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

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, com- 
pleteness, or usefulness of the information contained in this report, or that the use of any information, 

Assumes m y  liabilities with respect to the use of, or for damages resulting from the u;e of 
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apparatus, method, or process disclosed in this report may not infringe privately owned rights; or ~- 
'1 ' B. - .  r - - _  

+ x -  -- any information, apparatus, method, or process disclosed in this report.. 
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As used in the above, 'person acting on behalf of the Commission' includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, 
any information pursuant to hi5 employment or contract with the Commission, or his employment with 
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BUDGETS AND COSTS 

Costs for May were $1 ,903 ,  000, an increase of $ 0, 000 from April. 
F 3cal yea r  to date costs a r e  8470 of the amounts currently authorized 
to Hanford Laboratories. 

Hanford Laboratories research  and development programs have the 
following cost-budget relationship as of May 3 1. 

(Dollars in Thousands) 

HLO Programs  
2000 Program 
4000 P rogram 
5000 P rogram 
6000 Program 

IPD Sponsored 
CPD Sponsored 
FPD Sponsored 

cos t  

$ 547 
6 524 

543 
2 004 
3 041 
1 6 3 7  

10 

Budget 

$ 615 
8 208 

6 09 
2 200 
3 605 
1 9 0 9  

1 0  

70 Spent 

8970 
79 
89 
91 
84 
86 
100 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels Research and Development 

The Phase 111 portion of PRTR construction is about 8870 com- 
pleted versus  9570 scheduled based on a contract completion 
date of June 24, 1960. The contractor has installed the calandria 
vesse l  ana the top shield and completed acceptance testing on one 
of the submersible r iver  pumps. The reactor piping is currentiy 
being prepared and installed. 

The supplement (HW-61236 Sup 1) to the PRTR Final Safeguards 
Analyses was reviewed by a Subcommittee of the ACRS on May 4. 
The proposed changes in the limits for exhaust a i r  activity and 
reactor  thermal  power were accepted. 
comply with Subcommittee recommendations that a particulate 
f i l ter  oe iiistalled in the ventiiation exhaust air s r ream and that 
Tiow t r ip  protection be provided for process tube leaks in the 
range of 6 3  to 108 gpm. 

Steps a r e  being taken to 

Swaged UO2 .apsules attained an estimated exposure of approxi- 
mately 16, 000 MWD/T in the MTR and ETR. U 0 2  produced by 
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the sal t  -cycle electrodeposition process v a s  vibrationally 
compacted and successfully irradiated to 3500 MWD/T at 
heat fluxes in excess  of 1, 250, 000 BTU/hr/f t2  at the Zircaloy-2 
surface.  

Melting points 50 to 100 C higher than that of unirradiated U 0 2  
were determined in preliminary studies of irradiated U 0 2  in a 
s hie lde d, high temperature micros copy f ac i lity . 

A correlation of hardness and density for U02-Pu02 pellets 
has  been established. 
sintering. 

The data will be used to evaluate in-reactor 

Initial radiometallurgical examinations of one portion of the 
Zircaloy-2 process  tube recently removed from KER Loop 
No. 1 show: (a) no hydriding, ( b )  up to 50 per  cent recrystal-  
lization of the grain structure, and (c) that a suspected "pit:' 
from borescope examinations was actually a spot of crud 
deposit. 

The third graphite irradiation capsule w a s  installed in the 
GETR in May, scheduled for four GETR cycles at  EGCR 
graphite operating conditions. 

Graphite high tev-perature annealing studies indicate no 
significant shrinkage due to annealing a s  a result  of the 
planned increase in K Reactor graphite temperature. 

Seven, 12  -inch long, '7 -rod cluster, coextruaed Z r  -2  / U ele- 
ments  with hot-headed and projection welded closures, were 
discharged f r o m  KER after approximately 2000 MWD/T 
exposure without rupture. Fuel elements of tube-tube 
geomexy  being tested in a KER loop cnder XPR coola2t water 
conditions have attained an exposure of about 2750 M X D / T  
without incident. 

Radiometallurgical examination of a coextruded Zr - 2  1.U rod 
which failed in KER Loop 1 in February 1669,  has disclosed 
thinning of the cladding along a line extending from the point of 
fa i lure  which is not associated with an underlying crack. 

In ex-reactor  tests,  irradiated pre-defected coextruded rods 
disintegrated up to twice as fast in 300 C water a s  unirradiated 
control samples. 
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2 .  

-9 Zircaloy-clad, uranium core fuel rod with thermocouple 
instrumentation is operating successfully in-reactor. Initial 
operation showed no measurable cladding-to-bulk water fihm 
temperature drop due to the build-up of an insulating crud 
layer. 

Candidate methods of fastening inner and outer tubes of the 
N P R  fuel assembly to prevent sliding a r e  being tested by 
mockups of dummy systems. 
brazed N P R  fuel element end closure continued during the 
month. Fuel element supports formed from str ips  of AIS1 
1010  and 1020 steels have been wear tested and have performed 
satisfactorily even when the contact a r ea  between the support 
and autoclaved Zircaloy-2 is reduced to a point o r  line. 

Developmental work on a 

The study of flow rates  of steam-water mixtures through 
orifices under critical flow conditions w a s  continued to gain 
information valuable in reactor hazards calculations. It was 
found by experiment that for certain orifices having sharp 
edged entrances, two distinct cri t ical  f lows  existed for tks 
s a m e  upstream conditions. This fact w a s  totally unexpected. 

Laboratory heat transfer experiments were continued to 
determine the boiling burnout conditions of flows and heat 
generation rates  for the NPR tube and tube type fuel element. 
Thirteen boiling burnout points were obtained that a r e  appli- 
caole to the outer cooling annulus of the fuel element. 

Chemical Research and Development 

Fission producr; release experimenls at higher irradiation 
levels did not show any significant change in uranium oxidation 
r a t e s  or in fission product release.  

Thermodynamic calculations showe 
ex;,ain the uranium fire in the Redox multipurpose dissolver 
by  simple assumptions relatmg amount of exposed metal, heat 
generation and dissipation, gas ra tes ,  and geometric effects. 

chat it was plausible to 

Fhidized-bed czlcinatior_s were carr ied mi? on simulated high - 
acid Purex wastes using a modified ANL feed nozzle. Under 
proper conditions negligible agglomerate formation and near 
steady-state particle s ize  were achieved. 
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Operation of ion exchange equipment in the A cell of the High 
Level Radioche,mistry Facility continued without incident. 
Product fractions of the rare ear ths  of high purity (> 99 per  
cent pure) w e r e  obtained. A second "cold" run is underway. 

The alkaline supernate in the boiling Purex 103-A waste tank 
contains about 13 cur ies  of cesium-137 per gallon. Both the 
use of inorganic ion-exchangers and precipitation of zinc 
ferrocyanide are methods which a r e  technically feasible for 
the recovery of the cesium. 

The alkaline supernate in the boiling Purex 103-A w a s t e  tank 
contains about 90 mg/ga l  of technetium, thus making kilogram 
amounts of this element potentially available. 
schemes a r e  under investigation. 

Simple recovery 

The "C" column test facility to be used in the development of 
a mathematical model for solvent extraction pulse columns 
is in shakedown status. Operation to collect data on tape for 
transmittal  to the IBM 709 should begin next month. 

Application of controlled potential coulometry to the determi- 
nation of uranium(V1) /uranium(IV) ratios in uranium oxide 
samples is a highly precise  method. The development of this 
method has been completed and the method has been transmitted 
to the Analytical Laboratories Operation for routine use. 

The application of controlled potential polarography to fused 
sal t  systems promises  to be an effective method for gaining 
information of thermodynamic significance. 
the electrical  conductivity of electrolytic U 0 2  was obtained. 

New evidence for  

Voltage scanning coulometry is a powerful tool for t race  level 
chemical analysis. 
requires  more  development, is more specific and has a 
detection limit some 100-fold lower than controlled potential 
c ou lo.me try. 

This new analytical method, which still 

The more rapid dissolution r a t e  of the higher uranium oxides 
in the Salt Cycle Process  was Confirmed. The low solubility 
of U 0 2  in the molten salt was again established. Recrystal- 
lization of U02 f rom NaC1-KC1 eutectic containing UO2C12 
offers intriguing possibilities for controlling particle s ize  and 

1 2 4 9 4 8 b  
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shape of U 0 2  prepared by electrolytic reduction. 
obtained that UOCl2 is not an important intermediate in the 
Salt Cycle Process .  The system, CsC1-RbCl, does not form 
a eutectic. 

Evidence was 

Cesium adsorption on clinoptilolite at 25 C is not changed by 
irradiation to doses up to 1 x l o 9  R. At 55 C, adsorption is 
higher a t  doses up to 2 x l o 8  R, but not for doses of 5 x l o 8  o r  
1 x 109 R. 

A slow neutron reaction on Sc45 w a s  shown to be the origin of 
sc46 in reactor  effluent water. 

Holmium, dysprosium o r  praesodymium would be better than 
lanthanum as a precipitation c a r r i e r  for plutonium when low 
backgrounds are required. 
has radioactive members  of the actinium family with it. 

Cerium(IV) is adsorbed by Hanford sub-soil much more com- 
pletely than cerium(III1 o r  promethium. 

This is because lanthanum usually 

A highly sensit ive flowmeter to detect and measure vertical  
flows in wells wae demonstrated in the laboratory. A sensitivity 
of two ml /min  through an eight-inch well was achieved. 

3. Physics and Instrument Research and Development 

In the NPR program, the full-scale mechanical mockup of *&e 
fuel failure monitor was completed and is now in experimental 
use. 
completed. Circuit improvements for the final version of the 
prototype Beta-Gamma Air Monitor were successfully bench- 
tested. Some questions regarding accuracy of physics parameter 
determinations have been settled and the graphite for the mockup 
core measurements in the PCTR has been shipped by the vendor. 

The prototype Linear Remote Area Monitor is essentially 

In the nuclear safety program, initial occupancy of the Crit ical  
,Mass Laboratory is expected next month and the f i rs t  two reactor  
vessels  have arr ived on site. A se r i e s  of experiments to 
determine cr i t ical  masses  of 270 enriched uranium rods has begun 
following recent completion of a similar ser ies  with 3% fuels. 
safe concentration of plutonium in aqueous solutions w a s  revealed 
to be 10% higher than expected in recent PCTR experiments. 

The 
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Reactivities of 370 enriched uranyl nitrate solutions were 
determined to supplement recent data on U 0 2  dispersions in 
hydrogenous moderators.  

In the Plutonium Recycle Program, a rather simple theoretical 
approach gave resul ts  in good agreement with recently completed 
experiments on water-moderated 570 Pu-A1 rods. 
somewhat surprising in that a similar approach was unsatis- 
factory for 370 enriched uranium fuels. 

This was 

Some final improvements have been made to the Profilometer 
and Wide Angle Viewer for the PRTR Fuel Examination Facility 
pr ior  to their installation. A camera system has been designed 
for  detecting and recording displacements of the PRTR calandria. 
Development of instrumentation for the PRTR tube monitoring 
program is underway. 

Orderly progress  continued on the Nondestructive Testing 
r e sea rch  studies on broadband electromagnetic and infrared 
techniques . 

- 

Automation has been completed of the routine data taking at the 
Whole Body Monitor. 
for  observation of non-background activities in severa l  individuals. 
It was fur%her determined that shampooing of hair p r ior  to counting 
w a s  of doubtful value with the current water supply at  the facility. 

This facility w a s  used during the month 

A n  improved method for analyzing sampies taken during atmospheric 
diffusion experiments for project Green Glow w i l l  give relative 
filter loadings to 870 standard e r r o r  and absolute values to 1270 as 
indicated by recently completed calibrations of the me?hod. 

Work continued on a number of radiation protection instruments. 
The bench-mode 1 personally -carried per s o m e  1 dose alarming 
monitor was simplified and satisfactorily tested. 
developmental alpha a i r  monitor indicate the unit w i l l  a larm in 
three minutes when the detector is exposed to an atmosphere con- 
taining a uniform, continuous -level concentration equivalent to 
100 MPC of airborne Pu239. * There w i l l  be no false a la rms  from 

Tests  of a 

* One MPC is used a s  equal to a pU239 concentration of 2 x pc /cc  
in air. 
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kadon-thoron concentrations. Experimental fabrication of 
silicon P - N  surface barr ier  diode nuclear detectors is underway. 
Investigation of thermoluminescent dosimeters continues. 

In the basic data field, numerical values were determined for 
the ra te  at  which thermal neutrons change their energy dis-  
tribution a s  the moderator temperature is changed. These 
r a t e s  appear to depend upon both moderator temperature and 
initial neutron temperature. 

4. Biology 

Contamihation of te r res t r ia l  and aquatic life tended to decrease 
during the month and was  about the same as a year ago. 

Findings, incidental to SrgO metabolism work, indicate that 
chlorosis in plants can be alleviated by strontium. 
synthesis of chlorophyll strontium can partially replace calcium. - 

Thus in the 

In further work on pairs  of elements, it appears that fertilization 
of soi l  can increase the uptake into plants of Cs137 but hardly 
affects the uptake of potassium. 
from the physical point of view as  wel l  as  from the inappropriate- 
ness of using the C S I ~ ~ / K  ratio in hazard predictions. 

This observation is interesting 

An outbreak of parasite infestation among members of the beagle 
colony wi l l  cause some revisions of past practices, including. the 
probability that we wi l l  have to ra i se  our own pups. 

Death caused by -02 in dogs at 50 to 100 days resulted from an 
average dose of 20, 000 rads,  assuming uniform distribution of 
the plutonium in the lung. 

5.  Programming 

A series of experiments was performed, using the Meleager code, 
to determine the importance of the decay of Pu-241 (13 year haif- 
life) in plutonium fuel cycie analysis. 
exposure dependent e r r o r s  i f  the decay is ignored; however, 
simple treatment of %he decay effect proved adequate. 

The results show large 
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The first low exposure plutonium bearing fuel rods to be 
irradiated in the Savannah River reactors  for the production of 
high exposure plutonium for Plutonium Recycle Program use 
w e r e  charged on May 16. 

In conjunction with the Specific Fuel Cycle h l a l y s i s  Program, 
senior  personnel visited APED for exchange or' information on 
fuel cycle analysis techniques best suited for PWR and BWR 
reactors .  

Considerable effort  was expended in attempting to determine 
the effect on exposure of the individual plutonium isotopes in ' 

the Advanced Pressurized Water Reactor plutonium fuel cycle 
study. 
about the same increase in exposure based on reactivity 
limitation. Pu-240 appears to have little, if any, effect on 
the attainable MWD/T in this reactor based on a reactivity 
limit. 
The shor te r  exposure effected by a given amount of Pu-242  is 
on the o rde r  of 1 / 4  to 1 / 2  of the increase in exposure prJcuced 
by a like amount of P u - 2 3 9  or  Pu-241. 

The addition of either Pu-239 o r  Pu-241 resul ts  in 

Pu-242 additions consistently resul t  in lowered exposure. - 

TECHNICAL AND OTHER SERVICES 

Two appendices were written to be incorporated in a document cover- 
ing the use of control charts in analyzing rupture data being prepared 
by P rocess  Technology personnel. 
basis behind the use  of such chart.s, and the orher discussed decision 
rules  to be used in analyzing rupture data. 

One presented the theoretical 

The resclts of a study made to determine +he number of coolant pressure 
gauges which can be bypassed and tripped simultaneously without invali- 
datLng aq- corr=.a! S C Y Z F ,  signal have been docu-Tented. 

Results of the spa re  par t s  and standby inventory as found 3)- sampling 
techniques were used t,o estimate the total HAP0 inventory surplus and 
a e f i  c IT. 

Studies cGncerned with ar, evaluation of the FC)RTR--?S--Mor,rtor customer 
ser,,-ice ZiTd! :!?e sciiedu ling 3f  routine IBM-7139 app;.i:,a:ions were completed. 

1 2 4 9 4 9 0  
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There w e r e  two cases  of plutonium deposition confirmed in May. The 
total number of deposition cases that have occurred at HAP0  is 256 of 
which 187 a r e  currently employed. 

Participation in Operation Alert 1960 held May 3, 4, and 5 w a s  success- 
ful. 
center. 
nature of reports  on the simulated attack. 

The exercise was  conducted at the mobile emergency relocation 
More rea l i sm was  achieved this year by the fragmentary 

There a r e  23 currently active projects having combined authorized 
funds in the amount of $24, 779, 000. 
projects is $29, 238, 000. All but two of those authorized a r e  on o r  
ahead of schedule and none a r e  more than'three per cent behind 
schedule. 

The total estimated cost of these 

Project CG-731 , Critical  Mass Laboratory is nearing completion. The 
fixed-price contractor has satisfactorily completed all  acceptance tests 
except the one verifying the gas tightness of the reactor  room. He is - 

experiencing great  difficulty reducing the leak rate to the prescribed 
0 .5  per cent drop in pressure  in six hours when the room is pressurized 
to 4. 5 psig. The principal obstacles encountered a r e  the difficuity of 
forming a gas tight s e a l  around and among the myriad of electrical 
and instrument leads, and ceiling leaks. On June 9 he had succeeded 
in reducing the p re s su re  drop to approximately 10 inches of water in 
four hours compared to an allowable 0.9 inches of water in six hours. 
It currently appears the contractor wil l  be completed with his work 
about June 20. It still appears the reactor control system will be 
received about the end of this month. 
the project on the June 30, 1960 directive completion date with a n  
underrun of approximately $20, 000. 

It is currently planned to close 

SUPPORTING FUNCTIONS 

Personal Share in G. E. Employee Benefit Plans were delivered on 
May 13, along with a letter indicating beneficiaries as previously 
designated by employees. 
furnished. . Many employees took appropriate action to change their 
beneficiaries. 

Few e r r o r s  were reported on the information 

Total t ravel  activity in FY 1.960 for Hanford Laboratories is not ex- 
pected to vary significantly from F Y  1959. Trips started in F Y  1959 
totaled 1, 385. There a r e  estimated to be 1,400 in F Y  1960. 

1 2 4 9 4 9 1  
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Billing for the neutron dosimeters ordered by the AEC has been 
received. The bill was for $70,000 as  compared to the $61, 000 
estimate used in our planning ear l ier  this fiscal year. 

At month's end the staff of HLO totaled 1310, including 619 exempt 
and 691 nonexempt employees. There were a total of 528 employees 
possessing technical degrees, including 313 BS, 114 MS, and 101 
Ph. D. 

The medical treatment frequency for May w a s  1.77 as  compared 
with 1.68 for April. 
incidents. There was 1 security violation during May, bringing 
the total to 10 for the year to date. 

There were no serious accidents or unusual 

A total of 194 offers were extended for the Technical Graduate Pro- 
gram and resulted in 81 acceptances. There a re  currently 6 offers 
open, all to late summer graduates who a re  outstanding candidates 
worthy of special  consideration. 

At.month's end there were 38 Technical Graduates and 5 Technician 
Trainees on Program rolls. 

During May there  were 6 visits by RID candidates. 
were extended and 1 acceptance w a s  received from a PhD ecologist. 
For the year  to date, 8 PhD acceptances have been received. 

Four offers 

Manager 
Hanf or d Labor ator ies 

HM Parker  :pmg 
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REACTOR AND FUELS RESEARCH AND DEVELOPMENT O m T I O N  

TECHNICAL ACTIVITIES 

A. FISSIOIQABLF: MAlTERIALs - 2OOO PRGRAM 

1. M E W U R G Y  PROGRAM 

-- 
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Corrosion Studies 

Fuel Elenent Ruptures in Steam. 
conducted in  a steam autoclave over a range of vaziables from 225 t o  500 C 
a d  200 t o  2000 psig. 
Zircaloy-2 clad, uranium core rod. 
drogen collection data. 

Ezlrpture ra tes  of 16 t o  19 grams uranium per m u t e  a t  400 c a d  500 C, 
2000 psfg, have been observed. 
sensitive, decreasing with decreasing pressures t o  1.5 t o  five grams per 
minute at  200 psig over the f u l l  temperature range. The zates are not 
highly sensitive t o  temperature. However, at 3OG C and 225 C, very high 
apparent ra tes  of up t o  50 grams per minute have been observed. It is  
believed that these very high rates are actua7,ly t5e dscoxqcsit ia of 
uranium hydride deposits formed during the i n i t i a l  stages of x?Yu-e. 
It is further believed tbt this  decomposition is in i t i a t e6  57 t k e  cac- 
densation of steam t o  water. 
formation and decomposition of large &mouncIs of urmim W r i d e  dc occur, 
then the hydrogen collection rates are not direct ly  proportiozal t o  
uraaium damage and the Werred  rupture ra tes  ;nust be considere9 as 
qualitative.  

Fuel element rupture studies are b e i a  

The samples are defected pieces of coextruded 
Rupture ra tes  are inferred from hy- 

The maxinnun rates are quite pressure 

If this interpre5ation is correct, a d  %ne 

P n t h e r  investigation of these pkenoneEa are wider way. 

Corrosion T e s t i q  of Zircaloy-2 Elements w i t h  &-Be CAtectic Braze 
Closures. 
extnrded fuel elements contahing Zr-Be evrtectic brazed and welded, kd 
as-brazed closures. 
cluded. 
of the brazed'closures and the hea5-affected toze ~i the claddicg. 
healtk hazard during etching and autoclaxrizzg =f m t e r i a l s  cm$ai&kg kh2 
Zr-Be eutectic braze was a lso  evaluated. 

An aGtoclaving t e s t  was run durwir;g the past math OL co- 

Zr-Be eutectic brazed Zircaicy-2 coiipcns -,e-% in- 
The puzzose of the t e s t  was t o  evaluate t k e  ccrrosioc r=sist;cce 

The 

Zxcept f o r  a s m a l l  r a g  of grayish oxide on the ends of the fuel elemeats 
in the vicini ty  of the closure, both the brazed-YelCed and the as-brazed 
closures skowed 00 aCverse effects d t e r  aui.ocla-riLg. 
+,ectable d i f fe r5xe  between the k a t  effoc$ed e d s  cf the e 1 e ~ r t . s  z d  
the main body of the elements. 
grey area on %he braze and a very definite grair, patte,r, caused by the 

coupon and the contr3l coupon were normal for 72 hmrs ir. $00 C, 1500 psi 
steam (17 mg/dm2) and EihoweC no accelera-e + d c c r r o s i a .  

=ere was CG &- 

The brazed Zircalay-2 coup02 shoved a 

he=$ trs=tzc$ ~~~~~ $!-e braze c;-clc,. Q= *ke krzzez 

. - ... 
1 2 4 q 4 9 3  
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To evaluate the health hazard associated H-tk processicg fuel elements 
coEtaining %-Be b,raze clos-ares, the exkent of 'oer j l l im contamkation 
was established at  various stages of the etching and aa3oclaving cycle. 
The sample results show that there i s  positive bery lJ im coctanhatiorr 
associated with etching and autoclaving. The concentratior; of beryllium 
in the breathing zone of the operator openirg the autscla-re was 0.15pg/m3 
campared t o  the maxiam acceptable concentratior; of 2 ,ug/ki3. 
saqles fromthe autoclave and the brrzed stucfeces &-e not coxgarable t o  
any available data but show s m a l l  amounts of loose ber~ilxm-comaicing 
solids present on these surfaces. 
HNOyHE' acid etch bath was approximately 5 &li ter .  
beryllium coctamiaation in  the etch solution w&s lev, processiag a c m -  
siderable nuniber of such fuel elemeats could raise the Seryllium concen- 
t ra t ion t o  substantial levels. 

Smear 

The beryllium cocceatzatior, ir i  the 
Although the 

E f e c t  of Charging Lubricanks o~ Wrcaioy-2. Aa autoclavhg t e s t  w a s  
initiated t o  determine the effects  of charging oi l s  oc Zircalcy-2 and 
mild steel (ASTM 2l2B). 
charsing o i l  and the other half i n  a standard sols15ie ~ 2 .  The coupa~s 
were then rinsed in deionized water and autoclaved s3aticalig ir 300 C, 
p H  10, deoxygenated water fcr two weeks. 
carbon steel coupons showed any adverse effects  Iron either 32 fie two 
o i l s .  
which compares favorably with available data f o r  Zirzzloy-2 amoclaved io 
300 C, p9 10 water. 
coupons was  121 mg/dm2 which also compares favorably with available da3a 
for  carbon s teel  autoclaved i n  300 C, pH10 water. 

FALf of the tes t  coupons weze immersed iIi "Ucon" 

Neithkr thz Zircaloy-2 c o r  the 

The average weight g a b  f o r  the Zircaloy-2 coupcns was 7.3 mg/dm 2 

The descaled w e i g h t  change foz tbe CZC~OC szeel 

Report on NPR Tube Etch- Faci l i ty .  
on the results of etching samples of an NFR process k i te  i n  a coEtinuo1;9 

An infomal  report is being prepared 

etching faci l i ty .  
.wus etching f ac i l i t y  t o  etch a 54-fOOt-lOng NPR tube. 
that  full-scale f ac i l i t i e s  are feasible. 

Studies were made concerning tke scale up of a contin- 
kd ica t icas  are 

Corrosion of kiuminum Alloys. Ccmparisorrs cf a;uminm z 2 . l ~ ~  3ehavior in 
high velocity, corrosive w m e r  environments have been x n e w e d .  The +,est 
apparatus has been modified t o  give hi@ flov rates p r a l l e i .  ta the 
sasaple surface rather thar, direc5 illrpicgeaen? o5ta:sed w i d :  the o r i g i m l  
sample arrangemeat. 
clamping the s a q l e  or, a special block ?kick has a thirz slot snilled ?E- 
tween the ent-y a d  orhaus+, holes f o r  %e vater .  
deionized water, and reactor process xater  nave bees =ea. B e  water vas 
heated t o  100 C and pumped past the samples at  \-slocizies frcm lL6 f t /sec 
dam t o  l ; ~  ~"t /sec.  Growes 01" "ve ails 
seven bo1rrs wi,+,h deioz?ze? vatsr  a t  1Cc) 'J s-5 115 fz/sez k i 5 i a  -.-elccl+,y. 
(The flow velocity decreased as the grcove deptk increased.) Addition 
of two ppm dichromate t o  reactor process water and deiorizad water caused 
r r m - r a s - a ~ -  J = - - ~ ~ - ~  ---zI----",&--S ----"-a" ;=: the  2 z z z ~ s : ~ ~  rs3. 

Tlze water i s  forced *o  flow ir- a ilarrov stream by 

330 kez. fq v.,t;er: 

were corroded LLCS a saxpie ii 

Samples of 1245 allrminum fuel elemect jackeas wsre tesksd 
conditions as the abcve samples. 

:Le 8- 
The results have r o t  bees aP_i3zed 
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as yet, but visually, they appear similar t o  X-8m1 coupons. B e  fiiel 
e lemnt  jacket samples were selected because they had 3een through the 
canning process. 

Radiometallurgy Laboratory Studies 

Examination of Zircaioy-2 capsules burst by internal pressure dwing 
irradiatior: revealed that sCrain was uniform prior  t o  n p t u r e  (W551). 
Four swelling-experimot samples were removed from NeK-filled capsules 
and examined. No bumping o r  warping was found, but longi+;cldinal cracks 
were found in the cladding. 
thermal expansion of the uranium caused the clad6ing t o  part  i n  tensile 
fa i lure  (RM-559). Two irradiated rods were defected and tke, used for 
in-reactor decontamination studies. Examination of the mptured areas 
showed that the uraniumwas attacked at  the cladding bond layer around 
the fue l  rod, with resultant swelling (RM-327). Cracking was found in 
samples from coextruded rod type elemects, but no other defects Yere 
apparent (RM-562). 
t o  have cracks extending fromthe uraniumthrough the metallurgical bond 
into the Zr-2 cladding. 
Battelle . 

In places, the claddizg was so %Din that  

A tube sample from a rod-and-tube elemest was fomd 

These cracks were not found when examined by 

Results and interpretations of these examinatiom will be reported io 
more detail in connection w i t h  the development programs served. 

Basic hktallurgy Studies 

Radiation Effects in Structural Materials. Effects of reactor i--radiation 
at 200-300 C on Zircaloy-2 are being evaluated by use of x-Fay diffraction 
and other techniques. Cotlpons of annealed and cold worked Zircaioy-2 
were irradiated i n  the KER LOOP 
an integrated exposure cf 9 x la9 nvt. Post-irradia+,ion examicatior: 
shows tha t  both the annealed and cold  worked s ta te ,  radiat.ion danage has 
been retained after irradiatior, a t  220 C .  
all show an increase i n  widfn. 
irradiated cold worked Zircaloy-2, x-ray l i ne  b,-osder,i-g c a n 3 e  Fartially 
amealed mt af%er oce day a$ 250 2 .  

a t  an average temperatare of 2G0 C t.0 

%e x-ray diffracti32 l ices  
This f ac t  is in';e,reat.ir,g s i rce  ir! a- 

Mechanical and Physical Properties of Maferia.is. 
Zircaloy-2 are caasidera31y imprsvec? by s m l l  w a ~ t s  i;f r e s idwl  cold 

The creep prcperties of 

work. 
creep properties and the effects of recovery d u r i q  zzstizig are beirg de- 
termined on speciwns cold worked ic the rarige of is t o  45 percefit. 
t e s t  conditions, as well as the amount. of colfl work ic $lie specimezs, 
vsre selected aa 2 z i t s  a? cosiii';iz;;a that  ;rc3d Ye ?xr&?zez?2 211 se,--rLc? 
i n  reactor process tabing or fuel element cladSing. 
have been completed a t  HAP0 md a t  BMI on a~ assis tame p r c g r a .  
series ai zesix vere szaned during :he maiA. 
creep was  calculated arcl. previo-sly reported fo;" tke W O  t e s t s .  
value was determined t o  be 59.7 k csl/gn;-mole. 

E e  excYe,n-t t o  whick: iccreasizli; t x x u c t s  ef celd vmk i c Z q ~ e ~ c e  

The 

A seri3s of teats  
Another 

The 
An a C s i - i Z t i X i  szerg-y- Z;r 

E e  p las t ic  creep s t ra in  
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of Zircaloy-2 has been analyzed this month using 
tests and plotted as a function 8,  a compensated 
simple rate reaction, using the relationship: Q 

the BMI and HAP0 creep 
time pgameter of the 
= te-# where t is 

time, T is absolute temperature, H is the activation en rgy, 59.7 k cal/ 
gm-mole, and R is the gas constant. !Che resulting curves displayed con- 
tinuity at constant stress and cold work levels over the temperature 
range 150 C to 480 C. 
independent of stress and temperature. The slopes increase with increasing 
cold work to around 25 percent cold work. 
essentiallythe same. 
creep at various values of 8 are being conducted on annealed and 45 percent 
cold worked Zircaloy-2 specimens. 
specimen by x-ray diffraction and optical mtallography indicated partial 
recrystallization occurred during a 4000-hour creep tes$ at 400 C and at 
13,000 psi stress. 
cold work accounts for the high creep rate of the 45 percent specimn, 
compared to the 25 percent specimen under the same testing conditions. 

The slope is dependent on time and cold work but 

At higher levels they are 
Studies of the microstructuzral changes accomganying 

Examination of a 45 percent cold worked 

This recrystallization and accompanying recovery of 

Electron aad Optical Microscopy. 
ding and fuel material after irradiation is a direct way of detecting 
radiation damage in these materials. 
electron microscopy offer advantages since radioactivity is a minimum. 
The irradiation of multiple layered films, Uo;! oc Pt on C, U02 oc. Ge on C, 
UO;! on Zr@ on C, and UO;! on C have been repeated, and positive results 
have been obtained. 
regions in which no U@ was present. In the as-irradiated state, these 
regions show fission fragment tracks in the Z r @  multiple film. 
shadowing of the films, tracks are visible in these regions io both the 
carbon and the ZrQ films. 
substrate and then shadowing discloses tracks in the R, Ge, Zr02, and C 
in those regions where U Q  was present during ir2adiation. 

The observed differences in behavior must be due to differences iri chemical 
stability, thermal conductivity, plastic deformation, and/or vapor pressure 
of the various cocstituents in the multiple filnis. 
are respomible f o r  the ocrdrence of fissior,  L"rs.gzsnt 6-e as seeri by 
electron microscopy are being investigated by fuzzher irraciiations. 

Pre-thinned cold worked and annealed foils of high purity aluniaum hav? 
been irradiated in evzcuated capsules to exposures as hi@ as 4.4 x lCk3 ~ v t .  
Electron microscope studies of dislocations and their motions in these ir- 
radiated foils indicate that ttrimirrg zpperectly oc:urs ir, specimezs havicg 
the highest exposure, 4.4 x 1019 nvt. 
Iczations which are im3Lle are ;so" prssest. 
iections have beec reportsd to be gresent i;l e&minm.after Guenching from 
a high temperature. 
has been found. 

The study Df the microstructure of clad- 

Thin films and foils suitable for 

A l l  films of the non-fissionable layers had discrete 

After 

Stripping the U Q  film fromthe underlying 

k'aici; of these :actors 

li: addition, zig-zag type 3is- 
The l z t t e :  taTe f a e r -  

No evidence of the formation of dislocatiolz locps 

. .  . -.-- . *.- . .  

, I  
.. , .  

'&-I (2 4; 9.4.9 b 
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k t a l l i c  Fuel Developmect 

a u s t e r  ~uel Elemer;ts. 
12-inch long, ?-rod cluster elements witk Hot-headed mbd grojection welded 
closures, was discharged from KER on EIey 14 wi$h approxinately 2000 MD/T 
exposure. The irradia+ion was entirely successful. Other ac t iv i t ies  in  
the KE basin haxe p&-evented underwater exaidnatioa of the elements and 
selection of an elenrect fo r  Radi-t exa.ininatior. 

Prodxction ! k s t  IP-288A, whick comists  of seven 

Radiametallurgical examination of the ruptured O.592-inch diameter rod 
from the 7-rod cluster w h i c h  failed i n  XER L ~ o p  1 o-r? Bs'Prmz'y 8, 1960, 
has continued. 
''scratch'' o r  surface s t r ia t ion  which extended l o ~ i t u & i n a l l y  along the fuel 
rod from one end of the split i n  the clad.  
ponds t o  a thinned area in +,he clad which, in cross-SecticI;, shows &ensive 
local  p l a s t i c  defonnation of the Zircaloy-2. 
from the f a i lu re  %.ea, this local. deformation has reduced the clad thick- 
ness t o  six m i l s  f romthe  nominal 20 mils originally presen$. 
importance is the f ac t  $hat the localized clad thinnirg has cccczzed with 
only a corresponding increase i n  rod dismeter of four mfls and without 
associated cracking i~ the uranium. 

A detailed metallurgical exaxhation has been =de of a 

This surface s t r ia t ion  corres- 

In  one cross section, removed 

of prime 

The examination results indicate tha2 localized p las t ic  deformation of 
the clad m y  have Seer, responsible for  fa i lure  of t i e  fuel  rod, a l t h o m  
radial  cracking of the fuel  was associated with t h  clad s p l i t  a t  m e  
end of the failed area. 
without associated c r a c u  of the fuel, has not been &se=.-vet before. 

!The phenomera of localize3 thinr;kg of the clad, 

Tubular Fuel Elements. 
tested io the XER loops -ader  NPR coolart water cozditiona. 
fom elements i~ KER Lcop 2 w i l l  have achieved an. exgosure r~f 339-A 
2750 W / T .  
with enriched cores arzd Zircalay-2 c lad .  
zirconium a l l o y  corzs, and two kave quallcyed maaim cores. 
core 2emperature cahulated f r o m  present data is d C  2. 
is  reacned i n  The i m e r  tube of the dmstream e ieEx. .  

Fuel demenL,s of' kbe-tube g5ometrj are  3eicg 
A+, mozth en3 

The elements i n  KEFt Loop 2 are coexcxded tube-tube geometry 
T m  e l e n e c s  % a x  uracium- 

Maximum 
Eiis 7eqerar~z-e 

A tubular elemen% hs-g 2000 MWD/T exposilrs YB.S e x a i n e i  a t  B.X.  
examination of sectiom of %his fxel elemezt a t  Hmford co-afirmed the 
Bresecce cf radial cracks io the wanilm core 52.3.~ The cembr of ?he 
3o-inch long element.. Some of the czacks r m  f'xm ~ k ?  Lrzer cle3 t o  
the cater clad. 
mre than one or  two  mils. In most c3ses tiis c lad  a h m s  d-xzi le  mtal 
f i m  in the regior, 02 crack T;errmkatioiL. 

Re- 

/ 

Ir, alL cases, fhe cracks penezra5ei ;n?c ah% clad riii 

1 2 4 9 4 9 1  
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with numerous oxide and carbide s t r icgers .  
uniform throughout the cross section, ranging in  size from 0.035 inm t o  
0.065 mm. 

Uranium graio size i s  f a i r ly  

Test elements were prepared for  a KER loop irradiation t o  determine the 
effect  of heat treating variables on irradiation behavior of Zircaloy-2 
clad tubular fuel. Five heat treatments were employed w i t h  the materiel 
characterized for  grain size and structure and crystallographic texture. 
The elements were prepared fram coextruded tu3es, 1.470-inch QD x 0.400- 
inch ID w i t h  nominal 0.020-inch thick inner and oater Zircaloy-2 cladding. 
Irradiation t e s t  €T-IP-3l.7-A was made IQ of five, six-inch elements and 
six, nine-inch elements in stainless steel sleeves. 
in the autoclave, the remainder had a normal black oxide film. 
was sectioned t o  determine the extent of hydride pickup in  the cladding, 
and two sections of this indicated l e s s  than 50 ppm zirconiumhydride. 
The elements were charged on Msy 14, 1960, in KER-3 with two defect-test 
assemblies prepared by Fuel Element Design in  the downstream position. 
Above normal act ivi ty  was observed on the delayed neutron monitor almost 
immediately a f te r  startup. After cpproximately ten hours the ect ivi ty  
exceeded the operating l i m i t  and the t e s t  was discharged. 
have not been examined as yet, so a t  the preser;t 5ime it is not known 
whether the high act ivi ty  occurred from surface contamination o r  from 
water entry. Two additional nine-inch elements from the group i n  the 
autoclave that  were rinsed b G t  c o t  cleaned Ir. n i t r i c  acid vere boiled 
i n  eight normal n i t r i c  acid. Analysis indicsted 490 micrograns t o t a l  
uranium. 

Qle element ruptured 
One element 

The elements 

Component Fabrication. 
inner tube stock, 1.430-inch OD x 0.520-inch ID, were determined fo r  

The heating and queoching rctes of sections of mR 
several heat treatments considered f o r  beta heat ",eatmnt of this  fuel .  
These treatments and data are given in  the following t a t i e .  
i s  being examined f o r  correlation of result ing grain size and structure. 

The material 

Time t o  Reach Time t o  Reach Quench Rate 
Heat Treatment 3eta Mimtes 730 C Miautes CC/ inin 

730 C 10 rninutes 2.7 5 -4 5030 
I h s a l  salt - direct 
quench t o  20 C water 

730 C 10 x k ~ ~ t e s  

quench t o  80 C water 
N u ~ a l  s a l t  - d i r e c t  

730 c i o  r n ' ~ t e ~  
Nus& salt - direct 
quench t o  o i l  a t  25 C 
730 C 10 minutes 
Nusal salt - quench 
t o  LHgt30 salt a t  590 c 
5 min - water quench 
730 C 10 minutes 

.:-,:L ,.:, ;. Nus$. salt, a i r  
-. cooxed 
1 2 4 9 b 9 8  

2.8 

2.7 

2.7 

2.2 

4.7 UT70 

b.7  

4.6 irpp=.ox. 250 c/'& in ,  
beta 48 seconds t o  
complete fransf ormatior,; 
3 m i a  t o  reach 590 C.  

54 seconds t o  coxplete 
4.2 94 c/min i n  Seta 

transformation. - 



Dimensional changes recorded indicate no change in  outside diameter, 
0.004- inch increase i n  inside diameter, aril 0.010-0.016- inch increase 
i n  a three-bch length. 

The present concept of NPR fuel  elements requires that the inner tube 
be restrained from sl iding out of the outer tube during charging, ir- 
radiation, o r  discharging. A number of methods have been proposed t o  
achieve th i s  result .  Twelve s t ee l  durrmIy elements four inches long have 
been built and are being used t o  mock-up and evaluate candidate methods 
of fastening inner and outer tubes. 

Failure studies require the a b i l i t y  t o  defect an element a t  EUC;Y time 
during the irradiation cycle. 
a f ixture from the side of the element. These fixtures have been attached 
by electron beam welding. A method of attaching by resistance projection 
welding has been developed t o  the point where simulated fai lure  fixtures 
have been successfully attached t o  Zircaloy tubing. AdvanC,ages f o r  th i s  
method of attadment include a much smaller heat affected zone i n  t& 
region where failure w i l l  be in i t ia ted  and a mch fas te r  operation. 

This has been accoqlished by shearing 

Some investigations are being made t o  determine the f l o w  pattern of a 
m e t a l  as it is being swaged. To do th i s ,  a square cross section bar 
is being fabricated from a nuniber of square cross section copper wires. 
These wires have been dip tinned with a 50-50 solder and w i l l  be heated 
and pressed i n t o  a bar approximstely 1 .5  inch square. 
tha t  now has a cross sectior, exhibiting a square l a t t i c e  pattern, will 
be machined a rod 1.375" i n  diameter. 

F r m  this  bar, 

Sections of th i s  1.375-inch diameter rod w i l l  be s-imgej, thrmgh a ser ies  
of reductions and a t  various rates. In each case measuzements of and 
photographic records of the l a t t i c e  patten; w i l l  be made. Such measure- 
ments and observations should lead t o  a Set ter  understanding of die 
design and provide a basis from which t o  establish a sound theory of 
metal flow i n  a swaging die. 

Cicsuze ai16 Zoinbg .  
inner tubes (1.430-inch 0 x 0.520-inch ID) m s  set  xp in a 400-tor 
vertical  hydraulic press ana four  tubes were successMiy hot headed on 
both ends. 
fo r  a recent production t e s t .  

Zquipment fo r  t o t  haacilsg Zircday-2 -zsxi*a ;Jj;fi 

The heading technique is  the same used on ZCER inner C,ubes 

The headed NPR i x e r  tubes are being wed f o r  the dev&opxnent af a p c -  
jectian welded fizal closure f o r  th i s  s i z e  tube. 
shoulder on the hot headed f;z5es appear *;r;ifs.,-Is. a ~ 2  sf su;f%c.lect .+,-idth 
t o  allow the use of multigle prcjectior, r i q s  on the closure cap. 

The Zircaloy-2 

The heading operation produced a swell on the tube QD a t  the junction of 
the T-eetea 9.h gz:? zlld the k,e=ted k,esSr,g czzzaFr,er cf q p o x i -  
mately 0.008 t o  0.009 inch. 
0.012-inch swell obtained on the hot headed XER m e r  tubes and car, be 
readily removed by a subsequent drawing operation. 

This compares favorably t o  the 0.010 t o  

Approximately 

1 2 4 9 4 9 9  
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5/16-inch is  extruded on each end of the tube t o  bring the Zircaloy-2 
clad across the end of the heavier wal3ed tube into the extrusion. 

Several more tubes of th i s  size will 5e hot 5eade.l for use i n  f'urther 
hot heading and projection welding studies as additional coextruded 
stock b e c m s  available. 

Developmental work on a brazed NPR fuel e lemct  end closure has con- 
tinued during the past m t h .  
different geometries and applying different brazing concepts. Use of 
a machined disk of braze alloy placed between the cap and the uranium 
core appears t o  have considerable promise. 
countered i n  b r a z a  NPR inner tubes. 
jacket a t  the braze-uranium interface due t o  the difference i n  t h e m  
expansion of the uranium and zirconium. 
possible point of fa i lure  during thermal cycling of the reactor. 

Emphasis has been on the brazing of 

Difficulty has been en- 
A sharp bend occurs i n  the 

This sharp bend would be a 

Six brazed fuel element t e s t  samples were placed i n  the Elmo 5 loop and 
were mn a t  300 C and 1500 psi  f o r  one week. 
occurred. 
zone. 
t o  the uranium. 
off w i t h  a section of the can w a l l  attached t o  the cap. 
split open along the heat affected zone f o r  about one-half inch frcm 
the end cap. These pieces had cot been autoclaved prior t o  charging. 
If they had been autoclaved, the defective elemlit would have bee2 
detected. 

A t  tk is  point a fa i lure  
The fai led piece was heat treated but had an unwelded braze 

The end caps were popped 
Failure occurred through a pinhole in  the braze which penetrated 

The jacket w a s  
Failure was quite dramatic. 

Several. sites were visited t o  determine which brazing al loys,  other 
than the Zry  - 5 w/o Be (BeZirc) braze, would be potelztisl alloys f o r  
use i n  NPR fuel  elements. Several a l loys  looked pronising f rom the 
standpoint of low corrosion rate  and law melting temperature. 
a l l o y s  were Zr-2, 5 w/o Be, 1 3  w/o Fe and Zr-2, 5 w/o Be 17 w/c Cu. 
BAPD reports the corrosion resistance of the iron al loy in  36C C water 
as being s l ight ly  bet ter  than the BeZirc braze alloy. 
numerous other alloys that have rather poor corrosiorr x s i s t ance  but 
low melting points. 
barriers io the event of weld fai lure ,  providi- s-dficierrt p rn tec t im 
t o  the uranium u n t i l  the reactor could be shut d m .  

T k s e  

There are 

These alloys would act  as secondary corrcsion 

AllLed Fle l  Studies. Ir-reactor swellicg exgerinezts sf Zirc~G.oy-2 
ciad uranium fuel rods w i t h  selected uranium f,emperamres, cladaing 
thicknesses, and exposures are being conducted. Three swelling capsules 
GEH-14-93, 14-1G1, and 14-105, are presentiy being irradiated in  the 

center uranium temperatures f o r  these capsdes are, :sspectively: 
600, 1600, 2000 W / T ,  and 575, 275, 335 C .  
P Y ~ ,  UU-.--C-~'~, Is t o  Le dischargad a t  iiis a i d  02 t h e  preseriz e y c k  
with an exposure of 3500 W / T .  
uranium swelling data revealed tha t  more izfo-natian is needed i n  the 

: :LtL ~ 2 2  2:GssSes ~2 *fie , - w e  20cc-250~ :./T. ~qos-,,-es ~2 ~-~-erzge 

A f o u r t t  capsule i n  the 

A review of the presently availa3le 
\- "--- - I 
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temgerature range at  which swelling begins t o  increase rapidly. 
fore, the irradiation conditions of f ive  more capsules, cow awaiting 
irradiation a t  the MIX o r  ETR, have been revised t o  give uranium 
temperatures i n  the range of interest .  

Dimensionsl measurements 015. four uranium fuel  rods irradiated i n  NaK 
capsules a t  D Reactor are complete. These rods, which operated i n  a 
temperature range from 380-420 C t o  an exposure of 1650 W / T ,  have 
increased i n  volume up t o  one percent. 
cladding on one of these rods occurred during irradiatian.  
straining of the cladding, without associated fuel cracking, occurred 
at several places on the rod. 

Internal macrocracking was observed in  the center of the rod. 
havior of this t e s t  specimen is remarlcably similar t o  that  of the 
nrptured fuel  rod from the 7-rod cluster which  fa i led in KER Loop 1, 
February 8, 1960. 

There- 

Ductile fa i lure  of the Zircaloy-2 
Non-uniform 

The be- 

It has been demonstrated in the past that coextruded fuel material in 
the beta treated water quenched condition behaves poorly in defect 
t e s t s .  Aging o r  annealing of water quenched material a': temperature 
below 590 C, however, improves its behavior t o  the point where it is  
equivalent t o  that obtainable by other heat treating methods. 
been determined that autoclaving f o r  48 hours a t  400 C ages the bond 
of water quenched materia sufficiently t o  produce adequete bond quality. 
Water quenching thus should be acceptable i n  a fuel element heat t reat ing 
process insofar as bond quality is  coocerned. 

Laboratory work on the in-reactor burst testing of 1 5  Zircaloy-2 tubes 
simulating fuel elemeat jackets is complete. 
indications of an in-reactor loss in miform circumr'ereatial s t r a in  at 
fracture were in  error .  
cross sections through the capsules showed IIO significant difference 
i n  uniform elongatior, at  fracture between specimens burst in-reactor 
and those b E s t  ex-reactor. 
cent. che r e a x o r  at 350 2 
was, on a basis of metallographic estimates, 100 ppm iZ: both the 
annealed and cold-worked specimens. 

It has 

Previously reported 

Wre accurate measuremnts on metallographic 

The average uniform elorsation was 16 per- 
The hydrogen con-cect a f t e r  1300 hours 

Ex-reactor teseshow that Zircaloy-2 supports on XU size P P I 4  fue l  
elomnts severely scratch the autoclaved Zircal~y-2 process tube as 
the fuel elemezt i s  charged and discharged. 
formed from s t r ip s  of AIS1 1010 and 1020 steels have beer: wear tes ted 
a d  have pe,-fmned sat isfzctoyi ly  even vasa the c m t n c t  area Se%veer, 
the sup;o& and autoclaverl Zircdoy-2 is reduced t o  a Debt o r  liiie. 
The oxide f i l m  on the s t e e l  support resulting from autoclaving at  400 C 
and l5OO psi  f o r  72 hours has no adverse effect on the perforPance. 
Se-zerc s t e e l  s - ~ m s r t s  vitk 5/5-islcb 192s 3eariIzz SY.Z*PZCS kz-e Seen 
formed from1010 and 1020 s tee ls  t o  evaluate the wear performarrce of 
this new support design. A =tho6 f o r  attach- these supports t o  a 
Zircaloy-2 surface is  being evaluated. 

Fdel ei.mea* suppoArts 

Short pieces of Zircaloy-2 
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w i r e  are inserted through holes in the end of the steel support and spot 
welded t o  a Zircaloy-2 surface. The heat ar;d pressure from the spot- 
weld upsets the Zircaloy-2 wire and effectively r ivets  the support t o  
the\Zircaloy surface. Spot-welded supports along with other s q l e s  of 
the steels i n  contact w i t h  Wrcaloy-2 are being tested i n  pH 10 water a t  
300 C and 1500 ps i  t o  check t h e i r  gross corrosion behavior acd any gal- 
vanic effects with Wrcaloy-2. An order has been placed f o r  an experi- 
mental l o t  of Zircaloy-2 r o l l  clad w i t h  a low carbon steel. 
formability, and corrosion evaluation of this s tee l  c lad Zircaioy is 
planned. 

Wear, 

In order for  the development of self  supports fo r  NPR fuel elements t o  
progress on a firmbasis, it is desirable t o  h o w  the flexural and crush- 
ing properties of various experimjntal supports. Load deflection tes+,s 
were made on variations of the 30-mil Wrcaloy-2 support in cuzrent use. 
The maximum load these supports w i l l  hold before buckling was foucd t o  
be 950 lbs/inch and the maximum room temperat-e elastic deflection was 
10 mils. 

O f  the m s ~ y  possible types of fixtures fo r  attaching inner NPR fuel 
tubes t o  the outer tubes, ten w e r e  selected f o r  evaluation. 
are being concentrated on two types of fixtures: 
independent of end closure design, and (2) those w h i c k  may imclve end 
closure design but w i l l  require EO welding a f t e r  the fue l  is autoclaved. 

Efforts 
(1) those which are 

During cyclic temperature operation, microstresses are develcped i n  
polycrystalline uranium due t o  the anisotropic thermal expansions of 
the uraaium grains. 
the macroscopic creep rates f o r  500 psi  and 2000 ps i  lcads. 
testing at  750 ps i  the thermocouple failed.  
in  the capsule and tes t ing  at 750 psi  load has been resumed. 

As previously ,reported, these microstresses increase 
k i n g  

A new specimen was placed 

The Dynapalr was instrumented t o  Easure extmsior; punch force as a 
functiolr of t in re .  
extrusions at 10/1 reduction ra t io  with f i r e  pressure and b i l l e t  
temperature as extrusion variables. 
reached 200,000 psi ,  a.nd the duration of the exk-usioE impulse was five 
milliseconds. 
of extrusion parameters. 

These impulses were mas-ued ~ 1 =  a ser ies  of s fee l  

iTypicaJ.iyt the force on the punch 

These types of da3a are required f o r  effec+,ive adjustmen3 

2. REACTOR PROGRAM 

Coolant Systems Development 

Lr-,Reactor Siagle-,Bss Testirc,. 721% s-2 s k g e - z a s s  +-LIES - re z- 
charged. 
jacketed fuel i n  pH 7.0 process water witk one ppm dichromate inhi3itw; 
" W "  - E- ".,, "U" --- rYYL -----uz; EC:& 2% c2kr $-,.is x-zes C;T.ZEIL 
regular unweighed production elements. 

Two tubes are now + , e s t i q  the corrosiorr of standard aluminum- 

+ q  -3 r;  E &.-- 
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- S m e - P a s s  D e c m t m a t i o l =  of Old Reactors. 
i n  the 242-B Sirgle-Pass FZcw Faci i i ty .  
2.5s ~urco-4518 and 2.5s sulfamic acid gave a DF of 650 oc specimens cut 
from stainless s t ee l  reactor p ig ta i l s .  
gave a DF of 13. 
dotte-ll2 gave a DF of 33 on the p ig t a i l  md 6-10 0- Ir sectioas of an 
aluminum process tube. A mixture of C.9H2SO4 a d  G . 3  M oxalic acid 
(inhibited with two grams/gallon of pkewl t z iouea )  g a x  a DF of 98 
on the pigtai l  smp12s and reauced the process tube coatasninetion t o  
background, while cozrodiq ca;-%on s t e e l  wasbera o d y  2.001 m i i .  
foL* tes t s  were fo r  24 mimtes. 

Zircaloy Corrosion. 
hgood" material, respectively, were exposed 4500 and 3OW hours ic pH 10 
290 C water. 

Six discharges have beec completed t o  date o? the co~poas  of Zp-2 expcjsed 
t o  velocities of 18.6, 42.4, and 86 f t /sec in  pH 10, 290 C water. Accm- 
Uated exposure is  2481 hours. 
have continued t o  lo se  weight; however, t h i s  i s  susgectod t o  be *&e to 
f re t t ing.  

Fcsr t es t s  were complete3 
A cyclic process altezllatkg 

A m i x t ~ r s  oi E3pOi a d  N a 2 C r 2 q  
A cyclic process u i n g  2.58 Durco-4518 md 2.5s Wyan- 

A l l  

Two l c t s  of Zr-4, classed 3y WAPD as "poor" and 

N o  difference was found. 

The samples at the highest VJeiccities 

Brazed Z r  End Closwes. 
closwes brazed w i t h  55s Z r  - ?$ Be were exposed o m  week i n  Elmo-7 a t  
pH 10, 300 C.  
the braze. 

Ti;'cular coextruded U-Zr-2 elszmts  w i t h  eGd 

Oae eleEzlt, ru?c,:xed, appareztly -,-eca?;ss of P p id lo l s  at. 
me 5raze aFpe%,Ted t o  have good c o ~ o s i o n .  ritsis-i;azce. 

S P g  Rrrp tLwe Tests. 
Prototype with isothermai heat trea*ed coextxded V-Zr-2 r;13es. 
were predefected wi$h a O.025-inch p i d o l e  a d  YJE withut.  internal Seat 
generation a t  300 C, 1650 psi,  and 16 fps uti1 +;ke zxp5-e vas detected 
by a hydrogen rletactor. After de%ectio,r;; tze NFR cool ~ G W Z  sctsdule was 
followed. Ar+ cuter tube defected on tke o&%ide s?'"Flace lcst 13 g r w  
of i~&21iilIp, and tho ?Aptwed area corsisted of t v c  3rckzn wads, ea& 
about 3/5 inch i n  diamzte:: a d  0.10 inch Ligh. kr; ox5er Zu3e defected 
on the insilie sL--face lost I'ive grams of zrai-m. 
ruptured areas located on oppcsite sides of t h e  t . d ~ e ,  gc~ssibly kdicacing 
the tu2e h d  beer, defected i n  %YO places. &s area La6 <vc brake?. momds 
each a'tovit 3/8 inch i n  diame';er, and $he ather area h i  a siql2 3/8 b c k i  
diameter brdcen mcw-5. Az inner txbe delecred on .t:'le mXi.de sr-zace 
lost five gram, and the ruptured area es&i%ited a braker. mozad a30-& 
3/8 h c 4  a d  

m e e  acre m s  were made ic The Heated Siug Rqp%-dre 
"bese 

.EETB vsre ZWG 

ot.ker wAmsken mmds & c z t  1/'5 k c k  iz 2isTfiter- 
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Hydrogen Detector. 
two secozds every minute appears fo give sa t i s f ac txy  readings fromthe 
palladium-platinurc resistance detector. The present detectoz has been 
used about two years and shows no sign of deteriorazion o r  leakage. 
more hydrogen detectors are being bu i l t  f o r  installation in the IRP and 
Elmo-& Loops. 
the hydrogen detector can sense a rupture before o r  as f a s t  as the radi- 
ation maitors ,  as well as t o  follow the amouat of rriptxudrig. 

Modification of the recorder ';c permit 81: or.-tine of 

Two 

The IRP detector will be employed t o  determiae whether 

XER Themcouple Fuel Elemerh. 
thermocouple slug of uranium coextruded with a 20-n%L 2 - 2  claclding was 
charged i n  KER Loop 1 during the month. 
the center core and two just  =der the cladding; two others measure the 
adjacent water temperature. 
intended to measure any significant increase ic the temperature drop 
between the cladding and the water due t o  the build-up of irsulatir,g crud 
on the surface. 
of operation. 
reactor and upstream of other elements in the charge, the locatior, where 
drud deposition is  expected t o  be the greatest. 
pH 10; and the loop i s  of carbon s tee l .  TLe cmtect of the water 
i s  being measured w i t h  a recently k s t a l l e d  ho?; c3Jd probe. 

A me-inch diameter by 12-inch long 

It contains one thermocouple i n  

This joint t e s t  with Fuels D e v e l o p a t  is 

No such increase was detected during the f irst  eight days 
The thermocouple slug is  positiol;ed a t  the center of the 

'Ihe water i s  260 C, 

High Flow Deionization. 
pleted. 
in both the make-up and clean-up systems i f  sl igkt capacity losses can 
be tolerated. 
15s lower than tha t  f o r  the make-up system mixed bed resin. 

The high f l o w  deionizatior studies were com- 
These t e s t s  indicate tha t  high flaw ra te  operatior, is  feasible 

The useful capacity of the ciean-u: resin was f ive  t o  

Corrosion of S t e l l i t e  During Decontamba3ion. Testing of S+,eUi*e alioys 
is  continuing iI: an U i b i t e d  version of 4502 (240 -/liter) f o r  
two hours a t  1@-110 C, followed by 15 minctes in  Wyandotte-1112 (90 gms/ 
l i t e r )  a t  60 C .  
0.15 mils fo r  S te l l i t e s  6, 6-B, and 12, respecti7:eiy. 

Pezetrakions a f t e r  three cycles were C . 0 5 ,  0.19, and 

Sokonoy. 
seats in  place of S t e l l i t e )  have been cycled s ix  tines ( w i t h  tva hots 
per exposure) i n  alkaline permariganate solztions. 
corrosion as coqared t o  S to l l i t e  on specimens exposed t o  18s caidstic, 
3% -04; TO 2 lbigai Turc0-&502; or to 2 Xc/gai iQwiacfzs-l;l3. 

S a q l e a  of c o ~ ~ a y - 5  (s ~2-1:: &cy cmsiksrzd  for ---" lvrn VLVZ 

Tkeze xas ve-ry I l t t , l e  

NPR Prxess TAes. 
of each of the tkres NPR process tubes vendors. 
autoclaving methods and eqxipment which skould be accepsa2le accordicg 
to Hanford practice. 

A -7 isLt  m s  ? ! d e  ts :;lzc c-,rzasl:z % s t k , z  l a ' c s r d x r l e s  
All are zsins e t c h i q  m 2  

However, Allegheny Lirdlum Steal Corpcratior; kas beea roaC,icelg aachicing 
a t  l ea s t  0.020-i~ch fraz tke sxrf'ace of t e s t  c o q o ~ ~  Sr ia r  50 etchi-4. 
l z i s  practice defeats the purpose ai' t l e  cozosion $est f c r  detecting 
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the effects of possible s u f a c e  consanhat,ioz. It i s  a lso  possible 
that the surface texture produced Sy t k i s  method of machicin@; COE- 
t r ibutes t o  Allegheny L~dluzn's diff icul ty  in comis+,ently o3taining 
a satisfactory black f i l m  i n  the corrosion t.es5. 
made t o  discontinue mchining the samples, an6 ir.stsa0 $3 t e s t  then 
with a surface as prepared for  the next sC,ep ir the fabrication process. 

Harvey Aluminum Company has experiecced difIicuirJy Xiti- ,  whits s t r i q e r s  
on the i r  corrosion t e s t  samples. 
free of str ingers.  
reciprocsl t es t ing  progranbetweer; the cormsion laSors+,ozies at Harvey 
and Hanford. 
claving processes a2 bo5h laboratories. 
acceptable on the basis of weigh% gain, >ut differemes we= observed 
i n  surface appearance. 
ing tecbiqces ,  3ut Harvey's autoc1avir;g proiwed 90 i d e r i o r  svrface 
appearance. StringeTs vere more nuinerous w d  more promylrsced. All 
tubes were judged acceptable on the basis of samples axtcclaved a t  
Hanford, i r i  sp i te  cf the fac t  +,hat those tubes regresented by the worst 
of the samples autcclaved at  Harvey would be rejected. Tnis tes5 sh~ws 
a need f o r  EIssvey t o  modify their autoclave t ecwque .  A ser ies  of 
standards was selected f romthis  t e s t  by which t o  judge future t e s t  
samples. 
population of snall gray or  white flecks and stringezs. 
represents the iniaiimm surface cmditim that c z  -!)e accep3ed. A thi rd 
coup011 i s  imluied f o r  purposes of comarisor, represe3thg a dsfiEitely 
rejectable surface. 
sidered t o  be excessive. It mst %e eqhasized f l a t  %kis group of 
standards can be applied o n l y  t o  tirbes produced ST tk i s  sne vecdor 
using his particular met,hod of fabricat im.  

%e i m b i l i t y  of the other 5wo NPR tube vendor; zocsistezltly t o  produce 
ent i re ly  black autoclave f i l m s  kd ica tes  t h e  nee5 f o r  simila? reciprGcal 
tes t ing programs with assis%ance fran M o r 3  ir idectifyicg ami cor- 
recting nor.-st.mdard Zircaloy surface zreatne3.t p rsce&?zs .  

A =quest has beer: 

Of nine s q l e s  ',ested o d y  one was  
Samples fromthese .LuSes -~e-re into-orated ic to  a 

This series cf t e s t s  compared hcsh etcticg a d  auruo- 
A I L  san;ples were eEtirely 

No bias was introduce6 b$ Bifferecces i n  etch- 

Ore coupon has a pe-rfect glossy black s?irface with a limited 
C i s  s q l e  

It has a popvlaticr, of flecks wi stzingers cos- 
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Bridgeport Brass 
t o  obtain a more 

tubes. 
desirable f1-e microstructure f o r  the Bridgeport 

To consistently obtain crack-free flanges and 

tubes on 

1. 

2 .  

_ _  
s i t e ,  the following re&m?ndations have beec made: 

Polish the inner surface of the tube where the flange 
w i l l  be turned. 
Anneal the sections of the tube t o  be flanged. 

Future ttibes from Bridgeport will be amealed by the vencior at tke 
flange locations and, as specified, a crack-free flange IIIUS~ be turned 
on a section from each tube. 

The tubes fabricated by Harvey Aluminum Company have a r e s idua  cold 
work of about 30 percent, a very f ine grain size,  and smooth, pickled 
surfaces. 
f ree  flanges without annealing this  tubilzg. 

No diff icul ty  is anticipated in continuing t o  obtain crack- 

Nonmetallic Materials Developmnt 

Anneal- of High Temperature Irradiation Damage. A series of anneals 
a t  700, UOO, and 1000 C were made on two samples of TSGBF graphite 
irradiated t o  2400 W/AT in the 2C test hole i n  KE Reactor a t  ambient 
moderator temperatures. 
of thermal annealing on contraction when the maximum permissible graphite 
temperatures are raised a t  the K Reactors. 
had contracted approximately 0.01 percent d u r h g  reactor cperation, 
twenty-nine hours a t  TOO C produced no ef fec t .  
produced a gruwth of approximately 0.006 percent, and three hours at  
1000 C produced a shrinkage of approximately 0.006 percent. 
the cocrpletion of these annealing treatnents the samples were a t  t he i r  
start ing,  i .e . ,  as-irradiazed, iengths. Although <;?e exposxre oc these 
samples was low, the i r  behavior indicates tha t  thermal annealing from 
the proposed increase i n  moderator temperature w i l l  riot cmse s i g n i f i c a t  
dimensional changes. 

The primary purpose was t o  dete-mine the effect  

For these samples, which 

Bineteen hours a t  800 C 

Thus, a t  

- -  ~ e a c t o l -  ~ i z x  ,%as-a-enxta. & ZekrGry ih, ~FSC, ~ r i d  -3ciic CT s r ~ ,  
graphiCve samples was discharged from 1960-e. The boat vas centered 
99 inches downstream fromthe center l i c e  of t,ke grzpkite stack and 
contained five nickel and cobalt-alumimm flux monitors located four  
inches aparc. %ne inzegrated f a s t  thermal ?lux v a i ~ e s  are Zabuiatea 
below. arz twice tLose obtaineC 
ix  two grevious experinems, in  which tke mni tors  vere positloied xar  
the reacfor  core. The discrepamy is l i ke ly  due Cva the fact  $hat these 
recent mzitszs -;ex l o c s t e 2  32 t8e - ~ r y  edge of 5he =;eSd l c A 2 g  
pattern. 

The gross thermai t o  f a s t  flux ra t ios  
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Distance 
Downstream 

of 
Centerline, 

Inches 

*Assumed watt 

a t e g r e t  ed 
Gross !I!heTnal 

Ir.tegrated Fast Flux The,-mai Fl;;x t o  Fast 
(W~/WD/AT) E)I (r,vt/m/m) F ~ E X  Ratio 

6.6 x 10 

spectrm. 

8.2 x 12: 
6.0 x IC, 
7.9 x 1016 
7.7 x d 6  
7.3 x 1016 

11 

li 
ll 
ll 

9.9 

Graphite Oxidatior: Studies. 
from 1880-Icw on April 29, m e r  %welve m n t h  ir, the reac2or. 
dation rate  above two percent per 1000 operazing iays was noc?ed. 

Graphite monitoring samples were discharged 
Nc oxi- 

Pzermal Hydra u l i c  Studies 

Heat Transfer Eqerinsents Pertaining t o  Presezt Procix:ioz Reactors. The 
recent simultw-eous wcurrerice 0:: so= reac3or coolsr;.r, &&r,-,els of high 
rear header pressure (up t o  absut 75 psig) ard low Psnelli t  pressures 
(120 psig o r  sometimes l e s s )  has necessitated a c a r e f u  review of reac tm 
"trip-after- instabi l i ty"  tempersture limits. 
l i m i t  calculatior, techniques re ly  hea-rily oc i abo ra t z r j  irerFficaCion, 
additional experimec-ks were perfc-d w i t k  parciculz2 empkas:s placed or; 
data a t  low Psnell i t  p-ressares ana high rear header press-css.  Ir. addi- 
tion, changes in fuel elsment geonsetry and sigrir'icam impro-lremer,ts Fr 
techniques and equipment were incorporated ir, t h s e  data. 
include steady s ta te  kykraulic demnd requirexents an2  si^^^ 3-d 
characteristics f r , i i o a  sllrmiated pl,iggi=g iizcider;ts a i  =e agplicalsie 
t o  BDF-zcype reactors. 

Skce  the -Jaliiir,g of she 

.The data 

1 2 4 9 5 0 1  
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Transient data were rec3rded f c r  tube powers of 700, 1000, U O O ,  1250, 
and 1400 KW w i t h  various conditions of flow meter geometry, i n i t i a l  
cut le t  temperature, severity of plugging cccuzrence and rear header 
pressure. Preliainary ar,a.lysis of these data imiicaks fhe following: 

1. 

2 .  

3 .  

4. 

There i s  very l i t t l e  deviatioa between fhe observed 
minimum PaneUit pressure (as see= 5y az electro- 
mechanical pressure transducer) ax15 the predicted 
minirmlm Panellit pressure based 011 the nori-bciliog 
isothermal demazld curve (usicg flcw t o  the 1.8 pover 
i n  predicting pressure dmp d e m d  across $he f ce l  
charge). 
and was only infrequently greater tkm- 2 10 psi.  
accuracy of data reductior; from C,ke high speed recording 
equipment is  regarded t o  be i n  this  same rarge, 2 5 t o  

The deviation ires generally less C,hm 2 5 ps i  
The 

10 p s i .  

The technique of "riormBlizirig" tube in l e t  data t o  selected 
i n i t i d  Panellit pressures as 3utLined ir, m-h2k69 c vas 
verified as being applica3le fo r  differsnt vent i i l  sizes 
and f o r  a double or i f ice  combicatior,. 

Veriations in  rear header pressure had EO apparent; 
effect  on mil;- Panellit pressure duzirg fiow re- 
ducticns or the no-xnalizing techxiique. 

For tube powers of 700, llOCI and 1hOO Kw, 'IsMdec pi7*" 
sinrulation was carried out with plug flow Yates as lov  as 
two t o  three g m w i t h  rear header pressure of 75 psig su;d 
i n i t i a l  outlet  temperature eqiral l iq  130 C .  T~be  power 
was  reduced accordiq t o  a programmed simulated 1109 i h  
scram as so011 as severe f i l m  bo i l in ;  c m d - t i o m  were de- 
tected by heater rod temperature increase. 
vas the scram iz i t ia ted  less  thar.. fcur secocds afser 
piugging aad o'otaining m i n i m  Panellit pr=sa;;re 
i n  no case 515 heszer rod  damage OCYXC dr;e tc excess =em- 
peratures a f t e r  the scram vas inl;ia",ed. A ckeck =?E a~ 
1400 KW vith 125 psig rear bade? p ~ s s u s  irrdliist35 tLat 
the higher rear header pressure d i . G v S  a veq- smal l  In- 
crease in  the aliova5le ti= lapse Sot.weer ?iqSir_g mr3. 
parer redxT:x* 

Lr- no case 

&-in 
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The data show a 4 P  f o r  the f l a5  plates vnich is a3out 1.08 times the 
A P fo r  the "suitcase hadles". This rat io  varies s l igh t ly  w i t h  the 

ra te  and the temperature because of the cocditions nentioned belaw. 
The 1.08 value is  somewhat of an average value f o r  a flew of' 30 t o  
40 gpm and a temperature between 15  and 50 C. 

!be data Dbtained show two suggestive characteristics: (1) the gene:& 
slope of the flow versus A P daza is greater f o r  %e "sait:ase handles" 
than f o r  the f l a t  plates ,  an& ( 2 )  the varia+,foc Fr, A P w i t h  f l u i d  tem- 
perature i s  greater f o r  the f la t  plates than f o r  t i e  ''suitcase hmdles". 
These two characteristics would lead one t o  believe that the f l a t  plate 
exhibits a grcater propcrtion of w a l l  shear stress than the ''suitcase 
handle" o r  conversely that the ''suitcase handle" exLibits a greater 
propor t ia  of contraction-expansion type x.r?mler,ce losses tkan the 
f l a t  plate.  
the supports i n  that the f la t  plate  has aboLt seven times as mch surface 
area as the "suitcase handle" and only 1.5 times as mich cross-sectional 
projected area as the "suitcase handle". 

This compares well w i t h  the dimnsicral c taracter is t ics  of 

Cr i t i ca l  Flow Eqerimen3s. 
flow exist- in  the f lasbird of i n i t i a l ly  subcooled wa-3er fh~oilgl; short,  

Experimentation was carried out 02 c r i t i c a l  

sharp-entrance nozzles w i t h  d i m t e r s  of approximately one-half icch and 
lengths of one-fourth, one-half, one, and three inckes. 
nozzle in le t  conditions constax.3 a t  100 psig and eizker 140 c or 160 C, 
the back pressure w a s  changed i n  small ir,cremen+s am3 t be  effect  of 
these changes upon the discharge rate  -vas rroted. 
were unexpected i n  that two d is t inc t  c r i t i c a l  fims existed f o r  the same 
upstream conditions. 

Holding the 

E e  rcsuiza &tai.aed 

A t  a sufficiently low pressure differectial  acrcss 2ke nozzle the ~ s u a l  
dependence of pressure drop OII the flaw sqmred  as zcte4. 
ceda in  c r i t i c a l  downstream pressure w a s  reached, the disckzrgc race was 
found t o  become independent of AP, acd t h i s  co2dif ics  ao-rm3lly coold be 
expected t o  pers is t  fo r  all d m s t r e m  gressws  l e s s  ti== tk i s  vzdue. 
This was, hugever, EO% fowxi t o  be the cass. 

corresponded t o  the satu--atiori pressu--e at the q s t r e m  ZemperatGre, a 
dis t inct  departure fzom c r i t i c a l  flow vas is evideccs. 
crease in  the downstream pressure resulted io 5 re-eaZa3lishmer;t of the 
flow squared-pressure &OF aepeaaeEce. 
decreased ever. furtter,  a second c r i t i c a l  pressx-5 Oif'fererstid -itas noted 
afte: vhich a f u t h e r  dacrease iz downstrea prsssuE ~ r c d r ?  327 c%se 9 
corresponding ircrease 05 flaw. 

a chok iq  cocdition Tdiick; vas occurring: ii a zoze ilea- tke er,trance 
(vena coctracta) of the nozzle a t  flie axial posit.ion where the pressme 

was  such that th? water was saturated. P-is c r i t i c a  zone ceased *o 
e--.-- -ri@+ - IC w- - & y e  m c r ? _ f , i ~ 1 1 ~ 6  cc?-ditior,s. p-e  seco~c7, c r  hiah - -  nressilre 
different ia i  er i5ical  was observed to apparectly ccc-n a t  the rrozzle 
exi t  as vas expecfzd. 
dence when i d e t  f 1 2 w  was  saturated o r  a t  law quai ty ,  r;cr WSE it okser*axl 
i n  aozzles wnere L/D r a t i o  exceeded approximsteiy the -25 of six. 

Afkr 5 

i3y rieczaasirg the ~GVYL- 

stream press-L-p f'-e4ker t o  s;;-& ?,*&e $-L-$ A'--. j-lr .-i iuu-*zr,-- --- -*--.o-T n-cc- h . . ' 3 3 i ~ -  - - -w .=  

A fur ther  r?e- 

Wker, %:e &mistram p r a s s - ~ ~  vas 

S&seqWIi< meas-ced p r e s s c e  srofiles 
b<ic&te . i  tht t;:~ ,113k-Er i-&z& cr i t ; ic& y e s ; - z - e  TZL::~ c~rres;zs2e2 %C 

n i s  "dcuble-cr i t ic i"  cs3;2itlDz waz m y c  A - 4 u  ir, evi- 
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Boiling Burnout Conditiors fo r  NPR Fuel Elements. Leboratorj heat 
transfer experiments were contimed t o  de+,ermirie the b o i l i q  b-mout 
conditions of flows and heat generation rates f o r  the XPR tube and 
tube type fuel element. 
that are applicable t o  the outer cooling annulus of the f’uel element. 

Thirkeen boiling bumou% points were obtained 

Two different t e s t  sections were used i n  the e;qeriments. 
consisted of an a u l a r  coolant passage formed by a 2.390-imh OD 
heated surface within a 2.7O-inch ID process tube. 
section was a single heated tube w i t h  water flowing through the inside 
in a passage possessing approximately the same hydraulic diameter as 
the annulus i n  the first t e s t  section. Both %est sections had heated 
lengths of 24 inches. 

B e  first 

The secoaci test 

The boiling burnout points were obtained f o r  the fallowing ranges of 
conditions: 
conditions, 14  F subcooled t o  l@ by weight steam; heat fka a t  buzzout, 
5%,000 t o  1,695,000 Btu/hr-sq f t .  
showed tha t  the bumout conditions f o r  tLe twc t e s t  sections were 
almost identical .  

f low, 1,000,000 t o  5,000,000 lbjhr-sq f t ;  Gutlet 

An initial analysis of the data 

Boiling burnout f o r  these t e s t  sections was detected by nctiag a sharp 
increase i n  temperature of the heated surface. In all cases the power 
was then decreased before the t e s t  sectiorr melted. 
terminated with the annulus t e s t  section due t o  f a i l x e  cf thernocoqles, 
while the single tube t e s t  sectior, fa i led wner, a 1 m g i t x d h a L  crack 
opened, apparently due t o  thermal stresses.  

Experiments were 

Test Sectior, f o r  NPR Heat Transfer Ekperircents. 
orders placed f o r  materials t o  build a full-scale experimlital heat 

Bids were received and 

transfer t e s t  section simulating the domx+,reani hdf z~f an NPR charge 
of tube and tube fuel  e lemnts .  
suitable f o r  joinirrg the dissimilar materials used t o  achieve t,hs cosine 
heat generation along the length of she t e s t  sectioc qpeared t c  be 
successfui. 

E f fo r t s  50 develop weldir,g tecbiques 

Shielding Stcdies 

Attenuation hkasurenents. 
tainea by bakhg two q y p s  of iron-serpemice concretes z.z v a z x - z  
temperatures. 

The followin2 table surmna:Lzes ?ne deta cb- 
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Loss of Water ir, Imrr-Se,Tentine Corxrete 

Qpe I Type I1 
Water CoEtent* Densit Water Contezt* 

(lb/f+,g) (lb/ft3) 
Bake 

Temp., OC ( lb/f t  (lb/ft3) 

&-Cured 268 15 223 19.2 

&-Cured 267 1 3 . 3  a 17.2 

100 261 8.0 - - 

(about 25’) 

(about 60° ) 

320 260 0.4 a4 10.7 

*Includes water i n  serper,+,ine. 

The gamma dose rate (through 48 inches of concrete ir: the 320 C t e s t )  
was 8 x 10-3 mr/hr/W f o r  type 1 ma 2 x 10-2 mr/hr/M f o r  type 11 or a 
factor of 2.3 greater. 
from the neutrons would be added t o  the gamma Cose r a t e .  
the higher water content of type 11, the aeutror: dose ra te  i s  expected 
t o  be smaller thar: that of type I. This i z 9 o m t 2 3 r  is rot availzble 
a t  th is  time; type I1 i s  being irradiated for the f i r s t  time a f t e r  
being baked a t  320 C y  and the f o i l s  fromthe 320 C t e s t  or: type I are  
being counted. 

To obtaic the to t a l  dose ra3ey t’re dose ra te  
Eecatlse of 

ShieldirG Instnunectatioc. Af’ter four moctks of operatiar: iccludizg 9.li 
instrment move, the nniltichanzel analyzer develoDeci a niskginaJ. f a i l v e  
i n  the adder c i rcu i t  as weU. as several tu3e failures on5 a power supFly 
fail-. 
has been cmpleted. 

Repairs have been affected, a d  a roajor cLassls realigmeat 

Desigz a.cd ConponenC, -stir* 

I 2 4 9 5  I I 
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C. REACTOR DEVELOP- - 4000 PROGRAM 
1. ~NMmCYmPRoGRAM 

Plutonium Fuels Development 

PRTR Fuel Fabrication. 
the PRTR are currently being etched ard autoclaved. The etch f a c i l i t y  
was activated, and rods were etched before acid leaks developed i n  the 
system which necessitated a shutdawn f o r  repairs. Twelve of these rods 
were autoclaved a t  400 C and 1000 psi  f o r  48 t o  92 hours, but three of 
these were rejected due t o  acid staining. 
t o  be caused by high surface temperatures attained in the semi-static 
etch tank. 
rate,  the problem seems t o  be minimized. 

The first 30 elements f o r  c r i t i c a l  tes t ing of 

The acid staining appears 

By increasing the agitation rate  and decreasillg the etch 

Preparations are well advanced f o r  refabrication of these elements f o r  
PIU'R power operation. 
w a l l  Zircaloy-4 tubing currently on order and scheduled f o r  delivery 
in  July. 
condition of the Zircaloy-2 tubing available f o r  the original fabri-  
cation. 
the l a t e s t  development results:  
reduce collapse under reactor coolant pressure which causes damage on 
thermal cycling and possible change of core alloy t o  improve separations 
problems. 

This design (Ma.rk 1-3) u t i l i ze s  the 0.035 inch 

Refabricatior, i s  required due t o  the seriously cracked 

In addition, the refabrication allows the irxorporation of 
increased tube w a l l  thickness t o  

Fabrication Development. The pneumatic injection casting equipmem 
being developed f o r  fabricating PRTR fuel  elements will no7; consistently 
produce castings over 9 6  density. The porosity tha t  exis% in the 
castings is  not everiy distributed +,hroughout the fuel  rods so tha t  
t i e  in-pile neat generation would not be uniform along the lengzh of 
one-hair: inch diameter fuei elements. Various wchocis or' heatir4 mci 
"hot topping" have been t r i ed  il: an effor t  t o  fee6 shri-aage porosity 
in  one-half inch diameter fuel  rod castings, but no saziafactory solu- 
t ion has been found. 

Aluminum was injec5ioc cast i c t o  8 9 - h ~ ~ .  long, 3/4 imh .  d<ame%er, 
Zircaloy tubing that  was flattened on a 2oliing m i 1 1  t o  l/& inch by 
one inch cross section. 
t-do castings that vere &e Ir the flattened tubhig; kcvever,, che 
thich-ess of these elemeats vas  nct; mifonu because t .5~  h j e m i o ? ?  
pressure expanded the 1/4 inch dimensioa of the cladding so t h a t  the 
inlet end was 1/8 irxh thicker than the oppcsite end. 

In another design that was t r i e d  the tube was not f lattened all ic the 
same plane, but the direction of f lattening was rotated 90 degrees 
every f ive  inches. 

Porosity was significantly reduced on the 

This alleviated the swellicg problem arid could have 

- .  . i.' ,.. 7 , ... . 
1 2 4 9 5 1 2  
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a beneficial effect  on the thermal ratcheting diff icul ty  experienced 
with round rods, since the tube shortened 5/8 inch a f te r  the aluminum 
solidified indicating that different ia l  longitudinal expansion and 
contraction could be restrained when such a fuel element operated- 
in a reactor. 
and no porosity at the junctures of the alternately flattened sections 
where it could be expected t o  be porous because of the larger  cross 
section. 

The radiographs of t h i s  casting revealed only two defects 

Thirty b i l l e t s  were cast  f o r  fuel  fabrication; eleven were cast i n  
s tee l  molds t o  compare the amount on blistering i n  extruded rods 
between graphite and s t ee l  molds. Twelve other extrusion billets were 
cast with lower s i l icon  contents t o  determine the minimum s i l icon  con- 
centration required t o  impart corrosion resistance t o  an Al - 1.8 w/o Pu 
alloy w i t h  the nickel level  at 1.3 w/o. 
conium substituted fo r  silicon, and two alloys were cast at a higher 
plutonium concentration. 
be eveluated after the rods are extruded. 

One alloy was cast w i t h  z i r -  

The corrosion resistance of these alloys w i l l  

Final fabrication of the k r k  I-G end brackets for  the PRTR loading 
i s  near completion. 
the parts and sequence welding, the atmosphere was changed from helium 
t o  argon because it is much easier t o  weld manually in an argon atmos- 
phere than i n  helium. 
it i s  only possible t o  fabricate s ix  brackets i n  an eight-hctlr period. 
The holding fixtures are used on each assembly. 

Distortion was held t o  B mininrrlm by restraining 

Due t o  t- consumed assembling the brackets, 

Fuel Evaluation. 
containing 1/2 inch diameter graphite lubricated AI.-Pu rods which has 
been irradiated 17.5 days i n  the GEH-4 loop has been returned t o  
Hanford f o r  examination. 
unaffected as a resul t  of i t s  irradiation, and no "crud" has formed 
on i ts  surface. 
a mottled effect  of l i g h t  and dark areas. Perhaps th i s  was caused by 
intermittent neat t ransfer  cantact between the core ana ciaading. 
Fission gas analysis w i l l  be conducted before the rods are sectfoiied. 

The eleven-inch long Zircaloy clad, 3-rod cluster  

Dimensionally, the element appears t o  be 

The heat transfer portions of the rods, however, have 

The Zircaloy clad 3-rod Al-Ar cluster which has as mch 8s cine mils 
gap between the core and cladding has been reinserted into the loop 
f o r  an additional cycle of operation and the 42-inch long ZircaiGy 
clad UOpFu% element has been sent t o  the GlTR f o r  i r radiat ion.  An 
in-pile thermal cycling experimnt of a 42-inch long 7-rod Zircalcy 
clad Al-Pu element is  being proposed. 

Radiometallurgical exaniretion i s  continuing on the sixteer, irradiated 
Al-Pu and Al - 12 w/o Si-Pu alloy capsules (GEH-14-5 through 12 and 
GEH-14-42 through 49). 
~ l ~ 2 y  specLz,-,s, it ves cbsex- .~~ *b=t xezhan,icd z?ii/or z z e t ~ ~ ~ u 2 - g i z ~  
bonding between the fuel core and the Zircaloy-2 end cap had occurred 
on an AlSi - 20 w/o Pu alloy capsule (GIB-14-49). 
in the reactor w i t h  a maximum core temperature (calculated) of 897 F 

During decladding operations or! the &-Si-& 

The sample operated 

(481 c ) .  

UNCLASSIFIED 
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Faci l i t ies .  
out with the new dies.  
the electr ic  clutch a d  brake can be repaired i n  the hcod. 

The 3 O - t o n  mechanical compactirg press has been checked 
Some machine work will be necessary before 

The gas generating eqcLpment fo r  the hydrogen sintering fu-naces has 
been started up and found t o  work sat isfactor i ly .  
considerable amount of tes t ing and modifica-kion necessary befoze the 
furnaces can be started up. 

There is  s t i l l  a 

Work has.been s tar ted on the loading hoods f o r  the vibrato= compac3or. 
It is hoped that delivery of the vibration equipmnt w i l l  be made soon 
af te r  the first of the f i s c a l  year. 

The modification of the gamma absorptometer t o  determine the ilensity 
of f u l l  length oxide fue l  rods is  continuing. 
been bui l t ,  and the lead cask holding the sensing mit is being mod- 
i f ied  t o  mount the uranium coliimicator.  

A feeding device has 

U Q  Fuel Developnent 

Fabrizatioc Develcpment . 
has been installed and trial operated. 
being investigated t o  find the cptirmlm weld j o b 3  design e ?  mchine 
settings. 
by th i s  process ir a i r ,  vacuum, helium, o r  other atmospheres. 
of weldiq c u r e n t  flow is  1/60 of a secozzd. Normal seqileace of the 
mchlne theoretically would permit making approximately 250 c i s s u e s  
per hour i n  ac a i r  atmasphere and 60 welds per how i n  a vacllul~l o r  an 
inert  atmosphere. The heat required for welding is  geseratsd 5y the 
electr ical  resistance of the material being weldeli. 
stainless s teels  are amenable t o  the prczess became of k e i r  relatively 
high electr ical  resistance. 

The "Magnetic Force" heistarice Batt Welder 

Closures 011 0.563 OD Zircaloy-2 clad fuel  rods c m  be made 

Various weldirs parameters are 

m e  time 

ZircQoy and 

Zircalcy-2 clad, PRTR size fuel rods were swaged w i t h  lead as a core 
materiai 30 provide &.amy fuel  elements for  in-reactoz p c p i z s  f e s t s .  
Ihese rods w i l l  be assembled ism 3:anciard FET3 19-rod f u e l  eiemerz 
clusters a 

A density of 97.5 pexent  of the theoretical was cbfainei 1.3- coqacr.iLg 
WR type V@ in  a Dynapak machine under condit.ions wkick result& ic a 
density of 99.4 percent w i 5 t  inicrorlzed UOz. 
U@. a t  the' sane pressures,, but at morn +,eqsrature,  res7Li:ed ix. densities 
apprbximately 83 percerit of the theoretical .  
Tor resis-lm-cf i e a t i r j  cf stairiiess s tee i  capsLlies r'cr cxip.csiol; sxpec- 
-hr;t.s 25 hi&e=. t eqe - rp ,Yros .  

Coqactior, cf $?.-e zicro~izcd 

EquiFssrrt is  beisg assefiled 

Hot swaging of -100 mesh U@ in Incocel-X tubing a t  1200 C resulted i n  a 

swaging at room temperafxWe. The claddirg was r=sistar,ce kea-ce3 tk-mgk 
graphite coc-cacfs. 

-----se -*. -"*= 2: II ;er:.gzt af tk,eore',lezL 0';ET +& s-E4&L+E; -a>- 
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Twelve fuel elements were fabricated by vibrationzl coqaction f o r  
neasurements i n  the PCTR by Nuclear Physics Research. 

(-3 +20) mesh, 15 w/o (-35 +loo) msh, and 25 w/o (-200) mesh. 
aluminum clad elements are 2.00" aD w i t h  a 0.035" w a l l  thickness. 
Ten of the elements are 36" long, and two are 8' long. 
clad i n  stainless steel will be fabricated. 

(Norton fused oxide) have a part ic le  size composition 
The 

Similar elements 

Fuel elements consisting of a central column of undersized pe l le t s ,  
embedded i n  vibrationally compacted powder also are being investigated. 
Zircaloy-2 tubes, 0.505" ID, were loaded with sintered pe l le t s ,  
approximately 0.465" diameter. 
cent T.D., and were badly chipped and cracked. m e d  U@, consisting 
of 70 w/o (-35 +65) mesh and 30 w/o (-200) mesh, was added t o  tbe top 
of the column, and the assembly was vibrated on the Genisco-Savage 
moving coi l  vibrator at  frequencies between 300 and 5000 cps. 
density of the U@ core was 93 percent of theoretical U02 density, and 
radiographs showed nearly perfect alignment of the pel le ts  i n  the center 
of the rod, w i t h  the powder uniformly distributed and t i gh t ly  packed 
around t h e m .  Capsules are being prepared f o r  irradiation. 
potential applications of t h i s  method is  the fabrication of fue l  elemeats 
containing mixed uranium and plutonium oxides i n  any predetermined geo- 
metric distribution. 

The pellets had a density of 94 per- 

The bulk 

One of the 

The Genisco-Savage 750-pound force vibration system w a s  trans2'erred t o  
the Radiometallurgy B u i l d i n g  f o r  fabrication studies of recycled, 
e lectrolyt ical ly  reduced U@. 

Corrosion Studies 

Zircaloy Frett ing Corrosion Tests. 
has been completed i n  CEP-2 at  316 C and pH 10. 
a single PRTR rod w i t h  a Zr-2 circular spider suspemied i n  a 2 - 2  tube. 
The variables being studied are velocity., clearance between the sFider 
and tube, vibration frequency of the system, and contact area. Several 
significant observations have been made: 

'Ihe first f re t t ing  t e s t  on Zircaloy-2 
E e  system simulates 

1. 

2.  

3-  

1;. 

5. 

With a 5-mil clearance, f re t t ing has occurred Dn the 
spider and tube even without aDplied vibration. 

r'rettlng is the same a t  1 5  and 30 ft /sec flcw -=locity. 

The oxide film does not prevent t h i s  f r e t t i r a .  

Penetrations a f t e r  three weeks are estimated t0c be 
apprcximately one nil with no external vibratim an5 
one t o  two mils with an additional oize cps v ibra t im.  

1 2 4 9 5 1 5  
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The test i s  being contimed studying clearances of 20 m i l s  and 50 m i l s  
and supplemental. vibrations of three cps. Preliminary data indicate 
that  clearances as large as 50 m i l s  do not resul t  In  as severe frekting 
as smaller clearances and that f re t t ing is  more rapid a+, higker f re-  
quencies. It was  observed tha t  much more extensive penetratioz took 
place where a Zr-2 = d e r  was cor,+,acting the sharp tkreade cf s set- 
screw than where larger  contact areas were involvzd. 
su: eight-foot single-rod PRTR fuel  eiement with the wire wrap cut ai; 
one end t o  simulate a broken wire was  exposed f o r  one week i n  pH 10, 
300 C water. 

Ih another t e s t  

There were no signs of f re t t ing  on the fue l  rod or  wirs. 

Corrosion of PRTR shroud Tubes. 
aluminum a l l o y  have been exposed fo r  a month t o  a f l o w i ~ g  mixture of 

ELa4 and Stressed Coupar;~ of 6061-6 
- 

water vapor and helium at 305 C azld atmospheric pressure. 
vapor is  i n  equilibrium w i t h  water at 70 C .  
rosion has been observed, a d  no measurable weight gaics have been 
obtained. 

The water 
No highly localized cor- 

Cleaning of Aluminum Corrosion Specimens. 
has been developed f o r  aluminum corrosion specimens. 
at  temperatures frm 130 t o  300 C (including heat t ransfer  surfaces) 
have been completely cleaned without significant loss of base metal. 
The method (described i n  HW-64483) involves h e a t i q  of tlie specimens 
t o  300-500 C, and subsequent cleaning in  a sollitior, of phosphcric acid, 
sodium dichromate, and acetic acid. 

An afficienk cleaning IPethod 
Specimezs exposed 

St  rxtural ht er i a l s  Devel s p z t  

PRTR Process Txbe Monitoring. 
mcnitoring equipment is Seing developed and assenbled fo inspect the 
process tubes i n  place i n  the reactor pr ior  t c  Fwer opemtioc. De- 
velopment tes t ing of lens and l ighting syszems is procesdirg w i t k  the 
aid of a rected Tv came-ra. 
f o r  A u g u s t  1. 
formers is being developed 53- PIRDO, and assembly cf a t e s t  mdel  has 
begun. 

!the Mark I protot-ype process tube 

Delivery of an inproved camera i s  promised 
An ID measuring device employing d i f f e rzmia l  t.rans- 

A mechanical device f o r  accuzstely positioning the serxirzg head ir *he 
process tubes i s  essentially desipperl and pmcuremmt of mis a?cl ather 
needed auxiliarj equipment is i n  pzogress. 

Mark I1 Process Tube Moriitcriq Development. 
monitor, +,he Ebrk I1 monitor mt perform i n  a high i r l ens i ty  gama 
radiation environment. 

t o  detect flaws aEd hydrogen pickup. 

In contrasz t o  she k r k  I 

In additioL t o  TV viewicg mrl I 3  neasuxmen';, 
&e-j,ces - d i l l  be .-&-;ela;;ez ';o z t s z e  t k ~  -2.- w-.LI Ab: d A . A b ~ ~ = , s  -'-- -- a79 ,-as gap ard 

irradiazion zests nave beer, started to dezemir,e acceptajie ccmpnezxs 
f o r  a televisioc camera to operate i n  %he hi@ gamma f i e i d  t;o be en- 
countered in  the PRTE. 
tubes, other thm brm2.ng of the glass envelope, was  coted a f t e r  

L i t t l e  chasge i _ r ,  characterissics cf vacwm 

1 2 4 9 5 1 b  



UNCLASSIFIED A- 25 m-65459 

6 10 roentgens gamma radiation. 
irradiation on a p-n-p and one n-p-n type t ransi tor  while another n-p-n 
type showed a 35% change in  base conductance and resistance. 
current on a tunnel diode decreased s l ight ly  a f t e r  the same irradiation. 
Corning G l a s s  Company purified fused s i l i ca  appears t o  be the most suit- 
able material fo r  optical  and l ight ing systems and vidicon face plates.  
Current information indicates that l i t t l e  darkening is encountered t o  
a t  least 109 R total gamma. 
tes t ing w i t h  ordinary and %on-darkening" "Crmn" and "plint" glass and 
ordinary fused s i l i ca .  

L i t t l e  change i n  characteristics have been noted after 108 R t o t a l  gamma 
on bariumtitanate,  lithium sulphate and quartz ultrasound transducer 
c rys ta l s  f o r  a Vidigage w a l l  thickness tes te r .  
crystal  probe curved t o  f i t  the PRTR tube I D  has been received from 
Branson Instrument Company fo r  evaluation of w a l l  thickness measurement 
from the inside using only water for  ultrasound coupling. 

Li t t l e  change was  noted a f t e r  the same 

!Ifhe peak 

Samples have beer ordered f o r  comparative 

A special  bariumtitanate 

Instrument Research and Development Operation i s  iavestigatirg the use 
of eddy current methods for  measuring the insulating gas gap between 
the Zr-2 pressure tube and the Al shroud tube. 
it was demonstrated i n  a mockup of the Zr-2 pressure and shroud tube that 
the gap and changes i n  the gap could be detected. 
increases as the gap decreases, indicating the present experimental setup 
is more sensitive when the gap thickness i s  s m a l l .  

KER Loop 1 Tube Examinstior.. 
Zircaloy-2 tube irradia%ed i n  XER Loop 1 and delivered t o  the Radiometai- 
lurgy Laboratory. 
fa i led  t o  show the p i t  defect reported i n  the in-pile boresco2e examina- 
t ion  of the tube. 
sample, appeared t o  be p i t s  were actually spots of cAnd deposit. 
bottom half of the tube was generally covered w i t i ;  a reddish film while 
the f i l m  in  the upper half was more spotty and localized. A f u l l  cross 
section of the tube is beirrg exambed by nesaliography. 
handiing, poiishing, etc.,  the cross section has bserr ciit Lnzo s1x 
segments. 
examined metallographically. 
extent of more than 50$ had occurred. 
sd-ostantial grain growth had occLwred. 
specimen, it is anticipated that recrystall ization w i l l  be four5 in  the 
en t i re  cross section of t h i s  saxqle as further mtz;Llographie exwLr,atica 
i s  carried out. 
of hydziding. ExamiI;ation f o r  kjciriciicg w L i l  be cozthued. 

Using a nagnaflux c i r c u i t ,  

The signa3 output 

llwo 15-inch tube samples were ctlt from the 

Thorough examination of the inner surface of sample #ll 

Several spots which, prior t o  sp l i t t i ng  of the t ibe 
The 

To facili2ace 

One segment from the upper half of the tube has now beell 
It was found that  recrystalliza$ion to tke 

A t  the extreme outer Surface, very 
Fro= cxaniaatior, of th i s  ose 

In th i s  one sample there was  no mtallograpnic evidence 

Zircaloy Sheath T u b i ~  Evaluation. 
Zircaloy-2 sheath tubes from Order No. HcaC-42400 f o r  200 tubes were 

The first fifty-fi-Je O.505-inch ID 
- 

I.,P,ecteci - n m -  3;- € k % c ~ r q E :  %s$%g QerezLon ea2 C,& r e s - 2 t s  rqc--t:.$, . 
The vendor specifications f o r  this order require outside surface ZygI.0 
examination f o r  acceptacce and inside surface Zyglo exaainakion f o r  
record only. Routine inspection a t  Hanford includes ultrasonic and 

UNCLASSIFIED 
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eddy current t e s t s  OE a 1 0  percect basis a d  spo3 checking wLtS Zyglo. 
During rou%he icspecC,ior: a t  W o f i ,  a31 55 t x h s  passea the ed&y 
current t e s t ,  18 mdomly-selected tabes passe3 inside swface Zyglo 
examination, 25 fa i led t o  pass the vltrasonic t e s t ,  and five of the 25 
a l s o  fa i led t o  pass %e outside surface 2ygl.o exmizaticL. E e s e  five 
tubes will be re+,u,Ted t o  tke vendoz f o r  c red i t  sisce they sko-d.3. have 
Seer: rejected by 5he vezldor. 

Failure of the Zyglo test t o  corzelate with the u l t rasa le  tes', vas 
traced t o  the preserce of a s-arface f i l n  of o i l  o r  gzeass wkich pre- 
vented the fhorescec t  dye from ectering the surface defects. TEis 
information has beer: fed back t o  the v e d o r  f o r  remedial actior; on 
further shipmer,ts . 
RadiometalilrrPy ~ Labc-=tory Studies 

SerVices, equipmnt, a d  adeiticnal shielding a,- beicg installed i n  
the decontambation cell f o r  fabricarion of P~el rods fron par t ia l ly  
decontaminated, electrodeposited 3% (RM-328). ExsniKiar;ion cf Zircdoy 
clad Pu-fi rods showed alumimm diffusion i n t o  Yze claddicg m.3 hy- 
driding of the Zircaicy (RM-658). 
not rupture the end cap of a swaged U@ capsule. A large quaztity of 
f iss ion gas was witndrax fron the capsule ( ~ 6 ~ 7 ) .  A pxzase ly  de- 
fected, swaged U02 capsuie was examined t o  8s5ermice hydridir-g of the 
Zr-2 claddiw. 
from the hcle bxt OILY 10 ppm a t  tiie bole (,SEI-605). 
fa i lure  of a U@ rod-and-tube e l e m a t  was foi i2  t o  3e r=ao,+ior, 3stwee2 
Zr-2 and U+ at the si+,e of localized heasing (-314-601). 
sinterizg 
of a U%-Pu@ capsde ( ~ 6 5 3 ) .  

Inter.& pressure Bis tczs4  ht. did 

md"ide cor;cenrratiDL appears sc SC pgn 5wc izckea 
me caijz$ 3: 

C o q l e f e  
som relocatioc of the fue l  was revealed 3y 2xaakatics 

Results and inte=pre+,a+,iom of these examinatiom w i l l  1.e reports2 i n  
more de t a i l  i n  eonnecsix. w i y i  +he respective developmen% p-3grm.s of 
Fuels Developinent a& E-xt.o~fum ksSll:c-g;r WiECtiaris. 

&oblems of a &naJL Leak Dcmstream of %he Ori f i c2  iz a PFEE P--cess T2e.  
A s m a l l  leak dom&t,ream cf the or i f ice  of s. PRTR prscesa vike v s L l  s i p  
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been eliminated, namely i n  the discharge piping two-phase pressure drop 
calculations, experimnts will be made t o  confirm the degree of pro- 
tection obtained. 

PRTR Project M8nag eIIlent and Design 

Phase I11 PRTR Contract. 
about 88 completed as of June 1, 1960, versus a scheduled 95$ based on 
a contratt completion date of June 24, 1960. Over-all PRTR Project is  
estimated t o  be about 91s completed versus a scheduled 93$ based on the 
revised project estimate. 

Installation of the reflector vent line on the calandria was successfully 
completed, and the calandria was installed on My 6. 
shield was installed on b y  13, and s teel  shot poured into the core region 
of the shield. 
core from May 13 through k y  23, as a resul t  of the contractor not having 
the tools necessary t o  check the alignment of the top and bottom shields 
and the calandria. 

The Phase I11 contractor i s  estimated t o  be 

The top primary 

No work was accomplished on fabrication of the reactor 

Assembly of the fue l  handler i n  the reactor building is about completed. 
R a i l  stops and limit switch brackets are being instal led f o r  the f loor  
r a i l s .  
the reactor hal l  g-oor, which is out of tolerance i n  a number of locations. 

It has been necessary t o  raise the cask t o  permit t ravel  across 

The acceptance tests on bow measurelnent, hydrostatic and leak tes t ing of 
process tubes were completed during the month. 
assextibly of tubes and nozzles were completed. 

Bow measurements and 

The first r iver  pump was tested and run-in f o r  the six-hour period 
called f o r  in the acceptance t e s t .  
was  defective and fa i led  during start ing.  
be instal led about May 25, at which t ine the pump w i l l  be run-in. 
river pump-condenser f a c i l i t y  should be turned over t o  GE shortly there- 
a f te r ,  a t  which time a '70-day run-in of these purnps w i l l  be s tar ted.  

The power cable t o  the second pump 
A new cable i s  scheduled t o  

The 

The Phase I11 contractor has installed the periscope support s l a t e ,  the 
vertical. shield, and the cover blocks i n  the Fuel Exanination Faci l i ty .  
This completes the instal la t ion of the shielding obtained from b s l e r  
Safe. 

The contractor continued instal la t ion and f i t up  of piping i n  the various 
f low systems. 
some di f f icu l t ies  in  matching the as-built locations of the vessel 
nozzles. 
pumps, Bx-1, and pressurizer. 

It appears that his prefabrication methods are causing 

plis I s  pa,-ticsrlarPj t x e  iz t h e  prlz=r;c s y s t e ~  betwee?, the 

The rotating and stationary secondary shlslds havz been price eozte2 
and moved inside the containment vessel greparatory t o  closing the large 
construction opening in  the containmeat vessel. 
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Assembly of inlet  jumpers and of out le t  ring header and jtlmper piping 
began. 
coctractor t o  ass is t  i3 s e t  up of the outlet  piping. 
poor appearance are Sei% checked for  w a l l  $;hichess ultrasonically. 

The outleCY face ~ O C ~ U F  fran 3 4  Building was loaned t o  the 
Some bends having ' 

I n s t m n t a t i o n  and Ccn%zol. 
vendor t o  obtain ,replacemeI;t DC t o  AC inveflxrs f o r  power supplies t o  
the Keithley amplifiers used io the containmeat sys%em. 
originally supplied require 24 valzs DC input; p a e l  viricg provides 

A t t e m p t s  are beira made by the pace1 

!Ea izverters 

125-volt DC input * 

To provide back-up i r +  case the panel vendor fails iI? his attempt t o  
obtain irrverters cperable on 125 volts DC, desigr, has s t a z e d  on a 
24-volt DC power supply with battery back-up. 
temporary l ine w i l l  be provided supplying 115 volzs AC t o  the amplifiers. 
This will permit operation of the amplifiers du i r a  ATP's m d  w i l l  
permit the system t o  be fu l iy  checked out. 

In  the meactime, a 

The replacemeat s q l e  blower f o r  the gas moistme detectior? system has 
arrived on s i t e  ani is  being installed. 

Difficulty is  being experienced w i t h  the vendor who is furnishing the 
electronics portion of the fue l  element rup2ne m n i t s r  system. 
vendor i s  u n w i l l i n g  t o  provide a printing wheel or 3% recorders as 
required by specifications and has proposed several aiternates t o  re- 
place the printing wneel. 
been acceptakle, and the vendor has been i c s t x c t e d  20 f ~ r n l s h  the 
printing wheel o r  pay fo r  mdif icat ions required t o  include it af te r  
the system is received on site. 

The 

None of the alterr;a?es pxposed t o  date Lave 

Bids f o r  the 
received and 
they did not 
accomplished 
6epel;ding on 

mechanical portior of the *rupziire nccizor syszem were 
revieyed. All bids were rejected oc the grouzds tha t  
meet delivery requirenents. 
locally by e i ther  Minor Constructioz or  by plar-t forces 
the 0;~~con.e or" a work review r a w  bexig a d e .  

The faSrLcation w i l i  be 

PRTR Stack FGter .  
icsC,alling &p, exbaust a i r  filter have been irraagilrated. 

As of the last AC=IS review of the ?RTR, plans f o r  
The f i l t e r  

remaizider of the porom castlags w i i i 5 e  firdsk& by the s a m  methcd. 
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Load-Out Cask. 
auested changes incorporated. 

The vendor resubmitted the cask drawings wi th  
The drawings were approved and 

the re- 
returned 

io the vendor. 
m e d i t i n g  has been askedto take the steps necessary t o  insure meting 
the mid-June delivery date. 
Minor Construction fo r  decking the load-out cask trailer and mounting 
the heat exchanger and cask saddles on the t r a i l e r .  

Fabrication has been s tar ted but i s  proceeding slowly. 

An estimate of $2,150 was received from 

PFP Crit ical  Faci l i ty  (Project CAH-842). 
building was conpleted and forwarded t o  the AEC f o r  inclusion in  the 

The bid package f o r  the 

Maintenance and kckup bid package. 

!he development work required on the adjustable w e i r ,  the control and 
safety rods, the thimble tubes, and the source positioner has been 
started.  

An addendum clarifying the lock specifications has been prepared and 
is  being circulated for  approval. 
l a t ing  coolant loop is under way. 

Fuel Element Rupture Test Facil i ty (Project w-867).  
project proposal, HW-64309, which requests t o t a l  funds, has received 
approval at HAP0 and has been forwarded t o  Washington fo r  Atomic  Fhergy 
Commission action. 

Design of the thinible tube recircu- 

The revised 

The test of the design c r i t e r i a  is  being routed f o r  approval. 
inary procurement specifications f o r  various special items of equipsent, 
such as circulating pumps, regenerative neat exchanger, and cooling 
heat exchangers, are being prepared t o  f a c i l i t a t e  rapid action when 
funds a re  authorized f o r  the project. 

Prelim- 

Work an transient analyses has continued. The objectives of these 
studies are t o  determine the behavior of the system during various 
disturbances and the effectiveness of convective c i r caa t io r ,  of coolant 
after t o t a l  parer failure.  

Several methods fo r  cooling a stuck and ruptured fue l  element are being 
investigated. 
def ini te ly  and provide a backup for  the no,- t ransfer  cooling time of 
one-half hour. The mthcds under consideration all nodify the jugger- 
caught t o  feed water in+,o the top of the t e s t  sectior,. 

These methods provide fo r  c o o l i q  +,Le fuel element in- 

Design and Component Testing 

Desigri Test PR-1 - giscfiarge meratlor, Nockw. 
shroud assembly f o r  the PRTR fueling vehicle w a s  completed. 

me des ig-  cf ?he revised 

required-only three oz-in correction on April 27, when it was  re- 
assembled after inspection of the mechanical seals .  
imbalance vas probably due t o  looseness i n  bearing f i t s  or  flywheel core. 

The change ic 

UNCLASSIFIED 
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A hot t e s t  of 68 hours on pump No. 3524”l. was completed on &y 2. 
bration of the pump shaft and pump case during t h i s  t e s t  w a s  two mils 
and 0.2 mil, respectively. 
indicated s m  overheating of the seal faces. 

V i -  

Inspection of the seals following t h i s  t e s t  

All four primary process pumps are now at  the Byron-Jacksor, factory 
undergoing the following modifications: 

1. Double the moment of i ne r t i a  of the flywheels. 

2. Trim the impellers t o  reduce the head 20 ps i  at 
4200 gpm and a specific gravrity of 0.873. 

3. Improve the f i t  between the shaft  and the flywheel 
core, impeller core and bearing races. 

4. Change the radial bearing t o  a thrust bearing with a 
100 contact angle. 
loaded downward with J.000 pounds spring presswe. 

The thrust  bearing wi l l  be pre- 

5. Rebalance each pumg assembly. 

The prototype process pump was disassenibled f o r  inspection on April 27, 
a f t e r  completing 3685 hours of opezation includbg 66 starts. The high 
pressure seal was i n  excellent coEdition w i t h  86 mils of raised face 
height remaining on the carbor: face. 
of th i s  seal was 0.1 gph a t  equilibrium operation. 

!be leak rate  p r i m  t o  disassembly 

The pump was reassembled 03 May12, using a new self-adjustkg seal 
assembly which breaks the pressure down across two  se t s  of faces. 
100-hour hot t e s t  on th i s  asseably was completed OIL May 16. 
during this t e s t  was 3 t o  3 .5  gph. 
inspection following the hot test and was fmcd t o  be i n  excellent 
condition. 
since operated 162 hours. Leak ra te  has now decreased t o  1 . 3  a h .  

A 
Leakage 

The pump seal  was disassembled f o r  

The pump was reassembled wi$h no relappirg of seals and has 

The R/M Vee-Flex packing rings, Style # R/M 1204, installed OE $he smeli 
capacity Alilrich pump, have operated 360 h o r s  w i t h  a -my small leak 
rate .  

Prccess *&e #6063 was re-installed in the sicgI.2 tube prcfotyp loop 
and was operated f o r  255 hours and six thermal cycles duricg the mritth. 
Tota l  operatior, f o r  tube 6 0 6 3  a t  simulated reac+,or coniitions is  LOW 
2255 hours. 

The nozzle-to-process tube (NTFT) seal of’ the single tcbe protot&pe 
operated f o r  255 hours durirg the m0nt.h with m average leakage of 

has been found f o r  the high leak rate. 
in th i s  locatior,. 

2.2 d/z .  ELS s e e  ;iZs :;t+h~~t S L L ~ T G ,  Z,LZ LC %ggerer,t re~.jc,  
A new gasket kas beer, instailed 
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The special m t e s t  piece was operated for  350 hours a t  500 F and 33 
temperature cycles. 
without shinnning. 
than 0.2 ml/hr. 
excessive, ranging from one t o  ten  ml/hr and became progressively worse 
with increase in operating time and temperature cycles. 
of the gasket did not change during these tests. 
shimmed gasket seal will continue. 

Nozzle cap seal experience improved during the month; however, t h i s  seal  
is not yet conaidered reliable.  The cap plugs of the single tube proto- 
type and the flexure loop t e s t  nozzle were modified by relieving the 
gasket inner retaining ledge. 
nozzle. 
20 ml/hr. 
1.5 ml/hr for  200 hours of operation. 
flexure loop test nozzle operated f o r  350 hours and 35 temperature cycles 
with a leak rate of 0.2 ml/hr. 
hours and 20 temperature cycles with a leak rate of 0.4 ml/hr. 
designed cap plug incorporating a wider gasket has been fabricated f o r  
use i n  the single tube prototype nozzle. 

Two gaskets were tested w i t h  shinrming and two 
Leak ra te  fo r  the unshimmed gaskets averaged l e s s  

Leak rate  for  the shimmed gaskets continued t o  be 

Bolt loading 
Evaluation of the 

Two gasket seals were evaluated on each 
The first seal on the single tube prototype leaked a t  a ra te  of 

This seal was again modified which resulted i n  a leak rate  of 
The first gasket seal  on the 

The second gasket seal  operated f o r  210 
A re- 

PR-40 - S h i m  Control Mockup. 
continued during the month. 

Operation of the corrosion t e s t  mockup 

A new motor, replacing the one which fa i led  last month, was received from 
the vendor. 
about three hours of operatio=. 
f o r  four motors f o r  t e s t  and evaluation. 

This motor was placed on t e s t  and fa i led  electr ical ly  a f t e r  
An order has been placed with Western Gear 

D e l i v e q  is  scheduled f o r  June 25. 

The four assemblies received from APED have been tested,  arAd one had a 
short fromthe common l i m i t  switch terminal t o  gromd. This defect i s  
being repaired. The other assemblies operated sat iafactor i ly .  

APED has thirceen additional drives i n  various stages of f ina l  a s s e d i y  f l  
and tes t ing.  
Completion of the last seven drives is  contingent on replacement mto r s .  
Delivery of these motors is being expedited. 
f o r  testing, has been shipped t o  APED. 

mese tiiirtsen drlves are sci;&hizd for s h f p m t  'cy 2xie c. 

h e  motor, wnich was here 

PR-70 - Helium Compressor Test. 
tinued during the mmth. 

TestFng of the o i l  make-up pump con- 

PR-80 - Air Coo l iq  DJCS Tes5. 
completed, and operation of both ducts was satisfactory,  

Final testing of the a i r  dmts  -as 

Special Tools. 
has been colzpleted. 
Fabrication of a mockup t o  f a c i l i t a t e  further tes t ing was started.  

Fabricatioxi of the load-out cask piz  and hanger remover 
bitial t e s t s  b d i c a t e  C , b t  the design is fezsible.  

bbdification of the push rods f o r  the fue l  elemenk extractor was started. 
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Procurement of coqoaents and material f o r  development of the shroud tube 
removal tools was started.  

Drawin@ f o r  the nozzle elbow cut-off saw were isswd f o r  comment. 

Electrical  Structu-al Opening Sealers. 
issued. 

The final report, IIW-64972, was 

PRTR Process Instruments. Orders were placed for  tine precision servo- 
manmeter f o r  accurate measurement of the height of che PRPi moderatcr 
and f o r  the fuel element temperahre detectors f a r  th2 Fuel Examination 
Facil i ty.  

Design Analysis 

PRTR Safeguards Analyses. Analyses presented i n  EW-61236 SUR,, which was 
'written t o  describe actions taken and provide inforaatiori w i t h  respect t o  
the ACRS comments on PRm, were discussed with the PR'JX Sub-Committee of 
the ACRS and personnel of the Hazards Evaluation Branch, AEC, on May 4, 
i n  Washington. 
infonnatiol; presented i n  regard t o  the ACRS comects. 
changes i n  the limits f o r  exhaust a i r  act ivi ty  and reactor thermal power 
were accepted. 

No objections were  raised t o  t i e  actions indicated o r  the 
m e  proposed 

The PRTR Sub-Committee, ACRS, recommended that furt,kr corsideration be 
given t o  t e  i n s t U a t i o n  of a particulate f i l t e r  i L  the vectiia+,im 
exhaust air  stream. 
monitor system be revised t o  provide safety c i r c u t  t r i p  prozeztion fo r  
process tube leaks ia the range of 65 t o  108 a m .  It had beer, propceed 
tha t  safe+,y c i r c u i t  t r i p s  t o  protect against the corisequeccsa of 55 t o  
108 gpm process tube leaks be ini t ia ted by presswe swiixhes is %he 
reactor Jry gas system and the lower access space when t k  pressure in- 
creased i n  these locations as a resul t  of prozess +,.&e leaks. As indi- 
cated i n  m-61236 SUFI, the preserb tube or i f ice  desi= zesrricts the 
flow increase resulting from a process ",be leak sur-ficier-tly ta prevent 
a high f l o w  Trip unless tne process n o e  leak i s  grea.;er c2ai- i  108 gpm.  
It is  now planned t o  reduce the excess dymmic head 9f t h e  primary cmlar,C, 
upstream of the vecturis sc that, a prccsss +,-&e leak cf 65 a m  31 greater- 
vi11 resul t  in  a safety circui t  t r i F .  
65 gpm may resul.2 ir, b d k  >oiling bct riot iz. f i l m  39ilirig. 

Further, they recommendeci that the Sracess tube flow 

Process tu'ce isaks l e s s  t.hw- 

PRTR Sfarkup Preparatiors. 
f o r  the PRTR Cri t ical  Test docxnenz vas discuss8 witl the Startup Cauncil. 
Commefits of the Couricil ..ere incorporazed: anZ t,ie sZctioE grepared Tor 
fLral p i 5 l i c s t i w .  

The Hazards and Restriztlocs S-J sectictr, 
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Individual t e s t  descriztions are being written f o r  the paver %est pkase 
of PIiTR startup. A preliminary descripti.Cn of xenon p0iscsr;ir.g measure- 
ments has beec completed. 

PRTR Process Tube Ruptures. 
transieEts following various size ruptizres in  a PRTR process tube. k 
each instance the rupture was assumedto occuz a t  the base cf t h e  fviel 
element and the reactor was scrammed within abou% 0r.e second followira 
the rupture. 

Calculations were made t o  determize %he flow 

In making the calculation, the following sequecce of evects was assumed. 
After a mptwe  occurs, a steam-water mixture 
break. DepeEdent on the s ize  of the r q t w e ,  flow w i l l  originate e i tker  
from both ring headers or from only the 'Do+tom r k g  header. 
that the primary pumps would operate normally mtil the pressurizer vas 
voided. 
vapor locked and no longer operable. Tke reactor cooiazlt at this p o b t  
was assttlned t o  be stagnant. 
both the headers f o r  all rupture sizes with l iquid c r  s$ean-Yater znixtllres 
passing from both legs.  %e liqtl id ir. the heat exckanger, out le t  14" 
pipe, and top ring header is  discharged tk@ the prczsss tabe leg.  
Simultaneously, the in l e t  14" l i n e  is being draiaed th.rmgh the in l e t  
jumper leg.  
the top  ring header ha5 Seen drained, it was a s s m d  tha t  zke affected 
process tube was ' 'blr3wn do=". 
the affected process tube. 
mately when the p u q s  lock. 
expariding gas volume thus decreasing the kelium parCvial pressure. 
presstll-izer pressure will drop from 1040 t o  akxt 800 psia  h z i c g  the 
time required t o  blow down the affecsed prccess tube. 
tube is blown d m ,  the pressure decay rate  iccreaaes siace the 320 
vapor pressure is  also being reduced t o  creats cke r*ec.-ssa-y s t e r n  flow 
r a t e  a t  the Pxistirtg systen pressure. After the p.zscass tcbe is b i m  
down, the affected file1 element is cooled ai ly  by aupcrLea7ed s t e a  
u n t i l  the sysfem pressme decays t3 100 psia a& ez5rgcxy l i g r  vatez 
injectior. begim. 

disckarge from the 

It was assumed 

After the pressurizer was drained, the pumps were assumed 50 3e 

A t  +,his time f l o w  50 the break w i l l  be frcm 

men the en t i re  outlet  piping, heat exchanger, and one-half 

A t  th i s  time pure s t e m  w L L  sass througk 
me sys+,em pressure begim tc: decay appmxi- 
The i n i t i a l  decay is  g r i m r i l y  h e  to tbe 

The 

After the Srocess 

The 1.98" hole s ize  was ex-ed t o  dets-rmirx Low img a 
process tu3e fuel  element woidd remain ~ ! ~ c o w r e d .  
the steam f low dischargizig from the grocess tube l eg  is renox-ed from 

J?; imact  
Assuziri %at OILY 
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the reactor core inveatory cf D20, these calculations indicate that fuel 
elements i n  the in tac t  tubes w i l l  not become uncovered before the system 
pressure decays t o  100 psia.  The steam f l a w  ra te  i n  the affec%sd process 
tube decreases t o  about 2 .O lb/sec . 
adequate t o  maintail; Pu-U Pdel element temperatures below 1200 F, the 
affected tube is  more than adequately cooled. 

Since about a 0.2 lb/sec flow i s  

Thus, it appears tha t  large process tube ruptures do not 1- =ad t o  excessive 
fuel element temperatures. The 0.75" diameter case was calculated t o  
determine the time available before s t e rn  flow over the affected fdel 
element becomes inadequate. For a rupture of th is  size,  however, the 
t o t a l  discharge r a t e  decays t o  less  than the makeup feed rate  of 32 gpm, 
and hence before the steam f l o w  rate becomes kadequate, the reactor core 
is  f i l l e d  and D20 s p i l l s  over into the affected process txbe. 
words, a steam f l a w  r a t e  of less  than 0.2 lb/sec ~II the affected process 
tube apparently w i l l  not occur. 

Cri t ical  Fac i l i ty  Analyses. Analysis of the worth of coritrol axid safety 
rods i n  the PRPCF has been init iated.  
function of radius predicted by the DS-709 Code RECON has beec cornpard 
t o  the variation expected from the s t a t i s t i c a l  wei&c distribuzions 
determined i n  rnultigroup calculations. This co arisor: reveals that  the 
representation of s t a t i s t i c a l  weigh% by Fo (37 as in  RECON appraxi- 
mates very closely the exact weight #@*. ( JI i s  the major rzdial  buckling, 
R is  the radi'cls, 6 is  the radial flux, a d  $* i s  The radial  iqortance 
func5ion). 

In other 

The varlation of rod worch as a 

Kinetics studies of the PRCF have beer in i t ia ted  irr support of +,he kazards 
ewJuation of the system. 
compiled. 

Data t o  be used io an analog staay aze being 

Calculations of radiation dose rates f o r  the final shield desi@- of the 
C r i t i c a l  Facili+,y are under way. 

PXP Shielding Analysis. 
or' radiazioI; was compieted. 
f o r  shielding aro-and the a i r  f i l t e r  OE the PRTR faeling vehicle whec 
handiiw ruptured fLel elemems. 

The radiat ior  dose r a t e  a5 a point immediately out-sise %he 26" and 12" 
steam l h e  pen,etrZ+;ior?a cf tke PRm cor,tninmez* vessel was c L r 2 z T e i  
t o  be i r ~  the range of 175 t o  200 mr/hr during reactor operazioz. 
recommended that sew& inches of s t ee l  shielding be prcvicied f o r  tkese 
penetrations. 

A review of the PRTBO l i s t  of po ten t id  sources 
-This renew resuited i n  a recommendatior, 

It was 

PRP Physics Analyses. 
has been prepared fo r  use, and a docmen+, concernil=g the code has been 

The S-4 One Group Transport Cylhdrtcal  Cell Code 

Reactivity and maderator level  change versus reactor peziod nave Seer re- 
calculated using revised delayed neutron fraction values. Tce results 
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W e r a t o r  at Step Level Increase of 

1.5" - 1/2" 1" H a l f  Level ( 5 5 " )  - 
Period (sec) 
Reactivity (e) 

plree-Quarter Level (83") 

Period (sec) 
Reactivity (a) 

16.6 3.8 2 
1.72 3.44 5.'16 

78.0 28.0 13.2 
0.65 1.3 1.95 

Full Level (106") 
Period (sec) )200 104 61 
Reactivity (mk) - 0.525 0.788 

Work on two dimensional analysis of the PRTR core is continuing. 
work is t o  be p e r f o m d  with the 709 ANGIE Code. 

This 

Consideration was given t o  the react ivi ty  effect of increasing the N i  
and decreasing the S i  content a l loy ing  aluminum in  &-A1 fue l  because 
of chemical processing problems with Si in the present al loy.  
on a previous analysis, the effect  of doubling the present N i  cantent 
(from about 1.3 t o  2.4 percent) was  estimated t o  result ia an additional 
react ivi ty  loss of about five milli-k. 
addition of one spike element. 

Based 

This can be congaensated by *he 

Heat generation and react ivi ty  studies of two 7-rod cluster  fuel element 
configurations were conpleted at  the request of Plctonium Metallurgy 
Operation. 
pleted U s  surrounded by a mixture of R@ and naturd.  Uo;1 (0.35 w/o 
he). 
surrounded by a si.mil.= Pu@-U% mixture. 
were also sade for several cases of solid 
diameters and densities, surrounded by MO. 
ut i l iz ing  the DIOT and S-4 carnputer codes. 

In one case each fuel rod contaiced a center region of de- 

For the second case each rod cmtained a center region of e0 
Heat generation calculations 

cores of varyirig rod 
=is york yas pc*-fcraed 

plutonium Fabrication Pi lot  Plant 

The project is estimated t o  be 9% c q l e t e .  

Construction work on the oxide fuel line is  complete. 
furnace gas system w&s placed ir: f u l l  operztiar, with the aicl of - E S ~ O ~  
representatives. Starkup work on the sintering furnaces is  under vay. 

The sk5e r ing  

I&- Gunther Von Elbe of Combustion and Explosives Research, Inc., 
\<sitad th-e plact as 81: qera t ions  sa;fe*y coosultac3. Ee inspected the 
furnaces and the furnace gas system and discussed the t e s t i q ,  startup, 
and operation of the furnaces with operations and project personnel. 
He w i l l  present a report within a few weeks, probably befme intro- 
duction o f  hydrogen i n t o  #e furnaces. 
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Construction work on the second floor,  w L t h  the exceptioc of paicting 
the corridor floor, was completed. 
l e f t  unpainted due t o  lack of project funds. 

The plaster  Fartitions have been 

The 20-inch rol l ing m i l l  was received b y  9. 
the base was grouted, and work on the electr ical  conzlections was under 
way at  month's elid. 

It was set ar,d leveled, 

Installation of the c-zyolite redxction furnace and hood was completed. 
All of the coacrete block parti t ions and building w a l l  pacels were 
completed and plastered. Painting of these plaster  panels w i l l  depend 
on the avai labi l i ty  of prcject funds. 

PRTR Operatiom Plannbg 

--Startup Activities. 
the month. Seven additional procedures w i l l  be issued i n  June. !The 

Seven operating procedures were issued during 

remaining eight procedures w i i l  be written wher, sufficient BPF or  design 
information is available. 

The first shipment of heavy water, 85,000 pomds, w a s  received a t  
month- end. 

I n  response t o  a request of PR!FRO, Operations Research a d  Synthesis 
personnel reviewed the s t a t i s t i c a l  accuracy of tke heavy wacer l iquid 
level  instrumentstion. 
s taz is t ica l  value iz perfornir,g two volume 3etemIrsC,iom on each of 
the three heavy water systems. Accordingly, a recoxnendatior: was made 
t o  the PRTR Startup Council t o  eliminate Design Tzsts 41, 42, and 43 
from the Design Test Schedule. 
volume determinatioos of the three heavy water system. 

The analysis revealed tkat  there i s  l i t t l e  

These tes ta  pertain t o  l i g h t  water 

Approximately 50$ of the -0 analytical equipme& was  received 
during the mnth. 
needed f o r  process analysis. 

IC, w i l l  be used fo r  training purposes w-til 

The PRTR Electrical  ManW was issued t o  iat.erest.ed PRP persmei. 
The m%xal  w i l l  'De used in the elecfr ical  sys+,es szair,ir:g prograrri 
being conducted by PRllRO engioeers f o r  C,ae eigineering a s s i s tmts  
and techxiicians. 

Stock Adjustinent Requests have 5eea prepazed f c r  a l l  spare parts 
considered tc be of a Mgh-priority nazure.' A r d e r  o? 3ids have 
besc reviewed arid orders piaced. 
expedite the parts order f o r  the Hofer Hi&: & o s s ~ c e  H e i i m  Csmrrsscm. 

Paxhasirig has 'beer asked t o  

Liaison is i n  progress w i t h  Faci l i t i es  Zngineeriq Operasion &CY will 
cooflinete ''T%z? PaAy'' kapecflor, a:< Z ~ ~ S S L - E  yizssel ,-e\%ek- fee- 
PRTRO . 
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Startup Tests. 
system test, have been submitted for  f inal  operational and design 
review. The light water injection t e s t  i s  being withheld pending 
f ina l  design of the system. 
fo r  hot t e s t s  of the mderator, reflector, top and bottom shield 
coolant systems is complete. 
and other components has been init iated.  

Rough d r a f t s  of six of the anticipated 33 power t e s t s  were reviewed, 
including Xenon Poison, Fuel Element Rupture, Pilot  Tube, Heavy Water 
Quantity and Quality, Reactor Heat-@ and Cool-Down, and Equipment 
Malfunctions. 

All design tests, exceFt the light water injection 

Design of the auxiliary heating system 

Procurement of the e lec t r ica l  heaters 

PRTR Training Program. 
on the reactor and i t s  systems was taken by thirty-one members of 
-0. 
automatic controller, reactor safety systems and other operational 
features of the reactor. 
examinations have demonstrated they have excellent comprehension of 
the reactor and i ts  systems. 

The general written qualification examination 

In addition, fou r  persons took the written examination on the 

To date, all persons who have taken the 

Training effor ts  continue w i t h  extensive review of piping systems, 
operating procedures, control room panel discussions and study of 
shut-down and s l a m  annunciators. 

2. PLUTONIUM CERAMICS RESEARCH 

Experiments during the past month on plutonium carbides have been 
directed toward obtaining data on the kinetics of the reaction 

Puo2 + c .-) mc + co 

Indications are  tha t  the reaction begins w i t h  a s l ight  evolution of 
gas a t  about 850 C.  With increased temperatures, the ra te  of gas 
release increases parabolically and a t  1500 C the reaction is ex- 
tremely rapid. 
of PuQ and conversion t o  the carbide t o  be dependect on carbo2 
content and temperature. 
1.5 hours a t1575 C in  vacuo. 
that i n  the starting materials and are, respectively, 508, 75$, and 
106 of the cerboc needed f a r  stoichiowtrfc PLC fom&S,oa. 

X-ray diffraction analyses have shown the reduction 

The following phases were present a f t e r  
The quarstities of carbm represent 
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Fromthis experiment the reduction route appears to 'Se 
puo2 9 b - P u 2 0 3  > .a m203 Pu carbide. 
It is th-t that the 50$ Pu2C3 may have fonned from p-&O3.  

This mechanism of oxide reduction and carbide formation has also been 
observed by heating, at constant time, to progressively higher tem- 
peratures. p -RQ% is a close packed hexagonal structure with ac = 
3.827 2 and Co = 6.0 7 2. 
and the major carbide phase is always N C 3 .  
result of poor temperature control with the large induction coil, since 
the Pu2C3 formation at these carbon concentrations is the result of a 
peritectic decomposition. Single phase PuC has been formd, however, 
by the decomposition of -3 at 1450 C in vacuum. 
structure had a lattice parameter of 4.968 R. 

Very little P u C  has beer+ f o m d  from Pu@ 
This is probably the 

The resulticg cabic 

One conceivable method of determination of in-pile sintering c d  
irradiated densities in ceramic materials might be structural hardcess. 
A correlation between pre- and post-irradiated hardness of UQ-Pu@ 
pellets is thus being atteqted. 
pre-irradiated sintere6 pieces with a W o n  (10 kg load) microhardness 
tester. 

The following data were obtained on 

$ Theoretical Density uo2-60 PU@ 

67 
71 
73 
76 
77 
81 
85 
91 

140 
180 

-- 
When hardness is plotted versus density for each composition, a fairly 
uniform curve results with the exception of one pain+,. 
of pure U@, a very sharp hardness increase is seen between 85 and 91 
percent of theoretical density. High density ( )  9L$ TD) pure Pu02 
pieces cracked under the 10 kg load, and it may be necessary t o  use a 
smaller load or differer,t type of hardness test for these extremely 
brittle pieces. It is iztended to obtab hardness data ori capsdes 
discharged frsm the MEt. 

Foz the case 

Examination of the 24 irradiated U@-Pu02 high and l c w  dezsity capsules 
is in progress. 
talned t c  dzte is as fol iovs:  

A brief summars; of the fission gas measmemeLts 03- 

1 2 4 9 5 3 0  UNCLASSIFIED 



UNCLASSIFIED 

$ Theoretical Density 90 

Fission Gas Analysis: 
K r ,  ($1 2.8 
x, ($) 14.5 

Fission Gas Release,$ 23 

Burnout of Total 
Atoms, (a/o) 0.18 

Calculated Initial Core 
Center Temp. (9) 3400 

Central Void 
Formation No 

A- 39 

21 

0.0259 

E O  

65 

1.23 
11.4 

0.13 

1600 

Yes 

90 

0.0259 

MM(2 1 

91 

< 0.1 < 0.1 

0.15 

2300 

83 

1.02 

MM 

93 

< 0.1 
< 0.1 

0.15 

3800 

IN- 65459 

87 88 

4.13 5-67 . . 

MM MM 

93- 93- 

0.19 (0.01 
0.89 4.3 

0.16 0.10 

2500 3100 

No 

(1) 
(2) 

MCO = Mixed c r j s t a l  oxide (U@:Pu@::5:1) diluted wit5 2atural U@. 
MM = Mechanical mixture of pU02 and natural U@. 

Fac i l i t i e s -  
instal led in the 308 Building during th i s  period. 
the device showed that the recirculating pump contributed a significant 
amount of heat t o  the cooling system. Calculations showed that  approx- 
imately 208.6 k-cal were added t o  the system a t  equilibrium conditions. 
‘Ibis additional heat may necessitate some changes i n  the cooling system. 
Under the present conditions, the coolant teaperaYdre a t  equilibrium 
i s  approximately 53 C.  

The thermal conductivity device and controls were moved and 
An i n i t i a l  C,esting of 

A BET surface area apparatus f o r  measuring f ine par t ic le  surface areas of 
plutonium-containing powders has been designed. T.e glassware ccmponents 
of the apparatus are 85% Eomplete, and assembly awaits t he  completion of 
an open face hood and equipment rack. 
as vacuum p u p s ,  fU=Peces, md a cathefometer have beel received o r  are 
on requisition. 

Other essent ia l  coqorients such 

The Fkrkin-Eher-Shell W e 1  212 sorptomter is  being investigated. 
PerKz-Elner l i t e r a tu re  mir;ta+as tha t  t h i s  q p a r z t u  greatly sixqlif  i e s  
apparatus requirements and significantly speeds analytic prccedure. 
Although BET data are now the most widely accepted, the sorptometer 
m y  be a ilseful cmplenient. 
been requested. 

Pricing and avalla’cilitg lnforztLo;; has 
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3 .  URANIUM DIOXIDE FUEIS RESEARCH 

.- 

Fuel Evaluation. 
approxircately 16,000 WD/T i n  the and ETR. Electrolytically reduced, 
vibrationally compacted U@ was successfully irradiated t c  3500 W / T  
a t  heat fluxes i n  excess of 1,250,000 BTll/hr/f+V2 a t  the Zircaloy-2 
surface. 
irradiation. 

Swaged Uo;! capsules attained an es+,imated exposure of 

No fai lures  of swaged U@ fuel  elements have occwred during 

The third i n  a series af t e s t s  of deli3erately defected, avased Uo;! fuel 
elements was  completed a t  the MllR. A much higher concentra3ion of 
f iss ion products was observed i n  the coolant during this  ir-radiation 
than during previous defect t e s t s .  m e  increased fissicr,  gas release 
is  attr ibuted t o  the use of more f inely divided UQ. The Zircaloy-4 
clad element is  being sectioned t o  determine the extent of hydriding. 

To study higher operating temperatures f o r  swaged U@ fuel, two 7-rod 
clusters have been fabricated w i t h  rod diameters of 0.906". Depleted 
Uo;! was swaged t o  86 percent of theoretical density i n  the C.032" w a l l  
304 stainless  s tee l  cladding. 
central rod w i t h  s ix  rods positioned arom-d it on a 2.062" diameter 
bolt c i rc le .  
radiation i n  the ETR 6x9 loop. 

The three-foot l o x  clusters have a 

The clusters have been flow tested and are ready f o r  ir- 

A three-foot low, 7-rod cluster of U@ swaged ic O.G3O" w a X  Zircaloy-2 
and Zircaloy-4 cladding has been fabricated f o r  a defect t e s t  i n  the 
ETR. Two rods clad i n  Zircaloy-2 a d  twc clad io Zircaloy-4 have beeo 
purposely defected with 0.005" diameter holes t o  stuiy hydriding h the 
cladding and t o  gair, more informatioa 03 fissior: gas release under in- 
reactor ,rupture conditions. All rods complied witin pR.TR fxei  standards 
before being defected. 

A vibrationaUy compacted, Zircaloy-2 clad fuel  assembly was discharged 
a f t e r  24 days of irradiation h an ETR loop at a c o o l a t  tempera5tlre of 
5 2 4  F .  The Three-foot lccg, 7-rod cluster contaiced fiised U Q .  
assembly w i l l  be re t ime& f o r  post-irradiation exaai3azio.r. 

The 

Basic Studies. 
uranium dioxide, was received f m m  Harwell, duplicated: and distributed. 

me Nevsletter No. 18, ccvering fundarmitd ss.vidfes of 

DetaLled svaLmtiar, cf e leckor  nicros::rJpe fea-kces ; gerformxace, ar,d 
applicabili ty t o  ceramic fuels research was  coqlz ted ,  
design characteristics lead t c  the conclusicr that. the JEM iristrmrit 
can b e s ~  f i l l  our needs. Bids have been received. 

Perfomaxe ar,d 

The contract w i t h  BMI for  continuation of thermal caidlicsivitjt meamre- 
ments of both irradiated and unirradiated U Q  vas .reactivazed. 
sgecizens far -..ai,-=.adia'ied c'@ IGeaszraiisiita =e Seirig -&~~6.opeli. 
Another i n  3 series cf U Q  f3emal conductivity s?ecimers was  reincved 
from a Hanfozd reac%cr a f te r  approxinatebl t w o  years cf irzadiaclon; 
it w i l l  be sent t o  BMI. 

New 
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Felting points 50 t o  100 C higher than that of unirradiated UQ were 
determined in preliminary studies of irradiated U@ in  a shielded, 
high temperature microscopy fac i l i ty .  
terminations and other studies are continuing. 

Additional melting point de- 

Samples of irradiated uranium dioxide have been shipped t o  Hamell, 
England, f o r  fundamental studies. 
by Ceramic Fuels Development for  thermal conductivity and fractography 
experiments'. 

Similar samples have beer used 

4. BASIC SWELLING STUDIES 

Irradiation Program 

Construction and tes t ing of two types of capsules have continued: 
containing carefully precharacterized metallographic swelline; specimens 
and the other containing general swelling specimens. 

one 

General swelling capsule #5 was assedled, successfully bench tested 
and shipped, along v i t h  control equipment, t o  the reactor i n  April 
but s t i l l  awaits authority f o r  charging. Capsule #% i s  coEtinuing 
t o  perform according t o  design expectation at a control temperature 
of 550 C. The internal spacers i n  these capsules have been redesigned 
t o  handle hollow, split, cylindrical specimns tha t  w i l l  be irradiated 
i n  subsequent capsules of this type and componerts are b e i q  fa3ricated. 

The s p l i t  cylinders are about one-hslf inch iz diameter, ace-half inch 
long, and have a 0.030-inch w a l l  thickness. Calctllations indicate that 
the temperature 

specimens can be readily handled in  the Radiometaliurgy "Hot Lab" 
f a c i l i t i e s  w i t h  respect t o  density, metallography, ha-rdness, e tc .  Due 
t o  the s m a l l  size  arid the large surface area to volume r a t i o  of these 
cylinders, there was some question as t c  whether hi@ prec i s im density 
deterxriinations could be made. Accordingiy, fouz specimens having 
weights greazer ttac 2.1 grams and l ess  than j .J g r E i ,  and having 
different geometries were subjected t o  c r i t i ca l  density measzrenaent t o  
establish r e l i ab i l i t y  limits. 
tetrabromoethane were ut i l ized fo r  density measureriien'cs. De$e,rminatior,s 
i n  Hg give poor precisior: and accuracy; the precisions f w  tetrebromo- 
ethane are bet%er t h e  those f o r  water as the immersion medituc, Fcr the 
2.1-gram urmitun hollow cylinder employed, the o rzmic  medium yielded a 
density value of Ig.020 2 0.060 g/cc with a 95 percent corfiiiencz l i m i t .  
Tetrabromethane will, therefore, be employed ir, demit j j  Ceterniriafiom 
f o r  attainment of high precision and accuracy. 

adient across the specimens would be less than 10 C 
iri a flux of l@ r c r 2  sec'l. Preliminary t e s t s  indicate tha t  these 

Three Lmersior, l iquids ,  H20, Bg, ant5 

The three metallographic specimen swelling capsules tha t  were assembled 
for the i r redlat icz  t e s t  e1 fa i led during bemh t e s t s  ccn&x?;ed Trior 
t o  shipment; t o  the reactor. The fai lures  were due t o  the internal heater 
connection shorting t o  the capsule w a l l  as the capsules were heated. The 
capsule tha t  w a s  bu i l t  t o  establish the validity of the neat t ransfer  

UNCLASSIFIED 
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calculations, operation& characteristics, temperature and power limits, 
and cooling water requirenents performed sa3isfactorily during berich 
tes t ing as more clearance existed between the hea+er and capsule w a l l .  
New parts have been fabricated, and assenibly is i n  progress on three 
more capsules. 

Pore Size and Distribution. 
used as a d i r e c t  mans f o r  determining the s ize  md distribution of 
pores i n  irradiated Uranium. Various applications of microscopy t o  
irradiated and unirradiated , uranium are being investigated. 

Optical and electror; microscopy are being 

A precharacterized metallographic specimen, one of a series of six 
irradiated i n  the Ml?R t o  burnups as high as 0.25 a/o a t  low temperatures, 
i s  being processed. ?his specimen, GEH-14-33, irradiated t o  a calculated 
burnup of 0.03 a/o a t  a maximum temperature of 200 C increased less  thar: 
one percent in volume. The diameter of the cylindrical, 15-gram specimn 
increased from 0.5017 t o  0.5030 inch, and its length remained the same. 
Optical microscopy on replicas of the specimen clearly shows evidence of 
extensive grain distortion and twiming on the free surface; original 
microhardness indents have been sheared and par t ia l ly  displaced within 
a grain, and Bierbaum microhardness scribe lines show noalizearlty a t  
grain boundaries. Electron microscopy reveals no swelling pcres w i t h  
diameters greater than 500 2. 
GEH-14-37, irradiated t o  0.07 a/o at a maximum tenpe, -&we less than 
200 C.  
by cmtacting a droplet of molten uranium with a ccld clean surface of 
uranium is being studied. If a sharp carrcw diffusion bozd as revealed 
by differences io the uranium microstrcucture on e i ther  side G f  the bond 
can be achieved, then non-irradiated uranim will be bonded tc, irrasiater? 
uranium and the sandwich will be subjected t o  annealicg stEdies. 
purpose of th i s  study is t o  establish the mobility of f issior,  gases 
present i n  the irradiated portion of the couple h t o  ths non-irradiated 
portion. Six experimental couples are being sectioned and pclished f o r  
metallographic analysis. 

The next specimen t o  be examined w i l l  be 

Feasibil i ty of bonding uranium t o  urar,ium by but? welding and 

The 

Specimens w i t h  a burnup of 0.29 and 0.41 a/o b~mup,. respectively, are 
being processed f o r  short-term post-irradiation annealing studLes t o  
paral le l  previous longer term annealing stxdies. S t a t i s t i c a l  arralysis 
of pore diameter frequency distributions irZ the amealed specimens is 
continuing . 

5 .  D?-REACTOR MEASUREMENTS OF MECIipNICAL PROPERTIES 

This program has beer; in i t ia ted  t o  dete-rmins the mecharAcal pra:e-+ies 
of s t n c t w a l  materials durirg i r r a d i s t i o r .  
in-reactor creep propeeies of Zircaloy-2 is  io progress. The specimen 
is annealed Zircaloy-2, and a duplicate specimen is being tested i n  the 
la30ratorJp t o  prsv2de a direct cmjp.risa~”, wLt?; tke iL-reactor “,est. 
t e s t  tempera?xres f o r  both specimens have been raised silice the l a s t  
reported creep data from 500 F t o  550 F (260 to 287 C ) ,  wnile holding 
the s t ress  a t  30,000 psi .  

C!uzzer,tly, fke st;Qdy 3f 

%e 

An increase i n  ra%e io  the creep of the 
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6. 

ex-reactor s ecimen was observed; the rate  has increased from 1.5 x 10-7 
t o  1.5 x lo-% in/in/hr. However ,  technical d i f f i cu l t i e s  with the in- 
reactor instrumentation have not permitted any significant readings 
t h i s  month. The carr ier  current generator i n  the creep monitor f o r  the 
in-reactor creep sensors s lowlylost  i ts  output causing the readings t o  
become er ra t ic .  The transducers are s t i l l  satisfactory as determined 
by use of a second monitor. 
by a res i s tor  changing value and overloading the loca l  osci l la tor .  
condition was reported t o  the vendor, and corrective measures have been 
made on the instrumentation on the multi-ranged transducer monitors for  
the second generation capsules now on order. 

The condition in  the monitor was  caused 
This 

A plant visit was made t o  the Vendor's plant t o  observe the construction 
of the capsules and t o  check on the nethods and calculations of the heat 
t ransfer  within the capsule. 
and delivery should be made during the month of June. 
expected t o  be more reliable than the prototiJpe now i n  use. 

The construction is proceeding on schedule, 
These capsules are 

The design i s  being prepared f o r  a capsule capable of opeyating i n  a 
v e r t i c a l  position in  the ETR a t  Arco, Idaho. 
t'ae capsules i s  the smaller size required f o r  an ETR instrumented 
irradiation. 

The major difference i n  

GAS-GFWHITE STUDIES 

EGCR Graphite Irradiation Tests 

The irradiation capsule f o r  the third GETR experimeEt has been completed 
and was instal led during the Cycle 13  s h u t d m  about My 20. 
capsule contains graphite similar t o  the type t o  be used i n  the EGCR. 

This 

EGCR Combustion Hazard 

A t  the request of the AEC, the basis f o r  predict;ing i e i t i o n  temperatures 
i n  the event of a i r  leakage into the EGCR was reviewed. 
analysis indicates that combustion temperatures w i l l  be lower zhar, those 
previously predicted by Allis-Chalmers . The ipitdm tenqeratures under 
EGCR transient conditions have not yet been computed, but t%e A-C 
coqu te r  procedure is  being modified t o  rzul calculations based on pre- 
dicted oxidation rates.  

%e Hanf'ord 

Small-scale laboratory experiments on the combustion of graphite i n  
oxygen are  cuzrentlg being used t o  check c r i t i c a l  assumptions in  the 
oxidation rate  calculation. The f u l l  scale EGCR buzzing prototype is 
scfieduled t o  be completed ic a5oct t k e e  weeks md wt2.l be imediately 
ut i l ized t;o t e s t  the equations f o r  predicting i m i t i c n  temperatures. 

Graphite Oxidation 3y --Zen 

Oxidation studles OIL CSF graphite a t  temperatures of 550 C t o  TOO C iadi-  
cate a zero order reaction with respect tocxygen i n  tha t  range. Rates 

1 2 4 9 5 3 5  
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in  air are *-thin eqerimental error of those observed in  pure oqrsen. 
An activation energy of 48 kcal/mole was noted. 
action of graphite with owgen i s  subject t o  some controversy and 
enters in to  the calculation of ignition temperatures. 

The order of the re- 

Gas-Graphite Capsule Irradiations 

Four capsules f i l l e d  w i t h  pure C% t o  pressures of 246, 276, 489, and 
626 psig were discharged from a Hanford reactor, and examination of 
these samples has been started.  Mass spectrometric analysis of the 
gas in  one capsule shows 90 percent C% and seven percent mass number 
28 (CO o r  Ne). The graphite sample and the d l s  of the capsule were 
deposited with a dark-black, sooty material. 

Microwave Studies 

A microwave glow discharge was established i n  C@ a t  pressures of 175, 
300, and 500 microns of naercury. A t  each pressure, input power levels 
of: 63, 94, and 125 watts r.f. were used. 
was positioned i n  front of a 50-micron input s l i t  on a Jarrel-Ash, 
diff'raction-grating emissioc spectrograph and ion spectra were photo- 
graphed. 

The glow discharge ce l l  

Identification of characteristic l ines  i s  be- made. 

Fourier Analysis of X-Ray Diffraction Lines 

During the annealing of high temperature irradiated graphite, it appears 
that the x-ray diffraction l i ne  shape is affected more significantly 
t h a n m e  l i n e  position. 
analysis of the changes i n  l i ne  shape during annealing s h c e  further 
insight into the s ta te  of the damaged graphite night be gained. One 
technique, which can be used, is  the Fourier analysis of zhe 32f- 
fraction l i ze s .  A 709 computer prosram designed t a  yield the values 
of the complex Fourier coqonent, corrected f o r  instrumerrtal brosdening 
in the m e r  of S tokesboc  . Fhys. Soc. (Londan) 61 , 382, (19k2x has 
been completed by Data Processing. 
made, the program is not restricted t o  the acalysis of any p a r t i c d a r  
material. 

It is worthwhile t o  attempt a more careful 

Since a general fornulation was 

Fpolyt i c Graphite 

A amber D f  pyrol.$ic grapkitt samples, & t a k e 6  fixm GEX, as part of 
HAP0 Contract m-ao-3-60,  have been characterized by x-ray masure- 
ments and are being prepared f o r  irradiation. 
spacings was found from 6.704 8, a value characteriszic of aaruzral 
flake graskite, t c  6.89 8, %ti& wculd 5e ckaxc te r i s t i c  sf highly 
$amaged graphite. 
greater than 2000 8. These extremes were exhibited oc roateriais from 
a s i G e  deposit; one hav iq  been lieat tretised t o  3000 C .  Sime 
the two m t e r i a l s  are identically made except f o r  kea? treatment, the 
analysis of the behavior of the materials =der hi& temperature ir- 
radiatioc should be simplified. 

A r a g e  of Cc l a t t i c e  

Apparent c rys ta l i i fe  sizes ranged from 40 2 to 
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Graphite Coatings 

Coated samples of graphite and coating-base graphite samples have been 
discharged after several thousand MWD/A?l' at high temperature. 
coated samples which include representative materials fromthree dif- 
ferent manufacturers were visually inspected. The Sic coatings appear 
to be in very good condition with no change in general appearance and 
no large cracks or blisters. 
flowing air at lo00 C. 
check for coating integrity. 

The 

These samples w i l l  next be exposed to 
Prior to irradiation, the same test was run to 

-- 

mermal cycling of unirradiated Sic coated graphites has been started 
at a rate of approximately six cycles/hour over the range of 200 C to 
1000 C. 
no damage to the Sic coatings. 

Two samples have been run to date, and there appears to be 
. 

Cas Loop Project Management and Design (Project CAH-822). 

llze Pnase "C" portion of the pressurized gas cooled loop (loop services 
and interconnections) was awarded to J. A.  Jones in the amount of $85,905. 
Specifications for Phase '3'' bid assenibly (installation of the loop 
equipment) were completed during the month. 

Fabrication of %e first in-reactor test section is approxinately 755 
complete. 
I s  in progress. 
test section is scheduled for completion by June 30, and will have a 
Hastelloy-X pressure tube. 

All component parts have been machined, and asse3i-J welding 
Pressure tube for this section is Inconel. The second 

Fabrication of the Phase "A" packwe by Struthers-Wells is epproximately 
95s complete. 
pre-heater have been partially rejected due to weld cracks, consequently 
delaying completion of this item. 
will be dispatched from Bristol-Siddeley to arrive at least three days 
ahead of loop testing, which is anticipated to commence about June 10. 
The first blower m y  subsequently be returned to England if additional 
performance testfng of $his blower is necessary. 

The one-half inch 3astelloy-X tubes for the electrical 

It is anticipated that one blower 

Discharge cask drawings, revised as a result of comments on the first 
issue, have been reissued for comnt. 

Gas Loop Component Testing 

Design of the assemblies for 
was coqleted. Requisitions 
cation of the assemblies was 

The gimbal bellows expansion 
operation which included 314 

mounting the in-reactor section for testing 
for mockup compcmer;ts ire-= issued. 
started. 

Fa3ri- 

joint failed In test- after kl0 hous of 
pressure, temperature, and flexure cycles. 

Failure occurred as two cracks, one in the root and one at the top of a 
convolution. A new bellows type gimbal joint has been installed in the 
furnace and testing has started. 
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The dome seal was  extensively modified t o  improve the leak rate. 
last assembly operated fo r  100 hours a t  1500 F and 500 psig with a ieak 
rate of 0.005 cu ft/day. 

The 

The nozzle closure test  assembly f o r  use with various types of gaskets 
continued t o  cause trouble. The cap was modified t o  use six hold-darn 
bolts instead of three. 
not adequate. A variety of sp i r a l  wound gaskets have been ordered fo r  
testing. 

Improved seal performance resulted but is s t i l l  

Gas Loop Design Analysis 

The f eas ib i l i t y  of using bottled helium gas as emergency back-up coolant 
in the gas-cooled loop was examined. 

The t o t a l  weight of helium required t o  maintain the shroud tube tempera- 
ture below 600 F following the simultaneous loss of both the helium shroud 
coolant and the C@ primary coolant was determined. !he proposed backup 
helium w i l l  enter at  the top of the reactor into the process channel, 
make a single pass, and then ex i t  a t  the bottom. 

The largest  helium s q p l y  will be required when the incident occurs 
during reactor shutdown while the loop coolant is  maintained at  a 
maximum 1500 F temperature and the maxim shroud tube temperature i s  
529 F. With these conditions a t  the  time of the incident, about 130 
pounds of backup kelium w i l l  be required t o  maintain tke shroud tube 
temperature below 600 F fo r  the f i r s t  hour. 
backup helium f l o w  rate was assumed to be constant a t  1000 lb/hr for  the 
first 10 seconds. The f b w  rate then decayed exponentially t o  100 lb/hr 
in  five minutes. After five minutes, the flow rate was assumed constant 
a t  100 lb/hr. 

I n  these calculztions the 

Further calciLations indicate that i f  the incident occurred during f u l l  
power reactor operation and w i t h  a 500 KW fuel elemeat i n  the gas loo?, 
the backLp helium requiremen.cs are reduced t o  about 100 pounds f o r  the 
first hour following the incident. 
t o  determine the backup helium reqdirenents i f  the helium i e  injected 
simultaneously iEto both the shraud annclus and the process charnel. 

A ser ies  of anticipated transient, conditions are  currently being set  up 
on the Berkeley analogue computer. 

Further calc?ulations are i n  progress 

Results are not yet evailabl... 

Irradiatior, Effects on Nickel-Base All0.p f o r  Gas-Cooled Loop Facili ty 

Nickel-base a l l o y s  are beir,g ccnsidered f o r  use es in-reactor structcrel 
materials f o r  the gas-cooled loop i n  the PRTR. 
Incor+el, Inconel-702, Hastelloy-X, atid Hastelloy R-235 have accumulated 
epprofinately two mcths of expos-== of %sir respect:-qe three and six 
months of irradiations. 
exposed f o r  30 days t o  reactor atmosphere and reutrons are being masured 

' f o r w i g k t  gain and hardness change. 

Tensile specimens of 

Thin washer samples of semra l  candidate alloys 

Four additional al loys,  Ferral 
. .  
. .  
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modified (an iron base-aluminum-chromium a l loy ) ,  AISI 406 stainless,  
AISI 304L stainless,  and AISI 3l6L stainless, w i l l  be irradiated for  
evaluation of changes i n  mechanical properties. 
these four alloys are being prepared f o r  irradiation as the next phase 
of the program. 

- 
Tensile specimens of 

Fkdiation damage recovery is  being studied f o r  a number of metals, namely, 
copper, nickel, titanium, zirconium, iron, molybdenum, and type 347 stain- 
l e s s  steel. Tensile properties, microhardness, e lec t r ica l  resistance, and 
x-ray diffraction spectra are being studied t o  determine the characterist ics 
of recovery mechanisms. 
increments were extended from 575 t o  675 C f o r  molybdenum, from 225 t o  300 C 
f o r  iron and copper, and from 275 t o  375 C f o r  titanium. 
changes have occurred since the last report. 
conium and nickel specimens was terminated a f t e r  annealing at 625 and 600 C, 
respectively. 
f o r  isothermal annealing. Molybdenum specimens containing 0.066 w/o carbon 
were solution treated a t  1700 C and a r t i f i c i a l l y  aged at  300 C f o r  periods 
up t o  24 hours. 
corresponded t o  a solution of 0.008 w/o carbon a t  i n t e r s t i t i a l  s i t e s  i n  the 
molybdenum l a t t i c e .  
ameter, hardness, and (400) l i ne  width. 
mechanism is mch more cowlex than precipitation of carbori from solution. 
The material appeared t o  over-age a f t e r  16 hours a t  300 C .  

One hour isochronal annealing treatnrents at 25 C 

No significant 
Isochronal annealing of z i r -  

Other specimens of zirconium and nickel are now being prepared 

me l a t t i c e  expansion produced upon solution treating 

After aging, increases were observed i n  l a t t i c e  par- 
This s q g e s t s  that  the hardening 

E. CUSTOMER WORK 

Radi omta l lurg i  c a3 Examinat ions 

1.47$ Enriched 1.6 E Fuel Elements (RM-404). Two additional self-supported 
elements that had been exposed t o  s m  of the highest specific power levels 
were received fo r  examination. 
under very severe conditions, they appear t o  be i n  much be t te r  condition 
than the other elements examined previously i n  this t e s t .  
be very l i t t l e  deterioration of the aluminum cladding on the outside. 
ination of the core and bonding quality is progressing. 

Although these two pieces had been irradiated 

There appears t o  
Exam- 

Examination of cracked Process Tubes from 105-H (RM-406). 
samples fromthe second transversely cracked process tube f a i lu re  from 

Examination of 

105-H was begun. 
in te r ior  t o  exterior was  removed. 
penetrated the tube w a l l  and two cracks which began a t  the internal surface 
but did not extend completely through the w a l l  thickness. 
examination showed tha t  the cracks had occurred along s t ress  r i s e r s  present 
in the tube. 
e-Ldence of c r ack ix .  

A longitudinal section exposing the tube metal from 
!Be sample contained one crack which 

mtallographic 

It was  noted tha t  other stress r i se rs  were present wlth no 

D 
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Concrete Testing.(RtC332). Concrete core samples from the do= of storage 
tank 241-A-103, 200 E Area have been received and prepared f o r  compression 
testing. 

Metallography Laboratories 

Annealing of samples is  in  progress fo r  the study of time and terqperature 
effects on the grain structure of AlSi braze material. Tests just  completed 
have shown the f'urnaces being used have l e s s  than 2 2 C variation between 
the indicating thermocouples and a sample i n  any position w i t h i n  the cenkral 
working zones of the furnaces. 
samples at  six different temperatures f o r  times of from one t o  100 days. 
Additional samples w i l l  be prepared i n  another f a c i l i t y  f o r  exposures of 
l ess  than one day. 

These furnaces w i l l  be used t o  anneal 

A chemical etch f o r  removing Zircaloy-2 cladding from uranium i s  an acid 
mixture of about 20 volume percent hydrofluoric (48$) strength and 80 v o l ~  
percent n i t r i c  acids. Zircaloy-2 cladding has been successfully removed 
from uranium samples with th i s  acid mixture with very l i t t l e  attack of the 
uranium. 

The results and interpretations of these and other metallogzqhic examin- 
ations and electron microscopy work w i l l  be reported in  connection with the 
respective research and development programs served. 

The reaction starts easily a t  room temperature. 

Samples Processed During the Month: 

Total Samples 464 
Carbon Replicas 54 518: 

Special Fabrications 

To date, 288 fuel  rods have been shipped t o  the Savannah River Laboratory. 
The coextruded rods contain Al - 7.35 w/o Pu alloy and are clad w i t h  
aluminum (x-8001 alloy).  
process stream, and they are distrcbuted as follows: 

A t  the present time there are 369 pieces i n  the 

93 cast fuel  cores 
4 extruded and straightened rods 

193 rods ready f o r  f ina l  etching and inspection 
79 rods ready f o r  shipment - 

369 rods t o t a l .  

. 
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Of 515 rods subjected t o  
factory. The specificat 

the ultrasonic bond t e s t ,  453 (88%) were setis- 
on ca l l s  f o r  reject  on of a rod i f  a non-band 

area greater th& 0.125 square inch is detected. 

Contamination of fuel  rod cladding with mercwj has been noted on six to 
nine rods. 
HNO -HF etching solution will produce rather uniform discoloration of the 

condition observed on the actual fuel  rods. The contaminated rods each 
exhibit one spot only, and it is usually 1/32-1/16 inch in  diameter and 
located f a i r l y  near the mid-section of the rod. 

Laboratory experiments have shown that four ppm Hg in the 

fue ? rod cladding. To date, it has not been possible t o  duplicate the 

In the acid etching treatment of the finished rods, a preliminary lo$ 
rinse followed by a running water rinse, has been included. This 

pre ""9 b i n a r y  rinse has the purpose of dissolving any sa l t s  o r  m e r e u r j  
droplets which may have been the source of the mercury contamination i n  
the past. 
but in the etching of the 102 rods th i s  month, there were only f o u r  cases 
of suspected mercury contamination of the etched rods. 
four  suspected cases, the etch baths were not mercury contaminated, as 
had previously occurred before the pre-etch rinse was s tar ted.  

Two hundred forty-one AI. - 7.4 w/o Ar b i l l e t s  were cast fo r  coextmsson 
cladding i n  high eqoaure plutonium fuel  fabrication process; twenty- 
s ix  b i l l e t s  which were remelt,ed were rejected f o r  gas pockets. A l l  
bi l lets were cast with both end configurations eliminating inachining and 
scrap generation. 
of the tolerances on the mold and redesign of the cap. 

The effectiveness of this pre-etch treatment is not t r u l y  known, 

Even i n  these 

The cut-off operation was elimiaated by closer control 

The casting process is as follows: 
a t  900 C f o r  20 minutes. lZle f i r e  clay 
pouring cup is broken and the hot-top is clipped off with bolt  cut ters .  
Sharp edges and high spots are removed by f i l i ng .  The b i l l e t s  are then 
ready f o r  etching and assembly. 

al-um and plutonium are alloyed 
The b i l l e t s  are c a s t  a t  760 C .  

Two dumy b i l l e t s  of 1100 Al, representin; the five-foot I h E element, 
were extruded using a taFered, f loat ina maadre1 and a streamline die 
with goo e n t r a c e  angle. 
the extrusion step and par t  of the extruded lengkh and butt  was sectioned and 
etched t o  reveal f low l ines .  The second S i l l e t  vas extruded t o  m s i x  feet 
ia length. 
w a l l s  and annulus t o  be uniform along the f u l l  length. 
t o  be r o l l e r  straightened and returned t o  radiography t o  deternine any 
dimensional changes caused by straightening. 
e a i 3 i t e d  sclooth f m e r  md ozter s ~ r f a c e  finishes.  

The f i r s t  b i l l e t  was stopped halfi7ay through 

bkasurements taken from radiographs of t h i s  element show the 
The extrusion is 

Both of the ex tns ions  
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The design of a component b i l l e t ,  having a 8001 Al can and a c823 Al 
contoured core, was completed and is currently being fabricated, and 
the b i l l e t  design f o r  a 10-foot I 8  E extrusion has been prepared. 
Calculations f o r  a three-shell pre-stressed container f o r  t h i s  s ize  
b i l l e t  are proceeding. 

Wnager, Reactor and Fuels Research 
and Development 

FW Albaugh:kb 

'".; :.. 

1 2 4 9 5 4 2  
.. .. i' 

6 
#*' 



B-1 

PEYSICS AIPD INSPRUMENT RESEARCH AM) DENELOPMEEPP OPERATION 

MOXPHLY REPORT 

MAY 1960 

Nucleaz Safety in FPD 

Nuclear safety calculations fo r  1.1$ enriched NPEZ tube-indube Are1 elements ic 
water have been canpleted. Based on these calculations, the nuclear safety of 
the  proposed autoclave f a c i l i t y  i n  the 333 Building was walua%ed and found t o  
be acceptable; the resul ts  were submitted t o  Desicpr and Projects (1) 
t o  install two rows of ten  autoclaves at a spacing of six feet between row8 
and al5ernating four and six feet between autoclaves within each row. 

E'PD plans 

Esch autoclave is t o  be 14" I.D. by about 80" high and w i l l  have capacity 
for a fatal of k tube-in-tube fuel elements (three t i e r s ,  14 fuel elements 
?er t ier) .  The nuclear safety calculations show that, a )  tbe au3oclave diamezer 
is safe by bo$, b)  the mexianun autoclave loading (mass of ura.litrm) is safe by 
50$, and c >  the spacing betveen autoclaves is safe by about 1 6  (bas, 4 on sol id  
w e - i n t e r a c t i o n  formulations ). 

STJDIES RELATED TO PRESJiXC PRODUCTION REACTORS 

Nectron Rethermalization Experiments 

m e  analysis of tral-erses of the %hemal activita- of copper across a temperature 
discontinuity i n  graphite has continued. 
beel t o  find the rethemalization cross sections of graphite which yield t i e  best 
f i ts  Lo %he q e r i n e n t s l  tr3verses E& t o  de5emize tke se,n,cLtt'lzi:y cf f5e t r m s  
sec t ions  t~ the uncertainties ir, the  assmec? 3iff'~sim 2 ~ ~ a e t e r s .  
malization cross sections have been determined and the sensi t ivi ty  tests have 
Seen started. 

'Ilze exgerhent -&th no t e q e r s t u r e  EscGr;ti,?uity (293OK) was malyzed t o  yield 
the %est" d i f f t s ion  paraxnetsrs fo r  use i n  the analysis of q s r i m e n t s  w i t h  ten- 
FeraSure discontinuities. 
U y s i s .  
cross section and diffusion coefficient i n  the experimental region. 
objective ~r, f i t t i n g  the fast flux xss simply t o  obtain the correct shape of the 
the& nwtron sourcet i f  necessary, by modification of parmeters which were 
not involved i n  the coupling between the fast and thermal fluxes. 
l ished by introducing a negative absorption cross section for fast neuzrons i n  %Le 
a t e r  regioa and keeping the slowing dawn cross sections and fas* diffusion coef- 
f ic ien ts  equal i n  both regions. 

The objectives of +,his ar~&~sis  kwe 

P-e r e t k e r -  

A number of interesting resul ts  were found i n  t i is  
Tkte fast flax coLd not be f i t  with s i w e  values f o r  the  slowing down 

However, the 

This w a s  accamp- 

The f i t  t o  the thermal flux was obtained by adjusting the tfieraal absorption cross 
section of the fie1 region. The cadmium r a t i o  was sat isf ied by changing the  magni- 

(1) -Per.%+ C m c a t i o n ,  C. L. Brown t o  W. L. Eampson, May 11, 1960. -1 . .  . -  
' 1 2 4 9 5 4 3  
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tude of the thermal flux only through adjustment of the slowing down cross sections. 
When the slowing down cross sections were changed, the inverse relaxation lengths 
established by the f i t  t o  the fast flux were held constant by adjustment of the 
fast d i m i o n  coefficients. 
changes with a change i n  the slowing down cross section is difficult t o  show for  
this problem using the  normal boundary conditions of diffusion theory. However, 
an extension of same ear l ie r  work has sham this t o  be the case. 

The fact  that only the magnitude of the t h e m  flux 

A l l  o f t h e  diffusion parameters detelrmined i n  the analysis of the roan tempmature 
experiment were employed im analysis of the remaining four experiments which had 
temperature discontinuities. 
ization cross sections were equal on both sides of the temperature discontinuity. 
These results are tabulated in Table I. These results do not yield the best f i t  
t o  the experimental curves. In view of the la t te r ,  the res t r ic t ion  of equal re- 
the-ization cross section was discarded and the vivariate i t e ra t ion  on unequsl 
cross sections was carried out. 
sults are s t i l l  t o  be considered preliminsry. 
is expectedto change appreciably. 

Initial resul ts  were found by assuming the rethermal- 

The resul ts  are tabulated i n  Table 11. These re- 
Only the law temperature set  of data 

This expected chaxqe is due t o  the tempemture dependence of the diffusion coef- 
f ic ient  f o r  thermal neutrons. 
large as 20$ in going f'ran 300% dam t o  1OOOK. A single t e s t  analysis with an 
increased difftwion coefficient indicates a very large change in the rethermali- 
zation cross sections. 

An apprcncimate calculation indicates changes as 

=her investigation of this problem is  underway. 

TABU I 

-IZATION CROSS SECPIONS WAL 

Temperatures 

Tl T2 

OK OK 

144 283 

523 299 

803 323 

Macroscopic 
Cross Sections 

Outer Regions 
Inner and 

1 0 + 3 d  

2.75 

22 .o 

30.0 

35 *o 



B-3 Hw-6-5459 . .- . -1 I .  

'TABLE I1 

RETHERMALIZATION CROSS SECTIONS No11 EQUAL 

Temperatures Mscroscopic 

Neutron 
cross sections 

Group 
OK 

Graphite 
% 

144 283 16.5 

283 144 2 -13 

523 299 20.7 

308 690 22.8 

323 33 *3 

323 803 46.5 

MultimaxWellian Group Analysis 

T!E canputer code Frm-1 was operated without programmer assistance during much 
of Mey. 
malization"experiments. In the process, several minor bugs in the progran: were 
detected. 
in anticipation of the publication of a descriptive docment. 

In this period, it received heavy use i n  analyzing data fran the rether- 

These are  being traced and the program is being "cleaned up" generally, 

Xeutron Energy Spectrum Studies 

Slowing Cown Spectrum Bogran? 

Several test zases have been run ecccessf'ully on the scattering kernel and spec- 
t rum codes fran General Atauics which were described last  montk. The twc codes 
are being ccmbined f o r  s e a t e r  comenience and t o  f a c z i k a t e  the  addit103 cf a 
slowing dam calculation, to be e d e d  soon. 

% Control B a l l  ReacALvity Measurements 

A study of different coatrol W l  materials has been started. 
of several materials is  being masured in  the PCTR t o  establish the relat ive con- 
t r o l  strengch of the materials in a 7-1/ztr i a t t i ce .  
irradiated and thenretestedto determine how long it %kes t o  burn out the poison. 

The react ivi ty  

sone of these ~fll be 

cc -, ., . 
\ :' .' 

I _ .  
I _  

?'*!. 
. \  . . . .  . .  
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Ins tmenta t ion  and &stems Studies 

A program t o  study transients due t o  loss  of l i thium has been prepared and w i l l  be 
>laced on tfie ]EASE cunputer in early June. 

An analog cunputer problem related t o  tile present reactors was ccanple%ed fo r  IPD 
Reactor Physics Operation. 
react ivi ty  addition necessary t o  hold the reactor parer level  at sane predetermfned 
low level, differing fran the normaJ operating level by factors of 1/1,000 and 
1/10,000, fmaring a scram. 

A basic layout was made for  a thousand-channel slow neutron time-of-flight analyzer. 
!l?hls is to be used in the  neutron cross section program. 
magnetic drum f o r  storage and plug-in t ransis tor  logic w i l l  be used. 

It consisted of determining tke mount of excem 

It is expected that a 

The microvolt meter t o  be used as a rntll detector on the period measurement equip- 
me& for the c r i t i ca l  mass lab arrived and was tested fo r  noise and drift. It is 
much bet ter  than specifications. Actual construction has star tec ,  al%ough a ten- 
turn exponential pot f o r  interpolation has nut yet arrived. 
also being evaluated f o r  reactor application. 

a i s  developaent is 

STUDIES TO rmTuRE PRODUCTION REACTORS 

Dmonential Pile Measurements of Issae Diameter Fuel Elements 

Flosl buckling values have been determined fo r  a 6 foct by 8 foot exponentfal pi le  
with a -vet 2.5 x 2.0 and 1.66 x 1.1 inch fuel assembly at a la%t ice  spacing of 
8 3/8 inches. The results are shown in Table I. 

TABLE I 

A*( side-side) A*( front-rear ) m?iT 10- an- (inches (inches ) 

-?2 1.1 1.0 

-68 1.6 1.9 

Source 
P9SitiOC 

Split 

C2iatered 

The uncertaimy i n  the bucklings ciue t o  the uncertainty i~ +,he “h-t squazes” Zit 
is 4 microb~cks for  30th measurements. The sourc=s are  placed at (* a,&, 0; sad 
(0, * b/4) f o r  the sp l i t  a w c e  casel and f 11/16  inches for the clu&ered dource 
cases. T33R aluminum, water, and carbon t o  uranim volume rat ios  me, resgec3ively: 
9.493, 1. 02 and 22.22. W s e  bucislings agree reasonably well e t h  tze Fake  -64 x 10’ 2 cW2 t?etermined in the 4’ pile.  

Bellminary buckling n l u e s  are available for &&e sme tube-in-tube assembly -it?? 
%O coolan5 using an 8 fo& by 8 foot exponential p i l e  a5 a l a t t i c e  ssacizig cf 
8 3/8 inches. 
fropbto-rear vas used in the  buckling calculations shown in Table 11. 

An assmed extrapolation length 09 1.0 inches bot3 side-tc-eide a=ld 
Because of 

;*he. I&&ed number of tube-in-tube fuel  elements a buffer region of 2.5 x 1.6 I and 
c” ‘ .. 
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E %el elsoexts vas 1sed t o  f i l l  aut the graphite la t j ice .  
was 10 lat+,ice units hi@. 
buffer regions 

V%-tical traverse data were taken first with the buffer fUel elemarbs dry  axxi t3en 
wet in order t o  achieve a be t te r  match t o  $he neutron flm spectram of the tt;be- 
--tube fuel  element and cheek the effect of a slight mi8matnA. With bcffers we%, 
the buffers match the values of cadmium ratio, bttckling and C/n ra*io> .in.:tfie .lat- 
u,,,e . 

The q o n e n t i a l  p i l e  
The first one and the last twa l a t t i c e  mlts were 

A 4  n 

Wf er  
Region - 

TABLE I1 

Type of End 
Correztion 

ky -90 f 2 2 zegion 

w e t  -90 f 3 2 region 

m -89 f 2 1 region 

Table I11 shaws the consta.nts characterizing the buffer and measurement regions. 

CadJ.UiWi 
C/U Ratio R a t  i o  

21.47 

21.47 30 

Zi .12 

-6 2 (1c cm- 1 
-65 

-70 

<i-stereii  soarce case 6 ft. IQJ 8 ft. p u e .  

/ 

Bo reason has beeo f m d  for the discrepancy of a5out "CG x 13'" in  bxklings 
mezswsd in the 6 x 3 foot p i l e  cunpazed t c  '%e S x 8 foc3 pi12 l i s t e d  in Table 
I ant? II. 



x 
Incl;eS - 
0.82 f -14 

0.84 t .31 

0.81 f.18 

0.64 f .07 

TABU3 Iv 

Cell Position 

Cell edge, fill layer, vith f ine structure 
correction. 

Cell edge, fill layer, under process tubes. 

Cell cornerI f i l l  layer. 

Cell edge, tube row. 

0.79 f. -10 Radius of eq;uivalent cylindrical ce l l  
(appraximate) 

1.16 f .I2 Front-to-rear . 
FCfB Measurements of I a t t i ce  Parameters of W g e  Diameter Fuel Elements 

The flux perturbations in  ce l l  ccmponents due t o  copper poison inserted fo r  a k, 
measurement has been cdculated f o r  the 2.5-inch diameter solid fuel element , 

i n  a 10 1/2 inch l a t t i ce .  
ber wragped around the process tube were obtained frcm the P part of the I O i o t  
Code, f o r  both the air and water-cooled cases. 
t o  evaluate tne effect  of copper near the fuel, where the flux i n  the fkel and 
process tube might be depressed, since usually tbe copper is at the ce l l  edge, 
degressing only the f l i ,  in the graphite. 
Tion of the average flux in various cclnponents of the cel l .  The fluxes i n  all 
cases are conmslized such that the average f lux in the fue l  i s  1.0. The ~moullcv 
of copper in the ce l l  corresponds t o  the estimated 160 of the l a t t i ce .  m e  net 
effect of these perturbations on the inferred v a h e  9f & is a l s o  givec. 

The them flux distributions with and without absor- 

The perturba z ion Cas been studied 

The following table  lis*s the per+,urba- 

,Ur Zoclant Water Ccolant 

4.049 +o.c25 

-0.036 -0.006 

0- -0.003 

+o .~66 4.014 

-0.00~5 -0.0906 

Despite the -tude of the flux perturbations, i5 is concluded +,hat because of 
the i r  maU efiest on kor the qost scctza5e pzocekre is t a  te+,e,aze %e W r s  
with the P3 program. Hpever, the perturbation of the fluc in the modera%o= will 
be checked by irradiating foils in the case WAth no -2oolant . 
The program whicb was written t o  process lutetium Toil  data has been altered and 
presently use8 saturated ac t iv i t ies  in determining the spectral  index. 

'*. 

A value 
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far %he normalization factor w M - 3  is Oependent 'irpoc the counting Byatem used 
has been determined, based on data collected froin bare PxbeC,iur;, f o i l s  irradia-zed 
ic the thermal column of tbe TTR. 

The copper flex t z v e r s e s  taken in the 2.5" tube-and-tube e1ePlen-b are  being 
&*ped usillg *he P3 code. 
t o  determine cross sections t o  use in the code, a t t w i n g  50 f i t  the flex 
traverse. 
veighting the Fuel crass sec3.m. 
%o fi: the f l u x  traverse i a  de+,elmineC by i teration. 
the r e w e d  aeutron t a p e r a e x e  raages f r o m  j0 t a  10iioC abave $he 3bysic3J. tanper+ 
%me . 

effective neutron temperature is being m i s d  

First, tbe specCYral hardening in the fuel is calculate2 from blszkmss 

For the th-ee zasss test&, 
T3en t l e  m d s r a t o r  aectrcm temperature reqfire3 

A first attempt t o  deternine the neutrozl temprature d ia tz ibut iw i r a  the ce l l  was 
&e wing the F ccde -&tk two t h e d  grcupe, one at 9OOOC and one at rocmi tern- 
? e r a w e .  
tiolc f o r  gwears graphite. Although a reasombie weie te0  average temperature itis- 
tr ibution -618s obtaiaeb, the dif-fon treatnent shoUd not be expez5ed t o  reproduce 
+,he flux depreasion is the fuel. 

Trans s e r  betveen grcrrtps -+res defined by the re+,hermalizatiorz zrass gec- 

B d  Replaceme& ,Analysis 

A -rersiorz of the digital  cunpter  cade f o r  small source tkeory amlysis bas Seen 
completed fo r  a specialized case. 
3eneral geme3ry has 5 e p .  
Bssea;rck Group, Inc., who is a lac  investigating f5e use of amaU am:e 5heoV. 
ILLS grmp has prepsred a d ig i t&  canpcter code f o r  a one-group version of smail 
s m e e  tkeo-ry ir, f-te ia t t ices .  Ee reports *he code is wxki.rg 3 ~ 5  5 ~~~PL?,IXIC 
of s l x  non tb  w.Sl be neeaed before it w i l l .  be in a farm sui-,abie fm  disTribGtion. 

Work on the two grotrp i;hea,rj code f o r  morc 
Contact 3as been ma&? x L t k  C. I?. Klahrs sf TecW2.al 
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Instrumentation and Systems Studies 

The w i c  fabrication of the mechanical portion of the 
scan fie1 Element Rupture Detection System is canpleted and installed on the 329 
Building experimental platform. 
ring brush assembly is cap le t ed  and ready fo r  installation. 
sources hcrve been ordered and w i l l  be inserted after arr ival .  
zoxtiwes on the necessary circui t ry  f o r  the system, and tbe c i rcu i t s  w i l l  be 
assembled in prototype demonstration f o m  when a l l  tests are  campleted. 
aged three crystsl detector probe for  the fast-scan system was assembled and 
sat isfactor i ly  tested. 

Cmpletion of the tests on the prototype NPR Logarithmic ( 5  m r / b  t o  5 r i b )  Scin- 
t i l l a t i o n  Remote  Area Monitor w i l l  be accanplished as soon as the necessarg Corona 
regulator tubes are received. 
was sat isfactor i ly  tested using a different power supply. 
w i l l  be uaed with a new less-expensive power supply modification. 

prototype fast-slow 

The gear mabors have been instal led and the sl ip- 
Test radioac%,ive 
Developnent work 

The pack- 

A l l  other caponents are  instal led and the system 
!RE Corona regulator tubes 

The NPR protutype Linear Scint i l la t ion Remote Area Monitor 'is essentially campleted 
including circui t ry  temperature t e s t s  which were satisfactory from O°F t o  1309. 
The lm-range (the system includes two s e w a t e  ranges i n c l d i n g  separate probes 
snd meters) cyclic c i rcu i t  was m o d i f i e d  t o  incorporate a transistortzed 
alarm-pulsing circui t .  The low-level alarm, when activated, W i l l  energize a 1.0 
kc osci l la tor  with timing of one-second-on, one-second-off continually u n t i l  the 
radiation field strength drops below the alarm set point. 
w5anatically resets and no msrnral operation is required. 
system requires manual reset f o r  proper safety purposes. 

The low-level system 
me hi&-level alarm 

All transistorized circui t ry  for  the lQpR prototype Scint i l la t ion Beta-Gemmrr Air 
Nonitw was canpleted in  design and sat isfactor i ly  bench-tested including tempera- *- tests t o  +140°F. 
instrument assembled. 
sealed and assembled f o r  use. 

pat ,  

The c i rcu i t s  w i l l  now be fabricated in final f c m  and the 
The lead-shielded sc in t i l l a t ion  head is cmpleted sad i s  being 

The beta-gamma air monito i s  c a q l e t e l y  transis- 
torized with a logarithmic indication fram 100 c/m t o  10 i5 c/m with a recorded out- 

A t  %he request of IKl Reactor Physics Operation, a study was &e on the presently 
proposed systems for  NPR coolant FACW monitoring. 

Studies were continued on the solc$ions of the reactor kinetic e w t i o n s  with 
sinusoidal =citation funcfions The solutlom obtained with the snalog .cmpu*er 
50 date are not i n  good sgreement with theory. 
cies are par t ia l ly  due t o  canputer p a r a e t e r  drif'ts in c r i t i c a l  s i r cu i t s  but this 
xzsds TO be investigated f h t h e r .  
l e m  by *roved scal ing kechniques. 
exact solutions are known w i l l  be programed on the cmputer as a check cn the 
meChod of solution. 

It is expected that the discrepan- 

An attempt will be made t o  redwe the &if% ?rob- 
In aMi?iozl, a similar se+, of eqJatims whose 

In prep=- fo r  709 solutions, it has been found that vezy sham time intervals 
are Teqpired for the step-by-step integration. 
Me?? order harmonics of appreciable amplitude might  account f o r  this. 

It is  thought thaiU +,he presence of 

1 2 4 9 5 5 0  
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MerMsm of Graphite Damag e 

The-installation of the  beam sweep equipuent and the necessary alterations 50 
t k e  electron Van de G r a a f f  were cmpleted. 
The high voltage supply f o r  the appslgtue is s t i l l  missing, but delivery is 
prcmised far early i n  June. 

The new energy loss calorimeter was wired and vacuum tested. 
stalled in the water bath. 

The control c i rcui t ry  was installed.  

It is be4- in- 

Plutonium critical mss Faci l i ty  

Cuqletion of the work of the fixed price contractor on the P l~on iUm Cri t ical  
Mass Facili ty has been scheduled fo r  June 1. 
schedule w3J.l be nearly met. 
Wlth two exceptions, all acceptance tests have been met. 
been tested and is operable. 

It appears that i;l general this 
All construction is camplete ami equipnent installed.  

All service equipent  has 
All fixtures are installed and operatbg. 

Trouble h s  been encountered i n  placing the instrumentation and coatrol system 
f r t o  senrlce. To some extent this has been the result  of minor fabrication errors 
88 m i g h t  be expected in a system of this size. 
unusual number of errors Illttde 'Jy the vendor i n  construction (wires emitted or 
zrossed, etc.). 
.The instramenta5ion has not beeE checked out as yet., but s h a d  be l e s s  prone t o  
such difficult i a s  . 

There has, however, *en an 

This is  particularly t rue of the electziss l  interlzck sjrst;em. 

The sccqtance test for  pressure containment of the reactor rom has not been made. 
Mo knm delays are anticipated in performing this tes t ;  hmver, i f  leaks exist  
tliere may be considerable difficulty and time involved i n  locating t h a .  

IxsmJis t ion  of %he iz-hood eqAipnent f a r  the sta;ltup experimezts wi l l  be delay-ed 
u&il the l a t t e r  part, of June because cf l a t e  delivery of the  c r i t i c a l  assembly 
ccngonents . 
The contml building proper may 5e accepted in the first week of J i e  and Qperat- 
i-x personnel wlll be able to move 13 SOOI: t h e r e m e r .  Work will 'be l h d t e 5  Fr i -  
mar.Sly t o  farri l iarization - i t h  +,he equipnent; l i t t l e  can be done d i reAly  relat ing 
tc +,he ini%ial experiments un t i l  the in-bod reactor equipneat is ins.td.led. 

.Two of the f c r a  reactor vsssels wUch were ordered.have been recei-red. .%e fwc 
vessels received were tne ll and 13- inch diameter cylinders which are  t o  be -me& 
ia the initial ser ies  of c r i t i c a l  experiments w i t t  zzlz-eflec%ed cylinders. 

lkasurement of ka, in the PCTR f o r  Aqueous Pu Solction 

For aqso;s soi;;tizns or c t l c r  harnzgermus Qdrogezxczts ;;lfxcu';'esy 6 qpaz5itg cf 
special interest  is the limiting concentration f o r  which 
lag tbe H/X r a t io  can be maintained at values f o r  w h i c h  160.4 unity no other res t r ic -  
=ions v i l l  be required t o  insure nuclear safety. 
PCTR fo r  determining the concentration a t  which km = unity f o r  a plutonfum xLtrsSe 
aolutior;. 

3eca-s unity. Frovid- 

Experiments were coxuiucted i n  Yie 

. *r *.' 72 I 2 4 9 5 5  I 
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Calculations had indicated the limiting Pu concentration t o  be between 8.5 and 
9.5 gas &/l i te r .  
ing 6.5 epls &/liter and the core tanks were f i l l e d  with solwkions containing 
6.5, 7.5 and 8.5 (pns Pu/liter. 
and emptied, by Finished Product Operation, CPD. 
enriched U 
centration 2 auld be obtained with the buffer tank this far f r a n  actual l imiting 
concentration. 
initial data was 10.8 @ns &/li ter .  Since rather large Quantities of stainless 
s tee l  and polyethylene were used for contairanent of the solutions, and very l i t t l e  
vas known about the effect  these materials might have on the measuranents, mare 
emphasis was placed on We theoretical calculations than on the experimental re- 
sults and the concentration in the buffer tanks was raised only t o  8.5 gms Fu/liter. 
!k core tanks were then f i l l e d  wtth solutions having 7.5, 8.5, 9.0 and 12.0 ams 
Bi/li ter.  The extrapolated value of the limiting concentration obtained fran these 
solutions was 10.6 @us Fu/li ter.  A thorough investigation of the effects of the 
staimless steel and the polyethylene was %hen undertaken. 
of this investigation indicated there was essentially no effect on the measurements 
frau the s ta inless  steel and that there was only a slight effect  frau the polyethy- 
lene. 
the neutron energy spectrum incident on the solution which resul ts  in a correction 
t o  the measured value of the limiting concentration of approximately 0.2 @n Fu/ 
l i t e r  . 

Initially the buffer tanks were f i l led with a solution contain- 

These mixtures were prepared, and the tanks f i l l ed  

systems indicated that an accurate extrapolation of the  limitkg con- 
Previous qer imel r t s  with 3$ 

The extrapolated value of the limiting concentration *am the 

The preliminsry results 

The effect  frk the polyethylene is probably caused by a slight change i n  

A t  this point a contamination incident occurred and it became necessasy t o  halt 
the experiment. 

The p e l h i n a r y  value of the limiting PU concentration f o r  which & = 1 f o r  these 
plqtonium ni t ra te  solutions was therefore 10.4 gpls Pu/liter. 
cal  analysis indicated the solutions t o  be approximately 0.5 molar n i t r i c  acid 
solutions; the plutonium contained approximately 5$ PU-240 . 

A gr+mina;ry c h d -  

The contamination incident, which potentially could have resulted in a Yery aeriow 
contamination problem, was minimized by careful monitoring procedures. 

m o n e n t i a l  Pi le  Measurenents with Natural U r a n i u m  Fuel R o b  i n  Light Waxer 

The ser ies  of exponential p i l e  measurements -vith nstural uranium fuel rods i n  
light water was c&pleted with the measurement cf the 1.40-inch l a t t i c e  spacing. 
The Axel rods, which were 0 .95  inch in diameter and 44 inches i n  length, were 
encased i n  thin -led (l/32") Wcite *ubes f o r  insertion i n  the l a t t i c e  assemblj 
vuch contained 85 kclbes in a hexagonal pattern. A buckling of zerc was measured 
(k, = unity) f o r  t e 1.40-inch l a t t i ce ,  which has an &O/U volume ra t io  of 1.37. 
F r p  the plot of 5' ys the iQO/U voltuae rat io ,  the maximum hckl ing  was e s t h t e d  
zo 5e abm% 30 x 10'ocm-2 for an $O/U r a t i c  of 1.6. 

'These measurements T#ere undertaken in order t o  bet ter  evaluate Sbe safe mass limits 
fo r  natural uranirrz In  l i gh t  water, aaZ also fc obtain b ~ c k l h g  v a k e s  i n  mmez5isr, 
-&th planned experiments involving a t h r e e  percent enriched l a t t i c e  reflected wi*k 
a natural 

. I .2 .- :. 
. 
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a. Eqeriments with He%ercgenecus Systems 

The c r i t i ca l  approach and exponential experiments w h i c h  are  planned with the 
2 percent enriched uranium invclve Atel rods of two differen3 diameters, 0.95 
and 0.600 inch, and of *YO &iffere& le,.leths, 16 and 32 inches. 

-The c r i t i ca l  approach measurements were cuupleted fo r  t;?e 0.925 in& cllameter 
rods of 16 inch lengkh and measurements were b e g u  with the 3-a L i m h  me1 rod 
1e-h. 
insertion i n  the la t%ice  assemblies which were fully vater re f iee t ta ;  a hexe.g- 
mal pattern wae ased for the la t t ices .  
measurements are given i n  the fd.lc&Ang table. 

The fie1 rods were encased in tlr%r; walled (1/32") Lrzsi5e fzJ3eE ?or 

*The zewilts ,af +,hese z r i5 ioa l  approach 

i . 7 2  
1.60 
1.70 
1.89 
1.95 

ZzO/U 
(voiume 
r a t  ia ) 

1.39 
2 2 9  
2.p 
3 *1? 
* 2.89 

C r i t i c d  No. of 
16-inch R O ~  C r l t i c d  W s  
(cyl. g e m t r y )  (ql. =lectnetrJ) 

111.6 865 13s. 11 

99.9 734 lbs. c 
1GE .e 751 Ibs. 3 
114.0 875 15s. I! 

103 a ? 763 lbs. i: 
818 ibs .  I? 
72c l b a ,  'ir 

703 15s. z 
692 Its. 2 

795 13s. C 



b. Escpe riments with Hcxnogeneaus systems 

wan the FCTR measurements, a prelhinazy 
-1 ni t ra te  mixture with a naninal hydrogen-to-urqnium atauic r a t i o  of 
6 is, 1.12. 
the fact that fo r  the same H/U atomic ratio,  the value of k, f a r  a 3% en- 
riched U? mixture was, 1.34. 

of k, f o r  a 3$ enriched 

The effect  of the nitrogen in these systems is  clearly seen by 
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Crit ical  Hazards Specifications 

Nuclear Safety in 9LO 

a. 

b. 

The nuclear safety specifications f o r  w o r d  Laboratories, which are being 
p r e m e d  in accordance with a0 Nuclear Safety Bulletin No. 1, aze about 72$ 
canplete. 

The nuclear safety of the PRTR operation was reviewed and ccrnnnents submitted 
t o  the Reactor and Fuels Research and Develapment Operation. 
based on a study ccxnpleted this month, in which more acccrate nuclear safety 
pazameters were established for  the Al - 1.8 w/o Pu lg-rod cluster fuel  elements 
in %O and D,O. 
on calculstiohs in  which the fuel element clusters were treated as a hunogeneous 
system of plutonium, aluminum and water; this approach was conservative and 
simplified calculations. 
cal  mass experimental data obtained on A1-5 w/o Fu alloy rods i n  %O, but the 
calculations were made t reat ing the 19-rod cluster as a multiregion system by 
use of the -709 IDIm canputer code. 
the storage and transfer basins, the primary coolant system, and the fuel 
transfer casks. 

This review was 

The previous study, made i n  March, 1959, was based primarily 

The current study is  not only supported by the c r i t i -  

The PRTR nuclear safety review includec. 

Data Correlation - Developent of Nuclear Codes f o r  Cr i t ica l i ty  Calculations 

a. Calculation of Lattice Parameters f o r  Uranium R o d s  i n  Water 

An investigation of s l igh t ly  enriched (15 t o  35) uraniuzl, -inter modersted 
l a t t i ce s  is gresen-klj being carried out. The pzrpose of tliis st-zi?y is t o  
develop analytical  techniques f o r  predicting the c r i t i c a l  s ize  of similer 
l a t t i ces .  
the c r i t i c a l  s ize  for 3% enriched uranium, water la t t ices .  Errors on the 
order of 5000 pB exis t  i n  the calculakions of the buckli-ags fDr +,Le 3$ 
m e t a l  by the usual sbuplified age-aff'asion apprmimations. 
Lmlty appears t o  be the nonescape pmbability foz n 2 e r  ndera5ed la t t ices ,  
especially systems i n  M c h  4 4 0 $  of the fast neutrcns are l o s t  due 20 leak- 
age. m e  W age theory f3r evaluatlrg fhe fes% nxescspe p!rcba>ilitg, 
-2 

e-b ', while being @te  g o d  for  Over moderated graphite la t t izes ,  is especial- 
l y  inadequate i n  hydragen mcderated systems where the slowing dowr, cannot be 
adequately accounted for by a continuaus slowing d m  m o d e l .  

Especially a t t ract ing attention is the i m b l l i z y  t c  reproduce 

The majcr d i f f i -  

A very ccmplete experimental investigation of s l igh t ly  enriched, k t e r  moders+,ed 
l a t t i ce s  has Seen C a r r i e &  cut a t  BloL by H, Kou%s. 
study t o  date has been t o  reproduce the k,, values, as defermine& by K o u t s  in 
U s  analysis of the 0.600 in& rDd experiments. Wheo we are  zapable of reproduc- 

Tlze m a i ~  emphasis in our 

' 1 2 4 9 5 5 4  .. 
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ing the values of & then the  mador effort w i l l  be directed toward calculating 
the fast neutron leakage. 

The 0.600 inch diameter rod, water moderated l a t t i ce s  have been run on the 
IDIOT Code. 
c t i l i z a t i o n s  are in good weement, along with f a i r  agreement f o r  the  fast 
effects.  
poor agreement with the calculated values. 
that the IDIOT C&e does not account for  any mutual shielding of the resonance 
flux by neighboring rods in a tightly packed l a t t i ce .  The major emphasis is  
now on developing a technique which  accounts for  this mutual shielding by the 
rods of the resonance flux. 

Fran these calculations, the experimental and calculated t h e m  

The inferred values of resonance escape probabilities are i n  rather 
This poor agreement i s  logical  i n  

b. Monte Carlo Code 

Work on the one hundred group cross sections is continuing. 
sections have been canpleted along with the cross sections fo r  &. 
sections f o r  PU-240, corygen and nitrogen are  par t ia l ly  canpleted. 

The Pu-239 cross 
The cross 

A randan number generator has been received fruu Atomics International that is 
approximately six times faster than any number generator presently available 
at Hanford. The a r r iva l  of this number generator, along with the canpletion 
of *he Pu-239 and % cross sections, w i l l  permit debugging t o  starc immediately. 

The first application of the 9-zOorn Code, a one-dimensional lrmltigroup dif- 
f'iision theory reactor code f o r  the IBM-709, was made t o  cylinbrical  (reflected) 
glutonium c r i t i ca l  assemblies of the Hanford p-11 experiments. The canparison 
bet-deen theory and experimezt appears t o  be good for  the range of H/PJ betwen 
300-600. 
by personnel of Cri t ica l  mss physics. 

A ser ies  of calculations were a lso  made fo r  fully re f lec te t  spheres of the 
F - l l  experiments w i t 3  IQ'E ratios i n  the range of 3OC-900. 
tke effective valile of  k %-as calculated t o 2  high. 
be n m t o  t r y  and determine why tbe cylinder calculations are ss t isfactary 
w h i l 5  the sphere calculations are not. 

The calculations were aade using 18 group cross sections developed 

Fcr these cases 
A feT; m r e  t e s t  cases will 

5- Canparison of Theory and Ekperiment fo r  Al-5 w/o PLi Alloy Rods i n  Water 

Buckling and c r i t i c a l  mass calculations were made f o r  Al-5 w/o PJ alloy rods 
of 0.506'' diameter (0.03" Zr-2 clad) i n  a water la t t ice ;  the calLmlated values 
were canpared vi th  the c r i t i c a l  mss data 3b$ained frm e-erhents. 
resul ts  of this canparison ere given in the follming table: 

%e 

. :. . 
, .  . .  

:.:? . - .  
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V Water ESctrapolation Cri t ical  Mass for  
spherical ceauetry (IQ PU) 

FrxLBQ. caln,. 

Y 
- Pus V A l l O y  Length (an) 

218 1.17 5.1 9695 l l lw 3 -31 2 -60 
355 1 .a6 7.9 10838 11530 2.37 1.70 
427 2.24 7.9 11261 -L- l l h  1.70 1.6k 
583 3.6 7.7 1@52 ~ O g o o  1.53 1.50 

3.96 7.3 10107 9900 1.53 1.57 

1149 6.03 6 .o 7681 7200 2.12 2.42 

(1L7-6=-2 1 - FkaaFSrp. caic. - 

$3 4.95 7.0 8840 8600 1.73 1.88 

'~pu-240 isotope 5.3 percent. 

The calculations were 3ased on standard c r i t i c a l  eqpations; the reactivity 
parameters were obtained usicg the El4-709 DICIT cmputer code. 
the reflector savings %ire obtained Frau the experimental data, ~ U c h  appears 
reasonably accurate up t o  8ii E/- r a t io  of about 1OOO; SepnC: lOC0, the vslues 
of X are less certain. 

Values for  

The calculated c r i t i c a l  w s  vaiues a,rs coruervetive except f o r  hi& H/Fu 
ra t ios  where the calcxlatsd values are larger than those mees-a&; bowever, 
there is good agreemen% between tbe calculated e x z i n t u ~  c r i t i c s l  mass and that 
predicted frcm measiement s . 

e. IUnetics v i t h  Time Desndent Reac3ivity 

Program 
kine-tics code AlRM, has been tested satisfactor- 02 several chses of  in- 
terest. *The code may nok' 'De considered q e r a t i o n a l  for the f o l l m i n g  time 
variations cf reactivity:  

9 chsngir4 geon=f=ieai. b z c k l i ~  pcckc=5 3d? e. 1 i a z s  2-e vtrizt5Dc 
of m e  spztial dhelrsizn, 3x16 4) t s h l a f e d  reac5iiety -7s. t h e .  
C,ional forms, a.g., ai-oidal vtiriatior caz 3e readily inchde3. 

the Bufcrd mdif ica t icn  c9 tbe Atcnrias Int,errAti.>s?sl r%acsor 

1) step -stion, 2) ram5 f*cmtion, 3)  $hat accan- 

Other. Pxx- 

Instrumentaticlr fo r  Ih?termLmtior; of Reactar Kllletics Parameters 

In order t o  ccrrect the spectra obtaixxd f r om t3.e Pi le  Noise Analyzer, I;?easse- 
raents were marie of *he fiequency response 3,9 the i ~ t n m e n t .  
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m e  system has a response range of 2.30 t o  560 cycles per second and with this 
tube appears t o  be most sensit ive at lower frequencies, peaking at 3.98 cycles/ 
second. 

Mass Spectrometry 

The high voltage breakdowns in this mass spectraneter continued t o  be a problem. 
Voltage breakdams were isolated in three separste cauponents. 
p l i e r  power supply was found t o  be defective and was replaced. 
were taken t o  increase the insulation of the cabling t o  the spectrcnneter source 
and cable with higher breakdam rating was ordered. 
t o  occur in the  source region and a new insulating seal was designed and ordered 
t o  attempt t o  remedy this problem. As a temporary -die& the mass spectraneter 
has been operated at a reduced ion accelerating voltage of 7,000 volts .  A t  this 
voltage no breakdown occurred. 

The electron multi- 
Temporary measures 

Voltage breakaame coIxtinued 

'Wo uranium semples were analyzed for  Cri t ical  JSass Physics. 

NEUTRON CROSS SECTION PROGRAM 

Slaw Neutron Scattering Cross Sections 

One of the sluminum large single crystals was saw t o  give three half inch thick 
disk crystals. Each of these crystals showed slmilar propbrties under neutron 
diffraction giving r e f l ec t iv i t i e s  of 20 t o  35 percent and rocking curves of the 
order of 3 minutes of arc. 
is believed that extinction effects are of importance i n  this  type of crystal. 
Further, this shows considerable pranise fo r  obtaining desired r e f l ec t iv i t i e s  by 
s tackingthin crystals or changing properties of large crystals by deformation. 

Since the large ingat exhibited similar properties it 

Slrbthreshold Fissior, 

bhsurements were made on the f iss ion in the 6.7 ev and 10.2 ev resonances i n  $38. 
No f iss ion was detected i n  e i ther  resobsnce. 
as yet t o  obtain meanirgful upper lioits t o  the f iss ion w i d t h  of tfiese resonances. 
The 10.2 ev resonance is a small one which has been attr ibtl tea t o  -g wwe neutrons 
fran total cross section measurements. A positive f iss ion width fo r  th i s  resona,nce 
c a d  have been interpreted as evizence that the observe- fast netiron f iss ion 
threshold is a l so  f o r  p wave neutrons. The observed negative result probably casts 
l i t t l e  ligbt on th i s  possibil i ty.  

The results have not been analyzed 

The spectraueter resolution was worsened t o  obtain a higher neutron intensi ty  for  
 he first two resonances i n  2'Ya-k a b u t  0.4 ev and 0.5 ev were found i n  fission. Tkre measured f iss ion w i d t k  

are abmt two orders of magnitude l e s s  than expected from the simple exporrential 
barrier. 
icdicate that +,he f iss ion widths of these resonances are not appreciably greater 
then the widths of the first two alt3a;gh no f iss ion was seen i n  these measurements. 

A yel- analysis indicates that the obsented f iss ion vidths of Np237, R@, 
?J23 and Pa 31 are all consistent with an -qonent ia l  barrier with a characteris- 
t i c  energy of 0.3 t o  0. 5 Mev. 

emen+,s of the f i ss ion  i n  resonances of -231. 

Prelimina,ry data taken at the resonances at about 0.75 ev and 1.24 ev 

It is probable that when good upper limits are estab- 
lished for $36 and $3 3 that these nuclei will also be consistent with this value. 
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!Ex barrier model for Am241, however, is consistent with the characterist ic energy 
of 0.83 &v obtained fran the shape of the fast neutron f iss ion cross section curve. 

Fast Neutron Cross Sections 

Construction of the canponents of the Van de Graaff beam tube has proceeded with 
sane items ccmpleted. 

A conceptual design of an experiment t o  aeasure to t a l  cross sections using a pulsed 
white spect neutron source and time-of-fli@t has been canpleted. 
get L i ( d , n ) z  source and a fl ight path of six meters w i l l  be used. The measure- 
ments are expected t o  cover the energy region o f  about 3 t o  15 Mev wlth an energy 
resolution o f t h e  order of three percent. 
of the apparatus required f o r  these measurements. 

A thick tsr- 

Design and fabrication have been started 

REACTOW D m m -  4OOO PROGRAM 

PuppOIqIuM RECYCLE PROGRAM 

Lar Brposure Plutonium Lattices 

Anslysis o f  the  10 1/2 and 8 3/8 inch graphite lattice -*is using 0.5 inch 
dia. rods of 1.8 w/o Ar-U in 19 rod clusters is essentially c a q l e t e .  
fications t o  the stand k,, calculation were necessary, arising fran the r;hnnne in 
effective neutron temperature upon removal of the absorber fran the  la t t ice .  

solpe mobi- 

The change i n  q has been estimated frau 
value of I + Q / p )  t o  infer  a neutron 

Westcott's tabulations using the measured 
temperature. The cha,nge does not exceed 

24 in ei ther  case. I 

The absorptionerates f o r  canputing f and f'' were obtained fran the  r a t io  of total 
rea&ion ra tes  per atan of a plutonium foil and a copper foil at the center of the 
%el cluster.  The resul ts  are as follows: 

8 3/8 inch l a t t i c e  -0- & = 1.568, f = 0.868 

10 1/2 inch l a t t i c e  --- k;l = 1.512, f = 0.840 

3inh ExDosure Plutonium Lattices 

The first two bft!R Pu-A1 elements wiil reach goal exposure snd be discbarged from 
the ETPR sanetime during June. The remsinder will continue t o  be irradiated tmard 
the 4Q$ Pu-240 goal. 

Instrumentation and Systems Studies 

The anslysis of .the experimental gas loop and control system is continuing with 
the study on the EASE analog canputer. 

1 2 4 9 5 5 8  
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Laboratory t e s t s  have been s ta r ted  t o  d e t e r n e  the dynamic range reqylrements 
f o r  instrumentation t o  be used f o r  PRTR mean neutrac l ife%- meaawements. 
putation of parer density spectra and correlation functions reqyires the use of 
multiplying and squaring devices and associated scale factor e m p e n t .  
effects of the inherent inaccuracy of this type of equipent, f o r  near-zero icputs, 
on the overall problem accuracy will be determined. 

Can- 

The 

The transducers were received for  an experimental process tube inside diameter 
measurement instnnnent . 
Ereparations are being made t o  evaluate the period controller and t o  analyze the 
c r i t i ca l  faci l i ty .  

Two canpensating lenses (Wf lenses) f o r  the me1  ami inn ti on Faci l i ty  Profilo- 
meter have been reground and polished t o  correct their focal lengbh t o  that re- 
quired fo r  bringing the main and comparison images Into simultaneous focus. 
flat t o  -within 20 micro inches have been installed throughout the Wide Angle 
V i e w e r  with resultant improvement cf image Quality. 

Mirrors 

Assistance has been given in designing a camera f o r  detecting and recording dis- 
placements of the PRTR calandria and in specifying equipment needed fo r  indepen- 
dent, absolute calandria shif% measurements. 

Ci=cui%ry modifications f o r  the fuel  rupture monitor a t  the ME3-GEH-4 fue l  test4* 
1002 Lave proved satisfactory i n  use. 

NONDESTRUCTIVE TESTING RESEARCH 

B e  behavior of the mtpu2 signals of the broadband elec5ranagmtic tes t ing  system 
5eing Weloped for measuring jacket fhickness and jacket-to-ccm gap varistione 
k a z  ubor'ded &el element was observed i n  detai l .  
up %el elements Seirg used were fabricated i n  the akop f a r  use i n  determilling 
c,'Ze instrument Sefistrt,Dr i n  the jacket thickness regim of 1 5  t o  28 mila. 

Xew smpls  cores fcr the rnozk- 

F t r e l M w j  t e s t s  of a prototype infrared radiometer for making fuel airface tem- 
perature measurements & i i n g  developnent of heating and scs;m* methods have beer. 
m d e .  
iz the temperature indicated by +,he instrument when looking at s 6GCC autoclaved 
X-8001 su-face during an interval of 0.003 second. 
signal fran a l/b-inck diameter hot spot on the surface of a 1-1/2-1nch diameter 
zylinder rotating at, 1000 RPM. 

Eese t e s t s  skmed that noise presently c a s e s  awziatioris cf abm? 3% 

*This would be tae iiuratim of 

A RELOLation Electronics Corporation mdel  TA-2 u l t r a  l a w  noise pre-anplifier has 
>sea crdered. k c o r a n g  to the  mancfacturer's l i terature ,  this d f  should have 
a slfgktly lower noise figure than the caecode vacuum tube 8mpiifier now 3eing 
wed in the radianeter. 
designed. 

A more adequate mechrPntcal scanning system is Slso being 
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GAS COOLED REXTOR PROGRAM 

., , .. . 

Lattice Parameter Measurements 

The analysis of the  data taken during the EGCR stainless steel loop experiment has 
been ccmpleted except for an error ana,lysis. 
stzpercell consisting of e central stainless s t ee l  tube surrounded by eight fuel 
elements of 1.8 w/o U% are as follcws: 

Preliminary results for a 3 x 3 

1) s t a e s s  s t e e l  tube empty k, = 1.036 

2)  2.6 w/o f i e 1  element SS taxbe & = 1.073 

The p r i n c i s  source of error  is in the est-ted flux and adjoint mismatches. 

-is of +,he data obtained in the measurement of 
fuel is  continuing. 

and f fo r  the 2.6 w/o UOg 

A report on the (r, 6 )  parer distribution and "Ye flux effects  of stainless s+,eel 
apacers in 
h t e d  t o  the as tune r .  The results were generally similar t o  those obtained fran 
the experiment on tke 1.8 w/a fuel. 

Variatioc of Dop2lsr Coefficient wich S/M R a t  i o  

PTel3mhaz-y mLues fo r  the resonance escape probability, p, and the fast fission 
factor, E, are l i s t e d  for  solid, 1.923 inch diameter, natwal uranium fuel elements 
in an 8 3/8 inch gra2hite l a t t i c e  with air a,nd watez coolant. 
3i' and f 

-1 of 2.6 w/o enrichment has been prepared (HW-65074) and distri- 

#The revised values 
%e izferrad vzlues of 7 are a l s o  included. 

Parameter Air 

k 1.0189 f 0.001 1.0116 * 0.001 
f 0.910 f G.OG4 0.945 F 0.004 
P 2.826 0.792 
€ 1 e 0 3 5  1.038 
T) 1.310 1.332 

%e p ard E analysis follows the  method out lhed  ir, W-63768 ?qr P. F. Nicfiols, 
e t  a. 

ECTel'm'rary zmlysis  09 the  1.92" Ilia. s l l ~  %el teqeratxze coef?i:ie& b t a  has 
resvlted i n  -ralues of (l/RI)dSI/dt ranging fran + 1.24 x 10°4/C at 175OC t o  
+loll x 10°4/C at 4 4 5 0 0 ~ .  These resul ts  tend t o  confirm the change i n  (l/RI)dRI/d= 
W-tl: increasing teuiperature. Much additiona3 analysis is necessary kefore any final 
resuit;s can be presented, because of the rather large moderator &atinn corrections 
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aetkod t o  reduce +,he size of these corrections. 

BIOLOGY AND MEDICINE - 6000 PROGRAM 

Atmospheric phys i c s  

Developnerrt work prcgressed on the phosphorescence technique fo r  assaylng the 
aatnt of zinc &fide on membrane f i l t e r s .  
the calibration data is not yet canplete, certain l imitat ions of the system have 
been establish d. 
mately 3 x looQ grams with a standard counting error of 15 percen+,. The standard 
error decreases as the  s losding increases so that, in the  range f r a n t h e  de- 
tection l i m i t  t o  2 x l O ~ g r a m s ,  the best e6timate of the standard error i n  count- 
i ~ g  is 5 percent. When tke weighing, dilutian, and c a t i n g  errors ere ccmbined, 
the etanda;rd error i n  the absolute mass determination on a single f i l t e r  was cal- 
culated t o  be I 2  percent, whereas the relat ive mass detefiaination was 8 percent. 
Sane small reductiontaese percentages i s  expected fran fitting an appropriate 
mathematical f u c t i o n  t o  the calibration points. 
system fo r  mass loadings up t o  10-3 grams w a s  in progress. 
E p % e m  f a r  Wysis of Green Glow samples is  expected early next month. 

Although s t a t i s t i c a l  evaliation of 

The detection limit f o r  positive saaqles was faund t G  be apprapci- 

A t  month end, cslibration of the 
Beneficial use of the 

Plans far  the AEZ Me3eorology Program Leaders Meeting a t  Hanford, on JW 20, 21, 
and 22, 1960, were formulated and coordinated -&th 3he Fallout Branch, Division 
of Biology arid Medicine. R-eparation of material f o r  the Hanford aessims of the 
progrm was staxtad. 

DCSIME!?!RY 

The first 3BM mn of dafa collesteci routinely a t  %he whole body mm%er was ~Cmp- 
le5ed. This aperation - i l  be on schedule with ccmpletion of the June prmessing 
of daza. A paper tape pmdi vas received t c  be operated frm the rmrlsicEzanne1 
-zero 
3;- %e 

When in operation, it will pemi3 machine ptuching of t s e  z u d s  *sed  
ant! t k s  &hins+,o all haa& York oc ths  somter 3a5a. 

A series af experinents is i n  progress t a  d&ermine kuw mcS r a d i a c t i v i t g  accmL- 
l3i-m in L , k  -hair axxi 5Lus how important it is that a S~EJLZO~~ be sakec 3efrJre s3e 
-&ale body O x  female sr25jeet wss counted both before a d i  Sfts shampoo- 
b g  3a ti&t s&pra t% sccas ixs  duriag the ;as+, 2wc mont'hs. 3 ev?r$ 36s~, shm- 
;?OGiXg ca-med EL 100 5c ZCG$ increase in  the radioac%ivit=J in *he b i z .  
vas f a d  t e  'be due tc tke r-vivj in $he w,-mr -azd. Dis5iUe5 wazez doss 
n&, ekm the radimctivi-ry $hat is  present ia the regular -2er a t  fbe whole body 
:.=runter. 
rahioaetivity iz h e r  hair .as decreased Selcvr +,bat bafcre the shampoo. %her ex- 
p3ru~e l l ts  are being ma68 w i t h  EL wig of zlatwal -human hair. AZ'tez t h e e  dws out- 
side i n  rasher stormy weather, the decay produc38 of radium could e u i l y  Se idenki- 
fie5 i=1 the Wig. When the wig was placed a t  the position of $?le k e d  in the S t a n =  

&rd whcle hodyn,ouatc, 52 increased the K-40 valEes &out 3, the  Cs-137 val;;eS 
&crat f!%, and wmld prduca very significant errors in the Za-65 ~&l-des wken these 
arb la-* An expcuwe cf the wig during milder weather groduced even more 3imfi- 
za& differences 5ut other exposures showed sPaller ef?e&s. 

The inZreaS-? 

Wher, d i s t i l l&  water was %sed by tfre above s-d?ject f o r  s h p c o s ,  7be 
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Two occasions &ose that permitted ccmpsrisons. of the background of the W o r d  
whole body counter witin those of other very similar coun3ers. During a t r i p  t o  
U s  Alamos a tam of t he i r  background spectrum w a s  obtained. 
two inches (5e) thicker than ours; this is  the o w  significant difference. 
background is s l igh t ly  higher due t o  the larger canker and t o  t he i r  higher eleva- 
t i on  wlth its consequent greater cosmic ray effects. 
for slightly higher background Frau the daughters of radium. 
the aaimal counting f ac i l i t y  of the Biology Operation was also caupa,red with the 
Sanford whole body counter. 
and it has only four photamrltiplie-rs canpared with our seven. Its background is 
gmnller by 534 under the  K-40 photopeak and 29 and 27$ under the ~n-65 and Ca-137 
photopeaks. Tests by Radiological Chemlstry with the Biology counter showed that 
tne background in our iron roan is nut significantly different frau that obtained 
in a good lead shield. 
shows a peak shift phenanenon that is similar t o  ours: 
the photcmultiplier side of the counter, i t s  photopeak w i l l  appear a couple of 
channels lower than if it is counted on the other side. 
indicated that this is observed in ather large counters also.  

Their counter is 
~ i r  

There is also scme evidence 
The new counter for 

This counter is s l ight ly  s u e r  in diameter than ours, 

It is of considerable interest  that the new Biology counter 
If 9 source is placed on 

Private camrmnications have 

An attempt was made t o  detect uranium i n  a subject having a high and constant bio- 
a s s q  count; nothing could be detected. An attempt wa,s made t o  detect Pu-239 in a 
subject suspected of having a high body burden; nothing was detected other than that 
i n  tLe wound (before its excision) that had presumably led t o  the burden. 

A subject who had inhaled radioactivity while working on the rear  face of a reactor 
*ma faand t o  contain 9 muc of a-65, U m c  of Sc-46, and 230 m c  of Cr-51. Twenty- 
fa= days l a t e r  Be contained 64, 5.3, and 112 m c  of the sane isotopes. Dcring the 
l e t t e r  exemination a scan of his body shared that there -vas a concentration of 
sc2ivity i n  the upper lung area. 

Na-24 wh8 de+,ected i n  fsur subjects who had been working ox the remotlsl of a rup 
fured slug. 
tion Eonitor was f a d  t o  contain 2.5 mqc of Na-24 af te r  working on a re= faze 
during s shutdown. 
p-3, 

The amounts were between 1 and 4 muc. I n  another recent case a radia- 

These c u e s  were discovered thraugh the r o u t b e  counting pro- 

2-55 data obtained i n  recent months seem to show that the average body burden of 
5 q l G p S S  WOrax i n  a reactor 35'68 increases with the number of reac$ors upstream 
fma $ha% area. 

=her t e s t s  with the shadow shield counter indicate that tbe radiaCioo scat5ered 
frm a person i m c  the  counter can be almost caupletely eliminated by surrounding 
the subject a-d c a t e r  - d t h  sheets of lead 1/4 in& thick. 

E e  ion source of tLe positive i m  Van de G r a a f f  wore aut and 
Oi;herWiSe, the machine w a s  i n  good working condition. 
3 v i c e 9  the heaters of the pailadium leaks were altered t o  permi+, bet ter  source 
control. 
cent, G f  She system shoved it had shifted only about 0.01" during this maintenance 

t o  be replaced. 
During replacement of the 

Tbe - e n g  light system was also revised s l ight ly .  A ckeck of the align- 

vrK; the shift i n  the energy calibration of tke proton-ament 
3km-t 0.0154. 



New experimental data were obtained on a f a i r ly  large PoBe source, a maU PuBe 
source and an intennediate PuBe source. 
latter source was below the limit of detectability. A search was made f o r  7.65 Mev 
gamma radiation frcm these sources. 
alpha-neutron reactions i n  the sources would lead t o  a s t a t e  fran which  such radia- 
t i on  might be emitted but that it should not be found; the search showed no such 
radiation. The information acquired recently concerningthe energy spectra and the 
energy degradation in neutron sources was incorporated i n  a paper t o  be presented 
et a meeting o f t h e  American Physical Society. Replacement of the brass p e s  of 
t k e  three precision long counters with aluminum parts is proceeding. 

Any neutron energy degradation in the 

Theory indicated that one of the possible 

Bellmixmy tests of normal and enriched LiI sc in t i l l a t ion  crystals were carried 
aut t o  indicate their suitability fo r  neutron spectramtry. 

A technique was developed fo r  making tritium-titanium targets  fo r  the Van de G r a a f f  
on tantalum backing material. 
nut require inventory. 

Tantalum is harder and cheaper than platinum and does 

One bench-model personally-carried perso 1 dose anning monitor was s i m p l i f i d  

ture relay, for  the a l a  circui ts ,  was ordered after satisfactory tests were c a p -  
l e t &  with an equivalent relay. The C l a i r -  CL-403  photocell was found t o  produce 
the best signal-to-noise r a t i o  of the magy photocells and phototransistors tested. 
!RE ,5403 will be used i n  the device. 
tested. 
The present m o d e l  alarming dosimeter, with selectable alarm levels  frm 10 m r  t o  
200 m r ,  consists of a 10 cc ion chamber, a l ight  and light flashing mechanism, the 
miniatwe sensitive relay, the alarm, and two batteries 
be 19 $0 15 cubic inches with e weight of severi Ounces. 

and sat isfactor i ly  tested with both R a e  %" and a Co% source. A sensit ive minia- 

A t r a n s w e n t  screen was assembled and 
This w i l l  permit a user t o  read the  accumulated dose aC, a q  time he desires. 

Estimated fiaal s ize  will 

The keyboard f o r  manual entry of data in to  the RCL multichannel analyzer for  the 
radiological body monitor was fabricated and is  being wired. 

Two double diode-pun? transisfor c i rcu i t s  were added 50 the developnental *razzis- 
zorized coincident-counting technique alpha air monitor. 
indicste an alam sensitivity-with no radon-thoron fa l se  almns possible--of 1OG 
MPC of airborne Pu239 i n  three min-ates or  less. 
t o  zammecce i n  June. 

The tests, thus far, 

Cont,imous-mA t e s t i I y  i s  expected 

Ekperimental prot&pe fabricat isn is one-third canplete on the transistorized beta- 
gamma sc in t i l l a t ion  dose-rate meter. All developnent work is ccunpleted. 

Developaent work was praposed and sane i n i t i a l  investigations performed conce-ning 
a portable, transistorized sc in t i l l a t i on  multichannel ganmra energy malyzer includ- 
i x g  scalers and mmt-rate meters. 
k direct  application t o  the Biology Operation mer imenta l  work is  foreseen f o r  the 
instrumeI1+, with several other applications possible. 

The cimpleted package is  t o  be battery operated. 

2-vestigations are being carried outo using transistors,  tubes, and tunnel diodes, 
concerning gamma i r radiat ion w e  t o  circui t ry  canponents. A tunnel diode t ster 
'vas designed and fabricated for  use i n  the t e s t s .  Thus far, t o t a l  doses of 10 Q r 



have been applied with no apparent . w e  effects except a discoloration of the 
glass of the vacuum tubes. All electr ical  qualities of' a l l  items tested t o  date 
have been unchanged. 

meriments  axe continuing cancerning a logarithmic pulse amplifie: modification 
of c i rcui t ry  fo r  use -at3 multichannel analyzers. 
plied, If successfu1, at t he  T a t a l  Body Monitor. A pseudolog display has been 
obtained, t o  date, over a gammk energy range of 60 I(ev t o  1.3 Mev. 
data do not, as yet, indicate a t ru ly  logarithmic character. Modifications are 
being undertaken t o  improve the response m i t y .  

This work is  to be directly ap- 

m e  obtained 

Investigations were made at 100-H concerniqg the gamma energy spectrum in several 
locations i n  the 105 Building. 
in the work area, storage area, water-sample roant gas-sample roan, X-1 level, tool 
decontamination roan while the reactor was up. 
i n  the rear  face area when the reactor w a s  down. 
reduced t o  date. 

The 200 channel analyzer was used for the t e s t s  

Subsequent scans were later made 
Only p a r t s  of the data have been 

Work progresses sa t i s fac tor i ly  concerning the P-N surface barr ier  diodes t o  be used 
as alpha, beta, and neutron detectors for  dpha energy analysis, f iss ion fragment, 

general tietection work. 
s i l icon ingot supplied by CPD. Finished diodes will be available i n  June. A t r a n s i s -  
torized amplifier and counter c i rcui t  was designed and applied t o  a three-fourth-in& 
diameter surface-barrier di0C;e obtained fram the Savannah River Laboratory and it 
vorked quite satisfac5orily fo r  Pu239 alpha part;icle detection with a geanetry exceed- 
ing 20 percent wlth a six-volt bias applied t o  the diode. m e  diode output pulse 
r i s e  time is apparently in the order of one nanosecond. 
$0 be equivalent t o  the signal frm a 0.5 t o  1.0 MeV alpha psrt ic le .  

we are now cutting s i l icon  M e r s  f r o a n  a 400-0hm cm 

The diode noise level appea 

F las t i s  investigafions and experiments continued during the mcrrth. 
meatal probe housings were fabricated for Ese with the non-pmma sensitive slphs 
sc in t i l l a t ion  detector. 
from Plastic.  This w i l l  ma%erially reduce the cost of the probe. 

Several experi- 

A t t e m p t s  are being made t o  cast the  canplete alpha probe 

A gra',otne six-watt transistorized amplifier, both battery and 110 VAC apersted, 
vas completed and sa t i s fac tor i ly  tested for  use with the  standard "Sclntran" scin- 
* i l la t ion  transistorized alpha monitors. 
wnere antlent noise levels pyeclude satisfactory ase of the one-half va t t  speaker 
incoqorated i n  the  Scintrans. 

The six-watt ampliffer i s  t o  be used 

All electrcwezhanicaJ &&fting work w a s  canpleted by the Draf'klng Operation on the 
cabined a,l$x+beta-gamma 5ransistorized sc in t i l l a t ion  hand and shoe monitor, ard 
%be unit will ncw be returned t o  demonstration service. FVevious %a rem& f r a n  
se-nice, the instmefit operate6 d n e  cont.incaus rconths with only several Scurs 
clownrime caused by a defective ccaponent. 

Continued investigation was made in to  the use, theory of operation, handling tech- 
niqpes, readout methods, and storage effects on the t h e m n o l e e s c e n t  dosimeters of 
the t-ne developed 'cy the  U. S. Maval Rese 

the ammulated dose inf'orma+ion. 
Zb aligh-,, and it can be correctly predic3ed t o  eliminate readorlt errors. 
response of the units appears t o  be f la t  t o  *lo$ from IO Kev t o  bet ter  than 1.0 MEV 

ch Laboratory. Tae Units l iaear ly  cover 
a dose range from less than three m r  t o  10 r r and can be easily read out t o  obtain 

Loss of information frcm the  tiae-aging standpoim 
The energy 
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by using proper shielding techniques. The dosimeters 

-- 

m-65459 i-; <s 

can be made quite small and 
have direct application In  the finger-ring and wrist badge dosimetry problem. 

WAsH3NGTON DESIGNATED PRorJ.RAM 

Isotopic Analysis Research and Developnent 

A study w a s  started of the  ion optical properties of a possible potential  barrier 
energy selector that could be used t o  improve the abundance sens i t iv i ty  of the 
mass spectrometer. The ion optics are being investigated by an analog f i e ld  plot 
and ray tracing technique. 

The mass spectraueter for this program opersted routinely throughout the month 
with a negligible loss of time f r o m  aqy operational difficulty.  

TEST REAcTC8 OPEEWIONS 

Operation of the PCTfl continued routinely during the month. 
scheduled shutdowns. 
by-passing technique. 

There were two un- 
One was caused by electronic fa i lure  and the second by faulty 

The 3% %(N 

the outer containment vessel. 
four graphite shim bars. 

) -l&x. k, and Aqyeaus Pu-k,,, = 1 ESrperiments were nearly completed 
during the mo 28 t The Aqueous Pu Experiment was terminated because of a leak in 

The Pu s p i l l  w a s  cleaned up with a loss of only 

The experiment, t o  support IPD ef fcr t  t o  find a 3 X b a l l  f o r  present reactors which 
w i l l  burn aut fas te r  than present materials, was started during the month. 

A 3 5/16 inch diameter by 25 inch deep hole was dr i l led  i n  the fixed face of the 
reactor in preparation f o r  a scheduled Neutron Rethemaliza5ion in Water Experiment. 
The necessary graphite bars for this experiment and zirconiumtube and piping were 
a lso  prepared. 

.The 
month. 

f ac i l i t i e s  were use6 f o r  c r i t i ca l  mass agproach qeriment;a for most of ths  

The reactor was operaced three days to calibrate and normalize foils f o r  experiments 
i n  the PCEl. 

There were no unscheduled s h u t d m  during the month. 

Weather Forecasting and Metecrology Service 

Type of Forecast 

8-HW Production 
24-Hour Genersl 
special 

Number Made 

93 
62 

134 

$ I ie l iabi l i ty  

83.7 
82.2 
90 03 
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Consultation was rendered on meteorological 
ing tower design (ProJect CAC-881), 2)-calwlation of beat exchange with the e m o n  
ment of reserve reactor water stored i n  overhead tanks, 3) release of chlorine 
fram a roof vent i n  the 321 Building, and 4) release of oxides of nitrogen fran 
306~ ~ u i l d i n g .  

The laa t  in the series of three scheduled reports on prospective crests cf the 
Columbia River f l a w  at Hanford Works was issued on Mryr 13. Because of a sl ight ly  
higher snuw-water inventory in the Columbia River watershed, the expected peak f l o w  
at Winidad was revised upwa;rd frau esrlier forecasts by appraximately 5 percent. 
W s  revision represents only a one-half t o  one-foot increase in peak stage at the 
100 Areas. 

Meteorological services, v i z .  , weather forecasts , observations, and climatological 
ssrvices, were provided t o  plant operations and management personnel on a routine 
baeis . 
?phe past month was the cloudiest M y  in 14 years of record. 
t o  suet (scale 0-10) averaged 7.7. 
the first 13 years of record and with a previaus 
pec ip i t a t ion  t o t a l  of 0.71 inch was more than twice the normal amount for  May.  
z q e r a t u r e  average of 58.5 was 4.2 degrees below normal. 
t o  28th was notably cool with daily depaxtures ranging fran 4 50 as mch as 17 de- 
grees belar normal. 

Sky cover from sunrise 
l h i s  canpared with a hBy average of 5.7 for 

high of 7.4 in 1948. The 
The 

The period fran the 12th 

I n s t m e n t a t  ion 

All  f ield and evaluation tests were sat isfactor i ly  canpleted on the Mask Monitor 
instrument designed for the Laundry Operation. 
snd the unit is now scheduled f o r  routine service. 
3eCa-ganrma contamination on the mask surfaces; the use of +,be mi* eliminates the 
previous laborious haadchecking methods used. 

Operation instnrztions were wri+ten, 
The u n i ~  detez+,s, i n  one s*ep, 

%e fiaal two S c i n t i l l a t i m  Transistorized Alpha Hand C a t e r s  were rc?ceived, tested, 
a d  sse ready f o r  use. 
P s t e 5  t a  o w  specLfizatims %3- a Seattle fino. 

Tze mits will be w e d  i n  tLe 308 Suildipg an.. x r e  fsbri- 

Ths ba++ery-operated selectable-level alarmiw scint i l lazion dose-rste neter 
(ranqes of 0-1 r/hr and 0-10 r /hr)  designed for  IFD f o r  use as a r e s c h r  elevator 
;'st,azz-in~~ monitcz OFerated quite satisfsctoriw &ing f h  noE51. w e e  mcre 
*Jnit.s are  now scheduled t o  be fabricated b the 328 Building Electronics Shop. 
?&nges of 0-500 m/hr and 0-5 r/3r will be used in the  new m i t s .  me same 3-1/2 
pomd inst-rument can be adjusted t o  give any range desired, wit3 any-p0in.c select- 
able &arming, f ~ c m  0-20 m r . h  t o  0-20 r/b. 

ZWO Model 11, gated-oscillator loudspeaker output, scirrtillstim transistorized 
alpha edvmced Scintrasls were canpleted in  fabrication, tested, and are now ready 
,901- demonstraSion use. These have a much louder speaker mzpu% than the original 
Szmn-crans; and when ased with the new alpha probe, the fnstleliments have rzc gama 
-ss>mse in f i e lds  up t o  10 r/hr. 
the  sam imsrument can be direct ly  -ued f o r  beta-gamma o r  mutrorr moni3cring. 

By merely changing probes t o  tk type neceseary, 

D 
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Fabrication corrtinued on: 
ce l l  air f i l t e r  monitor for  the Chemical Research Operation, (b) Ten linear dose- 
ra te  monitors for  614 Bui ldhg,  and (c) A GM tube instrument f o r  monitoring coolant . 
ac t iv i ty  in t e s t  loops operated by the  Coolant Testing Operation. 

(a) An in-cell  beta-gaum monitoring system and a special 

Evaluation tests were completed on an IPD-developed Megrating dose-tatalizer, 
seven 614 building sc in t i l l a t ion  monitors, a cmmercial pocket dose-rate indicator, 
and sixteen HAPO Model I Bcintrans. 
6655A photamultiplier tubes indicated the RCA tubes t o  be much superior fo r  HAP0 
appl%cations. 
HAPO C-P instruments. Evaluation of several Ni-Cd small rechargeable instrument 
bat ter ies  was started. 

Cauparison t e s t s  between RCA and Dmont 

Temperature tests were completed on several lB85 GM tubes and three 

*The computer study of the FPD autoclave temperature control problem has been ccmp- 
leted.  
Design Criteria waa prepared, based on the results of the computer study. 
describing these resul ts  is in  preparation. 

The instrumentation portion of the 333 Building Autoclave Ins ta l l s t ion  
A report 

A new model ion count control f o r  the experimental nuclear physics mass spectro- 
graphs was designed and several c r i t i c a l  c i rcu i t s  breadboarded. 
available, and construction may start next month. 

All paxts are  

A reference system fo r  calibrating the Schaevitz aRs-100 Micro-Displacement System 
f o r  in-reactor creep measurements has been selected and the required canponents 
have been ordered o r  are under fabrication on site. The system is expected t o  
Seccme operational during the l a t t e r  part of June. The system w i l l  incorporate 
three sinuiltaneaus, and relat ively independent, modes of indication which include: 
A Templin calibrator, a Tuckerman autocollimstor, and a ’;aertner traveling micro- 
scope. 
inside the f’urnaze, t o  the measuring devices, outside the f’umace. Linearity and 
10q t e rn  d r i f t  w i l l  be examined a3 temperatures ranging fran 200 $3 b O 0 C .  
Drder t o  minimize vibration during the calibration, a special setup bench has been 
designed which is capable of supporting a t  l eas t  a ton  of lead, should it became 
necessary, i n  order t o  a t t a in  the required degree of s tab i l i ty .  

Fxrther inves+,igs;tions t o  s o n f i n  the f eas ib i l i t y  of making the process-to-shroud 
5u5e gap measurement in the PRTR by eddy current methods m r e  conducted using the 
Magnaflux F W - b O  located at Wnite Bluffs. The results were essentiall;; f&vcrable. 
P, p r e l i m i q  investigation t o  determine possible probe mkterials and cunpcnents 
w-kich w i l l  me5 the $emperatwe and radiat icn requiremen+,s fias been io i t ia ted ,  snd 
xnductiviCy s t ab i l i t y  ia  expected t o  present the majoz diffiLulties.  The tests 
using the FW-400 were performed with a frequencj of f ive kilocycles and the instru- 
mens prodxed detectable indications throughout the full range of gap variation. A 
Fratotype laboratory probe is  expected t o  becane operational during June, snd a 
zmsiderable e m o u t  of data conce,-ning the other parameters encountered i n  %he 
masurement will be *obtained using the new probe. 

Fused quar t z  l-es w i l l  be employed in transmitting motion Ran the  LVDT, 

In 

optics 

PJrme+,er Telescopes -- Three s m a l l  telescopes have been designed and fabricated f o r  
-=e as radlaneters i n  controlling and indicating brightness hxxperatures. 
these are in  use by Ceramic m e l s  Developuent Operation. The third is being fabri- 
cated for R. G. Wheeler. 
Capsule w c h  has been provided by Ceramic mels .  

Two of 

The sensing element is  a Hof- lphotovoltalc Detector 

. a * . .  

I . : -  e _  1 . 249Sbl 
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PRCF Briscope - Design sketches have been prepared describing the lenses, spacings 
and essential  features of a periscope t o  Se installed i n t b e  PRaZ Crit ical  Facility. 

Underwater Lighting for 105-C FEZ' - Amirror and lemp assembly has been designed for  
use with the Variable Power Underwater Viewer at 105-C Fuel mamination Faci l i t ies .  

Fixtures - Design of wart2 flxtures t o  be used i n  calibrating th'e Line= 
Displacement Mution Transducer was canpleted. Fabrication has been started. 

Radiation -?;io Pyrometer 0 A new sensing head has been designed which can be 
molinted direct ly  on the stage of a metallograph. This head and the associated 
electronic readout eliminates the d r i f t  and position sensit ivity experienced with 
the first m o d e l .  

FPD - Materials Engineering authbrized developnent of a radiation r a t io  pyraneter 
for  measuring the temperature of copper clad coextrusion billets. This instrument 
is t o  have an accuracy of at l ea s t  f I 10°C at 730°C. If feasible, -her develop- 
m e n t  w i l l  be done towards a second instrument with an accuracy of * 2OC. 

A total of 4-49 manhours shop work was performed during the faur-week period (m 1 
t o  May 29). 
The workl.included: 

Of this, g$ was f o r  rpDp 23% for CpD, 62% f o r  HLO, an6 6s for  CEO. 

Repair pf borescope canponents f o r  D-radiation Testing Opera5ion. 

Modification of 811 eyepiece of the Underwater M$.croscope f o r  105-C Fuel 
Dtamination Fac i l i t i es  . 
Fabrication of a lamp and mirror m o u n t  for log-C m. 
FaSricaticn of a set of 10 glass b e m a s  f a r  CpD. 

Fabrication of two pyran&er telescopes. 

mbrication cf 8 quartz windom f o r  3 phatcmefer teil. 

Reconditioning of a lead glass windm i n  327 Building. 

Repsir af a steremicroscope fo r  Pl?;.i;onium Metallurgy 23kT Building. 

Modification of focus emsensation lenses for the PRTR Profilctnet,er. 

Analog Canputer Fac i l i ty  Operations 

%-co aev EASE canputer has now been placed i n  f'W.l. service. 
-have Seen caupleted and fonnal acceptance of the eqyipnent may be made at  any time. 
Pie uXef Field Engineer for Bedman/Berkeley Division spent May 3, 4, and 5 here 
md -ma successful i n  clearing up most of our d i f f i c u t i e e .  The digiC,al voltmeter 
trouble -vas isolated and determined to be due fo excessive temperatures Within the 
:=pone& zakine-,. This, in turn, was due t o  the use of an undersized cooling fan 
53- %he manufacturer. 
provide the necess- modification. 
merccme aerely by having the voltmeter chassis par t ia l ly  0u-b of the canputer rack. 

%e.aco,eptance *est6 

He promised 50 sonC,act the manufac%urer i n  an attempt ta 
In the meantime, the troubles can be temporaril; 
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This w i l l  provide the necesssry addi t ional  cooling f o r  stable operatian. 

The canputer lab w a s  used t o  conduct four three-hour classes i n  Reactor Physics for  
the University of Washington. L 

The PRTR gas loop problem has been 3p the  EASE f o r  the entire month. The GEDA 
was out of service f o r  almost the ent i re  month f o r  routine servicing, for ins3alla- 
t ion  cf trunk l ines  t o  the EASE, and f o r  planning changes t o  improve re l iab i l i ty .  

.There no unscheduled down time due t o  equipuent malfUxtioas +,his mcnth. 

PF Gast:mcs 



Chemical Research & Develozzent 

RESEARCH AND ENSINERING 

FISSIONAXE MA’ERIAZS - 2000 PRWXAM 

c -1 

IRRADWTION PROCESSES 

Iiranium Oxidation and Fission Product Volatilization Studies 

Three fission product release experiments were performed ir the high levei  f a c i l i t y  
a t  292- Building. 
2 x 1gr nvt, the same level  used previously; t h i s  complete6 the base l i ne  experi- 
aents. 
Surnup on re1 ase of fission products from uranium heated in  air .  

l i r e  experimects, 11.5 gram uranium cylinders heated in air  for  2L minutes a t  l2l5 C .  
The oxidatioc rates were the s m  fo r  the higher irradiated specia~cs;  preliminary 
indica+ions were that the release of f i ss ion  products was not apprecia3ly affected 
by the apprcx-tely 150 times greater irradiation. 
fo r  an experiment a t  2 x l 0 l . l  nvt . 
Ac. icvestigation of the Xe133 counting technique shove2 that direct  counting of 
‘.he charcoal traps from tests a t  high irradiation levels m y  in+rod,ce serious 
zcircidence lcsses; c o l l h a t i c n  teckiques  shculd ziniF4ze the errors. 

The f irst  used a 1 1 . 5  gram uranium specimen irradiated t o  

Tests a t  higher irradiation levels  were started to  determineihe e f fec t  of 
Two t e s t s  a t  

&bout 3 x l& % nvt were performed under similar conditions as used in the base 

Preparatiolzs were completed 

Effluents 

Further la3oratory experkect-s c c d f m e d  tke effect  of amxnimi c i t r a t e  i n  pro- 
Fcsed NPR decortamieating agents f o r  preventing the scavenging of radiocobalf 5y 
r recipi ta tes  fo rm& is the mixed solutions. 
c i t r a t e  and EDTA &twe resulted ir scavenging decoctaminaticn factors o f  3 to  5 ,  
wkiie smiiar sys?em coctainirg ammnius c i t r a t e  but without EDTA resulted i n  
scwPcging deconSarrication factors of 7 t o  9. 
cx i t t f rg  the amncnitrm c i t ra te ,  resulteO i n  deconta&rati@n f a c o r s  of 50 t o  100. 
P e s e  nay Se coqared w i t h  scaveLgicg decon td ra t ing  faczcrs of 2000 t o  6000 
for rixtures corzairicg neikker E D 2  t cr  azT2ri.z c i t r a t e .  

Reactcr WflQerts Treatzept 

a It 3 e c m  cecessary C,c ckaqe  the s i te  f o r  5ke pilot  scais f sc i l izy  t o  3e cori- 
GT strcctsd fo r  detemining reactcr =rT?hen+, deccort&na”,or he8 varia5Les. The 
-I sdvm+d~es  l e a d k g  t c  a~ 4arlier dezis icn  t o  lGc&r? i n  51% 100-KW Area were off- 
0 s+r 5y t l e  poter t ia l  f c r  fkcciiog the f a c i l i t y  duzirg ti period wkelz a reaczor 

5,ifLent 3asic w i a  Lrainrog. Ar &C,ercete Site a t  X S - S  p r d t s  r;eazi;J the  SEIZE 

3esign w i t 3  a lover cost f c r  icstallaticc. 
of alumiznm whicfi wiXL >e zachiced locally frt.0 5ed m t e r i a l .  

System coctairing BP apmorium 

System,. contairicg EDTA only, 

- 
ru 
.r 

Ar order vas place5 f c r  the f i v e  tons 

De+eminat;ioc. of 0.Gl to  0,001 Percect SilFcon ir Akzicm 

Sil icoc was d e t e m i n d  in high purity euminum by the alt.ercating current a rc  
spectrographic icethod. 
i t s  i r su f f i c i e r t  sensi t ivi ty  w a s  overcone by addiag copger flueride t o  vaporize 
tks sllicon as $32 tetraflucride.  
reaqerts introduced more s i l icon tu w a s  presect i n  the a l u z i a u  sanpies. 

Coqarieolzs were f ina l ly  oFtaine6 Sy direct. curreat arcing; 

”tettirg cooparisoce by v e t  chemis+,ry w a s  fu t i l e ;  
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Feed Preparation 

!Fhennodynamic Calculations f G r  Redox D-ssolver Incident - Cslctllatiom have been 
meAe in an effor t  t o  eetemizw the themdynamics conditions which led t o  the 
Ret2ox Multipurpose Dismlver Fnci&eni;. Since uranium oxida%ion -=ate8 observed 
by various icvestigatars and reported 2n the litera5ure vary consibrabljr, and 
sfaee tbe heat dissipating cozr&tions existing i n  the dissolver are  d i f f i cu l t  to  
b f ice  and predict, the CalcCatioos me, at beet, approx~t:ons.  However, with 
tke assumptiocs used irt the calcuat ions,  the plausi'oiiity of such an incident 
was  dexwnstrated. The calcula+,ions indicated that a self-propagating chaiC-t.;p 
c k p i c a l  reaction could take place i n  tke air-riteam exposed slug bed in approxi- 
m t e l y  12 hours. This colnpares with the 30 t o  36 hours actua2y reqLiret! during 
the dissolver incident. 
exposed slug bed would proceed slowly uXL the bed temperature =sache& 120 t o  
130 C; then the bed temperatures muld increasa very quickly (grsater *3sn 200 C 
per hour). 
LncirSent occurring in a "ccxwentlonai" Redox cr ib  &Lssolver. These calcclaticns 
hdfcated +h+, %lie c r 5  dissolver is " E & ~ c "  f o r  a similar qua&ity cf a l r - e w s e d  
me+& 'because of the t e t t e r  b a t  diasipasfag characteristics of The slug 3ed and 
dissolver systen. However, t k s e  caic-zlations indics*&d tkat sigxiificact chacgcs 
fa f& conventionai dissolver syste5 [eOg., doublkg  IS sir-stem expoeed meta l .  
3eel; halving +he sir ilz-leakage ra te )  could produce reactive conditiccs wF-h 
prolonged exposure of ti, z.e:al heel. 

The ca3cUations also indicated that hsating of the 

Calcaations were &so made t o  deterzhe  the possibilftjr of such an 



c-3 

14m Decl- - n o n t  end and rear end defects plus sections from the center of 
extruded ltpR annula= fuel  elements were declad in three m s  with 5.5  M NH4F - 
0.5 I lQ.NO Cssolvent a t  a F/Zr mle charge ra t io  of seven. A batch-tubular 
diss-lver w& used for the dissoiuticns. An average boilup rate of 0.25 lb-mol/ 
hr-sq.f't. based on i n i t i a l  Zlrcaloy surface area was maintained w i t h  the condensate 
diverted t o  a separate vessel and replaced by water addition. A dissolution time 
of three hours was not suff ic ient  t o  dissolve all of the massive Zircaloy, but 
was long enough t o  expose approximeAaly 90 percent of the uranium metal core. 
Da- from the runs indicate that losses to  the Zirflex decladding waste are less 
than 0.5 percent for  this t y p  of operation. 
10 percent excess of fluoride and t o  oprate appro-tely four hours in order t o  
completely declad the uranium. Final dilution of up to 200 percent of the charge 
solution is  necessary t o  avoid zirconium precipi'cation. 

It w i l l  ?x necessary to charge about 

Processirg of  U-Zr U o y  Cores in Redox - It has heen proposed that uranium-low 
percent zirconium al loys be used 88 fuel in the XPFl reactor. 
+& problem associated w i t h  processing such f'uels in  the Redox s lan t  is in  pro- 
gress. Studies t o  date have been made w i t h  U - 2 weight percent Z r  aLloy. F i r s t  
concern is the loss of core =+&rial to the Zirflex decladding solution proposed 
fo r  removing Zircaloy claddhg. Experiments 30 btermine this  loss with proposed 
fueis are being held up pending solution of the problem of measuring and coctrol- 
ling pE in Zirflex solutions. 

A survey to determine 

Also of concern is  the possL3le foma3ion of explosion sensit,ive surfaces on 
uranium-zirconiun alloy whel: dissolved w i t h  Ei t r ic  acid o d y .  Such acfaces  are 
readily forned OG al loys containing from f ive  to twenty-five percent zirconium. 
Tae lower 1-t of zircorium content fo r  sensitive surface formation is not w e l l  
defined. At+apts  t o  form such surfaces on U - 2 w e i g k t  percent Z r  U o y  have 
been successful only when the a l l o y  was  given a prolong23 ( 3  weeks) heat t reat-  
ment at  575 C before dissolvkq it in  n i t r i c  acid. 
w i t h  t h i s  treatment. 

ReproduciSility was poor even 

Dissolution rates for the U - 2 weight gercent Z r  a l l o y  in n i t r i c  acid o e j r  were 
very low compared t o  rates f o r  uraciun metal under sMlar circumstances. 
+,ion rates decreased from abou+, one mil/hr. in boll ing 10 M DT@2 t.c 0.1 mil/hr. 

Penetra- 
- 4 

k 2 m03-1.75 M - UNH. 

=e o c i y  Frocedure c u x e n t l j  available for preventirg sensitive surfaces OG U-Zr 
alloys during dissolutioE .in n i t r i c  acid is t o  add fluoride ion. Several studies 
have shown that the concentration of fluoride inust be a t  l ea s t  four times that of 
';he dlssolved z i rccniu .  
staldess steel dissolvers, it vouid be necessary t o  protect the dissolvers against 
severe corrosion by the riir;ric acid-hykofluoric acid mixturs. Aluminum ion in  a 
mole razic A l i P  of one o r  more is effective. 
vker a.hnLu izc is presest, ?Ae f h o r i d e  to dissalved zirccrium mole r a t i o  must 
be greater than four .  
C,e-minal dissolver solution composition 1 M u1Qa-1 M ~1(r10~)~-0.8 Bl fluoride-0.05 M 
zlrcorrlum was proposed. Alzhough synzhetiz solu&ns with t h i s  c&psitLon ana 
with free n i t r i c  acid frcm zerc t o  0.8 M were stable towards s o l i b  fornation, 
solid-free solutions could rot, be obtaiEed i n  attenpts t o  dissolve U - 2 w e i g h t  
percent Z r  alloy t o  t e z d n a l  soltsions of this composition. Dissolution rates for  
'J - 2 weight percent Zr i n  +hese solutions, w h i l e  higher than in n i t r i c  acid only, 
were s t i l l  low compared && the dissolution of uranium netal in n i t r i c  acid. 

Solnever, t o  use *Ais proceCure ir; the Redox 300 ser ies  

Previou seadies have shown that, 

Based on these requirenezts, a test flowsheet having 
- 

1 2 4 9 5 7 2  
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Solvent Extraction 

Furex C Column Studies - Denonstration Unit 1C column tests using 1CX prepared from 
Purex water treated w i %  the new ca t ic r  resir (XaLcite HCR-W) indicated satisfactory 
plant performance would be obtained w i t h  this water. 
ditions (1270 mh/sq.ft., one inch pulse amplitude, 60 C), the ins tab i l i ty  threshold 
frequency w i t h  this water was 47*3 cyc/min, compared wi2h 57*4 w i t h  distiZled water. 

A t  the stanhrd test  con- 

A sample of A-6 crib (s%esre condecsate) was also tested as 1CX. 
threshold was not significantly higher than that obtained w L t h  the new demineralized 
water. 

The ins tab i l i ty  

Several additives such as miat occur i n  demineralized water were added to d i s t i l l ea  
w a t e r  1CX to test the* e i fec t  on the ine t aXl i ty  threshold. 
ground samples of the former cation resin, Anthrafilt, and sodium p-toluenesulfonate 
(the cation resin "building block").. A t  moderate concentrations (10 ppm o r  less) ,  
the cation resin had an adverse e f fec t  on the instabil i ty threshold; the others 
showed no effect.  

These inciuded finely 

Mistron and Bentonite were individually tasted as stabilizing ailditives t o  deminer- 
alized water 1CX. 
within ten minutes a t  51 cycles per minute and permitted stable operation up t o  
5G cycles per minute. 

Both at 20 ppm completely stabilized the nine-foor. tall column 

Pwox 3B Column Studies - Deveiopent studies are almost complese on the cartridge 
d2sign for  the proposed 33 column. The most satisfactory cartridge +&sted so far 
contains four-inch spaced stainless steel nozzle plates with the free area and hole 
diameter graded from 23 percent and 3/16-inch, respectively, i n  +;he top zhird of 
$he calm t o  teo percect and 1/8-inch i n  the bottom two-tkirds, and w i t h  23 per- 
cent free area lizsar plyethylece plates coztakiing 3/16-inclt h S . 9 ~  bsez ted  a t  
one-foot intervals i n  the upper three-fourths of the c o l m .  The plaszic plates 
%end t o  stabil ize the c o i m  Sy continually coalescing the tight emulsior. ard pre- 
vacting +,he growth of  large globuies of organic which zend t o  form st the top of 
zke column a t  high rates. 
cperatioa un3er local  fzoodicg coofitions. Ir; fact the nost efficiert-sppearhg 
og5ratior occLwrsi: at freqzencies jus t  below the cozplete fiooding thresholds. 

The p l e ~ t i c  plates also F e d t  efficiozt-sppearing 

B e  fO~GWhg table IEdicates the range of oprabCfzy  of tks cark-idge at; about 
0 e 6- inch aIcplib2de : 

Frequency, Cycles /bJlin 
s o  lox 1350 1590 - - - - Volume Velocit;p, GaL/$r-Sq.Ft. 

Tigh t  emulsioa 'buZ3up began at: 75 70 65 - 
60 90 75 67 

Coupiete flcc2r;g at: 1c5 98 53 - 
Mild local  flooding beg= at: 

h e  ef fec t  of pulse freqxency  an^ aqueous-*-organic f low r a t i o  (L/v) oo the tiis- 
Fersion profile w a s  ocae;lred io one series of runs using a 23 percent free area 
nozzle-plate cartridge. 
ftO, the cue+, of k s t a b i i i t g  was characterized by a t ight e d s i o n  at the 3ottom 
at  L/V = 0.1, at the top at  L/V = 0.3, and in the iniddle a t  L/V = 0.5. 
ususual behavior is believed to be related t o  the acid profile in the coluplr; 
particlilariy to  the great amount of aqueous phase bac!mixicg tkat occurs a t  very 
low aqEous flow rates. 

At volum velocit ies ranging from 300 to 1500 gal/hr-sq. 

This 
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Cavi%atioz Calculations - mat 3 Column - Cakulatione show that %ke mi~imum 
pressur2 developed at  the piston of the P ~ r e x  34 coluns w i l l  be approximai;ely 5 
psfa. 
does s o t  appear t o  be a cwrltation problem. 
is calculated t o  be approxhmttely 00c3 gal/min at typical operatfEg condi5ions 

Since the vapor pzessure of water at  140 F is appoxipately 3 psia, there 
me leakage rat2 for a gistor: pulser 

Observa5ion Wells 

A well-dri l l ing contract was awarded by the AEC to  Eatch Drilling Company of 
HaLf Moon Baj0 California. 
test, and research wells at a cost of $77,430. 
tests were performed to e v d u a k  the abUi5y of Kai-Well casing to withstand the 
pressure generated tiurhg Je t  pe-rforation w i t h  shaped charges of high emlosives. 
Exasination of test prforatiions with the ciosed-circuit Tv canera indicated 8 0 s  
tendency for the c m h g  to sp l i t  under th i s  treataemt. 
the casing apparently collapsed on a section of the perforating gm, lodging it in 
the w e l l .  As 8 resdt  of these s t u d h a  the drilling contractor was ao+,ffied by the 
AEC that $he light m i a t  casing shculd cot be used in construering the new w e l l s .  

There wers no significant chaages is ground water cont;emFzLation patterm ir= the 
v l c i c i t r  of %he 

The contract is f o r  the construc.L,ion of 19 monitoring, 
In prepcation f o r  this coat ruc t ion  

During one of the ' ; e s t 8  

Areas ever t3e past zas+,h. 
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SeZi%?xka Waate C6lslaer Protctyp? 

Seven ~ z n s  were coxpleied during the mmth employing a modified AHL fee& nozzie 
and a feed of a-attd hi@ acid -ex m e t e .  

Performance of the modified ANI, feed nozzle ( l iqcid t i p  extended 3/1.6-inch keyoad 
air t i p )  was characterized by zegligl3ie w o i z s - r a t ~  f c r~~"Y=io~ :  srd zear steaQ- 
a t a t e  particle size condLtiorts. 
are only  7j p r c s n t  of that rsqyired in the "st,andard" w z z l e .  
feed flow ra",oa as low as 270 res-tbu fn satisfactory partLcle size c c c t x l  and 
m acceptable sgglomerate f o m t l c n  rate. A t  gas-feed ratios o? 360, nc aqgiomer- 
6;tfon occL'red; howeverp *&e average par t ic le  s ize  decrease& b r i n g  the rut, 
i;l;licating at; opthum ra t io  f a r  this nozzle a t  300-325. 

UGder  the above conditions, the tote off-gas solFda el;traimec$ anouted -4 1 t o  
4 weight percent of the pro0zcf. Of this aimunt) appmxizately one-kalf' exi9ed 
a t  the scalping cyclone, a& tke reziakder w i t h  the condensate and scmb streams. 
Arialysis of the condensal'te acd scrub iz l ica tes  approxfnrr+&ly one weight percect of 
the sulfate in the product is caTfed past the cyclone pres-ma3Ly as calcined fines. 

Twe runs were matie tc dete-3 the ef fec t  of greheated (1% - 2GO C )  a t a z i z i q  air 
on rozz1.e perfomtmce. 
eccoutered cor waa there 63;y significazt, m i e r e a c e  fAron r u e  eizpk;r.tng coqamble  
c o c d i t i ~ ~ s  using a&isnt, atomizirg air. 

Atomizing air flow requirsnerts f a r  tkis nozzLe 
Atcmizing gas to  

&though %hs m s  were of short duzztioc, cc problew were 

CCXFGGE si 3G.b-L s+alr;less a tee l  &-re ~ G W  beer; exposed to i i q u d  ac6 v q c r  phases 
of hili% amthetic W e x  1WW at. pH 30.5 fcr a t o w  cf 1100 hcLws. 
co=.sceic=l razes are  l e s s  t b  C.01 C / m .  
arpar to %e developing ai, akouf 0.1 ~C/ICO have bees observed. 
sainples is  confinuing. 

GZezerai 
Eowever, some very s e  pi ta  wkich 

Eqosuz-e of the 
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of cesium per gallon, and over 95 percent was removed-dth only four bed volumes 
of 10 M -03. 
ing e n k p p e d  impurities and denionstrating hazard reducticn in  event of cask 
rupture). Cesium content of the last water wash was ocly 0.08 gc/ml in the case 
of Decalso and 1.6 ).~c/ml with c l inopt i lo l i te .  
vaiues were 0.0006 and o.o06)1c/ml. 
characteristics of Decalso are superior t o  clinoptiloli te,  an8 it also has the 
&vantage of ready commercial avedla5ility. 

Very l i t t l e  cesium was removed by water washhe (aimed a t  remov- 

The respective strontium-90 
Although eqpivalent chemically, the physical 

Experiments with zinc ferrocyanide were directed toward precipitation of cesium 
from alkaline solutions containing the concentrations of carbonate and n i t r i t e  
found i n  the 103-A supernate. Cesium recoveries ranged f r o m  91 to  98 percent, 
and it w a s  found that neither carbonate nor n i t r i t e  interfered w i t h  cesium re- 
covery as cesium zinc ferrocyanide. Previous experiments which indicated that 
carbonates interfered with the process were apparently In error. Experiments, 
based on these findings, w i t h  a synthetic 103-A supernate demcstra'ed that 
cesium can be recovered from the task supernates in good yield an9 purity by pre- 
cipitation of cesium zinc ferrocyanide. 

Stron+,ium Recoverv 

The new 75 ton Dake press vas received, set up, and has been used f o r  pressing a 
n&er of one-inch diameter strontiun titanate pellets, using as s+%rtlng ma+,erial 
a mixed strontium-titanium oxalate  p r e m e d  from commercially avaiiable titanous 
sulfate. Pressing ckaracterist ics were superior to arid densities sonewhat higher 
tlim with the commercial stron+,iun titanate powtier used in mst prevloiis pressmgs. 
A larger quantity of mixed oxalate is now being prepared fo r  trial gressinq of 
2-1/2 inch pellets.  
*As ckemistry invoLved and identif'y the btemediate. 

X-ray diffraction studLes are also being =de to  elucidate 

A;i;hougb the strontium ia +&e Furex 103-A tank is not of interest  frcn: a recovery 
etaadpoint (since mst of the s+,-ont.iuz is  in tke izaccessitile shaqe isyer  rather -* i n  the easi ly  removed s u p m a t e ) ,  the isotopic composl%ioc has bsec deter- 
&sed aa a test of newly deveiopell analytical  methods ard since the exterA b 
vkick +hie mtsrial is colz+,an?irated w i t h  natural smxtim my 52 a masure cf 
the qaality of Purex strontium. Fcz Sea% smrce applicatislz, vt-ry little not- 
fission &rortiu?n can be tolerated. A ~ ~ P O E ~ ~ U I C - ~ O  ccntsnt of only 17 perceco 
vas iovsd, versus 61 Fercen"Y eqec te8 .  
szxz:La 2 7 ~ c ~ .  
deferzhazion of strontium in  ciranium me-& acd f o r  the fsc7opic acaLysis cf 
s,-cnt.l.an in_ W e x  1WW. 
';o %he rsactors woG3 coastitu=e a serious ~ F ~ u ~ L G c .  

Somce of this large d i i u ~ f o n  w i + h  r;a';tiaA 
AuQpwlcal zetkc.2~ are srccor5kg iy  h a L q  2.evelol;ad for t k  

Even a few ppm o? e t r c n t h n  I n  352 uzanilm? sl'ags charged 

Tecket9im RecGvery 

Ceveioprr3 of ana;5.i;;caL m=-o.;choda f o r  the iiefermination of teche3ium-33 in  a 
vaxiety of plat, process ard ~ a s t e  streams contimes. 
azaiyzed 3y three different  methods based on (1) solvent ex-kracticn, (2) ion 
exc-e, and (3) polarography. The results were i=r good agreeroent a t  about 90 
=/gal and showed that this supernate is a r ich  potential source of technetium. 
If tke s q s q n a t e  is p u p d  i r o m  the tank f o r  cesium recovery, F+, should be 

The 103-A supe-mate w a s  

- I  .. 
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re latively easy to recover kilcqram quart i t ies  of technetium. 
th i s  are being explored. 
exchange treatment of the alkaliae supe-m.ate show promise. 
over 99 Fercezt of the teclmefiua; however, subsequent elu+ion with dilxte n i t r i c  
acid is  sGmewhat slow and is being immstigated in mre detai l .  

Metkods f o r  doing 

Dowex 1 readily absorbs 
Bo& an O R 1 Q Z - t y p  w e t i t e  precipitation and anion- 

A saapla p r o m  has 3eers set; up a% the U03 and Furex plants which should allow 
ssta'Slishment of a technetium material balance over a f a i r l y  extended pericd of 
plant operation. 
plant recovery. 

These resul ts  should also indicate the best point f o r  continuous 

Shielded Solation Transfer Cask Calibration 

A series of experinental heat 3ransZer measurements were 
200 w o n  shielded solutio3 transfer cesks t o  determirse the number of w a t t s  of 
zadioactive decay heat which can be aczonmdated without forced cod.ing and w i t h -  
out; axweding a safe solution tempera*= (200 F). 
was found t o  be 4.6 KW f o r  80 F ambient temperabe  conditions a d  5.4 KW a t  60 F. 
Both of these are greater thso the desigrz value of 3.5 IW. 

on the first (of two) 

The c r i t i c a l  heat input rate 

Fieelon Product Facksgirg Frocktype 

Tests *rere con%cued cn the drylog of water soluble salt byfoes ic the izihcticn 
heated r0-j kiln. These t e s t s  included the use of  inzeraitter+, feel ,  a long 
sc,rapr kzife, acd steel k& Lcadings t o  kesp the scraper fzee of caked sa l t .  
The i n t e - d j t e n t  feed ssd &gi"%zicri derived from +&e 5J811s kept the scraper f ree  
frcn: s a l t  cake. However, she scraper asse&l;r deflected abou3 I/8 irch acd cake 
buildup persist& on the walis of the kiln. 
a recovery factor of only b3 percsn'; vas achievsd d w k g  a szvec-how ~IZ. 
tssts aze plssIzed ';c mdi?y $he 3c,-aper assmtlg 
of c s k g  volaTLLe aaLf aC3tivsa *A a l t e r  the c a k i r g  chsractzrisfics. 

Because of th i s  s a l t  acc-anLation, 
Funher 

-x fm-essigate the f eas ib i l i t y  



A paper w i t h  the t i t i e  "Voltage Scacning Coulo2lzetry: Its Applicatfon to the 
lkternritaticn of Traces of Iron" (Rtpcrt HW-SA-~~M) hae been FregazeC f o r  pre- 
senta+,ion a t  the Sw~r;er Analykical Symposium a t  the University of Hcuston in 
June and f o r  subsequent pukiicatfoc. 

! k i a  new analyticai mthod, Yhich is  more specffic and has a detection limif some 
100-fold lower thaa controlled potential  coulometry, should have wide a p a i c a b i l i t y  
f o r  trace level  chemical d y s i s .  The -roved eensitivit-j i a  obtained by scan- 
ning t& potectial  Setweel: the workbg ( t i t r a t ing )  electrode and a referencs 
electrode a t  a constant rate and over a range em3racing the reduction pctential  of 
the couple being t i t ra ted .  The current which fLows in tke abserce of a sample 
(i.e., the blank cur-ent) is re lat ively insensitive t o  potectial and p l o t s  as a 
f a i r l y  f la t  curve against poi;ential. In the presence of a t i t ra tab le  species, 
however, tbe total cbarge cecessaqj to convert this species frcm one oxidation 
state another must be provided a t  a potential near 5he themdynaa2c reduction 
potential. The t i t r a t e d  speczes thus contributes a starp current peak svlpe-rposed 
on the f L a t  blank currerf. 
@+,e precisely and enables much greater sensit ivity.  
+;he curzent peak occ-cs 3efines the spseies being t i t ra ted,  and i ts  amount can be 
deduced from *the to+& integrated current over the g e e .  I n  actual f ac t  the peaks 
are q L t e  s-pzetrkal sac71 eoncentratfons can bs related l ireczly -t. the ;e& 
k e i g k s .  

Pa, correction f o r  the biank cwrent  can be 
The poterfial  a t  vhich 

%is -yzZc& method has beer 3hom +a be applicable also t o  +,ke defemination 
of l e d ,  ca&ium, nercury, sFlvsr, togper, g d d ,  plu<onfu, and neptuaius. 
detection for iron of 5 x 10' microequivalents (0.025 r icrograas or ,  assum- 
Irg a 5 d s q L e ,  c i  l S - 7  molar and a s&adard  deviar;icr; cf k 0.02 dcrogr- 
h v e  Seen o5faiaed. 

A 

aanpls 
I rcx  a 
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2 Plsat Centrifuge Testing 

Preparations are underway for 300 Area tes t ing  of a 6-kch conthuous centrifuge 
for 2 Plant. -cess t e s t a  in the 321 Building w i l l  include operation with 
simulated NPF dissolver sLurrie8 as w e l l  as a simulated Z Plant ~ m c s s s  slurry. 
After operational testing the machine will 'ce dismantled and reassembled i n  a 
mck-up glove box for development of 2 Plant box maintensnce techniques. 

A aj.naSic balancing machine capable of handling rctatlnq components from 1/2 inch 
t o  44 inches in diameter, w i t h  lengths between 4-1/2 inch and 55 inches and weights 
frcm 1/2 t o  1000 pounds has been received and is currerizy being instal led in  the 
Techica l  Shops. 
available t o  service HAP0 requirements. 

The balancer is sensit ive t o  0.01 hch-ounce unbalance and is 

Pcmp Testing 

Eiw-65024, "Development a d  Testing of a Magnaflow pclmp," i s  currec5y beirg issued. 

m e t i c  Puiser 

Zaleuiaticzs fcdicate that a 125 pound force-sciencid t-ype-zagnstic pulser can b3 
ues5 50 pilee a 4-ir;ct Recuplzx A column at  a ireqwncy of 80 cycles per minute 
a d  an aqlitule  of' 1 inch. For calculation purposes a 50 focz-t' a t e  ccluum con- 
taiclng 130 plaws wi+A 13 percent f ree  w e 8  was asswied. Sptci;-gLca+,iors f o r  a 
%?sf. pulse: of t k i s  t n e  are be- iregar& f o r  submissLon t o  magnet racufacturers 
f o r  bi2a. 

aanpLes. 
1390 
&s/mO 
fac*ary 

Coqcns ~f 309-L i n  %Le as-welded C C Z ~ ~ + , ~ O E  an8 vhen heat. treated at 

%ere h&s been no svidezce developed t o  date tmt 309-L is m r s  satis- 
1500 F k c v &  s scs~fFzs t .k r  w i t h  corrcslor Fates racgicg &a high as oirs 

3G3 SC3 f c r  service l o  n i t r i c  ac:C sysi;em. 

I* q w  
CI CCiun;L Tes', FacillTZ 

511strmmt cal:haticns ccrt.ictied &irfEg the mnth. The 1CX and the 1CF f low 
.reccrder contrcllzr eaLi3ratiom were completed, and a Freliminary calSma+,Lcr? of 
tk5 33' pkotozetsr o5tahed. Final c a l f b a t i o n  of the 1CF pbctometar and of the 
soluzc dewity hstrumo'; be d e  a f t e r  the desired ranges of these i r s t ru -  
zmt;s have beec e3tablished. The 1- fiow indica tbn  was correlated w i t h  the 1 C F  
.;raniurn concec%ration, and *he data reduced by l ea s t  sqiares techniques f o r  use 
vifh the da-d reducticc code. 

1 2 4 9 5 8 0  
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SkakeooWzl F ~ S  of i;he f a c i 2 5 y  ksve resulted in satisfacto-y ozeratim of tine 
control sys+mzs for  the 1CX and 1CF iLowa, h t e r f a c e  pcsition, pulse frequency, 
1CX pE, and 1CF uranium concectration. 
while acceptable, are sluggish tin& require& prolonged operatior t o  reach tempera- 
ture equili3rius. Minor mdif icat ions to the steam and condensate piping t o  the 
heat exchangers are expected t o  Fmrprove this condition. 

The 1CX sad 1CF temperatwe control systems, 

A 31ou?!, diapbagm on the  1CF ten;pera'&.;re con5ro1, air-operated, s t e m  valve ard a 
similar occurrence w i t h  an identical  v d v e  on another instailation, indicate that 
t e t t e r  diaphragn naterisl w i 3 .  have $0 3e provided f o r  these valves. 

During the s h a k e & i  m s  a a s s  section of the cclumn was broken while inserticg 
*&e a id-cohm photometer into a e-le port. 
ami coua+&r balance system has been in i t ia ted  and a possible reaesigc cf the 
sample ports is being contezplated to nirimize th i s  problem. 

Redesign of the pho+ameter s u p p r t  

Contrrl Model Deve lopc t  

Theoretical operat;fng l ines  fo r  a C-type coluum has been deveioped i n  different ia l  
?om. 
the equ t i ccs  cac 3e rigoroueiy tes ted and the coefficients evaluated. 

With the r d t i p o i n t  data t o  3e coEscted fromthe C column test fac i l f t j  

Pa fisa3 res-L%s are  eqec ted  to be 8~ eqres s ioc  cS uranium coccentration in 
e i t b r  phase as a fuc t io r ,  of input variables ard colv~mn height. 
WE >e used as a basis f o r  a control system f o r  a colunz= of fixed geczetry a+, 

The f i n a l  mdel  

steady s t a t e  conditions. 

MecssOicsC E o c e s s i q  

Shear Systen Sttrdies - Recsst s h i i e s  01= the 40-tcs d e v e l c p n t  slzsar system which 
cc r f ahs  *& basic opera5icnal compOnen5s of t he  IlaecLazical c e t l  shear syetgri (shear, 
m=er recirc-i?ation acd clar i f icat ion devices) have demostrated =he 3asic f easf- 
bilitjr of ';he c o q l e t e  &ear system. TBe hydroclone md water rec i rc - la t ion  system 
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ogtrsfes effest iv2l j  to route gzeatel- that 99.8 percect of the sheared UO2 in30 tce 
shear cstch bucket. The shear-to-bucket "rough" seal. maintained waisr leakage w e l l  
b l o w  the htbd,roclone capacity. 
were shekwed. 

Initial results of the shear blade studies ahow (1) shear blade hardness +a excess 
of a k u t  Rockwell C55 is not des i sb le ,  and (2) sharp, fragile p o h t s  ~ I I  Vee 
blades are not desirable (i.e.> "points" should be generouaig rounded or flattened).  

Durizg %he s h r d l t s  approx2nately 100 puna of U02 

CoUsaw and Hacksaw Studies - EW-62843, ent i t led  "Interim Report - Hacksaw Studies 
for  Power Reactor Fuels Reprocessing," is currently being issued. 
s ~ l z s s  Process Equipment Deve lopn t  "cold" saw axid hacksaw studies and recom- 
meods hacksaw feed naechazlisms aod blades for cutting Haaford's proposed reprccessing 
load. 

This document 

pF-1 Element Disassembly - HU-65380, e o t i u e d  "Yankee Sand Cuttinq," is curreo+Jy 
being issued. 
t i e  straps and Sends which hold the Yankee subasse&lies together. 
s h h ~ ~ h g ,  abrasive saWirrg ane s i i t t i a g  knife atudies are discussed. 

!Be docunent discusses the various xsthcds studied fo r  removing the 
Fuel element 

Dissolu5ioc of Arnel F i i t e r  MaterLaL - Syntbefic Reacx process feed soiuticn was 
prepred  by co-dissolution of uranium dicxide and Amel fil5er material (amunts 
cczrespcdirg t(i six pomds cf Arnel per ';on of uranituo). 
Fw %est3 fcdica+& EO e d s i o n  fo rmkg  tendency duq the dissolved h s i .  In 
a-ar *&sts ma& previouslg WJ-5h OrLon f i l f s r  sa te r ia l ,  emlsicr: IcrzzC,lor 
occuzzed. Tse +,est was 
%e shear kasin f i l t e r  by 5issoPJhg fgter and occluded fhes  w h i h  disgcivhg 
u=s=iuII: dioxide ccres. 

Dispersion azd asengag- 

ir: concectioz w i t k  a F r o p s a l  -a recover solids from 

I 2 4 S.S.8 2 . 'z 
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fucc3Lc11 of d e c L w  t-. 
to a mexiam of about 3.5 g/l e+, abouk one hour. 
to a3out 1.7 g/L a t  the end of .decla2&ng (four hours). 
apk-giw waa sixzped. 
decreased to 0.45 g/l at 22 ko-ns. 
preen% loss in *is run. 
Ussoiver eqerience described above. 

As t ~ e c + ~ d ,  *h aoLu3k u r a ~ k n  coctent roEe rapidly 
Peeaf ter  it s b a U y  declined 

After 5.5  hours s t e m  
ScluSI~? u ? a F u z  Lr the ccslsd S C h t i C O  was 0.55 g/l which 

These b t s  are  consis+ant w i t h  *&e r e c i r c u l a t i q  
A urazim coctent of 1.3 g/1 represents 0.5 

No completely sstisfacto-ry solution to the problem of maswing pH i n  Zf r f le r  solu- 
tions ha3 5een found. 
to 7.7, repmduci5l.e resivLts were obtahed using new ger;eral pu=-rpse Bec- glass 
elec%rodes. 

3y carefU buff'erizg and by remain- i n  the pH range 6.2 

!5e sane degendsnce of Zircaloy dissolution ra te  on hydrogen icn 

FB 7. 

S U e x  PmcesB - SUDS. scale studies of n i t ra te  des t rx t ioa  by fomaLin i n  
Suifex Zeclajdkg so2 i t fora  have clearly irdicsted that tke Lifrats removal is a 
=f.;nci;icn of tot& aciditjr. A t  initial z i t r i c  acid ccncettratiozs cf about 0.5 E, 
r i t raze  des-zructiors var'ed from 3 
inczeased from 0.5 t o  2.3 - M. 93 perceai of i3e h i t L C  as t o x i  acidi?ies 



C-15 

Sulfex process solutions are uderway. F r e ~ ~  da+& on corrosion of these 
alloys i n  S U e x  and Niflex solutions have Seen received from BMI. Not enough 
corrosion data have been o3tained t o  w a r r a n t  detailed discussion of the effects  
of cozposition chmg2s ic these alloys. 
s q e r i o r  t o  the best of the f i r s t  twelve hzats in  Nif‘lex sslutions. 

Sone of them appear t o  be soewhat 

’* In-Tenlc” Boron mni tors  

Tests on the Boron Monitors proposed f o r  f i v e  locations in  the Redox plant have 
been completed in the 321 Semiworks. Celibration data for  the three aqueous 
make-up tanks (m, 1BX and ~UL) arecomplete. 
dete-mine w h a t  effect  *Herent U-235 enrichments w i l l  have on the monitors’ 
serrsitivity fo r  the two evaporator (F-2 and F-5) applications. 

Calculations =e being made t o  

Preparation of Feed Materials for  Cr i t ica l i ty  Studies 

The feed materials for  the first experherit t o  determirx 
ra t io  fo r  the three percent U235 erriched homogeneous u r a ~ y l  nitrate-waeer system 
have been prepared and delivered. 
pxmds of boron-poisoned uranyl n i t r a t e  trihydrate (H/U = 6) 

versus H/U atomic 

The shipment consisted of approxhately 300 

The preparation procedure consisted of (1) dissolutior! of UO3 i n  ni+,ric acid, 
(2) concentration to UO2(HO3)2.3H20, (3) solidification, (4) pre-crushing, 
(5)  pulverizing, (6) blendicg of boron carbide impregrssted polyetW&ene and 
-any1 zitrate, and (7) loa&ing into p las t ic  l ined alumiaum tanks. 
operations were scccessively ?e-rformed in four separate batches of tbe t o t e  uranyl 
ni5rate to meet critically-safe specifications. The average coorposltion of the 
soiutle mterial was 53.1 w e i g h t  percent urBciuzc, 28.2 w e i g h t  percect ni t ra te ,  
arid 11.6 w e i g h t  percent -va$er. 

The f i r s t  six 

Processirg PRm Fuels ic the Redox Plant 

~~~~ aZoy 506L is being c01xi2ere2 fo r  fabricafioc cf Fasket;s fo tracsport  
PRZB -2. eLelrerfs +& %e Rzdox piact. 
( w l ~ i c l ~  ccntaics thee t o  four perceaf of E ~ ~ - ~ L U U ~ E U U I  corsti*uerts) in  ~ ~ 0 3 -  
@(NO3)2 vas foumi to be very s id la r  tc that of Pu-AL-Mi-Si-Fe ailoys proposed 
fc: spike fuels - rapi3. ir l ~ w  ani: slovi in high &cis concentratlons. 
cl the b ske t  material in EN0 -Eg(N03)2 instead of NaNO3-NaOH i s  proposed for  
t b s e  cases where rcptured sp 4 ke fuels are  praseat t o  avoid rapid attack on 
exposed core material. The sinrilar dissoluzion Sehavicr of core material and 
G o y  6061 i n  ~~09-~&03)2 indickzes simificar;i, seLecL,ive dissoLutioo of 606; 
in thLs reagent is’ not possible. The use of 25 s h m i n m  jaskets would permit 
selective d isadut ioa  of the baskets since 2s aluminn dissolves rapidly in strong 
HNO~-IQ(BO~)~ solutions. 

n e  dissolution behavior of th i s  a l l o y  

Dissolutim 

A series of dissoluticre c? ALPu-Sf-Ni-Fs alioy was made to determine i f  the 
rapid dissolution of t b i s  alloy Ir m O 3 - ~ ( ~ 0 3 ) ~  soqutions a t  low acid (ca. 3 E) 
ccuid be moderated by the presence of uranyl oitrate. Moderation of thedisso lu t ion  

1 2 4 9 5 8 4  
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rate i s  desired because of hydrogen productfcc. 
good control of diasolutioc rate is feasi32.e. 
diamter rods were increase9 f x n  one t o  24 hours as urey2 ni t ra te  concent.ration 
was increased fro% zero +& 0.75 mlsr. 

Theae r a s  *hmnstrated tbat 
Dissolwbion tlrpes fo r  ooe-haif inch 

Simulated Redox feed.8 =re pzegarad from the dLssolver scluticos preyared in these 
runs. 
ceutrcil hexone. Emlsion form5foa could, general, be prevented by ajldftion 
cf Mistron-25 (65 - 250 ppm) prior w contacting w i t h  hexoEe provibd the solu- 
t ioas contained sodium dichroaate azd had Seen heated (phtocium oxidation step) 
Addition, of Matron-25 t o  solutions not csatainicg dichroinate had a varying and 
non-reproducible effect  on emulsion formation. 

In  d.l. cases, stable ezrulsions .#ere fcrilted whn +hese were contac+dd w i t h  

Dissolver solutions prepared 3y dissolvicg A3, - 2 w/o Pc: - 2 w/o N:! UGY i n  mO3- 
Hg(I?O3)2-uIpH solutions were vis ibly clear and free of S O i i d S .  
were conparable t o  thcse f o r  the AI-Pu-Ni-Si-Fe d l o y  uget 13 previous studies; 
Disprsion-diaengaging t i m e  tests were made w i t h  these sclutiocs ( a d  neutral. 
hexone) following adjustmot to Redox feed corapsition aLc? simulating zlutocium 
oxidation. I n  a l l  cases, disengaging t h s  were comparable those obtalried w i t h  
coni,rol solutione prepared from la3cratory reagents. 
that disengaging t h e s  were markedLy kfluenced 5y the ecF&+,jt cf' the feed solution 
whec dichrom%e was present. 
izcreased &sengaging tws from one t o  three minutes. 
operating without e d s i o r  problems using acidic diC~rIELte-COE'Ai~~Eg feedis. 

Dissolution rates 

It vas not;ed, ic these studies, 

F=e R ~ * X  plart is  Zwrectly 
Incrsasfng the feed acidity from -0.2 t o  0.1 H 

Coctiawus Icn Exchacg? Cc:+mtcr DevelogmcS 

1 2 4 ? 5 8 5  
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Jiggler Contector - Hydraulic tests w i t h  Permtit SKB resin (10-20 mesh) indicate 
that the resin recycle capacity of the one-hslf inch recycle l i n e  is about 100 ml/min. 
The resin flow has beec shown in recent tests t o  be unrelated to the amplitude- 
frequency product. Factors affect ing the rangea5ilitJ of the res* flow t o  meet 
different flowsheet conditions are now being studied. These include the height 
of introduction of the air j e t  to the resin recycle line, the total aqyeous f l o x  
in +,he "A" column, a d  the diameter of the resin recycle l ine.  Other variables 
that w i l l  be measured or calculated are the resin and l iqgid pressures a t  various 
points i n  the systems. 

Sal t  Cycle Process 

Dete-mhation of O/U Ratio i n  U r a n i u m  axides - Development work on the determination 
of uranium(VI)/uranium(N) r a t i o  i n  uranium oxide samples by controlled potential  - -  - -. 
coulometry has been completed and the method transmitted to the Analyt',cal Labora- 
tor ies  Operation for  routine use. 
i neca ted  by analyses of a standard U3% s q l e  yielding f o r  the O/U r a t io  a value 
of 2.6677 f 0.0009. A paper describing the method is i n  preparation for  publication. 

The precision attainable by this method is  

Polaroq=aphy in Molten Salts - Many experimental problems have required solution t o  
ena3le satisfactory polarogrsms t o  be obtained under the ra"ther extreme conditions 
required to  work in  klten-NaCL-KC1 mixtures. 
obhining a suitable sheath around the Ag/AgC1 reference electrode which would 
protect this  half-ceU. and si,ill  maintain a suitable e lectr ical  contact With the 
saif solutioc. A sheath cf "Supremax" glass suffices i n  ali respects except that 
f t  hposes a hi& resistance which l imi t s  the cwrent which can bz dram from 
th i s  electrode and distorts the polarographic wave. This problem has Seen solved 
5 j r  acployiq the controlled potential  polarographic technique. An operational 
anpl i f ier  controls the potenflal between the micro electrode a& the reference 
elecsro3e a t  the aFplied scan potential  t5roughout the scac. 
t o  mairtain tke necessary conditior of concertration plarizatiorz a5 +Ae micro 
electrode is drawn largely from a th i rd  electrode so that very 1it"Yle currer t  flows 
thmugk the reference elect;.ode. 

One of the mador problems has been 

The c x r e E t  required 

W5% t h i s  s e t  up wsll-fczzed pclarcqrams are obtained fro= vklch infornation of 
tfiermoirjrrSmic sigcificance can be dedt2ced. For example, i&e=pratatlon of the 
F O i & r O g r a E  f@r tke CU(I)/CU(G) couple yieldes a masure2 v a h e  of l.38 fo r  the 
elec+,ron change. 

k a u T f i c i e n t w r k  has Seen done wifh the uracyl icn as yet to p e d %  cowlusions as 
to the Itechanism of redGctior of UOm++ t o  302. 
:he half-wave potectial for +,he U O ~ f t / U 0 2  reduction c-ged when the scancicg r a t e  
vag cbsoged, iqLyinq a kine+,icaUF-ihit;ed groccss. Also, the ind.ica+,icn is  th8t 
deposition of UO2 OL? the micro electzode enlarged the are& of t k i s  electrode 
sufficiently that a limitlnq c w s c t  was not obtained. A,nxg oYser thlngs, th i s  
bpl.LeS +,fiat UOg deposite so formed have a rather substantial eiec3,rical ccnduc+,ivity. 

However, it was observed that 

Dissoiution Rates f o r  Uranful l  Oxides i n  Molten NaCl-KC1 - Coqarative dissolution 
rates were measured for  various uranium oxi&es into NaCL-KC1 eutectic a t  700 C 
with a uniform chlorine sgarge rate.  
powder, the amounts of uranium dissolved in 5 and 30 niaute periods were measured 
w i t h  the followillg resul+,s: 

Using ooe gram samplts of -100, +325 sesh 
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g U Dis6olved 
2 minutes 30 ainl;tes 

- Pot type UO3 0.79 

U3O8 prepared 3y Qni t icn  0.51 - 
of Pot type U03 

Spencer Arc-Pased U02 0.038 0.125 - (o/u - 2.01) 

(o/u - 2.01) 

(o/u = 2.01) 

Borton Arc-fused 

ELectrolytfc U02 

It is apparent %at substantfal 

0.062 0.15 j 

- 0 .x5 

imProveIceats in dissolvJkg rata  can be obtained 
by converting U O ~  to a hi&er ox& prior to i n i t i a t u  chlorine dissolution. 
the Salt Cycle Process as presently scopd, UOg w i l l  be corverted t o  U3O8 i n  the 
course of the decladding operation. 

kpparently, within the ,range of reagiljr attained partfch.  shes, dissolution rates 
of the above near-s+Aichcwtric e lectrolyt ic  U02 were rela3ively i rsensi t ive to 
gaz-ticle size. Iri 30-1&3u+a exposures of one gran sa@es of varicus sieve screen 
saxpies the following results w$re obtaiced. 

III 

Mesh Size g U Dissolved 

-150, 4325 0.125 - 60, +IC0 0.12l 

- 9, + 20 0.091 
- to ,  + 60 0.113 

Sclid - 

E1ectmljTi;ic UO2 

3 56 

iq;zit..icn 2.66 13 
~ 0 3  

2.17 0.05 
0.01 - 

2.01 0.004 

Tbese results conf i rm ea=liez res-fifs in sCcwing a much greater sokbi l i<r  f o r  the 
higher oxides. 
detected i n  the Dit. 

~ikewise,  i-, EO case could azy species ether t u  uranium(vI) be 

1 2 4 9 5 8 1  
: . 
.. 
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Thus, there s t i l l  r a i n s  a pcasibi l i ty  that  the slight solubili ty measured for  
U02 stems f r o m  oxidation by traces of oxygen or mis ture  in the system o r  slight 
excess oqrgen in  tbe U02. 

Recryatsllization of UOp - Recrystallization experiments with U02 from three sources 
conf'irnied earlier observations. 
of cubes, is  "steeped" i n  NaC1-KC1-12 w/o U0$12 at 800 C certain faces of the 
cubes dissolve m r e  rapidly than others so thst the original cubes grow continually 
thinner i n  one dimension and enlarge i n  the plane normal t o  that direction. 
four hours about half of the U02 is  s t i l l  io the form of aggregates, but the 
o r i g h d  cubes have checged iG+& flat plates oriented at  random angles w i t h  each 
other. After eight hours few aggregates remain and the f ia t  plates have become 
so thh a d  fragile that they are  easi ly  broken into fragnmts. 
-20, +60 wsh material the +60 mesh fraction had been reduced t o  18 percent after 
four hours aad to only oae percent after eight hours in  one case and 28 percent 
and f ive percent, respectively, i n  another case. 
s toichicmtr ic)  recrystallized i n  mch ths same fashion. 

When electrolytic U02, which forms as aggregates 

After 

Starting with 

Norton arc-fused U02 (near- 

When the same process was attemp+Ad w i t h  massive chunks of U02 the cveral l  size 
of the lumps was not greatly a l tered in four hours, but two paral le l  f l a t  faces 
had developed and various i r regular i t ies  had been removed from fhe remaining edges. 

These recrystsll izatioc processes offer  intriguing poss iXl i t ies  f o r  controlling 
the par t ic le  size distriSutioa a d  shape of UOg powder prepared by electrolyt ic  
reduction. 
ksight into the process 3 h  cow exists.  
c h d c a ~ .  purity and O/U r a t i o  are scheduled fo r  earLy study. 

However, beneficial application w i l l  require consider6bly greater 
The effects of recrysta2izaf ion on 

S+&Y.lity of U O S 1 2  in  Molten NaC1-KC1 - The uranium oxide produced by thermal 
decomposition under vacuum of uraayl chloride irz m l t e c  N G 1 - K C 1  at 800 C was 
fcuud t o  have an O/U r a t io  of 2.58 acd the X - r a y  Oifiraction pattsn corresponded 
to a mfxture of I202 and VqO8. 
hd lca ted  the presence c?f acfilorire. 
from th is  brief stcdy of V O s 1 2  i n  m l t e n  N a C 1 - E l :  

Collection of the off-gas from a run a t  700 C 
Tte following cozcluslcns have Seen drawn 

1. 

2. 

3. 

A t  700 to 800 C, U O g l 2  decomposes by a simpis deccmpositior: reaction to  
prodcce UO2 ar2 c s c r i n e .  
Some uraniu(IV) was always fourd 3 ~ 3  in rms of my Len@ the quantity 
was small  co-sd t o  t t e  U 0 2 .  
The mechsLism of f o n a t i o a  of u308 is  m o m .  
at 8co c tta a t  700 C. 

U3G8 formation i s  greater 

- UW1qStudies - When p a r t i s ' y  depleted sal% cycle elsctrolytes are  dissolved i n  
scFdFfied aqueous soht ion ,  a s m a l l  amm3 of uranium(IV) is almost invariably 
faun&. 
icnation or  3y the aqueous reaction of iaranous oxychioride, crOc1~.  A sample of 
UOC12 w a s  +&erefore prepared and some of i t s  chemical properties were examined. 

If has been cosject;lr-e0 tk i a t  t h i s  nay .arise fro= urszicp(V) 5.j disproport- 

Preparation was by the mtkcd cf C.A. Dam ( C C - 1 7 l 7 )  which uses the direct  
reac%icn of U02 w i t h  an excess UClL  a t  600 C, followed by vacuum r-val of the 
excess chloride at  450 C. The greenish yellow solid product amlyzed 2i.2 per- 
cerst chlorine acd 74.3 percent uranhn; t heo re t i cd  for  UW12 is a.8  percent 
chlorine md 73.3 p r c e n t  u r a n i u .  
defined, but did llct correspond to the pat'lerns f o r  UCl3, UC14, u02C12, u02, u308, 

X-ray diffraction pattern was w e i l  

I 2 4 . 9 5 8 5  U 
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or  UO3. The product was very ~ ~ o s c o p i c  and insclubls ir ~iSro!n?ttarx, pyridine, 
ether, ace*&z;e, a d  phcsphor-yl cZori3e.  Attempted dissoluticn h wat.er resulted 
i n  f o m t i o n  of UO2 and a greel: colored (UClb?) solutior. 
centrated hydrochloric acid resUtsd  in a sclution whcse a5eoaficn spectrum was 
that o n l j  cf UCl4;  the spctrum of ura,*qi chlori& m s  COT, o3served. 

Dissolution ir con- 

Absorption spec%ra were obtained of the s a t  I d l e d  ir: p e f r o h i m ~  C V f r  the r q e  
of 400 to  1600 millimicrons. A broad ahorp t icn  band m s  obsemerl beyfieen 930 
acA 1225 millimicrons that showed f ine  stracture redciscent  of the f b s  structure 
of the uranyl peak a t  420 d u i z i c r o n s .  

In  addition, there were tvo smeller absoqtion peaks a t  580 e d  1285 m5Lircicrons. 
For comparison, sol id  UC14 was e-ed =der the asme cooditfons. A 3  a3sorption 
peak in the saue 930 to 1225 rcillimicrons &range was o'oserred, bcti it contained 
none of the fine structure associated with the UOC12. A ~ s o ,  the two peaks a t  580 
and 1285 millimicrons were absen5. From the above data i+, is quite eviiient tha t  
+Ae sample was  UOC12 of rather hi& p u r l e j .  

When UOCL2 was added to  lrolten NaCl-KCl eutectic, 8 green colcr forzed azd upon 
standing, UOg precipitated. 
aksorp%ion sFec5rum of i+, as a a i  was measured. %is s p e c t r a  conpared very 
closely with that of WlL-NaCl-KICi.. 
associated w i t h  +&e UOCl, sgect-rm were atsent. 
that UOC12 is unstable io molten NaC1-KC1 slld reacts 37 cbubls dmxqcsif ion t o  
yield U02 and El&. It i s  h l i e v e d  tht U N 1 2  is not ar: LEE~L~, ir terz5diate 
in  +vhs S a l t  Cycle Process having, if a t  all, cnly tramitc.rj- ex i s t exe .  

The green sslt so produced was powdered and an 

The peaks a t  580 a d  1285 millhicrons 
It was i d e r r e d  frcrs t-his evidecce 

Pr+paratlon of Pilot Plmit  9L;antiL,ies of Electrolytic V02 - Conetmcticn of a uni? 
to prcduce 5 t o  10 pound batckes of e lsctroiyt ic  UO2 dafly is  cearLy coIcplete. 
B e  Oquipmx+v consiats of a 13 KW Trers furcace, 8?: clef-gas syetes=iff? a caustic 
scx>ber,  a& a 50 KW rec t i f ie r .  Ths jG mL percent 1 ; G L - I C  a h t i w e  has been 
nel'led i n  20 l i t e r  ZatcLes in a fused s i l i c a  cxcf'3le. A X  t.& ?nclt.en s a l t  ic 
';he c x c i 3 l e  has beeo tracsferre8 suzceeefu?'y at 7GO C f r c ~  the ?m-aee thou&. 
a three-€cot -aninsulated quartz Xze by vacum transfer i r t c  ac f.;ler:ical s i l i c a  
cz-ciE.ls. !Re s e t  w a s  ~ ~ ~ l e d  as5 rewved f r o m  +&e seccnZ c r x z ~ , e  fa oCo c h d  
wizh LO cianage to the cmcfX.e. 
out of s a i t  bath by m a s  of courter weigked -siec+,rical l e d e .  
efficiency 0,4 zk.e ~ 2 f - s ~  3 y s t . e ~  i c r  c).'orhe absczpticr, is  *a2erwaye 

..- 

The grapkzise eiectzodes CEC -is ricved icto axi 
TeeTirq cf *he 

Magnesium Oxide Crucikle Meeplir'rax 1 3  days 

9046 Mgo, lo& Ti02 Sl ip  Cast 6 days 

CaF2 Crd&i&-  (Incal Fabrication) -- CraciSie cracksd and broke when 

10 -dl attack a3ove the melt. 
CLruciSle w e i g h t  decreased 2 grams. 

Salt percclated t h r u  c,rucfble. 
C-ucibis w e i g h t .  decreased 2 grams. 

0340 (Carborundum Compwy) 

Crucible (234-5 Ceramics S b 2 )  

ihrlnri  4 -  2 4 -  S l q b i o ~ f  +n l r - ~ q l  a t t n ~ l r  
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Other Pyrochemical System 

Despite the ease of reduction of rutheniun;(III), it was found that the distribution 
of ruthenium-106 tracer between m l t e n  aluminum and AlCl -El did not exceed 1.5.  

ruthenium fromlong cooled irradiated UOg. 
This rather surprising resu l t  corifirms earlier experinen 2 s with f iss ion product 

Continued experiments have shcwn that a number of halide mixtures form immiscible 
i i w i d  phases in  contact w i t h  molten AlCl .El. Some of these inmiscible systems 
are 50 m/o LiC1-35 m/o El -15  q/o NaC1, d m/o LiC1-40 m/o NaC1, and 40 m/o C a d &  
40 m/o LiC1-20 m/o NaCl .  In  these systems the two phases retain the i r  ident i t ies  
quite well w i t h  only a slight amount of cross contamination. 

Distribution behavior in these systems is  very interesting. Uranium(N) distributes 
in favor of the aluminum chloride phase; whereas, tr ivalent uranium prefers the 
alkali chlorides. Since plutonium( 111) behaves l ike  uranium( I I I ) p  this system, in  
principle, can effect separation of uraniu?n( IV) and plutonium( 111) 
t racer  favored the alkali chloride phase in distribution studies between NaC1-LiC1 
and AlCl3-El. The dis t r ibut ioc coefficients ranged from 7.4 to 10. 

Visible and Ultraviolet Spectra of Uranium Chioride-Ailrali Chloricle Systems 

Ruthenium-106 

Because the determination of species i n  molten salt systems cannot be sa t i s fac tor i ly  
macle by analysis of derived aqgeous solu$ions, the development of spectraphotometric 
e t h o d s  ?or fused salts i n  tke visi51e and ul3ravioiet regions has beer! intensified. 

Using ultra-thin (0.025 mm) quartz spectrophotometer cel is ,  i+, has beec FossiUe to  
o3tairr a3sorptior spectra of b ~ t h  alkali  chloride-ureziu(II1) chloride molten and 
frozen e a l t s  over the range 300 to  1303 millimic-xns. 

IE molten NaC1,  Elp or  CsC1, E 1 3  exhibits similar aborp t icn  specfra w i t h  
hd ica t ion  of at  least. two complexed species, one of which i s  predo-ate i n  the 
C s C l  system. 

The game systems vere cooled Ir the spectrophotometer; the trarssi+,icns being 
readfly observed 3y abrupt changes in *&e trammission. 
secocd t rmsi t ioL (beLieved to 3s th ectect ic j ,  th sbscrptfon spectra of UC1 

similar t o  +,fiat of U C l 3  ir petrolatum i=dtcsticg segrega5icr. of the sal+,. The 
otker two systems were differsni; from the NaCl systeni in +;hat the U C l  
vas rct observed. 
system, and i n  fact ,  indications of t h i s  apgear in tf=e phase dian_ran; f o r  +de 
sgszem R X l - U C l  . Microscopic exsllliaaticn of the alkal i  halide-urariun halide 
sa?nples revealea that eegregatiol: occurred i n  the slow cooled KC1 and C s C l  salts 
3 - a ~  no U C l 3  spectrum appeared. 
890 C of the N a C l - U C l 3  system fa i led  to prevent the Ucl3 spectrum. 

Pressed pellets of UC14 in the Wi cxor ide  salts gave spectra a t  room temperature 
that were all different. 
spectra ic the mol+&n state. 
ionic species were obtained in tLe molten state. 

At t eqera tures  below the 
i n  

NaCl ,  EL, and CsCl were en t i re iy  differezt,. The NaCl-UC13 system gave s spec z rum 

sgeczrum 
It has been assmed t L a t  coqlexing occurs ir t.he 2c 1 an8 C s C l  

On the cther &a, even very rapid quenching from 

Tcese system, like those ccntaining UCl3,  showed s i m i l a r  
ALSO, as i n  +&e case o? UC13, evidence f o r  complex 

Infrared and X-ray diffract ion spectra data were also obtained but. did not provide 
much help in theLelucidation of the speciss present. 
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RADIOACTIVB RES- PRmssldlo EvELopMEloT 

R a d h c t  -Heat Spray Cslcineticc 

Ten runs were made during *he month t~ bterai3e the capc i ty  X.zAktiors of the 
spray calciner for operation w i t h  simuiated forplaldehyde-Ued, X g h - s L i a t e  Purex 
waste. The degree of cdchaluion, as meawued by weight i o s s p ~ e  cfizmical analysis, 
was c 4 r  slLgh+a affec-d by feed rates up to  U . 3  gs l /k , f tC ,  t h  lircit set by 
the spray nozzle and Calrod heaters. 
w i ~  f l o w  ra te  and a l s o  W L * ~  *e -tion of 50 g/l of sugar. ~ L S ,  *he groa~c+, 
derisities ranged fro= a b u t  0.9 to 1.4 g/cc wit21 eugar and ircn: 0.85 50 1.0 g/cc 
wiA;;?clct. Since glass-for&q additives were cot med, a 2  cf tkeee Dezaities are 
grsfifjrk@.y high, ccqare5  to thcse o3tained ic ear l ier  -l;as. 
icczease i n  cienaity witk flov rate is not apparect k t  zay w e 2  5e r d a t e d  +a tke 
feed/steam ratio,  a point which Kzll be explored fnther. 

The 'yap density of the pcwder product increased 

Riasoc f o r  &e 

I 2 4 4 5 4  I 
--. ??. . .. 
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Mic9ral Reactiors 

Lakra tory  t e s t s  indicated that mine-= clirsoptilolite is somwhat m r e  f r i ab le  
+&a is  Decaisc, a comercial a l u i c o s i l i c a t e  ion excharrger. 
these mterials were agftat,a& mder water fo r  48 hours. 
weathered surface m j e r i a l  prodxed 4.9 percent fines ( < 0.25 mns), unweathered 
c l icopt i io l i te  produced 1.5 percent f ices, and Decalso produced <0.4 percent 
fices. 
washed might have reduced the apparect degradatior:. 

Breakthrow cuves  ob+&& f o r  c e s i u ~  adsorption oc 50 g, 23 cm beds of 0.3& - 
1.0 mm and 1.2 - 1.4 mn grair: size  c i inopt i lo l i te  were reiatively f lat  fo r  flow 
rates of 5 gal/ft2/n?in. It waa found that the same effect was obtained when the 
residence time was imrsased by either reducing tke flov ra te  o r  increasing the 
s ize  of the bed. 

Screersed s q l e s  of 
Cl impt i lo l i te  containing 

Vigorous wasfilng of the c i inopt f lo l l te  as the comercfal rca2erial was  

Experhente were repea'ted to s%a&y the influence of i-Tadistion on the adaorption 
of cesium by clinoptiloli te.  

5 x 10 to 1 x 109 R. 
equilibrium systezs. A+, 25 C no differences i n  the distri5u:ion coefficiects f o r  
any of the specim.errs were evident. 
2 x 10 R o r  less gave coeffie en+,s xiearly 20 y r c e m  higker a t  55 C than a t  25 C.  
Those s q l e s  receivfrg 5 x i& and 1 s 109 R aid zlot give higher ccelficients at  
55 C +YM a t  25 C. 
3 g k l y  irradiated specimens were bwr t h n  f o r  thcse receiv3kg i c w r  &sages. 
These r e s u l t s  tend t o  irdfcats That, the temperature effect, is IC scze yay associated 
with the soiid phase. 
effect, tfisr, is c o t  large enougll C,c 3e CisceAx:31e a: t2e lower teqerat.L-e. 

Again, a signiffcant dif?sr nce was fcxvi bebreen 
those p r a l  sgecimens receivizlg &sages of up to 2 x 1 8 R and those receiving 

The adsorption was s t u a e d  in temrature-controlled- 

Those saqles tht received gama doses of 0 

!%us, a t  55 C the i i istr i3cticz ccefficier5s f o r  t , k  ms': 

It is  possi3le tat the hig3er tezperatur= acessuaLte8 a~ 
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over that obse-ed in  the case cf lox-salt system vas evident f r o m  the powdered 
lead e x p e r a n t .  
qui+& dependent on the initid pH of the solution. 
iroc, zanganese, and copper showed increased ruthenium removal i n  tbe high s a t  
sys';ems. Accelerated oxidatios of i ron was evi&en+, in  the strong eiectro1y-h 
system which may explain t.he irrcreased ruthenium remval. The resuts of ttese 
exper'mnts in high salt s j r ~ t e ~  are cot cocciusive bcC, do not eppear typical of 
conventional iozl exchange react ims.  

In reacticn wi th  the other netals t e s t &  the resul ts  were 
I n  the case of pH 11 solutions 

Cordensate Streams 

Si;udles on the decontamimtim of Purex Tank F a m  condensate i n  the 271-CR Building 
Micro Pi lot  Plant were continued. 
+&ougf; a bed of activated csrbon having a particle size of 0.5 t o  2.4 mm, a k d  
heighS of about 36 inches and bed diameter of 1 k c h  followed by a bed of clinop- 
+ , i lo l i te  having a par t ic ie  s ize  of 1.1 to 1.3 mu, a 3ed height of a k u t  36 icches 
acd bed 6iameter of 1 inch. Temperatwe of the system remined a t  25 C md pH 
varied from 8.3 to  io. 5 .  me TSP concentration in tbe feed f lucka ted  from 28 t o  
55 &liter, and m e  renmved by the activated CC%E t o  less than 1 mg/liter. 

During Rurr 4 the waste -was passed dovnflow 

2% crLy iso*apes rewved si&fican+,ly ky the activated car5or =re thcse of 
strcctfum. A t  about 0.5 gpm/cu.ft. tbe decontamirstion factor f c r  strontium was 
abcut 4.2. A s  the flow rate was ircraased lx abort 2.3 gp=/cu.ft. the decontamin- 
aticc factor was redwed to  about L.2. 

/ 

Origiz of Sc40 h Reactor Effl.ue.c+, Water 

3i;iSes w i l l  be uhr+&ez q o r  c c q l e t i o n  of 
pl8Gt Em- U;=cE!r ccsstmctioo. 

1 2 4 9 . 5 9 3  .. 
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Lcw Backgromd Carrier fcr PL~+ ,c r im Precipitation 

In  a study o? the effect of choice cf c u r t e r  for. tke gz?cipitat.ion of plu2onium 
ir. the Siosasay proceeme it w a s  observed t-5 use cf lacthanurn resulted in a 
k c k g r o u ~ 0  of 17 tracks per wek  OL tbe rzuclsar track filn?. 
Y % r i u s ,  h o h i u j  smariu, dysprosiu,  o r  praescdymiuz r e sd ted  in 9, I j  91, 2, 
arc 1 $racks, respectively. Fcr l o w  hckgrcuna work hoimim, dyeprcsiun o r  
praesodpcta would 5e better t f r a c  Lantha~um. 

Suht i tu t ion  o? 
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A cdci te - f iL2  replaceunt reactioz waa investigated fo r  * reascos: TO t e a t  the 
*AeoreticC conclusioc. that replacesect reactions are s o l u 5 i l ~ ~ y  coctrolled, and 

t e s t  the practical value o? a s t a t i s t i c a l  sethod of data t r e a a n t  originated 
37 Yates. 
little as 10-3 M 
O t h e r  variables-included c o l m  f l E w  ra th  of 500 and 5C00 gal/ft2/day, ca ic i te  
s~=f'ace azeas of 0.03.4 t o  O . l &  =*/go M L e L t  gH of 6.0 u d  8.0, temperatures o? 
25 C a d  6Cl C, and the aCaftiok of 1 4 1  ZnClc,. None of th variations of the 
s y s b n  sie;lzifican%l.y sffected the average zL65 & e c o n M a t i o c  factor of LOO. 
dlr"fraction was used t~ identifif the final product cf $ke reaction as ZtCO3. 
-+hod was ar effectpre meam of ascertafring the relaftve significance of system 
varia3les. 

The reactjon effec+,ivdy removes zinc from solutions containing as 
Up to 0.3 M Ball02 did r=ct alfec5 tke r a t s  of t h i s  reaction. 

X-ray 
Yatesp 

Geology and Hydrology 

A suggestion previously made atcut  mvemenf of gromd water at Eanford was  again 
presented independently by D r .  Steveosoc Zuchan, geohy&ologist of the U.K. 
Geological Survey during h i s  recent v i s i t .  H9 suggested tkat ground waters might 
be flowing beneath and p-el t o  the CoIu3Lia River fo r  aFpreciable distarces 
before entering the river. 
charnels f i l l ed  w i t 5  gemea3lt gravels l i e  Selow preseot chancels, but it ais0 o c c i ~ s  
where permeable beds o r  geologic formations l i e  beneath the river bed. 
r iver  ckamels in the tcp of $he Rhgc13 formtion Seneath W c r d  are now kcown 
$0 S o t t o m  lower than -%he bed of the present Ccl-mbia River. Limited icfcmation 
hdica+&s that the Cclinbia River is ac+,ively dow=cutti;q its  ckamzl. i c to  the 
Ringold fcrzaticn below the cbrx ,a ls  e a r l i e r  famed. 
therefcre is not iikeiy; however, +he complete pict-ce of The old c m e l s  is not 
ostsSlished. 

This e f fec t  eleewhere is lqor tast  where old r iver  

No old  

Underflow ir: 023 r iver  cowses 
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k soqu2er program for evaLzazisg transient msatuated flow in a heterogereous 
roeem m a  successfully cmpieted and tested. 
of the i terat ion process. 
s o i l  completely aatarated at  t b e  zero. 
mistwe contentwi5h the of each point in the colum. The application of the 
=tho& t o  specific examples gave results th& are coLsidered t o  be in agrement 
v1t.h experFPkental data repor*bd from other laboratories. 
ard applied t o  obtain convergence without osci l la t ion i n  the i terat ive solution 
at  the non-linear partial different ia l  equation involved. 

Tests indicated rapid convergence 
The matkepstical model is for  &ahage of a column of 

The Solution descri5es tke change of 

A method was developed 

A m t b m a t i c  model of ground -dater flow must be three dlmnsional t o  accurs'&ly 
describe flow paths. 
water munds were therefore expnded t o  obtain t&ee-dbensional differencs equations 
that are approximate solutions of t l e  Laplace partial different ia l  equation f o r  
saturated flow in a porous medium. 
f r o s  numerical solutions of these equations. 
obtained do converge t o  stable values. 

Attempts to describe flow paths In the vicinity of ground- 

Estimates of flow pat+,ems may be cbtaired 
Tests indicated that the equatlons 

Field Apparatus Developlllent 

Data were obtained on the p e r f c m c e  of a thermistor-typ flowmeter for  veqf small 
ver t ica l  flow measurements i n  wells. The instrument is t o  be used t o  assist 
identifyicg piezonetric head iiifferercss k ground water. 
device assembled rtquired f'lm anchoring and vi2ratioo clampsricg ctlshiotie f o r  the 
s imla t ed  w e l l  used in the LalooreSory. Noise backgroun& - a s  cOoi;rOlied zo & l eve l  
scch that  a sensit ivity cf 2 nL/xnku$e tkrough 81: 8" casirg was achieved. The 
bstPxn2n-c w i l l  3e Tested in weils where %Le s t a t i c  cord1t;~ccs of femperature, 
vibration, and rmlchal ccnvectfon &odd materialLy assist 2~ ackiPvirg a lower 
backgromd rea3iiig. 

The highly ssosi%ivs 

Designs yere p r t p r e d  for  co'azezs an2.shielding for  ~ X G  spec iL applicaticcs. 
Cre shield *a6 fabzicatect eu=O tested v h k h  permits regrodcibls  couo+,irg of minerdi. 
sazples use0 is ces im a&sorption studies. 
c o l u n ~  scamiag t k o u g 5  shieldir-g aprtures. 

The secord sysi;ee w f l l  p e a t  &nerd  

TuzzLer a~alyaia ci experher5ai Ilan5a relevaat t.0 part ic le  aeyositicr, che to f lu id  
t;whJ.s=ce Led to a correlatioc c . i  the 8eposi';icn COCS:=BLZ vi:h +Le so,ver& vari- 
a-c:oE a f f ec rkg  paziicle i3epos2t'on. it was rsesoz.ed :kat rp.rr.icl,o deoosition 
should be a ?mc+,ion of the r a t i o  cf afc,gpiq d i s + a c e  to the thickness of the 
s t k - l & z a  L u i 2  Gayer at t 3  coz&~i= w i .  
t ke  ian;lnar layer is chin, 6epcsiticil skcxld be high. 
Z t e c r y  pemits  esti=stes t o  3e mafie cf stopping distacce a;l& t k i c h e s s  of the s ~ b -  
L m l ~ a r  Layer as a functicn of ?hi& arl part ic le  properzies. 
&wal+,iolz data suppcrt the asal;=t:ons, showing a correlazion within e3tir;sted 
e-cperi3te~taL errors. 
fcrccs acting on a particle.  
lcsses in sampiing lines Eaer a wide variety of' cozaditions. 

When s k g g k g  d l a - a c e  Ls g r s t  e& 
F h I C  an2 p w t i c i e  mechanics 

When plotted, the 

A corrtctiors term w a s  included 70 acctunt for tke iner r ia l  
The correlatior? w i L  be I vaLuab1a aid Fn es=imatlng 

'Ee data correlated 

1 2 4 9 5 9 b  



embraced a particle s ize  range from 0.8 t o  30 u, a particle density range from 
2.7 to 7.8 g/cm3, a conduit diameter range from 0.54 t o  2.64 cm, and Reynolds' 
Numbers from 3,000 t o  30,OOO. 

A relation was derived relat ing the length of a horizontal circular duct i n  which 
all particles w i l l  settle by gravity and the length within which 50$ w i l '  A se t t l e .  
The equation from which the relat ion was derived takes into account the velocity 
gradient across the circular duct. 

CheGcai Research & Development 

LP Bupp:cf 
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BIOLOGY OPERATION 

A. ORGANIZATION AND PERSONNEL 

No significant changes in organization o r  personnel occurred during Hay. 

B. TECHNICAL ACTTVITBS 

m S I O N A B L E  MAT3tIALS - 2000 PROGRAM 

BIOLOGICAL MONITORING 

Radioiodine Contamination 

Concentrations of IIJa i n  the thyroid glands of jack rabbits were s l igh t ly  laser  
than those observed one year ago. Values follow: 

Location 

L m i  SkJ Redox 
Wahluke Slope 
Prosser Barricade 

c/g Wet Thyroid Trend 
AverCge Iviaximum Factor 

Columbia River Contaminatbn 

Concentrations o f  gross beta emitters in Columbia River organisms collected 
at Hanford WeTe about the same as those observed one year ago. V i l u e s  follow: 

Locat ion Organisms 
pc/g Wet Weight Trend 

Average Maximum Factor 

3antord Minnows (entire) 2 10-3 3 x 10-3 - 
Janf or d Juvenile Chinook 2 10-3 3 10-3 0 

Sdrr.on (entire) 

Fallout Contamination 

Fission products occurred i n  rabbits from the Hauford rieservation i n  the 
following amounts: 

Sample ~ y p e  

Feces 
aone 
Liver 
PIUS cle 

T o t a l  Beta 
Avg. pc/g Net Material 

3 10-5 
9 x 10'6 
7 x 10-6 
5 x 10-6 

Trend 
Factor 

+3 
-2 - 

UNCLASSIFIXD 

1 2 4 9 5 9 8  
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3ffect of Reactor Effluent on Aquatic Organisms 

Young chinook salmon were held in effluent from the 100-KE reactor a t  concentrations 
approximating those which currently exist in the Columbia River, and a t  higher 
concentrations predicted for  the  future, 
adverse effect  was detected in any o f  the concentrations tested. 

A t  the end of seven weeks exposure, no 

B I O L G Y  AND MEDICINZ .. 6000 P R O W  

PBTABOLISM, TOXICITY, ANLI WiSFER OF RADIOACTIVE PiATIEIALS 

Phosphorus 

Exposure of cichlids t o  aquaria water containing P32 w a s  discontinued a f t e r  
approldmately eight months. 
damage i n  the fish, some of which contained more than 0 . 1 ~ ~  P3*/g. 

Cursory observations did not reveal radiation 

Strontium 

None of the yearling t rout  which have received Sr9O-$O five days a week via  
force feeding have yet shown gross signs of radiation dmage. 
group has now received 0.5 pc/g of f i s h  f ive days a week for  thirteen weeks. 
Tm f i sh  in  a l l  l o t s  have approximately doubled their  weight during the 
course of the experiment. 

A surgical technique fo r  providing agastr ic  f i s tu l a  in trout is  being 
perfected f o r  f i t u re  studies of the assimilation of orally administered 
isotopes . 

The high l eve l  

3ata were being collected on first genergtion Euhestia (moths) from parents 
t ha t  were cultured on cornmeal spiked with 1 g-6~ of Sr89 per gram o f  
cornmeal. Upon the bases o f  t h i s  preliminary experiment, an experiment was 
ini t ia ted to-compare the procluctivi of populations of Ephestia cultured on 
five different concentrat ions of S r  i% 
The blood p i c b r e  of  the adult miniature swine fed 1.5 o r  25 pc of Sr9O 
daily f o r  over one year contihues t o  be generally indistinguishable from the 
control animals. There is, however, a suggestion of a lowered neutrophil 
count in the adult animals fed 25 pc  per day and in their four-month-old 
offspring. 
established. 
toxicity animals involving about 750 X-ray plates were re-read and evaluated 
according to  the new coding system. 
evaluate damage by the use o f  the IBM process.) 

(An 'X-ray reading protocol f o r  assessment of  damage was 
All X-rays taken to date of the SryO toxicity and compzrative 

This new method should allox us t o  

A previous observation that  strontium alleviated chlorosis in bean plants was 
confined. Chlorotic symptoms were l e s s  pronounced in the present experiment 
than previously obssrved ana in t h i s  case occurred only when calcium i n  the 
nutrient solution was extremely low (0.05 mM). 
chlorophyll, strontium can par t i a l ly  replace calcium. 

Thus, in the synthesis of 

1 2 4 9 5 9 9  
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Iodine 

Preliminary observations on the first group of lambs given in  vivo or i n  v i t ro  
1131 labeled m i l k  indicated that the thyroid uptake was approximately the same 
in each sub-group. (The second group of lambs w i l l  be in i t ia ted  in June.) 

Cesium 

Bean plants grown with varying concentrations of Cs and K and the sum of the 
two ions held constant showed o n l y  a very s l igh t  change in discrimination 
factor even though the ra t io  of the two ions varied widely. The s h i f t  i n  
aiscrimination factor w a s  in opposite directions in roots as compared with 
other plant parts, suggesting that roots are withholding one or the other 
ions from transport t o  the r e s t  of the plant, 

The effect  of s o i l  moisture on uptake of CS'~? and K by bean p l m t s  was 
studied under conditions of heavy f e r t i l i za t ion  (including K and Cs 

uptake was clearly increased when available water was a t  a minimum compared 
t o  more moist s o i l s .  There w a s  l i t t l e  change in uptake of  K w i t h  different 
s o i l  moistcre under both conditions of f ert-ilization. The discrimination 
factor f o r  Cs was clearly higher with minimal s o i l  moisture, higher both 
in leaves and stems, 

and. with 
soil t o  which no nutrients were added. With heavy fer t i l izat ion Cs 1 37 

Flutonium 

Adult Habrobracon, parasit ic wasps, 
spiked-with different concentrat ionE:e2599 supplied as ci t ra te .  Longevity 
was not affected except among those which  fed upon the highest concentrations, 
containing 0.1 p c  of Pu239 per m l  of medium, 
females which had fed upon the spiked food. 
was reduced. 

upon a saturated sugar solution 

Plutonium was found i n  eggs o f  
Egg procuction and viabi l i ty  

Tattoo-Jg, injection procedures, and monitoring tecnniques a re  undergoing 
f ina l  checking prior t o  in i t ia t ing  t'ne main study on the effects  of  
intradermal plutonium in pig skin.  

Radioactive Particles 

&mination of the b:agle colony revealed a major problem in parasite 
infestation, 
Only the new dog runs provide adequate isolation f ac i l i t i e s  t o  control 
parasite re-infestation. 
modified or replaced. 

The problem can be pa r t i a l ly  solved by raising our own pups. 

The oLier runs w i l l  have t o  be either scbstaztially 

A study of the acute toxicity o f  plutonium inhalation was completed. 
c l inical  manifestation was reduced lymphocyte count begbning two weeks 
a f t e r  exposure and continuing u n t i l  death. 
a f te r  exposure and followed a period of extreme respiratory involvement. 
twelve dogs the lung burden a t  death varied from about 7 t o  50 pc. 
radiation dose t o  lung tissue, assuming uniform distribution of  plutonium, 
was about 20,000 rads. 

A major 

Death occurred 50 to  100 days 
In 

The mean 
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Gastrointestinal Radiation I n j u q  

Investigations into the mechanisms of  serum protein leaka e into the X-irradiated 

pyrmliaone (PVP) given intravenously and excreted v i a  the gastrointestinal 
t r ac t  i s  excreted into the intest ine by the way of the b i l e  ciuct. 
amount does not appear to  be increased by exposure of  the gastrointestinal t rac3  
to  radiation and results are not yet completed which should show Ff b i l e  flow 
ind-irectly affects PVP excretion. 
i s  absorbed from the gut and excreted in the urine. 

intestine have shown that i n  the rat about 1/4 of t h e  I13 !f labeled polyvinyl- 

Tlis 

Additional results suggest t ha t  some PVP 

Screening of the histopathologic changes of about100 rats sunriving acute 
irradiation of  the intest ine by plutonium, y t t r i u m  and X-irradiation showed tha t  
5 rats exposed to  X - r q  developed neoplasms of the small intestine but none 
were found in the lower intest ine (colon). 
the intestine o r  the kidney which indicated that  acute eqosure of  the 
intestine to alpha, beta o r  X-irradiation accelerated. the aging process. 
data are too few to be anything more than suggestive. 

Microbiological Studies 

Yeast cel ls  deficient in catalase were observed to  be more sensitive t o  H202 
f2llowing irradiation as compared to non-irradiated cells. 

No obvious changes were found i n  

The 

y r i m e n t s  are continuing on the  problem of  permeability of yeast c e l l s  to  
Kk 
are  being obtained on the effect  of mercury and the degree of binding of 
mercury (using Hg203 as a tracer) t o  the cells. There is, ap arently, a 

t o  KL2. 

and P32 but as yet no generalized resul ts  are available. Additional data 

different affect  of mercury binding on the permeability o f  P3 5 as compared 

:<A Iiornberg: es 
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C. Lectures 
v r s  Presented a t  Meetings 
H. E. Er&an, IIX-rays and the Weakest L ink  in Xabrobracon Ontogeny,I' 

E. A. i-Iennacy, !!Frelininary observations on the pharmacoaynamics an& 

Radiation Research Society Meeting, May 11, 1960, San Francisco, Calif. 

biological effects of inhaled plutonium oxide in dogs, 
Society Weeting, Hay 11, 1960, 

F. P. Hungate, Waciiation sens i t iv i ty  studies on respiration deficient yeast, 
(by R. T. OIBrien), Raciation Research Society lbieeting, )lay 11, 19&, 
San Francisco, C d i f .  

Raciation Research 
Francisco, C a l i f  . 

Pi. F, Sullivan, qtPlasma protein loss af ter  X-irraciiation o r  nitrogen 
aciminlstration, 
San Francisco, California. 

Raciiation Research Society Keeting, Kay 11, 1960, San Francisco, C a l i f  . 

Fiaciation Rzsearch Society Keeting, I4ay 11, 1960, 

J. E. Ballou, !!Xffect of combined plutonium and X-irradiation i n  the ra t , "  

I,. A.  George, "Distribution pattern and effects o f  intracerrnally injected 
plutonium," Raciiation Research Society Meetkg, May 11, 1960, S a  Francisco. 

b. Off-Site Sernir-ars 

X e  A. Iiornberg, "Tne 3ioiog;r Program a t  Hanford A t o m i c  Prockcts Operation,!' 
Seminar on Implications of  the Life Scierxes t o  General Slectric,  
Hay I r ,  1960, Santa aarbara, California. 

W. C. Hanson, l1Projezt Chariot Ecological Sbaies ,"  i-iay 1 2 ,  1960, 
Civil Zngineering SOC i e ty  gmup, Kenfiewick Ifash. 

C. Seiiinars (aioiogy) 

b~ e C. iianscn, '1-3wironmectal 3.cuaies at  Fro ject  C : i z i o t ,  " 

J. 3. EIallm, ''Combined 3ffe:ts o f  Flutonium anti X-irranlaticn," kay b 9  IS60. 

- -  
XajT A, 1960. 

R. L. -Mer ,  VFee Space and Ion uptake," i5ay 18, 1960, 

E. iI. Schiffman, 'IA profusion s3uci;r o f  the mcvement o f  stronti-m 
across the g i l l s  of rainbow trout,11 2 , ; ~  18, 1950. 

c;. ser;..inars (1cca l )  

None 

D, Publicatiocs 
a. !3W hb l i ca t i cns  

b. Open Literature 
None 

Taster, R.F,, 1IRaciioactive Tracing of the i?iovement, o f  an 3ssentia.l Element 
through an Aquatic Community with Specific Reference t o  Rauiophosphorus 
Fubblicazioni del la  Stazione Zoologica d i  Xapoli= Volune 71, 3uppl. ~ p .  34-69, 
Pubblicato il lS-XII-l?s9, L?T?XAS3Prn 
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OPERATIONS RESEARCH AND SYNTEESIS OPERATION 
MONTEX REPORT - MAY, 1960 

There were no changes i z  personnel during the mcnth of May. 

OPERATIONS ANALYSXS STUDIES 

Q U i t y  Certification Program 

%ere was no activity i n  this area duri3g May other than consultation i n  connec- 
t ion  w i t h  IBM processing of test data. 

Fuel Elelrent Failures 

Tdo appendices were written t o  be incorporated i n  a documen3 covering the use 
of con+aol charts in  analyzing ruptwe data being prepared by Process Tezhnology 
personnel. 
and the other discussed decision rules t o  be use& 13 analyzing rupture data. 

Oae presented the thecretical basis behind the use cf suck charts, 

Comments were submitted t o  Process Technology personnel relative to  %e disposi- 
%on 3f the remaining fue l  elemeats canrzed i n  C-6+ aluminum cmxponents. 

Two rzportz were w r i t t e n  presenting sequential plans for  conparing rtlpture per- 
forrrance of tvo fyps of fue l  eleiwnts. ?he first report coverer2 the s ims t ion  
i n  which reactor cooditims were identical  f o r  the two metal types, and zhe 
%23ugkput ratk was csistant.  Operating characteris2ic asd averwe sample 
nu*?= curree were compu5ed f o r  several cases of interest .  31 the other approach,. 
gr9-~isicns wer? maae for  adjusting obsgrvee ru2ture experielsce kased cn a var- 
iable 3zou3hput r a t i3  and poss i j ly  different reactor codi t ions .  The sta+,is",ic 
caad ir. t X s  case i s  %e rs',io of tines betweei ~UF+,UX a9,jus';ed f c r  ogerating 
cs.r?dfticns. 

Cp%iLlizatlca cl" 3eactsr Operations 

Preliriaazy vork was done i n  conzection with eraluating the feas ib i l i ty  of pz- 
posaly ska3tisg down a given z?$c",r when all cthers ars opera3ing suck ?frat 
cLarge-discharge and mabterance vork c w  5e a c x q i i s l e &  W i t ; l o U t  c m p t i n g  fc r  
zsnpower f=.m ztker reactcrz. 

Z-Piant I n f o m t i m  S 5 ~ 3 d j  

Work is still k i n g  teLrl ic sbsyance u n t i l  off ic i& 5id apgrovai i s  receive,? 
frorn the &2. Tiis is expezted duzing the first Fart  bf  &ns. 

Radiation Protect.isi 

Statist ical  z o ~ s t r l t a t l c ~  was 2rovilel. i n  ccmection v l t h  tze in5ersits  kea255 
f i l m  badge calikzation stuay. 
in farexes  d-awc. 
to coware the c b z s s t e r i s t i c s  cf Eastman sad 3Pcnf film wi+& respect tt 
f & h g  as a fmctF2,z cf tdiice. 
izterested perscns. 

Prelimhary b t a  were analyzes and tents t ive 
An analjsis was made en &*a fyom a recent filz fsLisg sSu6y 

2 e  r t s d t a  of +&e mCy3is vere lntergreted f x  
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Consaltaficn was kelc? v i 3  a member of the Physics an< Inszrument Research and 
2'evelopent Jpezatian for  "Ae pu-rpose cjf giviag mathematia,l and px5akiLis:ic 
expressions for r51iabil ify of a contrcl  system. 

Wzk Segar: on $>e e-.-allatios and conrparieon of the rel ia3Gif ies  of existing 
and prgpossd p a a e z l t  system far  the NPB. 

7!Ll -,e results of a study made t o  determine the number of coolant p r e s s r e  gaages 
w%ch can be bsassed an2 tri2ped simultaneoutily withou5 invdida5inq my normal 
zczam sig-d have bee3 &cumented i n  SW-65.1435. 
5 prcgreas 50 answer the sane questions for  a proposed mdificstion of the 
aa%=y cilcuits.  

A similar invest.iga+,ion is m w  

Qera-ling cbarac te r i s tks  were Cetermined for  sevezal plms groposad 30 yest %e 
r e l i sk i l i t g  of the fuxt iooing  of the S o x n  3a l i  koppers. 

Analyses 5f 2wo s e t s  af s+,uC p c f n g  data were completed. Stud pulling I s  a 

p r y . a i x t  zo regular pr=auc%m fue l  elements. The fzel elemerta iri the otaer 
ses ;'er8 carA& ir- the p f 3 t  p lan t  under varying duplex bs5k socdi2ions. The 
f ac t  %at %e stcd p l L F n g  +,esi; Setected k m w r ,  effec5s of these iiiqlex variables 
on Sand s t r e n e b  gave promise of i%s usabili ty as a routine neasnezaen+, tao1. 

d. "25% use2 t c  treasure %e bond strength of a fuel  element. Ooe set cf Yzese ds5a 

A $ 2 ~ 3  was designee with th? primary parpose of exaraizisrg 21s effec5s 03 '.end 
streng5h 09 duplex bath cyc le  t-es. 
considered 1.7 %is teszc. 
:. 9 . lr 1 ;,. ,' 

Othez varisbles af 'Interest w i l l  a l s c  5e 
2 - - , .  

. 1' . -. i - :. * ., ., 
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Assistance was provided i n  the design of a tes t  t o  evaluate the effects on 
component wettability of vibrator froquency. 

An aaalysis was made of data from an experiment conducted i n  the p i l o t  plant 
designed t o  evaluate the pulse spire agitation technique with respec3 t o  i ts  
effect  on the quality of the spire w a l l  bond. 

An evaluation was made of the effects  af varying quench conditions on changes 
in dimensions after heat t reat ing co-extruded tubes. 
computed fromX-ray diffraction data, were found for the test  samples, it 
was also possibie t o  investigate the correlation between such indices and +&e 
actual dimensional changes. 

Since growth indices, 

Assistance was given i n  connection with the design of a production test t o  
evaluate the UT-2 attenuation tester w i t h  respect to  i t s  abf l i ty  t o  predict 
post-irradiaticn dimensional distortion. 

Irradiation Processing Dep artment 

Several discussions were held with personnel interested i n  *e results of the 
production test concarned with sor t  measurements (sonic crientation resonance 
tester). !be data from t h i s  test are currently being processed. 

An evaluation was made of coal sampling procedures, including the choice of 
cars t o  Se sampled, the system of sampling from the conveyer belts, and the 
compositing of the samples. 

Corroeion data from the enriched I and E run t o  ruptuze tes t  conducted t o  
evalmts  fhe self-scpport concept are being used to further develop e corrosion 
mcdel fo r  I and E fuel  elements. 

Mathematical assistance is being given on a problem of rue2 Sesign. 
cally, the probien! iwclves  desemining the optimum positioning of. fcel 
elemen+, supports so as t o  allow maximum w a r p  within a process tube without 
interference. 
elements, several mathema3ical models have been proposed and are preseatiy 
ucder investigation. 

Speeifi- 

Sased on limited knawledge of the w a r p  cbaracferistics of fue l  

Chezical Processiaa Department 

L r t i i e r  work was Ccne i n  coonec+,i@n with establishicg par5 by part  azsqClance 
c r i t e r i a  f o r  tb f ina l  pro&ct. 

CansideratLao waa giver the problem of determining the size c9 an in-line 
storage f ac i i i t y  required fcr a propose& ccritinuous slag and cruclkle 
diseoirer. 
P-liiniaato the zeceasify 3f removing material from l ine  t o  vault st;orage except 
i n  cnususl cases. 

Two-sized t e s t s  are c u r e n t l y  f?eing d€veiqed. 

If the required s ize  is  cot  too large, such a f a c i l i t y  w m L 3  

Anaiy-XeaL expressions which can be used t o  conrgute the flux resulting from 
specific irregdarly-shaped geometric sources are being developed. 
f o r  spseial  cases which are characterized by the i r  symmetry of locatfoc, 
general ans'w'ers must await the tabulation of several new transcendents. 

Except 

. .*A;.::. ....;;.- -*,e. . * . -I 
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Contract an6 Accounting Operation 

Two reporta were written i n  comection with the Electronic Data Processing 
Operation s k a .  One dea l t  with the FOFCEW-Monitor custcmer service eval- 
uation, and the other wa8 concerned wi*& scheduling routine 709 app l i c s t io~s ,  
specifkal ly ,  haw much ccshlon should 5e aesociated with given applications 
3r ser ies  of appLications such that work cmld  be completed 03 schedule with 
reascllable probabiiity . 
Const,zuc’,ion Eagineering SC Ufilities 

Current data on fair  ccs t  estima5es f o r  HAP0 projects were reviewed. 
pariaom are being made of actual median and low bids with fair  cost 
e s t i m t e s  and predicted low Sids. 

Ccm- 

Rzactcr Kizetics 

Sclutions t.:, the reactor kinetic different ia l  equatim un&r n r i x s  
ass*umpticcs 92 three pawame+,ers icvolved were obtaineC ky anslog m t t z b .  
3 partic*;la:: 2~~32s t h y  exhi5ite8 chazacteristiss incmqasF5ls v i t k  t h s t  
pre2:cisd by thectry for differenrial  equations which posaesa per ic t ic  
coeffLcieata. As a check, i’, was decided t o  obtain She s a e  s o l u s l m s  
3y num&r:2al mth323 OE 3igiC,al equipent .  
k n d  2os;uted t o  gaizl insight on metlm2clogy, c32vergeocs rates2 aad % c c r  
e x t r o l .  
shollle 5e easilj modified t o  the study cr“ the preseaz FrcXem. 

Several triL solu t ims  were 

A0 DM-7.39 ccmputer progrsin has beers or3ere6 frsin SEARE which 
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analyses were perfo&=d on pre-irradiation and post- 
' irradiation diameter and leng*h measurements of4clustered fuel  elements. 

These analyses investigated the vaziation of diameter measu=rements a t  
different positions and orientatians on +he f u s l  element surface and cal- 
culated precision a'a*&ments fo r  tbe estimtes of the change in vcLume 6ue 
to  irradiation. 

Pulse Solumn Test Fac i l i t i es  Study 

The evaluation of the precision and accuracy of a device for e lecfr ical ly  
sizing ',he crganic phase witbout iathrrrrption of %he colum Dpera+,icn is 
currently being considered. 
ing the surface t o  volume r a t io  of the organic phase have been developed, 
and their precisionmu&Lng: saele: aa.ts- are2being eskimeted. 

Appropriate ma+Aematical formulas for  estimat- 

Plutonium Recycle 

S ta t i s t i ca l  evaluation was cmpleted of the estima%ed precision of the prc- 
posed heavy wate: volume csiL3ration program prioz t.2 PRTR starf-up. 
Recmnexlaticns were &e comerning improvement i n  %e p7ecision as a 
Punc",ior? of the instrumentaSian an& the number of repeat caiSrazL%s. 

Atmcsphez:~ Mffusion Studies 
-f 

3iolcgy snd Medicine 

.'%iozk ccntimed on statis),fcal analyais sf data from an experiment introl-;ing $ a c5al;lenqe 9 x e  of ra&.iation applied 50 pre-irradiates, and cocpre-izzaZ.ia+' a- - 
mice. 
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PR-G QPERATION 
MAY 1960 

A. REACTaR DEVELOPMEWT - 4000 P R W  

1. PLUTONIUM RECYCLE REACTaR 

Cycle Analysis 

Computer Code Development. 
i n  fuel cycle codes was the subject of a number of computational exper- 
b e n t s .  

a. 

b. Radioactive decay w i t h  no further treatment: This method 

The method of handling the decay of Pu-2h 

W e e  methods of increasing complexity were t r ied.  

No decay: This method assumes that the decay of Pu-241 is  
a negligible quantity. 

assumes tha t  the loss of the high cross section 
Pu-241 is  by f a r  the main factor. 

Radioactive decay coupled w i t h  a fu l l  treatment of the 
resultant isotopes. 

c. 

Results of experiments show that the difference between methods b. 
and c. i s  slight, a3out 4 m i l l i  K, md i s  constant for  a l l  exposures. 
The non-decay cases (nethod a . )  d i f f e r  significantly from the others 
by a factor which i s  proportional t o  exposure w i t h  a mismatch of about 
40 m i l l i  K a t  an exposure of 20,000 MWD/T. 

The Meleager A2 code was further improved; it w i l l  now provide an 
assigned i n i t i a l  react ivi ty  by: 

a .  Change in  the concentration of a single isotope, 

b. Change i n  the  concentration of two o r  more isotopes a t  fixed 
concentration ra t ios  t o  each other, or 

c. Change in  the concentration of a poison added t o  decrease i n i t i a l  
reactivity. 

The rowh draft report describing the Meleager code was completed and 
i s  undergoing final revisions. 

A portion of the ne3 LOLA optimization code has been successfully 
programed. 
f irst-order analysis) which checked hand calculations. 

The.entire RBU input code has been coded ard checked except for  a few 
short service routines, and is  ready fo r  debugging. 
revisions were made i n  the hbnte Carlo and running time and ra te  of 
convergence were studied for  the problem now being used fo r  tes t ing 

A se t  of sixteen data points as  input gave answers (Yates, 

Several minor 

1 2 4 9 b 0 9  
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purposes, Running time appears t o  be about the same as  the GMC Monte 
Carlo code, although a direct  comparison has not been made. 

A completed PUCK code deck is  being used t o  examine the significance 
of important economic factors on plutonium value. These analyses need 
be made on only three reactor types t o  span the significant range. In 
the meantime another version of the PUCK code is  being prepared t o  up- 
date the physics logic and cross section library. The PUCK physics 
section (GPR) and Meleager burn-up codes w i l l  then have similar logic 
but the GPR code i s  s t i l l  limited t o  U-235 enriched once-through or 
self-sustaining plutonium recycle operation. 

PRm startup 

A plan was developed fo r  combining ATP's (Acceptance Test Procedures), 
Design Tests, and Cr i t ica l  Tests t o  achieve PRTR c r i t i ca l i t y  a t  the 
earlieqt practical date. Requirements for  testing the primary system 
with l igh t  water pr ior  t o  charging %O were examined i n  detai l .  Other 
startup action included review of Process Specifications and analysis 
of individual t e s t s  i n  the Power Test phase of startup. 

Other Activities 

Assistance was rendered i n  planning and scheduling for  PRCF startup 
and experimentation. 
ment were informed of the number and kinds of fue l  elements needed 
for  PRCF startup. 
f u e l  elements. 

Plutonium Metallurgy and Ceramic hrels Develop- 

No problems are  foreseen i n  obtaining the required 

The possibil i ty of obtaining reac t iv i ty  data from MTEI irradiatisns of 
selected HAP0 fuel specimens using the M I 3  -'Reactivity Measuring Facil- 
i t y  was studied and appears t o  be promising. 

Several properties of matter which exhibit isotope 'effects were studied 
with intent t o  identiAV any isotope separation methods which might be 
especially applicable to plutonium isotopes; a low cost method t o  
eliminate Pu-242 from mixtures of plutonim isotopes would be of great 
potential value. Absorption of neutrons, a phenomenon highly specific 
f o r  individual isotopes, was considered as  a means of generating ei ther  
an excited species capable of undergoing high activation energy chemical 
reactions, o r  (e.g., by n, ,8 reaction) a different chemical species 
capable of easy separaticn f r o m  the remining unaffected isotopes. 
While this  approach i s  possibly technically feasible,  the high cost 
of neutrons and the d i f f icu l ty  of obtaining ample fluxes of monoenergetic 
neutrons indicate that  the method i s  probably impractical. 
migration mder unusual conditions Yas given soae consideration and 
w i l l  be further examined. 
t o  promote chemical reaction i n  specific isotopes were examined br ie f ly  
without success. 

Electro- 

Photo- and other radiative excitaticn methods 
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The first  low exposure plutonium bearing fue l  rods t o  be irradiated 
i n  the Savannah River reactors f o r  the production of high exposure 
plutonium for Plutonium Recycle Program use were charged on My 16. 
The availabil i ty of a few kilograms of desirable Canadian material 
f o r  our use has been confirmed. 
would be very beneficial t o  physics studies. 
t o  the actual s i t e  f o r  chemical processing of any of the high exposure 
materials does not permit f i r m  resolution of scheduling problems. 

The ear ly  recovery of such materials 
Uncertainties re la t ing 

A special study was undertaken t o  determine the degree t o  which PRP 
chemical reprocessing expense could be reduced via shortened dissolver 
cycle times using less concentrated n i t r i c  acid i f  the nickel content 
of FU-A1 spikes were increased and the  si l icon content decreased. Such 
a new alloy may show adequate corrosion resistance a d  yet reduce foaming 
tendencies of n i t r i c  acid solutions of Pu-A1 alloys containing substan- 
t i a l  silicon. 

2. SPECIFIC FUEL c m  ANALYSIS 
Additional computational experiments covering plutonium enriched f u e l  cycles 
i n  the Advanced Pressurized Water Reactor study were completed. 
discharged from a 3 per cent enriched uranium cycle was combined w i t h  
depleted uranium to form the fue l  charge ( a t  enrichments of 2.5, 3.0, 
and 4.0 per cent f i s s i l e )  f o r  the next cycle. 
discharged plutonium from these three cases combined w i t h  desleted uranium 
to  form nine new cases a t  e-wichments of 2.5, 3.C, and 4.0 per cent fissile. 
Finally, the discharged plutonium from the nine cases was combined w i t h  
depleted uranium t o  form the fuel charge fo r  twenty-seven nev cases. 

Plutonium 

The following cycle used 

Considerable effor t  was expended i n  attempting t o  determine the e f fec t  on 
exposure of the individual plutonium isotopes i n  the Advanced Pressurized 
Water Reactor phitonium fuel  cycle study. 
completed, the following trends appear consistent f o r  the conditions 
studied. 

Although the study is not yet 

a .  

b. 

C .  

The addition of either P!-239 D r  Pu-241 results in  about the 
sane increase in  exposure Sased on a react ivi tyl imitat ion.  
The addi t im of e i ther  appears t o  have s l ight ly  greater effecr. 
at lower t o t a l  enrichment. 

Pu-240 appears t o  have l i t t l e ,  i f  any, effect on the attaina3le 
MWD/T i n  t h i s  reactor based cn a react ivi ty  limit. 
aoted That this conclusion may change if  one couples i n  such 
effects as &anges i n  reac t iv i ty  or heat generations over the 
course of t he  cycle. 

Pu-242 additions consistently result i n  lawered exposure. 
shorter exposure effected by a given amount of Pu-242 is  oc the 
order of 1/4 t o  1/2 of the increase i n  exposure prduced by a 
like amom$ of Pu-239 o r  PE-241. 

It shmld be 

The 
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, 

Successful d e v e l o p n t  of this data w i l l  greatly simplify obtaining convergence 
of the associated economic analysis. 

Programing of the Fuel Value Economics Code continued during the month and, 
except for small, graded discharge portions, it is  close t o  the final debug 
stage. Preliminary debugging of the Fabricating a d  Jacketing sub-code has 
already been merde. 

The month's ac t iv i t ies  included(1) presentation t o  J. M. Vallance, Washington, 
AEC-DRD, on t h e  code's general composition and purpose, (2) fue l  cycle 
economics discussions with APED personnel a t  San Jose, and (3) f a i r l y  exten- 
sive revisions t o  the code's working capi ta l  cost logic resulting from Use 
Charge and Nuclear Material Depletion pyment information obtained i n  dis- 
cussions with Commission personnel. 

Bsrring unforeseen d i f f icu l t ies ,  the code should be ready for  simple batch 
discharge applications i n  June and for  more sophisticdted and varied appli- 
cations in July. 
refinements w i l l  be necessary. 

However, fo r  rapid use, a communications routine and other 

Four of the eight mjor sections of the LOLA code were written and are being 
debugged a t  this time. These sections are: 

The first order surface f i t  preparation. This, the f irst  l i n k  
of the monitorized Fortran code, has been p r t i a l l y  debugged and 
is  being used. 
any particular experimental med ium.  

The link is  completely general and i s  not t i ed  t o  

The Meleager A compatibility packages. 
link Meleager t o  the LOLA code, one a t  the front of the Meleager 
and one t o  extract and transmit informstion t o t h c  next l i n k  of 
LOLA. 

These two sub-routines 

The Yate's Analysis. 
t ion obtained from the second Meleager compatibility package. 
The first-order surface f i t  is herein constructed. 

This section makes the analysis of informa- 

The Path of Steepest Ascent. The informetion of the Yates 
Analysis i s  used t o  calculate the current "Best Path t o  an 
Optimum". It also contains several error subroutines. 

The second order f i t  a d  analysis plus error sub-routines are not yet 
coded. 

The preliminary report on LOLA is 60 per cent complete iri rough draf t  
form. 
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~ B. BIOLOGY AND MEDICINE - 6000 PROGRAM 

1. RADIOLOGICAL CONSULTATION 

A presentation was prepared and delivered a t  the hearings by the Subconrmittee 
on Radiation of the Joint Committee on Atomic Energy. 

Consultation was rendered concerning the Washington State Advisory Council 
on Atomic Energy, the metabolism of internal  emitters, medical services i n  
nuclear plants, environmental monitoring, and s i t e  selection. Proposed 
material for  inclusion i n  a revision of "The Effects of Nuclear Weapo-n-s" 
was prepared and submitted t o  the Commission. 

C *  OTHER ACTIVITIES 

Professor C.  P. Costello from the University of Washington delivered a 
seminar on the effects of a r t i f i c i a l  gravitational fields on heat transfer 
coefficients i n  boiling systems. 

Fina l  arrangements were made fo r  a University of Washington graduate student 
t o  perform his  thesis research a t  the Hanford Laboratories. 

Assistance was rendered i n  arranging 14 tours (involving 493 people) through 
HLO and HAP0 fac i l i t i es .  

Manager 
PRCGEUNMING 

LH McEwen:dl 
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RADIATION PROTECTION O p E R A = I ~  

.- 

MOIITHLY REPOFU! -- MAY 1960 

Three exempt employees were reassigned within M i a t i o n  Pro5ection Oper&tioD t o  
pro;.ide b r d e n e d  experience. These reaesigmenta, effecti-re May 1, 1960, were 
R. V. Meisinger from Manager, Calibrations t o  Specialist,  Radiological Defense; 
7. M. Milligan from Specialist, Radiation Monitoring t o  Manager, Calibrations; mc?, 
B. G. Lindbbrg from Specialist, W i o l o g i c a l  Defense t o  Specialist,  M i a t i o n  
Monitoring . 
J. D. Forsythe transferred from Exposure Evaluation and Records t o  CPD on .Nay 2, 
1960. 
of the EE & RO on May 2, 1960. T. E. Ludlow was reactivated from a i l i t a r y  lea*re 
on May 31, 1960. 
r o t a t i m  i n  Rpo on ~ s y  31, 1960. 

Emily €I. Szymanski was reactivated and 9. L. Silver was added t o  the r o l l s  

D. W. Constable, Technical Graduate, endee his  three-month 
. 

B. ACTIVITIES 

There were two cases of pliitonium deposition eonfirme& during May. The t a t s 1  
number of deposition cases that have occurred a t  HAP0 is 256 of which 187 are 
currently employed. O n e  of the confirmed depssition cases was discovered by the 
routine sampling program; the other wes detected followi=lg e. kmwa exposure 
inciaent resulting from e f i r e  and the spread 3f phtonilun sir coxtamina2ioc. 
90th depositicn cases a p p a r  t o  involve less than 10 p r  cent of the rnexhixn 
pemissible body burden. mere were 44 radiation inci6e;lts repsrted 53 EE & RO 
during May. 
Nine requests for  exposure smaries  on former HAP0 employees were received and 
ccmpleted. 

None of these resulted in exposures exceeding opersfionsl. controls. 

A tstal  of lo3 persons were cmnted a t  the Wkols Bcdy CQEter. 
persons hakebeen counted a t  the W E .  Stueies t o  rSetermiie axxmulatlon of radio- 
ac t iv i ty  i n  the hair are now i n  progress. Preliminary results ixdicste that 
shampooing becore a whole b d y  count may actualiy hcresse  the rat5ioactivity 
in the hair. 
water. 

k i n g  1969, 513 

This is largely at t r ibuted t o  the r&i%csivity fcnmd i n  the 

Attempts t o  detect uranium 
c o a t  were not successful. Four csses of N 3 +  oczmrense i n  tb b d y  were cis- 
cmered through the rmti.x cman+,ing p ~ ~ g r a r ~ .  1rrrestiSsti:na r e w a l  5ha2 these 
emplqyees had been working i n  the reactor rear face eregs snar-zly after shat- 
dowc . 

a person hevi a high an3 zomtazrt bioasssy 

P- mexi3l?im dose rzte of 23 rsCs/hr End a hand dose r&% cf & r d a / b  tiere observe8 
&zing the  spiking of feed @apeules with Srg* f c r  t ra t  txper4mPnts. Leakage 
frm e? tank containing 150 l i ters of 8 gms/liter plutonim-r.itrate solution 
eaiised eqsipment contazcination t o  80,000 d/m s d  hand contml-tion t o  30,000 
</?p 03 me enployee a t  %e Physical Constants T e s t  Eescfxr. A i r  amples  collected 
at  the work location and nasal smears from the eanplsyee invol-red were below 
detection limits. Prmpt decontami3atfon action was slzccessfkl. Floor ccI?tazd%- 
t i m  t o  100,000 d/m in  Rooms 208 ax3 210 of the 308 Butid- or igha ted  f rm a 
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unmarked box containing several r o l l s  of maskix tape and miscellaneous 
equipment which had been received from the 231-2 Building. 
and decontamination prevented any personnel contamination. 

A bucket of perfs was l i f t ed  f rm the 105-KW basin and after an estimated 
15-20 seconds, it was discovered that an irradiated slug was i n  the bucket. 
The radiation alarm system was 3ot working a t  the time. Film badge resul ts  
fo r  the employee direct ly  involved indicated doses between 200-300 m r .  

Personnel from RPO components participated i n  the 1960 Operatiom1 A l e r t  Exercise 
held on May 3, 4, and 5. 
Emergency Relocation Center. 
year through the use of fragmentary information obtained intermittently throughout 
the exercise period fran the normal .crxnnrmnication channels. 
affecting the Hanford operations were: 
Richland causing fal lout  levels i n  the separations and reactor areas that pre- 
vented per80nnel entry f o r  several days, a flood from the destruction of Grand 
Coulee Dam readered reactor water supply systems inoperable and destroyed elec- 
t r ical  service and telephone lines; and a bmb burst  a t  Spokane clestroyed te le-  
phone anl! teletype trunk l ines ,  thereby isolating HAP0 f rm connnunfcafior: K i t h  
other parts of the nation. 

Prompt discavery 

The exercise f o r  Hanford was conducted a t  the Mobile 
A more realistic practice was conducted t h i s  

The .events d i rec t ly  
a two megaton burst  10 m i l e s  -W of 

A set of working limits was established f o r  the discharge of the liquid radio- 
actfve waste t o  the r iver  from the molR installation. 
reactor was reconrrnended a t  5 x 
Further recommendations include imprrfement of stem monitoring eqAipent by- 
passing the shielded coolaat yater and a review of the analytical program. 

Mazdatory shutdown of the 
pc B/cc of water at  the poin5 of measurement. 

A .mber of ionization-type finger r'ag dosimeters were readied fo r  limitee 
f ie ld  test. 
r,orrec+;ion factors w i l l  have t o  be applied t o  a t t a in  good dose estimates. 
gama m y  spectrum frm plutonium has been arb i t ra r i ly  &Fvi:'eC into 3 . m  energy 
g r c ~ p s  and the finger ring response has been dete-mined fo r  each of %ese energy 
grcnrpa. 
tor t ion resulting from the shielding properties of h o d  q l a - 5 ~  cmpose8 of neo- 
prene and with zinc cr lead coatings. 
%ese materials a t  the gsmma ray energies 
the necessary information has been incorporated into the calibration curves 
that are required t o  izrterpret ionization-type finger ring resa i t s  

Energy depen6ency studies showed that fcr energhs 3ehw 300 Kev 
The 

These calculations have been corrected for  the energy spectr-m dis -  

Studies of the shielclirg properties Df 
interest  have been xxnpleted and 

k n f o r 3  3rawir.g SL-3-94-84 ent i t led ,  "Personnel Zosimeter Mode1 III" was scingieted 
by Drafting. 
i n  the April repsrt. 
xsed i n  this Lew 8csimeter was hves%gated both ?,heoyeticslly a 2  experbentally.  
Io ideal cmbinat im of absorbers hss yet been fo& which w i l i  exhib i t  character- 
i s t i c s  required for precise discriminatioa of low-energy gamma radiatioa and beta 
rbeistiol?. 
meit pr3gram and although a solJiticr-to th i s  discr+slbatian prDblem has l o t  been 
f c ~ n d ,  enmmagi-w resu l t s  have Seen observed. 

F < a l  b i l1L . t  for  the Oak Ridge Cr i t i ca l t t y  Dosimeters ( 3 n s t  Doshietera) was 
$70,402.50. The i n i t i a l  quczed cost f o r  the 90 CevZces-prshased for  W o r d  
use was $39,150. 
Savannah RiTrer c r i t i c a l i t y  neutron detection devices is being s:Jdiect azd 
evaluated 

The basic sharacter is t izs  3f t h i s  b a g e  dosimeter were mentlo3erl 
The. ~c+riL81 selection. Gf t-he absarbers o r  sklel2s ta ?x - 

rv 
-F 
3 
G 

u-l 

Experiments are  continuing i n  th i s  phase of the frsimeter ZevelDp- 

- 

RE use ot" e moreeconomically p x t i c s l  systen: sini- tc t h  
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The Solumbia River Monitorilg S t a t i m  has operate3 ,.soughogt the month 03 a 
test  basis. 
essentially duplicate fail-safe fire alarn systems. 

The alsrm system has been redesigned and i n  Lts.Fresent 9am ri l l  

The Specialist, Radiation Protection, attended the two weeks 9 p b l i c  hearizgs 
on Rad'htion Protectim Standards - Their Basis a d  Vse, he= i n  Waahiagtoa, D. C. 
by the Joint Conrmittee on Atomic Energy. 
participaticn a t  the hearings was prepares. 
Sanford participants. 

Same or' the material fo r  the W O .  
Cor,sJlting service wes grovite?, 

c .  EMPLClYEE RELATIONS 

Three suggestions were received t h i s  month. 
evaluated during the month. 
of the month. 

A t o t a l  of six suggestions were 
There'were no outstaxding scggestioos a t  the ene 

No awads were received by Rpo personnel. 

There were two medical treatment in jur ies  duri.?g the mmth f a r  3 frequency of 
0.9. No sec*arity violations occurred during May. 

Radiation pratection training included: 
control and Controlled Injury Zone Frocedures t o  308 5 J L 2 i n g  craftsme:?, one 
igdoctrination lecture t o  new employees, one l ecbue  on PE!R operation t o  RP3 
personnel; and a repor t  t o  the RPO exempt fcree a~1. the eveats ~f OperstLo=l 
Alert 1960. 

one ix fon t ioz l  meet+hg on sontmfaaSion 

L. G. $a;rst, and L. C. ROJse a t t e d d  the Emergeacy Iialtistkn Ncr?i+,crisg Team 
Training Exercise a t  tk?e Nevada Test S i te  f o r  one week. 

3. SIGNIECAV FEPOKTS 

"Anal.ysis of Rdiol3gicsl  Cate for the Mozth of AFriL, 1960" by 
R. 5. ZUnkiES. 

"Monthly Eeport - May 1960, Radiatiar! Monitarbg *erdtiad' by 
A. J. Stevens. 

"Fa2iczsctive CorJtminction i n  Liq;riB Waste 3ischsrg;erl t o  SGrYinC at 
$ne Separations Fac l l i t i es  Tkrorrgh Qecember, 1959" by M. W. KzCaalga. 

"5ackscatter Effects Isfkiencing Calibrazion of E3'- %besl' by 
2'. 9. Saaders. 3 
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ENVIRONMENTAL MONITORING - RESULZS - (Mid-April 1960 - Mid-May 1960) 

Sample and Location 

Drinhing Water 

100-F Area 
Separations Areas 
Pasco 
Kennewick 
Richland 

Columbia River Water 

Above 100-E Area 
100-F Area 
Hanford 
Pasco 
McNary Dam 
Vancouver, Washington 

Atmosphere 

Separations Areas 
1131 Separations Stacks 
Active Particles -.Project 
Active Particles - Envirws 

Activity 
rype 

I sot opi c 

Isotopic 
Isotopic 
Gross Beta 

Gross Beta 

Gross Beta 
Isotopic 
Isotopic 
I s ot opi c 
Gross Beta 
I sotopi c 

Monthly 
Average 

0.8 
< 3.0 x 

7.0 10-9- 
2 02 
3 -9 

1.8 x lom6 
0.5 

16 

1.3 x 10-l3 
0.6 
0.4 
0.1 

Vegetation (Control limit for vegetation is 10-5 pc 1131/g) 

Separations Areas 9 3 1  1.5 x 
Residential 1131 < 1.5 x 
Eastern Washington and 

Fission Products iess Gsnrma 

5 Oregm ,131 < 1.5 x io-* 

I13I - Wash. and Ore. Emitters < 1.0 x 10-5 

units - 

gc/cc 
Combined curies, . 
ptle/100 m3 
ptle/lOo m3 

%e $ Mpc is the percent of the maximum permissible limit for occqatioral 
e-osure %! th2 gastrointestinal tmcs calculated from drinking -,rater li&t,s 
contained in NES Handbook 69. 

-The $ MPCGI is the Rrcent of the maximum permissible concentrations fl9r 
perwns in the neighbarhcod of ccatrolled areas for cocXnuTds axposure t.o 
the gastroin3estinal tract calculated from drinking water limits czntained 
in NBS Handbook 69. 

m s  location is now sampled quar-terly. The most recent result is tabled. 
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Exposare Incidents above Permissible h i t s  Whole Bo& Localized 
0 0 
1 3 k Y  

1960 to Date 

Last Gaarma Pencils 
Pencils Psired Redings Psired hd-3 

Processed 100-280 m r  Over 280 m r  Read'bWS 
1 0 

7 
152 

1,120 17 
15,248 &Y 

1960 to Date 89,288 

Seta-- Film BadRe B 
Badges Reading3 Redings Readings Last Average 2ose 

Processed 100-300 mads 300-500 mrads Over 500 mr&s Rea=ZinRs Per Film Paeke? 
mad(aj) m!S: 

7.57 13-55 MaY 11,086 752 56 29 e2 
1& to  
Eate 58,613 4,607 220 10.61 18.7t 212 

Yeutron Film Badge 8 
Film S a d i q s  Reaaixlgs ReedIIlge hst  

Processed 50-100 m m  100-100 mrem Over m r e m  Readinea 

1,287 
5 , 501 

104 
945 

0 
1 

14 
71 

0 
0 

0 
25 

0 
0 

0 
0 

7 3  
21 

- 2,613 
198 

T&d. 99 

9 
25 

? . I =  

4 .  
0 
0 

- 

0 

k 
- 

9 
20 

479 
13 
1 
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Uranium Analyses 

Ssmple %script ion 

Fuels Preparation 
Fzels Fkeparatim* 
sSe+ord Isboratories 
W o r d  Laboratorie@ 
Chemical Processing - 
Chemical PrxessingrC 
Special Incidents - 
Raadon 

Following p y ~ ,  
Units of 10' CI 

Maximum Average Samples 
Number 

771 17 
15 15 

618 30 
116 41 
82 7 -8 
37 11 
0 0 
1.6 0.9 

65 
.2 
30 
3 

77 
9 
0 
5 

Following Period f No Exposure 
units oz 10-8 wc u/cc 

.Max- Average k m l e s  
*&iIlber 

48 
0 0 0 

32 
0 0 0 

69 
4 2.9 1.8 

0. 0 0 
0 0 0 

5 .4 

4.9 

4.3 

54 

22 

49 

* Samples taken prior t o  and after a specific job during work week. 

~ a y  1960 t o  Date 
19 151* 

Thyroid Checks 
Checks Taken 
Checks above Detection Limit 3 3 -  * Iacludes a t o t a l  of 1% c o u t s  made prior  t o  May 1960 which w e r e  

not reported previously. 

Hand Checks 
Checks Taken - Alpha 30,717 1 59,065 - Beta-- 43,522 226,340 
S k h  Cczitambat ion 
Plutonium 25 1.15 

46 212 
4 24 

321 
767 
L& 

2,176 

1,252 
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LABORATORY AUXIL- OPERATION 
M0-y mom - MAY, 1960 

Security performance fo r  the Operation wss satisfactory with no violations 
during the month. 

Safety performance of the Operation was considered satisfactory. 
were no major injuries; the minor injury frequency rate  was 3.72 which is 
considered about average experience. 

There 

TECHNICAL SHOPS OPERATION 

Tota l  pmductive timc fo r  the period wa8 21,954 hours. 
14,461 hours performed in the Technical Shops, 2,644 hours assigned to 
M i n o r  Construction, 562 hours assigned to other pmjec t  shops, and 4,287 
hours assigned to off-site vendors. 
which 7546 I s  required in the current month vith the remainder distrlbuted 
over a 3-month period. 
(1,415 hours) 02 the total available hours. 

This includes 

Tota l  shop backlog is  23,149 hours of 

Overtime hours worked during the month was 7 . s  

Distribution of time was as follows: 
Man-hours $ of Total 

Fuels Preparation Departaent 2,109 9.6 
Irradiation Processing Department 731 3.3 
Chemical Processing Department 1,075 4.9 
Hanford Laboratories Operation 17,662 80.5 
Construction Engineering & Ut i l i t i e s  12 .1 
M i s  cellaneous 365 1.6 

Reqyests for  emergency service incrcased to a level  which required an 
overtime rate  of 7 . s .  T o t a l  backlog increased agpmximately 346, but 
the short-range nature of the work required the subcontracting of 7,493 
man-hours to other pm ject  and of f -s i te  shops. 

One additional machinist has been requested to report for  work on June 20. 
Screening of candidates for  two additional Journeyman Machinist positions 
has been completed and twr, men f r o m  Pueblo, Colorado have been requested 
to report by July 15, 1960. A Stock and Tool Attendant position is  s t i l l  
open with on-site candidates being considered. 

Purchase orders were placed fo r  several major pieces of new shop eqyipment 
with delivery of a l l  but one piece expected by July 1, 1960. 



UNCLASSIF'lED H-2 

RADIOGRAPHIC TESTING OPERAMION 

A total of 3,337 t e s t s  were made of whish 1,044 were radiographic 
(bcluding x-ray and gamma-ray) and 2,293 were supplementary tests. 
Out of a total of 2,553 man-hours, 783 (30.6$) were in connectioll with 
radiographic tes ts ,  and 1,770 (69.4s) were used on supplemen%ry tes3s. 
The supplementary test work included: autoclave; borescope; eddy current; 
leak testing; penetrant (fluorescent O.D. and I.D.); gurface tmahuent 
(alkaline cleaning, pickling, and vapor blasting); and ultrasonis (flaw 
detection, core integrity, bond testing, and thizkness measuremen*) 

The number of pieces handled this m n t h  totaled 2,983 items. 
of material represented by theae items anrounted to 42,493 feet .  Work on 
tubular comnents  continued to account fo r  the large percentage of the 
footage of material tested. 

!Ehe f ee t  

Work was &ne fo r  20 different organizational components representing 
most of the operating'departments and service organizations. 
35 reports were issued detail ing test findings with conclusicns snd re- 
commended action. Radiographic Testing Operation'was consulted on 35 
different occasions for advice and information on general tes+,ing theory 
and gpplications for  other than the Jobs +abulated in Part 11 - Testing 
S ta t i s t izs .  

A to+d of 

Considerable progress is being made i n  the equipment and building mcdi- 
fications a+, C-25 Building, White Bluffs, but the construztion ezhedules 
are nct being maixitained. 
stalled.  
office areas. 
f ac i l i t y  i s  s t i l l  not a t  a point where it can be +,eeted. 
o f  the pickling f ac i l f ty  has been started. 
rinse and storage tank has been enlarged and is  approximately 80$ 
complete. 
material handling fac i l i3 ies  are progressir?g rapidly; the unioadinq and 
loading stations have been completed, both a t  %he railmad a i ? A q  and 
a.3 the receiving end of the building, and a3 the shipping end; the monorail 
instzlla+,ion in the ncr5h end of the  b-ailding has beexi s+,art.eci. 

The building siding has beeo wmple*&ly in- 
Also completed is the sprinkling system in the process and 

Installation of the au*aclaves is  still progressing; the 
MotZflza3ion 

The deionized cold water 

The Pipe and pump modifications are i n  the design stage. 

Productive tes t ing has been sharply e&,ailed because of  5he l a d  of -bee 
to be tested an0 because of the construction sctivi3y vhich has resire8 
shut b w n  of certain equipment item. I n  +,he interip,  **e is Seing =de 
of %he available time fo r  tes t ing  equipnient aLi@umn$ and f c r  +,rafnhg of  
tes t ing personnel. 

Field wcrk i s  proceeding routinely. 
ultrasonic *hickness measurements in the 100-F Area has been mmplefed. 
Work is being carried on, on a continuing basis, for  the 9%ology Cpera5ion 
at +,he 100-F Area animal fann involving swine and stron5iun Sr-90 p i c k - ~ .  
Field opera+;ion ac t iv i ty  Will be au-ented by the eonstructior ci an x-ray 
exposure mom in the southeast corner of the C-25 Buiiding. 
will  be poured t~ provide adequate shielding fo r  protection of  persomel 
and p e a t  x-ray work to be carried on during the day shift .  

The gresaure vessei s m y  invclving 

Concrete w a s  
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300 Ares work continuos st a high level.  
tested was increased by 32%. 
through September 1960 and will involve additional testing. 
of a new ultrasonic tank for  W U  rods will be conpleted June 1, 1960, and 
installed in the 308 Building. Modifications to the flrlorescen5 penetrant 
station in the 3l.4 Building is  i n  pmgress with i n s 5 d a t i o l i  of a new wash 
tank and tube drsin rack. 
f r o m  White Bluffs and placed in  314 Building. 
work c m  now be &ne in th i s  faci l i ty .  
306-A Building is  about 504 complete. 
room would be of considerable benefit I n  meeting preseni; commitments. 

The number o f  finished TPU rods 
The current W U  order h s  been extended 

Fabrication 

The sheath tube borescope s+,and has been moved 
Complete fluorescenr; penetrult 

Instal la t ion of equipment i n  the 
Availability of the x-ray e-osure 

Testing S ta t  i s  t i c s  

No.of Ft. of Weld No. of 
Component Tests or Material Pieces 

CE&U 250 127 179 

CPD 

m 

I P D  

60 

2272 

745 

- 
Total 3337 

57 39 

34,148 2236 

De 8 crip t ion 

Film interpretation of radiogra-phs 
PRTR site; Radiogrzph welcl on 
Qualification coupon; Rcdiogrzph 
c r s t  section of fbur  pressure con- 
t r o l  valves. 

Rydiogrzph welbc on n p z r  l ine  
bwer; Radiogrqh welds ori H-L 
vessel. 

Aiuminum pot with T.C.; .505" I .D . ,  
s.s tubes; Zri2 clad U€Q fue l  rods; 
s.s shez3hed thermocouples; NaK 
capsules; .680" I.D., zr-4 tubes; 
Uwchined W U  fuel rods; Pu $est 
samples; Rdiogrilph Pdm fabri- 
cation; H3s;aloy and Inconel 
tubing; ,582" I.D. S.S. tubes; 
Fluorescent pene+,rat  t e s t  - 
Hastaloy 900 e l l s ;  P U  fuel  E&; 
Perform ultrssonfc 5hickaess 
messuremems of pressure vessels 
and hi-tanks i n  100-F; PmR tubee. 

Radio g r ~ p h  weld &if icafion 
coupons; Cleaning; Perform helium 
le& t e s t s  in U O  receiving 
sta7.ion a d  i n  105 Building; 
Immerscope cf 57' z i rc  tubes. 

UNCiiSIFIED 
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CONSTRUCTION OPERATION 

There were 49 existing J. A. Jones Conpany orders at the beginning of the 
mnth with a t o t a l  uneqended balance of $153,43l. 
orders, 4 supplements nnd adjustmen%s for  underruns amunted t o  $i23,039. 
Expenditures during the month on HKI wcrk Were $126,310. 
Jones backlog a t  mnth 's  end was $150,160. 

Forty-three nex 

Tc%al  J. A. 

HL (=EW 
Unexpended Unexpended 

No. Balance - - No. Balance 

43 
Orders outstanding beginning of month 45 $ 141,277 4 $ 12,154 
Iesued during the month (1nc.Su-p. & Adj.) 
J. A. Jones Expenditures during month 

Balance a t  mnth's end 
Orders closed during mnth  

120,039 0 3,000 

(Inc. C.O. costs)  122,219 4,091 
50 130,097 3 u, 063 
38 82,gim 1 4,505* 

* Face Value o f  Orders Closed 

Pzbjecf CG-744 - 306 Building Addition 

A l l  17 major pFeces of equLpuent are now i n  the i r  f h a l  locatAon in the 
building except for  the Roller-Leveler. This ewipment piece cum03 be 
se+, f o r  about two weeks because of lump sum contrrc+br work in  t h i s  erea. 
Acceptance t e s t s  have been rm on five pieces of equipment and five more 
 re scheduled. J. A. Jones w r k  i s  80% complete. 

Pmjec t  CG-747 - 308 Building 

All 5.2% three of the punzh l ist  i tens  have beec completed. 
i t ens  one was deleted, another is 
cmpleted this mn+kA. 

Of +hese three 
complete and $he other one will be 

The work order to  plant forces fo r  r e m d  of equ',pmesl+, i n  231-2 and trznsport 
%s 3a8 Bailding has been closed r?;l+,. 
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FACILITIES ENGINEEFUNG OPERATION 
? 

Projects 

There were 17 authorized projects a t  month's end with total authorized 
funds of $6,418,765. 
$8,257,765. There were no new pro jec ts  authorized, and none completed 
o r  submitted to the Commission for  approval t h i s  month. 

The total estimated cost of. these pro jects  is  

The following summarizes the status of  EL0 project activity:  

Nunber of authorized projects a t  IPonth's end: 17 

0 

0 

0 

3 

Nuziber of new projects authorized during month: 

Projects completed during the month: 

New project proposals submitted t o  AEC during month: 

New projects awaiting AEC approval: 
CGH-832, Full Scale Physical Constants Testing Reactor 
CGE-874, Consol iaa~cm of Plutonium Metallurgy Fac i l i t i es  
CGH-896, Stress-Rupture Testing Fac i l i ty  

NOTE: New proposals ready f o r  transmittal  to the AEC are: 
Uranium Scrap Burning Fac i l i t y  
Structural Material Irradiation Test Equipment - "ETR" 

The attached project report detai ls  the s ta tus  of individual projects. 

Engineering Services 

Engineering work perfonncd during the month included the foUwlng l i s t e d  
major i tems  as w e l l  as scope engineering f o r  project proposals. 

Status - Ti t l e  - 
329 Building Cooling Problem Field work is progressing. Scheduled 

completion is June 30. 

Elez+,ric Hoist - Graphite Shop 
37304 Building received. Field work has s tar ted.  

Crane, hoist and rails have been 

Refrigerated Air Conditioning Work complete. 
mom 130 - M-FR Building 

Pressure Vessel Study This is a continuing vork program 
involving IIIX) vessels, prersurc 
systems and related safety devices. 



Ti t le  - 
Coaxial Cable Between 325 and 
329 Buildings 

E-6 " m-65459 

Additional Iuxpmvements to Air 

3706 Building 
Supply - IZOOms 204 a d  206 - 

Laboratory Furnace Instal la t ion 
mom 39-B, 326 Building 

Alterations to Negative Ion 
Accelerator - 3745-A Building 

Glove Boxes - 325 Building 

EqyipIEent fcr Cr i t ica l  Mass 
Studies 

Study Potable and Process Water 
System - 325 and 329 Buildings 

Fire Detection System - 314 
Building 

Cr i t ica l i ty  Alarm - 300 Area 

Reactor Effluent F i l t e r  - 
P i l o t  Test Fac i l i ty  - 100-D 

Improvement to Animal Waste 
Disposal System 

Atmspheric Physics Senrice 
Cen5er 

Electr i f ied Fenced Animal Pens 
and Pasture 

Status 

Field work has started. 

F i l t e r s  hatre been received, In- 
s ta l la t ion  to start during -e. 

Engineering complete. Ma;terials 
on order. 

Design complete. Installation work 
complete. 

Engineering design i s  complete and 
fabrication has started. 

Materials on order. Detail desiep 
is about complete. 

Work in pmgress. 

Material on order. Instal la t ion to 
start June 15, 1960. 

Installation work s t b e d  during May. 

Design and fabrication has started. 

Desi- work startbed. 

Engineering study is  complete. 

Field work has started. 

Drsftlng and Design Services 

Work load is constant with heavy backlog. 
Buildings are busy with steady work loads. 
been perfonaing an increasing anrount of w r k  for  the recycle pmgrm. 

Branch offices in 306 and 308 
The central drafting mom has 
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MaJor desle  and drafting work in progress includes the following: 

1. 
2. 

3. 
4. 

5 .  
6. 

7. 
8. 

10. 
u. 
12. 

13 

14. 
1 5  

Break away Corrosion Loop (6 drawing8 - 50s complete). 
Spec id  Tools - Scope - H i g h  Level U t i l i t y  Cell - 327 Building 

PKPR Fuel Element Rupture Fac i l i ty  - Scope. 
PRP Cr i t ica l  Faci l i ty  - Details of in -ce l l  piping, ventilation 
and e lec t r ica l  work (10 dravings required). 
b a a i n g  Dock Enclosure - 321 Building (3  dravlngs - 
A, B, and 0 Hand and Shoe Counter - (approximately 16 drawings - 
g8$ complete). 
Ultrasonic Test Tank - (8 drawings required - 50$ complete). 
Physical and Mechanical Properties T e s t  Cell - 327 Building - 
E'c@$ment Scope (6 work sheets completed). 
Extrusion Tools for  700 Ton Press (8 drawings r e p i r e d  - 6 drawings 
completed). 
Design for  Pyro-Chemical. Test Fac i l i t y  ( S O $  complete). 
PKPR - PFPP Grounds Improvement (4  drawings - 1004 complete). 
"In-Pile" Test b o p  - "C" o r  "K" Reactor (12 drawings required - 
go$ complete). 
Remte T.V. Inspection of  Pmcess Tubes (7 drawings required - 
30$ complete). 
Periscope Viewer - Reactor & Fuels (8 drawings estimated). 
Scape design - Structural Materials Irradiation Tes t  Faci l i ty  - 
"ETR" - (15 drawings required - 104 complete). 

( 3 6  colqple*) 

complete). 

In addition to the above work, miscellaneous small  design-draf%ing jobs 
are i n  progress. 

Approximately 250 drawings including sketches, work sheets, 'and fmmzl 
drawings were completed during the mnth  of May. 

BLO P l a t  Maintenance and Operation 

Costs: March $ 13,404 
A ri l  10'7,505 
{tal, thru April 1,320,478 

Analysis of  costs 

The expenditures were + 4s of each category, and within 0.5% of the 
forecast total.. 
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Improvement Maintenance 

Item 
Heating & Ventilation Correction 
Relocation & Alteration 
Paint 
Electrical  hprovements 
Lighting 
Crane Installation 
Mis cellanemus 

- 

Total 

April 

$1,589 
301 

0 
0 
0 

480 
3,754 

FY tm 4r i i  
$ 67,000 

34,682 
ll, 736 
1,342 

413 
25,390 
8,298 

$ 6,124 8 147,491 

Miscellaneous 

Appmximately 23,400 square f ee t  of  p r in t s  were repmduced during the 
mnth. 

The t o t a l  estimated value of the 18 requisitions issued during the mnth 
was $6,000. 

TECHNICAL m R M A T I O N  OPERATION 

Confirmstion was received f r o m  the National Science Foundation, Washington, 
D. C. on scheduled dates f o r  displaying two mSF exhibits a t  Hanford for  3 
two-week period - suly 28 t o  August 15, 19-60. Exhibits are  on "Foreign 
Science Literature'' and 'Progress in Information Processing. '' Both 
exhibits consist of a t t ract ive display panels occupying some twenty l inear  
feet ,  with "give-away" material included. 
f o r  one week each in the 3760 Building and the 703 Building Lobbies. 
publicity is  planned. 
colleges and universities whdch have also scheduled the exhibits. 

Exhibits will be s e t  up alternately 
bed. 

The only cost to HAP0 is  shipping charges from nearby 

A t  the request of Nuclear Metds, Inc. we supplied glossy pr in ts  of several 
photographs from HW documents fo r  use in a book on Fuel Element Metallurgy 
and Fabrication sponsored by the AEC. 

In  July 1959, a study was i n i t i a t ed  of the procedures which govern the 
access to documents in the Classified Fi les .  
force, chairmanned by the Manager, Technicel Information, w3s s e t  up. 
The Task Force submitted i ts  report in Jan- 1960. 
recommended the establishment of 4 sensit ive catewries  of information f o r  
access purposes and these recommendations received HAPO endoreement. 
Commission has requested HAPO to cooperate in working out the detai ls  with 
the AEC Divisions involved. 

An interdepartmental task 

The committee 

The 

I'he 24th Edition of  M-3679, Standard Distribution L i s t s  for Classified 
Scient i f ic  and Technical Reports, was received in Files  in l a t e  April 
and it represents 3 major revision of the Commission's report distribution 
sy'stAh. : A ntw'categpryY.:C-4b Nuclear TechnolOgy, .is:to-.bs~ used for distr$buticn 
of - dl classified reports not  d i rec t ly  revealing nuclear weapon technolagy 
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o r  actual production rates of fissionable materials. 
technology t h a t  reveal actual o r  planned plutonium pmduction rate  data 
are placed in another new category, C-65 Plutonium Production. 
HAP0 classif ied repor ts  will now f a l l  into one o r  the other of  these 
categories. 
pxuperly quslified Access Penait Holders. 

Reports on plutonium 

Abmst a l l  

Reports i n  these categories Kill also be made available to 

Technical Infomation was asked in December 1959, to uuderC,ake a review 
of  Hanford reports in categories C-66, C-67 and C-68. 
part of the Commission's prel.lmtnn.ry pbu l ing  for :  

This review was 

(1) m e  recently announced changes in the access permit program. 

(2) The changes in distribution of formal research and devebpment 
reports as reflected in the latest edition of M-3679, Standard 
Distribution L i s t  for Classified Scient i f ic  and Technical Reports. 

The purpose of the review was to detexmine whether the reports  were obsolete, 
superseded, o r  to which of the new M-3679 catewries ,  C-44 o r  C-65, it should 
be assigned. 
tives. 
o f  the review sheets were also prepared and Kill be retained by HAP0 and 
Hi00 respectively fo r  future reference. 

O v e r  TOO Hanford reports were reviewed by Department representa- 
The results were t rasmi t ted  t o  RM) on May 6. Two micmfilm copies 

Agreemen+, on the "Pmposed Guide to Atomic Weapon Data a t  Hmford", 
Hw-63726, was resched. 
for app m val  . It has now been forwarded by HOO to Washington 

In  connection with our plans *a automate certain Classified Fi les  office 
routines, two meetings have been held with vendors of automation equipment. 
Others are planned. 
to s e l l  and we describe our needs and problems. 
O l i v e t t i  and Reminpan have been held and one v i t h  Friden is scheduled. 
It appears probable that any eqipment purchased could also be used f o r  
other work within HIXI. 

A t  the meetings, the vendors describe what they have 
Meetings with Underwood- 

The programming logic required f o r  transferring the periodical subscriptions 
ae5lvity t o  fape has been worked out end the program i tee l f  i s  being written. 
The two subscription order forms (the fanfold form f o r  ISM prin3ing of 
renewal d a t a ,  and the multiple form fo r  new subscriptions) have been 
designed, reviewed by the plant Pmcedures S.oecialists, and given +a Fornu 
Contml f a r  orderiag. 

Work Volume Sfa t i s t i c s  

A p r i l  
Document Distribution and Files 

Documents routed and disch=rged (copies) 18,297 
I k m n t a  issued (copies) 10,054 
Documents sent off-si+,e (copies) 3,8= 
Document reserves f i l l e d  (copies) 84.4 
Documents picked up and delivered 19,470 

May 
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Document Accountability May A p r i l  

Holders of classified documents whose f i l e s  
were inventoried 609 3 4  

Documents inventoried in Fi les  (copies) 11,777 15,206 
Documents destmyed o r  =+,ired (copies) 2,973 1,439 
bcunrents revised (copies) 1,350 2,171 

Documents reclassified 460 285 

COlVFulEmTIAL Q cuments on-site 207,673 =,157 

Documents pulled and documents f i l e d  (copies) 13,274 u, 707 
Accountable copies of SECRET and DOCUMEKCED 

Reference and Publication 

Books cataloged (new t i t l e s )  
Books added to the coilection (volumes) 
Ready reference questions answered by 

professional staff 
Literature searches by pmfessional staff 
Reports abstracted ( t i t l e s )  
Formal reports prepared ( t i t l e s )  
Off-site r e p e s t s  for  BAPO r e p o r t s  (copies) 
Reports released to CAP (t i t les) 

Library Acquisitions and Circulation 

Books ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicals circulated (issues) 
Inter-Library loans 
Films bormwed o r  rented 
Industrial film showings 
Bound periodicals added to the collection 

140 
259 

125 
95 
302 
8 

325 
31 

292 
59 

2,002 
3; 208 

82 
32 
93 
.81 

101 
212 

140 
99 
248 
14 

388 
60 

426 
286 

1,891 
3,052 
167 
20 
62 
292 

Library Collection: 

Main Library W-10 Lib- 1084 Libram Ind.Med. % t a l  

No. of books 29,410 8,395 1,601 2,013 41,419 

No. o f  bound 
periodicals 13,781 

Tofal 43,191 
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Classification and Declassification 

Documents, including drawings and photographs 
reviewed for  downgrading o r  declassification 

Documents and papers (intended for  o ra l  presentation 
o r  publication) reviewed for appropriate classification 

Documents submitted to Declassification Branch, 
O a k  Ridge 

HW-65459 

A p r i l  May 

4 61 

46 24 

6 1' 
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PROFESSIONAL PLAcgMEKT AM) 
RELATIONS PRACTICES OPERA!rIoN 

As of b y  3, 1960, the staff of the W o r d  Iaboratories totalled 130, includ- 
ing 619 exempt and 6% nonexeqt employees. 
degrees, including 3 3  B.S., 114 M.S., and 101 Ph.D. 

Of the total, 528 possessed technicel 

HEAIIPH, SAFETY m SE- 
The medical treatment frequency for M y  was 1.77 as compared with 1.68 for April. 
There were no disabling injuries or serious accidents during the month. 
was 1 security violation, bringing the total for the year to date to 10. 

Tvo papers on the investigation and control of pressure eqaipment accidents were 
presented at the AEC and Contractors' Annual Safety Conference. 

There 

pRoFEss1om PLACEmm! 

Three graduates from the Advanced Engineering and Creetive Engineering Programs 
and 7 graduates of the Company's MBnufecturing Training Program visited for 
employment interviews. Six offers for HApo's Technical Graduate Program rennin 
open. All of these men are summer graduates and are outstanding candidates 
worthy of consideration. For the recruiting year to date, there have been a 
total of 194 offers extended resulting in 81 acceptances. 

Five Technical Graduates were added to the Program rolls and 6 accepted perPlanent 
assignments during My. 
cluding 9 meabers of the Engineering aad Science Program end 5 Technician Trainees 
on Program ro l l s .  

At month's end there were 38 Technical Graduates, in- 

Six Ph.D. candidates visited W o r d  for employment interviews. 
&ended and one acceptance was received from an ecologist f o r  assignment with 
Biology. For the year to date there have been 8 Ph.D. acceptances received. 

Four offers were 

EMPLoyMEmT 

Twenty-nine nonexempt vacancies were filled during the month. 
of 33 new requisitions and the cancellation of 4, there are currently 37 non- 
exempt vacancies for which 23 candidates are in process and 5 transfers are 
pending, leaving 9 candidates yet to be procured. 

With the receipt 

coMPEmsATIoN 

A 2$ increase in the exempt salary structure was approved, effective June 1, 
1960. A 45 trend w i l l  continue to be used. 

UNCLASSIFIED 
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CWEI!IWPION ( C a n t . )  

Clarence H. Ham, a machinist trainee in Technical Shags, died on 5/24/60. 

Professional Placement 
and Relations Practices 
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=LE I1 N O W T  EMPLOYMEXI 

Nonexemt Emlomtent Status -Aaril h y  Nomloemt R.ansfer Beauest A m ,  
Requisitions Transfers 

- 

At e d  of month 

Cancelled 

Active cases a t  erd of 74 
mo. 

28 37 

4 4 cancelled 1 

73 

3 

Received 25 33 %W 8 4 

Fi l l ed  7 20 zffected 1 2 

1 2 4 9 b 4 1  
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C - Technical Graduate and Technician Training Program 
Month ending M y  31, 1960 

!E Program 

Number of Personnel on Assignment 38 
(HAP0 Tech Grad Program . . . .. . . . 29 
(Western District E .  P.  ........ 9 - 

Distribution of Assignments by Departments 

EL0 
a&uo 
FPI) 
IPD 
CPD 
C M O  

Distribution of Assignments by Function 

R&D or Engineering 
Other 

19 
1 
1 
12 
4 
1 

26 
12 

TT Propam 

5 

'5 
0 
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Personnel 

!bere were no personnel changes during MEY. 

Activities 

0- ACC-G 

Estimates of EL0 reqUiymrr?nts for Assietsnce to Eanford work in FY 1961 were 
secured and forwarded to Contract and Accauntirrg for consolidation and submission 
to HOO-AEC for approval., Authorizations expiring June 30, 1960, are  being re- 
viewed to determine if renewals should be negotiated. Letters will be -mitten 
in  June to Company components doing ATE work for HLO requestiag estimates of 
total costs t o  June 30, to f sc i l i t a t e  f i sca l  year end accruals. 

A rcvised list of professional and trade societies approved by the EAPO Geaeral 
Mmager for travel purposes was received srd distributed t o  HLO mmagement as 
Appendix "A" t o  the Travel and Living Expense MBnual. 

Pgvel ac t iv l ty  is summasized below: 
Wbw-Of PrirS Star+,& 

ZY 1959 F?! 1960 

5z 
353 
164 

Based 00 eleven months actual experience and an estlmate for the firrsl month, it 
appesra that btal t rave l  ac t iv i ty  in FY 1960 wilz not vary s i e a c s n C , u  h zkst 
urperienced in FY 1959. 

Weekly detailed reporting of equipment acquisition ac t iv i ty  has been established 
for the 2000 Program. We are  currently taking steps to i m h d e  the hO!J P r o m  
in W s  weekly repart .  

May ucpenditures including a $39,000 acc& for eqyipmzt received not bil led 
to+&ed $3u,oOo. 

!5e b w  for  the pcutrop doeheters  ordered by the AEC, to be m e d  by HKl, 
has been received. 
estimates rp~llgisg r r ~ r m  $39,000 t o  $61,000. b accrual of $~L,OOO was set up f3r 
these dosimeters when they were received earlier In the year. 

The anunmt of this b l L l  is $70,402, as canpared to preViauS 

A meeta was held wlth a representative of the IBM Campany t o  investigate the 
feasibility of wing a new ma;chinc t o  handle the accumulation of detail  for e m -  
mcLzt acquisitiocs. %e machine could not met our reparting requiremen%. 

- 

1 2 4 9 b 4 4  
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Sixty-six items valued at $34,294, were received at the Iaboratory Equipment Pool 
Building during the month of my. 
items valued at $1,236 were transferred in lieu of placement 'of reqxisitions. 
mere are 296 items valued at $140,799, currently located in the storage area. 
Nine hundred and fifty-one pounds of zircoxium~valued at $16,886, was received 
for storage and issuing during the month. 

One item valued at $260 was withdrawn and two 

In response to a request of Accounts Payable, a list of returnable containers 
received at HAPO prior to February 1, 1960, was forwarded to custodial personnel 
for review and verification of containers. A consolidated report of findings 
was prepared and submitted to Accounts Payable. 

Gpfective July 1, the Speciajlist - Property Accounting w i l l  act as CenlpCl. Control 
Custodian of all Reactor and Other Special Materials w i t h  the.exception of radium. 
Chapter 4 of the HLO Property Managenrent Manual was revised and distributed indicat- 
ing the new requirements affecting the control o$ materials. 

"Jhe regular quarterly inventory of Other Special Materials w i l l  be taken as of 
June 30, 1960. Arrangements were made for this inventory to include both Reactor 
and Other Special Mterial and the Aupishing of sufficient information to enable 
us to implement the revised procedure outlined in Chapter 4 of the Property Manage- 
ment MBnual. 

Nuclear Materials Accounting advised us of the continuation of Survey 17 with a 
verification of EAR) inventories of Plutonium as of the end of June 1960. All 
material custodians were advised of the survey and requested to submit inventmy 
information to enable us to prepare and submit a physical imentory schedule for 
m. 
SS Mterial Custodians were advised that a representative From Nucleax Materials 
Measurements Operation w i l l  witness a l l  BLO SS material inventofi-cs to extend 
tl-saugh July 1960. 
CustWan's routine inventory procedure and measurement methods. 

The main objective of this program is to observe the 

A RoJect Wnitization Report was issued on Project CGH-829, "Building 325 Basemezt 
~ o v ~ m e l x t s ~ ~  during the month. 

Reconciliation of the physical inventory of movable cataloged equipat in  custody 
cf Reactor and Fuels R&D and in the custody of Chemical R&D continues. 

, !he Hanford Laboratories operating cost control budget for May 

( b u s  in -sands) Adjustment 

addusted as follows: 

4ooo Program 
Plutonium Recycle Pmpam 

p o  ProRllam 
Actinide Element 
Isotopic Analysis 
Radiocht3llical Analysis 

1 2 4 W 1 4 5  

repcrt- Was 

$ 5 591 
165 

98 . .  
125  
220 

UNCLASSIFIED 
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(DOUS i n  ~housands) Adjustment I?ew Total 

Transplutonic mements (Fabrication) 

IMA - Pu 240 Elements ( ab r i ca t ion )  

Total Banford Iaboratories 

$ 135 

270 

R e v i s e d  Work Identification Code pages 7c and 7c-2 for  the Udform Cos$ Code 
Handbooks were distributed during the math. 

A rough draft of a l e t t e r  t o  HOO-AEC transmitting aur estimates of the cost t o  
duplicate the first fuel  loading of the PRTR has been circulated for  comnnents. 

Due t o  the strong emphasis on financial costs for the Joint Camittee on Atomic 
Rergy's Hearings on Radiation Protection Skndaxds, additional data were 
developed for the Radiation Protection Operation. This material cmsis ted of: 

narrative comparisons of cost information of the various Commission 
sites,  and 

(1) 

(2) a detailed breakdown by department and function of Fyscal Year 1959 
operating costs at HAP0 generated by radiation and safety ac t iv i t ies ,  
which had previously been included in  the AEC's preprint material in 
summary form. 

Acnual review of routine work orders was accomplished during the month which 
resulted in some cancellations, supplements, and revisioos to  bring routine work 
arders up t o  date. 

Action as W c s t e d  occurred on the folloKing p.o,jects during the rn3th: 

Physical Completion Notices Issued 
CGE-840 Sheet *tal shop h e x  - 328 wlilding. 
CcIi-879 High Tempemture, High Pressure Autoclave Zkcility, 506 Bldg. 

Canstructioo Completion and Cost Closiw Statemeats Issued 
CA- 681 w o r d  EquipmeDt  in +&e EPI (API Services GELY) 
C G H - ~ G ~  x-~ay  M k t i c n  Cell 
M-828 Centra Storage Faci l i ty  - 300 Area. 
cm-838 Fission Product Volatilization Studies Test Faci l i ty  - 292-T 

Building 

Arrsryuuests have been made with 3. A. Jmes  Constriction Capany ?&ich Kill 
result in t he i r  accruing and costing in June busicess all materiaLs and equipneat 
received and not billed or  i n  -it where FOB I s  ventlor's plant Ccztracts and 
f'abricaticn rrders w i U  also be reviewed and costing w i l l  be effected -here  
possible 

Personal Share in GE Ruployee Bexrefit Plans statcwate  were delivered t a  auployees 
at  work on bky 13, 1960. Included with these statements was a l e t t e r  iadicating 
desigrated bezeflciaries in each of the following plans: Pension, I m i z c e ,  and 

1 2 4 9 b 4 5  
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Savings and Security. 
the Personal. Shaxe Statement. 
change beneficiaries of record as a resu l t  of the l e t t e r  on designated 
beceflciaries . 

Few errors were reported on the information furnished on 
employees requested and were given forms t o  

A study of the increased cost in exempt overtime i f  the $7,500 control l imi t  was 
eliminated was prepared. The ellmination of the $7,500 control would have 
increased HLO's exempt overtime cost for calendar year 1959 approximately $6,OOO. 

Apri l  Share Owners W t e r l y  Reports were delivered to  pasticipants i n  the 
Savlsgs and Security plan on May 13, 1960. 

Appl.oximately 20 non-exempt employees were overpaid week ending May 15, 1960. 
The overpsyment was due t o  payment of isolation pay instead of shif't premium. 
!tihe overpgyment amounted t o  approximately $2.88 per employee, adjustment was 
made in May 22 ssiasy payments disbursed on My 29, 1960. Ehployees were 
notified of t h i s  overpayment by means of a note prepared by C&A Personnel 
Accounting and included with hky 15 salary payments. 

Elnployees on Payroll a t  Beginning of Month 1 3 0 4  620 684 
Additions and e a n s f e r s  In 21 5 16 

15 - 6 9 Removals and ! h n s f e r s  Out 

slg % Ehployees oc Payroll at EM of Month 

Overtime Payments IxlrinR Month 
Exempt 
Non-Ekempt 

Total 

Gross Payroll Paid During Month 

b e m F t  
Eon-Exempt 

Total 

Participatior: in Ehployee Benefit 
Plans at Month b d  
Pension Plan 
Insurance Plan 

Persmal Ccverage 
Dependent Coverage 

Stock Bonus Plan 
U.S. savings Bonds 

savings Plan 
savings and security Plan 

1 2 U b 4 - I  

May 
$ 4  122 

$;s 466 

14 344 

- 

May 
mer Percent 
1 152 99.5 

1 297 99 -8 
922 

80 40.4 
91 7 00 

1 023 87.9 

A p r i l  

$ 4 205 
10 508 

$1- 

A p r i l  
Nmber Perceat 
1 155 99.5 

79 39.9 
91 7.0 

3.021 88 .O 
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- Insurance C l a i m s  
Einployee 3enef it s 

Life Insurance 
Weekly Sickness & Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Total 

Good Neighbor Fund 

Ihmber Paxticipating 
Percent Participating 

W Sale:bk 

1 2 4 q b 4 8  

J-5 
May 

Nunber Amount 

- - 
25 3 353 
34 2 017 

178 18 076 

23 446 2z 
Ez 
916 
70.1 

April 
Number Amount. 

188 10 44s 

- 25 406 

April 

915 
70.2 
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INVENTIONS OR DISCOVERIES 

HW-6545 9 

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 or discoveries were made in the course of their 
work during the period covered by this report  except a s  listed below. Such 
persons fur ther  advise that, for the period therein covered by this report ,  
notebook records,  if any, kept in the course of their work have been 
examined for  possible inventions or discoveries. 

INVENTOR TITLE OF INVENTION OR DISCOVERY 

G. B. Hatcher Resistance Heating Brush Holder. 
F. B. Qinlan 

J, P. Pilger 
C. A. Rohrmann 

L. H. McEwen 

L. L. Ames, Jr. 

H. L. Brandt 

The Art of Expanding or Contracting 
(Sinking) Tube Diameters 
A Gripping Device for Round Material 
A Process  for the Destruction, 
Deactivation and Modification of Patho; 
genic Viruses - May 12, 1960. 
Foamed Insulating Resins of Improved 
Thermal Stability - May 17, 1960. 
Plutonium-Uranium Bearing Fuel Element 
of Potentially Reduced Cost - 
April 28, 1960. 
Vapor-Liquid Mixtures as Working Fhids 
in Magneto-Hydrodynamics Power Recovery 
Devices - April 29, 1960. 
The Removal of Zn65 from Reactor 
Cooling Water. 
A Continuous Countercurrent Ion 
Exchange Using Solid Granular Exchangers 
fo r  Processing Liquid Feeds. 

, 
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INVENTIONS OR DISCOVERIES (Contd. ) 

INVENTOR 

B. M. Johnson, Jr. 

R. H. Moore 

R. W. Wirta  

R. W. Wirta  
R. F. Manes8 

HW-65459 

TITLE OF INVENTION OR DISCOVERY 

Chemical Process  Equipment - A Design 
to  Reduce Turbulence in the Nozzle Zone 
of the Radiant-Heat Spray Calcination 
Reactor (HW-65 33 1). 
A Method for Scavenging Fission Products 
from Molten Salt Solution (HW-65423). 
Automatic Flow Diverter for a Turbine 
Type Pump. 
Miles per Gallon Indicating Instrument. 
The Use of Low Temperature Acidic 
Fluoride Solutions for Preferential  
Decladding of Zircaloy -clad U02 Fuels. 

A 
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