57 4 287 

128 10 023 - 
1 2  

TECHMCAL ADMINISTRATION 

Ehrployee ReLations 

Nineteen non-exempt employment requisitions were f i l l ed  during May; 26 
remain t o  be f i l l ed .  

Professional Placement 

Advanced Degree - Seventeen Ph.D. applicants visited HAP0 for employment 
interviews. Ten offers were extended; six acceptances and three rejections 
were received. 

BS/MS - TWO program offers and thirteen direct  placement offers vere 
extended. 
one and ten, respectively. 

Technical Graduate Program - Six Technical. Graduates were placed on 
permanent assignment; two new members were added t o  the r o l l s  and one 
terminated. 

Current open offers t o t a l  seven. 

Offers accepted - eighteen and three; offers rejected - sixty- 
current open offers t o t a l  18. 

Current propam members t o t a l  33. 

1 2 3 1 2 1 8  



The AEC’s qyarcerlv ~ e p o r t  OI? 15s Lzadiatzorj E f e c t s  on Reactor Struc- 
tural. Mazerials program vll; be e k t e d  and publlsfied here and Ku1 include 
resdts of reseazck t f f o r t s  at  other s i t e s  also participating ir the  progran. 

ECONOMIC EVANAEONS 

Firm output resul ts  of tne Fuei Element Fabrication Costs computer code 
were revi5wod. E e  maci-e ca lcu la txns  w e r e  q u t e  sMilar to those 
mapuaily c&c-i.iia~ai for the cooee-gzual fabr lcarxo  p l a t  study, from 
which t e s  LnF=lt dat.a was eerived. 
betweer. the two metbds of %lc-Latioc, after idush a number of passmeters 
of the machine 1-p~ caz be w2del.y and q u c k i y  varied t c  a m l y e  re la t ive  
effecxs on ~ c t &  - u t  ~ 3 3 ~ s .  

M - x t  ssep 1s t o  Pdly recoaciie results 

A variety cf Ir;ormstior! on The ecocmLc factors ~f e k c r r i c  u t i l i t i e s  
was coqiLea  t.3 assist 
of the CL~SPQ cycle fxel ~ ~ O C ~ E S .  

Oper~t lor i  T i l Z k  a ecoiomrc feas ib i l i ty  e~udp 

‘ P . 2  :SX ! p i t v  ~ r : f ; = : : ~  a;-;Abrxa ~3 rhe hbcra.rories issxecl the results of 
a sqezfi:ial. e x a s t i o n  of she szstus ~f routxie act ivi ty  reporting i n  
W o r d  Lsbcratories. 
i.e., tLat (L) the repons being issued are accepted as be- necessary by 
the  people ir the f le ld ,  and ( 2 )  no correcrional duplications i n  reporting 
exist. Some m i d e r s t a s d i n g  as tc the  use made of sGme reports was found, 
and some related misunderstandizg as t o  tka  M o m Z i o n  called for.  

Ihs o b s ~ ~ z ~ o n s  Fiere is l i ne  w l t L  expectations, 

A procedwe has been prrt, i n  place TO accurmiate informa’-lion needed t o  
assess the rn01.m~ of tune spent by Hanfo-d LaSora%ories‘ perscnnel oc 
tecl-ucai  U-cerchange 35th HCLFO v;s:tars. 
mon*A period - M q f ,  June and Juiy. 

Thi: SVQ wiii cover a three- 
The report on May vclune is due J m e  15. 

A considerable armant of time was spent during May on the preparatioo and 
instal la t ion of Hanfcrd Laboratories’ version of  the ACCENT ON VALUE prograrr;. 

UNCLASSIFIED 

1 2 3 1 2 3 9  
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FACILITIES ENGINEERITTG 

Projects 

A t  month's end Ehcil i t ies  Ebgineerhg Operation was responsible for  ll 
active projects having t o t a l  authorized runds i n  the amount of $2,401,600. 
The t o t a l  estimated cost of these projects is $7,462,000. 
on these projects through April 30, 1962 were $1,162,000. 

Expenditures 

The following summarizes the s ta tus  of project ac t iv i ty  i n  May: 

Number of authorized projects a t  month's end --------------- 11 
Number of new projects authorized i n  May ------------------- ' L 

cM-963, Geological & Iiydrological Weus - FY 1962 

new projects awaiting AFC authorization .................... 3 
CAH-917, Field Service Center - Atinospheric Physics 
CAH-959, Graphite Machining Shop 
CAH-962, b w  Level Radiochemistry Building 

Project proposals complete or  nearing completion ----------- 2 
CAH-958, Plutonium Fuels Testing and Evaluation Labs., 

Facil i ty for Radioactive Particle Inhalation 
308 Building 

Stucli e s 

Services 

minee r ing  services w e r e  provided during May on the following ac t iv i t i e s  
with satisfactory progress shown on each: 

m u s t s  for  Ceramic Fuels Iaboratory - 325 Building 
Remote Humidity Recorder - 14.4-F Building 
Split-9alf Machine - Cri t ica l  Mms Laboratory 
Electrical  bad Study - 108-F wlilding 
Relocate Induction Heating Equipment - 314 Building 

Ten equipment requisit ions total ing $4,000 w e r e  issued during the month. 
The t o t a l  value of materials and equipment be- processed is  $45O,OOO. 
Outstanding orders are being given special a t tent ion t o  assure plant s i te  
delivery prior t o  July 1. 

1 2 3 1 2 8 0  
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Maintemcc ad Operatios 

Costs f o r  AFL vere $~22,760. 
of  forecast '  

Costs t3 &?e, $1,~90,565 are 96.7$ 
arcvemerx maintenance CCSE f o r  &ril were  $2,958. 

The fcllovlng t d x l a t l o n  summarizes - a s t e  disposal operations: 

3 21 ConcretP Basreis 
Loacuggel. 5 - E x  Wazr F L 5 
Cr z.b Waste 2G,033 gal. 260,000 gal. 

The equ i -a i ex  of 169 kavlngs were ccqier,ed during the month. Major 
jobs 111 progress i n c A & :  
as-builts ,  PRTR shin! rod control housiag, Mazk V-A fuel  element fabri- 
cation equipem, r a d  motion inswument servo, shim rod control, 
e lec t r ica l  res i s t iv f ty  sample hclder, scint i i ia t ior i  scanner housing, 
300 k o a  retemion and crib waste pipicg, ciadding cutter assembly f o r  
PR'EI, ami GIR replacement loop. 

280 ton exr,rusion p e s s  installation, PRTR 

Construction 

There were 99 existing J. A.  Jones Company orders at  the  beginning of the 
month with a t o t a l  unexpended W a n c e  of $183,U. One hundred and eight 
new orders, 2 sqqLenenrs and adjustmel;ts f c r  undenvks amounted to 
$98,191. 
$65,326. 

m e l l E u w e s  during the month on Hatiford Laboratories' work were 
Total J. A. Jones backlog a t  mnth 's  end was $u6,276. 

UNCIASSIFIED 
1 2 3 1 2 8  I 
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Expenditures for this month would have been approximately $150,000 i f  
there had been no work stoppage. 

HL CEWO 
Unexpended Unexpended 
Balance Balance 

Orders outstanding beginning 
of month $183 411 
Issued during the month (Inc. 

J. A. Jones Expenditures durin@; 
SPP. 8c w * )  98 191 

month (Inc. C.O. Costs) 65 326 
a6 276 

56 165 
E!alance a t  month's end 
Orders closed during month 

Construction ac t iv i t ies  completed during May were: 

307 Basin - Repair leak i n  8" influent l i ne  
325 Building - Reroute vacuum, water and drain l ines  and 

e lec t r ica l  condui t  i n  Room 130. 

Manager 
Mnance and Administration 

W Sale:whm 
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PROJ. NO. 

TITLE I 

A V C R A O E  'ACCUA M A N D A Y S  n-TfT*lI 
A t  TIT. I I 

Y A N C O W f  R 
C l X L D  P R I C E  I 

TITLE 

4 

I I 
COST P L U S  P l X C D  C L E  

P L A N T  CORCCS 

AI ICMlTECT-  E N O I N E C R  

DLSl O N  L N G l N  E C R l N  G 0 P E R  A T I O N  

OE C ( E L D  E N G I N E E R I N G  

M A N C O  W ER 
FIXED P R I C E  

COST P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C U I T E C T  - E N O I N E E R  

DESION E N G I N E E R I N 0  O P E R A T I O N  

G E  F I E L D  E N C I N C L R I N O  

SCOPE.  PURPOSE.  S T A T U S  k P R O Q R L U  

A V E R A G E  

TITLE I I 1 
ACCUM MANDAYS 6 E - m .  I I I 

PF I 
CPFF 

CT I 
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HW- 73905 

~ 

A E C  s U T H O R I Z E D  F U N D S  1 DESIGN s COST & CDMM TO 

105,000 E S T I M A T E D  T O T A L  C O S T  

llhe progect proposal was submitted t o  the Comm'ssion for approval March 2, 1962. 

D E S l G d 1 - 1 5 - 6 2 b  T A R T I N G  ' D E S l G N & b & ! *  DATE AUTHORIZED C O M P L .  

\coNsT,;-l~-6;++ 11 OIR.COMP. DATE D A T E S  CONST. 8-1-63* 
E N G I N E E R  

P E R C E N T  C O M P L E T E  

WT'D. SCHED.  A C T U A L  

DESIGN 100 

TITLE I 

F E O  - 3 Raiph 
M A N  P O W  F R  

' I X E D  P R I C E  

:OST P L U S  F I X E D  FEE 

' L A N T  F O R C E S  

L R C H I T E C T -  E N G I N E E R  

3ESIGN E N G I N E E R I N G  O P E R A T I O N  

S E  F t E L D  E N G I N E E R I N G  

... . . . . . - .. - . . 

CONST. $00 

PF 

CPFF 

FP 

F I X E D  P R I C E  

F E O  - 3 Raiph 
A V E R A G E  ACCUM M A N D A Y S  M A N P O W E R  

F I X E D  P R I C E  

TITLE I ' 

GE-TIT.1 I 

AE- TIT. I I 
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  

D E S I Q N  E N G I N  E E R l N G  O P E R A  T l O N  

A V E R A G E  ACCUM M A N D A Y S  

I I I 

CWIST. 100 

TITLE I ' 

GE-TIT.1 I 

AE- TIT. I I 

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 .  STATUS C P R O G R E S S  

This prodeck involves the continued dr iUbg  of special  h*ologial research, test 
aEd monitoring wells. 

Project proposal sdbmitted t o  the  C.smmfssion f D r  approval April 23, 1962. 

l lEC Wcrk Autbr i ty ,  dated 5-15-52 bas been issued. 

Work Release Authorization h s  3een processede 

Design has beic ic i t iated.  'The bid package :s being reariewed by AEC-E000 
1. .  7,"" ""9, ,-=,, . rL  _._,_,,,." 



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 U I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  ,zc., 
GE FlELD 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 PROGRESS 
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A V E R A G E  A C C W  M A N D A Y S  CE-TIT.I I 

AE- TIT. 1 I 
lrx) 

M A N  POW E R 100 
F I X E D  P R I C E  (3 

HW-73905 
DATE 5-31-62 

COST 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  

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  

CPFF 

II FP 
I I I 

I I I 

Y 'YQ 0 
M A N  POW E R 

F I X E D  P R I C E  

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  

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  

A V E R A G E  

AE- TIT. I I 

100 CONST. 

PF 

CPFF 

FP 

I 
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CPFF 

FP 

M A N  PO W E  R 
F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  WORCLS 

A R C U I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

GE M E L D  E N G I N E E R I N G  
?? loo 90 
67 10 ?O 

I I I I  I t 

SCOPE.  P U R P O S E .  S T A T U S  L PROGRESS 

Tcis r e j e c t  provides facilities for pilot plant development of decontamination 
Frxeeses f o r  Intermediate level chemical process- plant waste for safe discharge 
TG the plant emlrons. Design wbs ac=mplishe3 by the B m y  Engineers. 

Cocstruetlon has been stopped by *e strike of constraction workers on 5-36-62. 

p,,o - a Clark 
M A N P O W E R  

F I X E D  P R I C E  

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 U I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N 0  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  

S C O P E .  P U R P O S E .  S T A T U S  k PROGRESS 

, This project provides facilities for the conduct of corrosion and decontamination 
studies f o r  nuclear reactar coolant Eystems, by the addition of 2,700 aq. ft. 
Laboratory facility on the west side af tfie 1705-KE Building. Design wa6 accomplished 
by the Bowy Engineerso Current estimate of Title I and 11 costs - $l.l,OOO. .. 

Wrtginal authorization for design was 8-9-61. 

Construction has been stopped by the constructIan strFBe of 5-16-62. 
I 2 3  1 2 8 1  



F I X E D  P R I C E  

C O S T  P L U S  F l X E D  F E E  

P L A N T  F O R C E S  

h 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  

G E  FIELD E N G I N E E R I N G  

The project proposal was submitted t o  the AEC on January 23, 1961. 

AE- TIT. I I 

CONST. loo 
*F  

CCFF 

FP 

General Electric has requested the proposal be returned. 

.*Based on AEC authorization by 6-1542,. 

F I X E D  P R I C E  

C O S T  PLUS 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  - ENGINEER - Bony 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  

I I I 

S C O P E .  PURPOSE.  S T A T U S  L PROGRESS ! 
This project w i l l  provide f a c i l i t i e s  t o  permit deliberate destruztfve +,est- of 
irradiated zirconium tubing. This will provide operating and tube l i f e  data not 
available because of the l i m i t e d  operating history of Zircaloy-2 pressure tubfrg in 
reactors 

A project proposal revision requesting construction funds is  routing for  approvsl. 

Total project cost i s  estimated t o  be $289,000, of which $ g , W  is the es t lmatd  
value of an existing prototype containment vessel which w i l l  be transferred t o  the 
project . 

I 

I 2 3  i 268 
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MI-MONTHLY P 

CIXLD C R l C  

C O S T  P L U S  C l X L D  FILE 

P L A N T  CORCLS 

ARCHITECT- E N C I N L E R  

DESIGN E N C I N E S U I N G  O C L R A T I O N  

CE ClELD E N G I N E E R I N G  

SCOPE. PURPOSE. S T A T U S  4 P n o a n c a a  

This project is t o  proride a f a c i l i t y  t o  perform a full scope of engineering tests 
snd pilot  plant studies associated with fue l  reprocessing concepts. 

A revised project proposal is being routed in General Electric Company for  approval. 

Design I s  continuing on all phases as scheduled. 

A t o t a l  of 243 drawings have been issued for  ccrmment and 5 1  for  approval. 

astimated construction s tar t ing date for removal of burial ground fill. 

*Original 8UthOriZatiOn f o r  in i t ia t ion  of design was February 9, 1961. 
is the authorization date for the last design supplement. 

*including transferred capital  property valued a t  $loo,O00. 

Oct. 27, 1961 



SEMI - MONTHLY PROJECT STATUS REPORT 
GENERAL mscTnic co. - W o r d  biboratories 

ESTIMATED T 

F I X I D  CRlCC 

COST CLua PIXID FEE 

P L A N T  P O R C C S  

""-73905 
DATE 5-31-62 

A R C H I T E C T -  E N Q I N C E R  

DESIQN C N O I N C C R I N O  O P E R A T I O N  

01 PlELD E N O I N L C R I N Q  

PC 
CPFF 

FP 

1 
70 
ap  

1M 1%- 
WS 0 
100 97 

SCOPE. CURCOSE. S T A T U S  b CROORESS 

This project provides additional space for biological research supporting services, 
and involves an addition t o  the 108-F Building. 

W i r i n g  of panels and motors i s  complete. 

Jyxlginal authorization for design was May 3, 1960. 

Preljmlnary a i r  balancing has been completed. 
vinyl f loor covering is  installed.  
f loor  and for the shortage on the second floor did not arr ive on schedule and has held 
up final a i r  balancing. 

Startup of equipment has begun. 

P a l  adjustments cannot be mde un t i l  
The re-order of floor covering for the first 

Fire alarm t ie- in  has been made. 

Allied Engineer- work on refinments t o  fabrication of Radiation Source Handling 
Faci l i t i es  is  i n  progress. 

The AEC has published a Physical Completion Notice w i t h  exceptions dated Apr i l  &., 

Completion is not expected un t i l  about M y  31, 1962. 

1962 . 
Work has not been res& since Monday, May 14, 1962 due t o  the Carpenters Strike. 

* EBthated project completion date provided the st r ike has been se t t led  and 
Radiation Source H a n d l i n g  Faci l i t i es  have been received as scheduled. 

1 2 3 1 2 9 0  



SEMI -MONTHLY PROJECT STATUS REPORT I DATE 5-31-62 1 GENERAL ELECTRIC CO. - mnfofi Laborstories 
PROJ.NO. 1 T I T L E  

nw- 73905 

TR&AO-MEEO. - PC WaUnrr, 
M A N P O W E R  

C l X f D  P R I C E  

COST PLUS FIXED 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  

D E S I G N  E N G I N E L R I N G  O P E R A T I O N  

GE FIELD E N G I N E E R I N G  

PROJ. NO. T I T L E  

2)  I 3 11 951 9 2 

F U N D I N G  

SCOPE.  P U R P O S E .  S T A T U S  b PROGRESS 

S T A R T I N G  ' D E S j G N  DATE AUTHORIZED €IT'D. 
COW PL. 

DIR. COUP. DATE D A T U  CONST.  CONST.  
EN G l N E E R  

(1) G. A. Grant Capany 
(2) Lewis Hopkins Construction Company 

P E R C E N T  C O M P L E T E  

W T ' D .  SCUCD. A C T U A L  

DESIGN 1 I 

This fac i l i ty  i s  to  be used for fuel  rupture behavlor studies w i t h  respect t o  physical 
distortion and rate of fission product release. 

ACEUM M A N D A Y S  

Project i s  behind off ic ial  schedule because of delays 
to CPFF labor strike. 

delivery of material and due 

TITLE I 

GE-TIT.II 

Af -  TIT. I I 

*Initial authorization was on 10-1-59. 

I I 
AUTHORIZED F U N D S  I A E C  S COST & COMM. TO 5 

M A N  P O W E R  

F I X E D  P R I C E  

C O S T  P L U S  FIXED 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 G N  E N G I N E E R I N G  O C E R A T I O N  

G E  FIELD E N G I N E E R I N =  

A V E R A G E  

CDIIST. 6 
I I I 

S C O P E .  P U R P O S E .  S T A T U S  L P R O G R E S S  



H-21 , 

SEMI - MONTHLY PROJECT STATUS REPORT 

*Original authorization fo r  preliminary design was A u g u s t  12, 1959. ' 

All work stopped by the carpenter's strike a s  of Wednesday morning b y  16, 1962. 

The c e l l  roof of normal concrete was poured b y  14, 1562. 

Roof decking instal la t ion was started on M y  15, 1962 but not completed due t o  
the strike. 

The contractor's completion date has been extended from April 15, 1962 to June 24, 
1962 

1 2 3 1 2 9 2  



H-22 . 

-MONTHLY PROJECT S 

f l X L D  P R I C E  

C O S T  P L U S  n X L D  f L O  

P L A N T  fORCLS 

A R C M I T E C T -  E N Q i N L E R  

DLSiON E N O I N O t R l N C  O P L I I A T I O N  

O B  f iCLD L N C I N C C R I N O  

SCOPE. C U R C O I L .  STATUYL PROQRLSS 

This project w i l l  provide f ac i l i t i e s  t o  prepare spechens from irradiated materials 
for  use in determining their  physical and mechanical properties and involves the 
instal la t ion of a c e l l  i n  327 Bulldhg. 

Current e s t a t e  of Ti t le  I and II costs is $62,000. 
Procurement and construction authorized 4-6-61. 

I J.icoriginal authorization for design was October 1, 1959. 

Detailed design s t a r t e d  4-1-60. 

I 
Number of purchase orders required I2 Value $205,825 
Number of purchase orders placed I2 Value 205,825 

Construction completed 5-15-62. 

No further reporting w i l l  be made. 

1 2 3 1 2 9 3  



E-23 
SEMI - MONTHLY PROJECT STATUS REPORT 

I 
"M- 1 too I 2 1  2 

COST PLUS mXLD C I L  

PLANT roncsa 
cr 
C ? W  

R 

A R C W I T K C T -  LNOINLLR 

D L S I O N  L N O I N C L R I N Q  O C L R A T I O N  I 760 9 1  9 

E a U i D .  82 0 1  0 
aL FlLLD L N O I N L C R I N O  

SCOCL. CURCOSC. S T A T U S  PROORLSS 

This project w i l l  provide f a c i l i t i e s  for detenn- physical and mechanical 
properties of irradiated materials, and involves the instal la t ion of a ce l l  i n  the 
327 Building. 

Current e s t a t e  of Ti t le  I and I1 costs - $55,000. 
Procurement and construction authorized 9-22-61. 

Detailed design started 4-1-60. 

Basement floor and foundation concrete work is  completed. 
un t i l  c e l l  assembly is delivered. 

Construction has stopped 

Number of purchase orders required 19 Value (Est.)  $253,000* 
Number of purchase orders placed 19 Value 203,000 - 

'AOriginalauthorization far design was October 1, 1959. 
*Includes delivery charges, inspection and contingency. 

CeU. fabrication is running into diff icul ty  because of vendor errors i n  boring 
plug openings over tolerance. 
is  being proposed and submitted for our approval. 
required by all concerned If delivery date of 6-21-62 i s  met. 

To rect i fy  this situation a special procedure 
Special effor t  w i l l  be 

1 2 3 1 2 9 4  



SEMI -MONTHLY PROJECT STATUS REPORT 
GENERAL ELECTRlC C O .  - mnfofi Laboratories 

ESTIMATED TO 

Hw - 73905 
DATE 5-31-62 

F I X E D  P R I C E  

COST 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  

D E S I G N  EN G I N  EERIN G O P E R A T I O N  

GE FIELD 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  L P R O G R E S S  

Piping stress calculations for new h a t e r  indicate overstress a t  anchors. 
being made on basis of relocated anchors. 
with resistance elements the week following. 

New analysis 
S h e l l s  t o  be complete by 6-1-62, assembly 

I 
J COST & COMM. TO IAEC s A U T H O R I Z E D  F U N D S  I 

Bristol-Siddeley is proceeding with window-psd bearings. 
now scheduled for May 28. 

*Xnitial authorization date was December 18, 1958. 

Test of first machine i s  

I 

5 E S T I M A T E D  T O T A L  C O S T  s 
f T A R T I N G  ;DESIGN 

OIR. COMP. DATE YT'D. scnco. ACTUAL 1 C O N S T .  
E N  G I N  E E R  DESIGN 

TITLE I ' I 

PROJ.NO. 1 T I T L E  FUN D I N G  

PROJ. NO. T I T L E  F U N D I N G  

M 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  
G b t 8 T . I  I 

AE- TIT. 1 I 

SCOPE. PURPOSE. S T A T U S  L PROGRESS 

I I I 

CONST. 100 Ipr 

1 2 3 1 2 9 5  
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UNCLAsSlFIED 1-1 m-73905 

TEST REACPOR AND -S OPERATION 
l 

1962 
. 

~ D E v E I x l p M E N T - 0 4 p R o c 3 I A M  

pI;DTc(NIuM RE- PROGRAM 

plutonium Recycle Test Reactor 

Operation 

Reactor output was 654 WD for a plant efficiency of 30$ and a t o t a l  eqer i -  
mental time efficiency of 49.936. 
7867 W. Uti& exposure informetion is as follows: 

Accuunalated exposure thraugh MSy 31, is 

w s u r e / e a n t  2440 m/TU 
~verage U% expoeure/ebnent 1370 m / m  

~2-u expost i re /emnt  76.3 MwD 

~ y l  exposure/element 22.8 m 
Average Moxtyl exposure/element 10.5 rn 
Average PU-AI. exposure/element 47.0 MWD 

me tenth ref’uelinp was performed during the extended outage tha t  began on 
April 30, 1962. 
wire for  flux monitoring were charged in ring 1 under EtFR Test 37. Seven 
new mixed &de elements were charged i n  & 9. The corn was cantposed of 
39 F’u-Al elements, 35 U% elements and 1l mixed oxide elements at startup 
on b y  20. 
mixed oxide element were charged during a short outage on &y 25. 

Six U% elements that are instnoPented with Cobalt-Zircaloy 

Two additional fresh I31 Pu-A1 ele~mnts  and one additional fresh 

Fif’teen process tubes, three HX Pu-A1 elements, four mixed oxide elements, 
and two UO, elements were inspected. 

!be status of the various test elements a t  the end of May is shown below: 

ACClmnr- 
PRTR Tube Element Ikte Date bted 
Test Location Number Description Chartzed Discharged MWD - 

13 
13 
13 

5 
10 
10 

1 2 3 1 2 9 b  



U I V C L A S S ~  1-2 ' Hw-73905 

PLilllR Tube 
E Location 

14 st46 
14 1156 
14 l*9 
14 1051 

37 1552 
37 1548 

37 14 51 
37 1651 

De scri'pt ion 

M0Xtyl-S-d 
Jhxty1-S-d 
Moxtyl-vipac 
Moxtyl-vipac 
UOpInstnrmented 
UO+htruEnted 
U % - I n s t n n m h d  
U%- Ins tnmrented 
uO+&mmented 
U%-Instnrmented 

ACCUBU- 
mte mb a t e d  

Charmd Discharpd MWD 

13.7 
17.9 
7.9 
7.9 
8.3 
9.1 
7.9 
8.6 
8.3 
8.7 

The purpose of the extended outage (April 30 t o  lky 20) was t o  perfonn sane 
of the modification and improvement mrk noted below. 
incident. No scrams occurred. 
t o  5-25 inventories) and 73,500 scf, respectively. 
%O equivalent was shipped t o  SRF' f o r  reprocessing. 

Operation was without 

A t o t a l  of 20,900 pounds 
+O and heUum losses were 2,120 pounds (4-16 

EquLpment Expe rience 

!5e pump occupying No. 1 position was replaced during the month when hi& leak- 
age (over one gallon per minute) persisted. 
i n  the form of a faint flow path across the face. 
approximately .Om inch from an original .018 inch. No indications of eminent 
failure were noted althuugh numerous chips were displaced from the seal inside 
edge. 
amperage experience. Bearings we= replaced. 

!!!he seal  exhibited minor damage 
!be raised face had w o n  

'he pump bearings were rough, uhich is believed t o  account fo r  high 

Process Tube 1643 was replaced as part of t he  regular inspection program without 
incident. 

About forty hours were applied this month in rerouting, replacing, removing, etc.  
and making other improvements i n  tubing and piping runs i n  the process cel l .  

Moderator p m p  and motor No. 3 which were damaged last March when the motor 
bearings failed were returned t o  service. 
bearings and one end b e l l  replaced. 

The motor was rewired and the rotor ,  

Eearings were replaced on ref lector  pump motor No. lbecause of excessive play. 

In an effor t  t o  lower the background i n  'Wale No. 2 f o r  the evaluation of a 
low level counting system while s t i l l  holding the present HM &anhers on scale, 
a pure beta source has been instal led inside each chamber t o  replace the external 
cobalt source. 
effluent monitors. 

This change has not effected the operation of the existing 

A.ogrammed maintenance required 861 rmn h m  or  16.5s of t o t a l  available 
man hours. 

UNcLASsm 

1 2 3 1 2 9 1  



1-3 m-73905 

Impmenrent Work Status (significant items) 
‘. 

Work Ccrmpleted: 

Rerouting of D20 injection to Rimsry System 
Dual Valving on helium stack lines 
Automatic condensate drab from HX-7 
Modification of Pr- Pump motor power cables 
Installation of RFmary Pump bowl venting system 
Replacement of the RTD. terminal board 
Gas bottle storage facility modification 
Installation of additional sectionalizing pole-top switch on the 13.8 Icv 

Boiler feedwater auxiliary control valve 
Wification of basement access hoist. 

power line 

Work partially completed: 

Safety circuit ground and low voltage detector 
Outlet nozzle cap modification (now 67$ camplete) 
Relocation of pressurizer level transmitters 
&ling vehicle hoist modification 
Reactor core liquid level instrumentation 

Design work completed: 

F~imary  oxygen analyzer modification 
Enlarge chemical feed system 
Decontamination facility 
Shim rod readout modification 
Prototype replacement inlet gas bellows 
Chain barricade for rotating shield 
Permanent mounting of 2nd startup channel 
Modification to s t o r a s  basin crane 
Primary pump recording annneters 
Core blanket system piping modifications 
Prototype low level effluent monitor 
H i g h  p’ressure helium campressor inter-af‘ter cooler relief 
Flanges for safety relief valves in helium system 
Outlet nozzle bracing 

Design work partially completed: 

Control room ventilation 
Additional fuel storage and examination layout 
O i l  storage building 



Boiler feed pump seals 
Third exhaust air ac t iv i ty  channel 
Interlock between chsrge-discharge machine shroud seat and discharge hoist 
Compressed air supply revision 
Rupture monitor sample line m s  
Fuel transfer system modifications 

Process EnRfneering and Reactor physics 

Fuel substitution tests were p e r f d d  on four different kinds of Fuel elements. 
PreUmhary analysis of the measurements indicate a general agreement with calcu- 
lation. 
are on the order of f 1/2 Snch of - 0.25 mllli-k, which represent uncertainties 
i n  the observed changes of f ( 5  t o  lo)$. 
ted on fresh IX Pu-AI. elentents in ttibe 1556. 
PIRDO t o  derive neutron spectral  infonnation. 

The uncertainties in the $xtrapolation of the c r i t i c a l  approach data 

Two se ts  of lutetium f o i l s  were irradia- 
The d a t a a r e  being analyzed by 

The reactor parer distribution was determined during the r i s e  t o  full power w i t h  
a uniform shim insertion pattern. All operable shims were inserted t o  50 inches 
and held there during heatup and r i s e  t o  60 MW. 
were obtained. These data w i l l  be used by PIRDO in attempting t o  foxmulate a 
conrputaAionSl model of the PRTR. 
viewpoint since they s e l d  the-power generation rates of the various types of 
f u e l  elements i n  colapsrable locations - with a unifonn flux perturbation. 

PRTR Test Number 24 (Temperature Coefficients) f inal  report was issued. llsta 
showed that the moderator coefficient was about the saxe as reported for  the 
s tar tup tes ts .  
value reported for the init ial  startup because of fuel loading changes. 

The first  graphite oxidation test (mTR Test Number 40) was perf F d .  
radiation level, 10 hours after the reactor was darn, was 6 x 10 
was decaying w i t h  a 13.8 hr --Me period. 
t o  provide significant radiation' t o  graphite samples, this test was terminated by 
sponsor request. 

The full steam generator design pressure of 410 psig was successfully reached 
during the performance of PRTR T e s t  Nuniber 42 (Fuli Design Operation of Steam 
Generator). 
the unsuccessfU attempt i n  April is underway. 

Other work on PRTR Tests during the month included: 

Flow, temperatUre  AT  paps 

They are aLso of interest  fram an operational 

The primary coefficient has decreased t o  about one-half the 

The 

Since this is not sufficient 
r/hr and 

Canprison of the data between this successAiL attanpt in May and 

PRTR Test IVixuiber 
completed. 

PRTR Test Number 
two startups and 

15 (a-1 Enclosure Temperatures) Performance was 

43 (Process Tube Menrent). 
one shutdown. 

Data was obtained Over 

1 2 3 1 2 9 9  



1-5 Hw-73905 

Procedures .. 
Rwisea 
Revised 

aperating procedures issued 
&rat* 8- issued 

Temporary deviations to operating standasds i s d  
Fkvised process specifications accept& for use 
Maintenance manuals issued 
Msintensnce procedures issued 
Drawing as-built status 

Appmved for as-built 
Ready f o r  appruval 
In-ing 
Voia=d 
No change requixed 

32 
92 
46 
84 m - 744 

Personnel ! r m w  
Qualification sub jeets 

kintenance CraFt-n 
specifications, standards, Procedures 

Status of Qualified Personnel at Mnth-End 
Qualified Reactor Engineers 
Qualified Technicians 
Qualified Technologists 

Project Items 

Second cummanication system 
he1 elenrent examinatian facility 
Water control Iaboratary 

~ u t o n i m  Recycle Critical Facility 

Design Test Status : 

Electrical 
Instrumentation 
Riel Handling 
Moderator System 
Thimble Coolant 

Work status of items 

10 
2 
4 
1 
0 
0 

802 Man Hours 
146 

55 
1 003 MBIl Hours 

10 
6 
18 

lo(% 
No Q=w 
Work stopped by constructian 
strike 

initiated 88 a result of startup testing is: 

PRCF safety circuit trip on FTTFt vent of total c o n t a m n t  trip - 
Installation of D20 purification system - partially conplete. awaiting PRTR test. 

UNCLASSLFIED 
2 3  i 3 0 0  



I n s t s l l a t i c m  of flmge in vent 
Removal of E9C3' c e l l  radiation 

ssnplete. 

Liz!= fYm weir - design ccmplete. 
m a i t o r  fram TKllR m u n c i a t o r  - desigzl 

Prcmision for  s h g l e  rod drop - desi- cclarrplete. 

%E. ne-.iirm mzirce has been installed in  the source positioner and nuclear 
itlstrmentation response t e e t i n g  is underway. 

bPb;rstior; of operakbg proc&.i?es -s c q l e t e d .  

Faci l i ty  orientation far all €RIR personnel w8s caplet&. 
sisted of 70 m8n hours far PRCF personnel 

pafning con- 

GAS c o o s  KJmR RFACwR rPR%R&s 

Rojec t  ~t;stus (Emject CAB-&) 

!be project is 91% ccmp~zte. 
the heater vedor .  
the gas lubricated bearings for the bluwers aad t e s t i n g  was delsyed. 

Apprm dra~fngs =re r ece ivd  f o r  -ex FKrm 
Bristol-Siddeley cantimed t o  experience m i d t i e s  with 

F i f t y  percent of the PRTR opemting persoimei have cnmpie';ed fo& ciassroam 
training. Bintenasce craftsmen received 166 ma.nhaurs of training. 

Total prociiictive time for  the period was 23,807 hours. 'his includes 18,581 
hours p e r f d  io the TechLical Shops, 3,761 hauzrs assigned t o  Minor Construc- 
tion, 853 hams assigned t o  off-site vendors, and 612 hours t o  other project 
shops. 
current month with the remainder distrib-ited mer  a three-month period. 
t.- hours worked during the month was 7% (1,701.3) of the t o t a l  available 

Totel shop backlog is 21,518 h m s ,  of which 70$ is required in the 
Over- 

hCUS 0 



UmcLAssIFlED 1-7 

Distribution of time FJELS as f o l l m :  

$ of T o t a l  

Fuels Preparation R?past.ment 5,221 21.933 

Chemical Processing Department 700 2.94 
W o r d  Iaboratories Operation 16,124 67.73 

Irradiation Processing Department 1,762 7.40 

Requests for  emergency service increased requiring a 7.4s o v e r t b e  ra t io  cam- 
pared t o  6.4% ra t io  f o r  the previaus period. 
ra te  include the urgency for developing satisfactory rail supports for  NPR fuel 
elements, for  the fabrication of standards used in non-destructive testing of 
NPR components, fo r  graphite moUs associated with weapons work, and for  the 
fabrication of f'uel element components scheduled t o  be tested i n  the M!I'R and 
the ETR a t  Arco, W o .  

Factors influencing the overtime 

M=43er 
Test Reactor and Auxiliaries 

WD Richmond:bk 
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UNCLASSIFIED J- 1 

INVENTIONS OR DISCOVERIES 

HW-73905 

All persons engaged in work that might reasonably be expected to 
result in inventions o r  discoveries advise that, to the best of their  knowledge 
and belief, no inventions o r  discoveries were made in the course of their 
work during the period covered by this report except a s  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 
examined for possible inventions o r  discoveries. 

Such 

INVENTOR 

H. H. VanTuyl 

TITLE OF INVENTION OR DISCOVERY 

Improvement of Strontium Sulfate 
Precipitation Process  

F. P. Roberts Separation of Sodium from Cesium 

J e r r y  J. Cadwell Pipe Connectors, Fission Product 
Clamp Connector 

n 

Manager, Hanford Laboratories 

UNCLASSIFIED 
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