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BUDGETS AND COSTS 

Costs  for  September were  $2 ,009 ,  000, an inc rease  of $199, 000 over  August. 
F i sca l  year- to-date  cos ts  a r e  2570 of the amounts current ly  authorized to 
Hanford Labora tor ies .  

Plutonium Recycle P r o g r a m  costs  a r e  $1,438, 000 (2870 of annual authorized 
funds) for  the f i r s t  f iscal  quar te r  which wi l l  r equ i r e  a substantial  reduction 
in level of effort to s tay within the authorized cost  ceiling 

Adjustment in the level of effort  on IPD New Production Reactor  wi l l  
a lso be required a s  the cost  of this program when annualized indicates 
a potential overrun of available funds. 

RESEARCH AND DEVELOPMENT 

1. Reactor  and Fuels  

P re l imina ry  laboratory s tudies  indicated that an adequate degree of 
flow mixing is obtained within NPR type, wi re  wrapped, seven-rod 
c lus te r  fuel elements 

A survey  of the shielding proper t ies  of high dersity concretes  indicates 
that the proper  mixture of iron, serpent ine,  and cement in the density 
range of 210 lb / f t3  is a good candidate for biological shield application 
where the ambient tempera ture  of the shield may reach  300 C 

Contrary to the behavior of ingot metal ,  ba re  dingot uranium does not 
appear to cor rode  in water  by a hydride-controlled reaction a t  200 C. 
This is attr ibuted to the absence of carbide s t r inge r s  in dingot ma te r -  
ial. However, when confined in  a pre-defected jacket,  dingot metal  
appears  to cor rode  by a hydride-controlled reaction, at  this  temper-  
a ture .  

Corrosion r a t e s  of uranium - 2% Z r  meta l  in water  a t  200 and 300 C 
were  found to be approximately one-fifth of those observed for unalloyed 
uranium metal .  

The effectiveness of bicarbonate-peroxide reagent for removing UO; 
rupture  product f rom a mixed s ta in less  s teel-carbon s t e e l  sys t em has 
been established by th ree  loop t e s t s .  

Effective decontaminating agents for an NPR-type mixed s ta inless  
s teel-carbon s t e e l  sys t em have been demonstrated in loop t e s t s ,  except 
that the corrosion of the carbon s t e e l  sur face  is approximately one mil  
per  decontamination, o r  five t imes  the des i red  maximum c o r r o s i o e  
r a t e .  
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A sect ion of 18 percent  cold worked NPR Zircaloy-2 process  tubing 
burs t  a t  9000 psig in te rna l  p r e s s u r e  when tes ted a t  340 C, indicating 
g r e a t e r  than a four-fold safety factor  over  design operating conditions. 

P re l imina ry  data  for the high t empera tu re  i r rad ia t ion  of needle-type 
Continental Coke graphite indicates a contraction of 0.  08 percent  
af ter  t h r e e  MTR cycles  at  approximately 900 C. 
less than half of the contraction rate of TSGBF, and slightly l e s s  
than the rate of CSF graphite,  at this  tempera ture .  

This  is, tentatively, 

Examination of a Zircaloy-2 p rocess  tube in KER loop se rv ice  for 
25 months revealed the following: (1) a friable,  rust-brown f i lm 
was general ly  vis ible  except in those regions where fuel had sco red  
the tube, (2)  pits approximately 0 .  005" deep were  observed on the 
downstream end of the tube, 
observed which in at least one instance extended through the wal l ,  
and, (4) s m a l l  unidentified rod shaped inclusions were  observed.  

( 3 )  a r e a s  of equiaxed gra ins  were  

Test ing continues to r evea l  marked differences in the c r e e p  behavior 
of 2570 and 4570 cold worked Zircaloy-2.  

Daily measurements  of the s t r a i n  measur ing  t r ansduce r s  in the in-  
r e a c t o r  (KW) c r e e p  capsul  indicate no radiation induced ze ro  shift.  
The Zircaloy-2 specimen w i l l  be subjected to a c r e e p  test when i t s  
exposure r eaches  10l8 nvt. 

A KER nine-foot charge of enriched tube-tube elements  showed a 
measu red  t empera tu re  imbalanceof 27  C f rom the cent ra l  hole to 
the outer  annulus at full  power. 
r e q u i r e  a redes ign  of the fuel, 

This  imbalance is sufficient to 

Two tube-rod elements  i r rad ia ted  to 2000 MWD/T in KER curren t ly  
undergoing radiometal lurgy examination a t  BMI show a d iame t ra l  
i n c r e a s e  of about s ix  percent .  

Evaluation of u l t rasonic  welding for attaching self-supports  to present  
r e a c t o r  fuels  indicates  a sa t i s fac tory  product and that this method may 
be m o r e  amenable to m a s s  production than spot welding. 

Short  lengths of coextruded NPR tubular fuel have been successful ly  
hot headed in a manner  analogous to that successfully developed fo r  
rod c losures .  
the sa t i s fac tory  projection weld of a r ing  cap to the ends of the tubes 
for  the final c losure .  

The jacket  thickening appears  sufficient to permi t  - - 
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The quenching of an i r rad ia ted  uranium disk specimen a t  r a t e s  com- 
parable  to those to which fue l  is subjected in- reac tor ,  produced macro-  
c racks  identical  in appearance to those observed in some  i r rad ia ted  
rod c lus te r  e lements .  

A second mockup of the rupture  mechanism for ETR "push-button" 
ruptures  operated sa t i s fac tor i ly  a f te r  exposure in E L M O 4  for th ree  
days a t  300 C. The spec ia l  fuel fo r  the rupture  tes t s  was discharged 
f rom the Hanford r e a c t o r s  without damage and has been shipped to 
Arco. 

Laboratory experiments  showed that with 5070 eccentr ic i ty  of the 
inner  tube boiling burnout of the PRTR Mark I1 fuel  element occurs  
a t  a heat flux about 4070 l e s s  than f o r  a concentric geometry.  How- 
ever ,  this is s t i l l  twice the PRTR design flux. 

Continued difficulty was experienced with the Hofer high p r e s s u r e  
c o m p r e s s e r  gas  discharge check valves and oil  compensating pumps. 
Redesigned check valves a r e  being tes ted.  
injection oil  pumps a r e  being sought for u s e  with these compresso r s .  

Cadmium was selected a s  the most prac t ica l  ma te r i a l  for t he rma l  
neutron shielding for the l a rge  penetrations of the PRTR bottom 
p r imary  shield.  

The PRTR Final  Safeguards Report ,  HW-61236, was issued in rough 
draf t  fo rm for  comment.  

The over -a l l  PRTR contract  is 4770 completed v e r s u s  4270 scheduled, 
based on the official schedule.  

Commercially available 

The cont rac t  for  the PRTR stack and s tack sample  facil i t ies was 
awarded to Custodus Chimney Company on the bas i s  of a low bid of 
$40, 625. 

PFPP Phase  11 is est imated a t  9370 complete ve r sus  9870 scheduled. 

A revised PFPP project  proposal,  which reques ts  additional author- 
ization of $230, 000 to cover the value of plant capital  equipment 
planned to be t r ans fe r r ed  to the project ,  is being circulated for ap- 
proval.  

The l inear  t he rma l  expansion of Pu02 s intered to 9070 of theoret ical  
density has  been determined to be 15. 2 x 10'G/OC f rom 122 to 911 C. 
In comparison the the rma l  expansion of U 0 2  is about 10 x 30-6/oC. 
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Corrosion t e s t s  of aluminum-base plutonium fuel alloys employing alum- 
inum matr ix  ma te r i a l s  of var ious compositions have disclosed two 
compositions having markedly super ior  res i s tance  to 350 C water .  Use 
of one of these alloys will minimize the d i spe r sa l  of f ission products in 
the event of rupture  of an A1-Pu element in PRTR at the cost  of a slight 
reduction in attainable exposure.  

A technique has  been developed for  casting aluminum base fuel alloys 
direct ly  into aluminum cans , thus eliminating all billet machining, 
decontamination, welding and outgassing s teps  in preparing billets 
for coextrusion. 

Experience gained in the first sustained fabrication of *PRTR fuel 
co res  indicates that  th ree  bil lets of plutonium-aluminum alloy can 
be extruded, straightened, cut to length, weighed, gauged and cleaned 
to produce s ix  fuel rods  pe r  man-day. 
g r a m s  of plutonium. ) 

Two high density U O 2 - h O 2  c o r e s  discharged f rom the MTR la s t  
month showed no dimensional change f rom irradiat ion.  

(Each fuel rod contains 18 

A total  of 340 fGel rods  for PRTR w a s  swaged during the month. The 
use  of tubing which had successfully '  passed the fluorescent penetrant 
inspection reduced the reject ion r a t e  of swaged rods  f rom 50 percent 
to seven percent ,  with most  of the r e j ec t s  being reclaimable.  

Swaged U 0 2  capsules  have attained an estimated maximum exposure 
of 10, 000 MWD/T in the MTR. No fa i lures  of these capsules o r  any 
other  swaged fue l  e lements  have occurred  to date. 

Operation of a defected, swaged U 0 2  rod in the MTR resul ted in (1) 
a much s m a l l e r  r e l e a s e  of fission products than anticipated, with a 
dec rease  in activity of the coolant while the element w a s  being ir- 
radiated a t  constant power; and (2) no disintegration of the Zircaloy-2 
jacket due to waterlogging o r  hydriding. 

A non-destructive testing of the PRTR Zircaloy-2 process  tubes is 
80 'percent  complete, with only one tube detected with a se r ious  defect. 
Some bowing has  occurred  on autoclaving requir ing straightening 
operat ions.  

The "Thermatool" high-frequency welding machine for attaching ex- 
t e rna l  r i b s  to thin-wall Zircaloy jacket tubing has  been delivered to 
Hanford f r o m  the New Rochelle Tool Corp .  
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2 .  Chemical  Resea rch  and Development 

One hundred cu r i e s  of cerium-144 were  recoverd f rom Purex  1WW in the 
mult icur ie  cel l  by the double sulfate process  and successfully isolated 
by oxalate precipitation, thus proving that the intense radiation field 
does not se r ious ly  in t e r f e re  with the formation o r  stabil i ty of the oxal- 
a te  precipi ta te .  

A TBP-25 (high aluminum) waste was successfully calcined to a dense 
vi t reous g lass  by addition of sodium t e t r a  borate.  
marked  cont ras t  to the calcination of the s t ra ight  TBP-25 waste, which 
gives a powdery product of very  low bulk density.  

This r e su l t  is in  

Optimum conditions for  the peroxy - acetate  p rocess  (for separation of 
t r ivalent  r a r e  ea r ths  f rom cer ium)  were  f i rmed up in preparat ion for  
m e a r l y  Purex  plant tes t .  
tion during cer ium precipitation and subsequent cake dissolution was 
c ruc ia l  to approval of the tes t .  
in both s t eps  was found, a s  expected, to be ent i re ly  negligible, (below 
analytical  detection l imit) .  

Demonstration of low ruthenium volatiliza- 

The amount of ruthenium envolved 

Five k i lograms of U02 have been prepared  by .the electrolytic r e -  
duction of U02C12 in fused NaC1-KC1 and turned over  to Ceramic  Fuels 
Development Operation for  evaluation a s  a fuel mater ia l .  

Three  g r a m s  of Olive have been acquired for s tudies  of Palmolive 
processing concepts. 

Careful  t e s t s  showed precis ion manometers  capable of measuring solu- 
tion volumes in tanks of s e v e r a l  thousand gallon capacity with an e r r o r  
of only 0. 3 percent .  Resul ts  a r e  important for ma te r i a l s  accountability 
on power r eac to r  fuels processing.  

3 .  Phys ics  and Instrument Resea rch  and Development 

Nuclear safety in  the dissolving of fuel e lements  containing 1% U-235 
can be achieved by adding s m a l l  amounts of boron according to experi-  
ments  which indicate that 3 g m / l i t e r  of boric acid would permi t  a safe  
batch s i z e  of 100 tons.  

P rocess ing  of solutions of 3% enriched uranium can be c a r r i e d  out with- 
out volume limitations when concentrations of l e s s  than 600 gms  U per  
l i t e r  of water  can be a s su red  according to experiments  run in the PCTR. 



Meanwhile experiments  a r e  in p rogres s  to a s s i s t  in determining safe  
s i z e s  of equipment when higher concentrations cannot be excluded. 

In o ther  act ivi t ies  in this a r ea ,  design progressed  on the cri t icali ty 
ves se l s  and associated piping for the f i r s t  s e r i e s  of experiments  to 
be r u n  in the Cr i t i ca l  Mass Laboratory.  A nuclear safety review of 
the Fuel  Cladding Faci l i t ies  plans was conducted for  FPD and some 
improvements  recommended; and ass i s tance  was given in preparing 
nuclear  safety specifications for new t a sks  in 231 and 234-5 Build- 
ings.  

HAP0  readiness  to take necessa ry  action following a cri t icali ty ac- 
cident was improved by calibration work a t  the Shielded Personnel  
Monitoring Station which wi l l  facilitate determination of neutron 
doses  to individuals by measuring the activity induced in them. In 
other  act ivi t ies  a t  this facility near ly  100 people were  counted during 
the month to build up our  knowledge of the "normal  background" to be 
expected. 

Safety of operation of the existing production r e a c t o r s  was mater ia l ly  
aided by the completion of analog computer s tudies  which defined 
l imiting combinations of power level  and react ivi ty  tied up in coolant 
for  I and E loads.  These  l imi t s  r e su l t  f rom the c r i te r ion  that the fuel  
should not mel t  during an excursion following lo s s  of coolant p re s su re .  

In the NPR program,  the react ivi ty  of c lus te r  fuel elements of 1% en- 
r ichment  w a s  determined in the PCTR and comparison experiments 
with na tu ra l  uranium were  readied.  
ment of a r emote  a r e a  radiation monitoring sys t em and on the fuel 
element rup tu re  detector .  
the frequency response  of the p r imary  coolant loop and on the p r imary  
heat exchanger performance.  
cha rac t e r i s t i c s  of an automatic control  sys t em for this r e a c t o r .  

Work progressed  on the develop- 

Design was aided by computer s tudies  on 

A study was begun on the requi red  

In the Plutonium Recycle P rogram,  improved c i rcu i t ry  for  the PRTR 
rup tu re  monitor was recommended and preparat ions were  made to 
test the control ler  by using the Analog Computer a s  a r eac to r  s imulator .  

The experimental  phase of the AEC-AF program in Atmospheric Physics  
was completed by two additional experiments  and full attention turned 
to the task of data reduction and analysis .  

Improved equipment for  gamma and beta monitoring Of remote  a r e a s  

E 
I 2 4 2 0 4 5  
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successful ly  passed experimental  testing, 
decades of intensity with e r r o r s  no g rea t e r  than 20’%. 

This  equipment covers  th ree  

In the basic  data  field, it was determined that for  Pu241 fission becomes 
m o r e  probable re la t ive to capture  a s  mo r a t o r  tempera ture  incr  a s e s .  
This behavior is in cont ras t  to that  of €5~‘” and to some  extent U 
where the opposite holds. 

53 5 

The prosecution of r e s e a r c h  and development work, was ass i s ted  by 
the demonstration of an inf ra red  pyrometer  for  metallographic work 
and a s imple  optical  means  for  underwater measurement  of the in- 
s ide  d iameter  of i r rad ia ted  fuel elements.  
development of a technique for  forming la rge  metal l ic  c rys t a l s  fo r  
u s e  in the neutron spec t romete r s .  

Also of note was the 

4. Biology 

It appears  that  the dose to gonads in a r a m  is l e s s  f rom Zn65 in the 
gonads than f rom Zn65 in the r e s t  of the body. 

Phosphate fe r t i l i zer  added to basic  soi ls  (local) can dec rease  S r  
uptake. In acid soi ls ,  this is without effect. 

9 0  

Lambs a r e  being s t a r t ed  at  0. 5 and 0.15 p c  1131/day in additional 
numbers  because of finding tumors  in the 1. 5 p c l d a y  level. 

The t e s t s  to remove  contamination f rom plants exposed to fuel element 
burn vapors  showed that, of var ious wash solutions tested,  alcohol, 
acetone, and Tide w e r e  most  effective in decontamination. 

Five hundred days af ter  a mouse inhaled Pu23902, a bronchiolar 
carc inoma was noted. The lung deposition amounted to 0. 08 p c .  
This is the f i r s t  malignant lung tumor we have observed following 
inhalation of radioactive par t ic les .  

5. P rogramming  

Investigation revealed that Th-228, an intensely active alpha emi t te r  
which can be made f r o m  the i r rad ia t ion  of ionium (Th-230) recovered 
f rom o r e  mi l l  wastes ,  may have unusual promise  a s  a neutron source  
constituent. Mil l igrams of Th-228 a r e  equivalent to g rams  of radium, 
as used in neutron sources  in conjunction with beryll ium. G r a m s  of 



Th-228 used in this manner  may be competitive with low flux r e s e a r c h  
r e a c t o r s  a s  sou rces  of neutrons.  

Following s o m e  months of revis ing and improving IBM-650 computer 
codes used for  Cycle Analysis study of plutonium fuel, initial l a rge  
sca l e  u s e  was made of the new IBM-709 facility. Immediate r e su l t s  
were  gratifying and indicate a substant ia l  increase  in analytical  pro-  
ductivity to be associated with u s e  of the new computer.  

Examination of a l ternate  methods of i r radiat ion to provide ear ly  
del ivery of high exposure plutonium for the Plutonium Recycle P rogram 
indicate that preparat ion at  e i ther  Hanford o r  Sevannah River  is feasible .  

The Hanford Labora tor ies  University Relations Council hosted a vis i t  
by the Hanford Liaison Committee of the University of Washington. 
Mutually interest ing a r e a s  of r e s e a r c h  and development were d is -  
cussed and plans were  laid for  an  exchange of seminar  speakers .  

TECHNICAL AND OTHER SERVICES 

A rough draf t  r e p o r t  was issued in connection with the problem of r eac to r  
calculations and is being circulated for  comment. 

Cr i t i c i sms  of the CPD analytical  control program were  discussed with the 
AEC-HOO personnel  and agreement  was reached on the adequacy of the 
program. 

An experimental  p rogram to investigate the corrosion of var ious zirconium 
alloys a s  a function of s e v e r a l  independent var iab les  w a s  initiated and a 
pilot study conducted to evaluate the charac te r i s t ics  of experimenzal appar-  
atus.  

Work on 12 operations analysis programs continued during the month. 
addition, s ta t i s t ica l  and mathematical  ass i s tance  on 14 problems was given 
within HLO and to other  departments  and operat ions.  

In 

Three  new plutonium deposition c a s e s  were  confirmed during the month. 
All were  l e s s  than five p e r  cent of the maximum permiss ib le  body burden 
There  a r e  240 c a s e s  of plutonium deposition on record .  The total num- 
ber  of deposition c a s e s  that have occurred  at  q A P O  is 235 and 169 a r e  
cur ren t ly  employed. 

An explosion occurred  in the plutonium oxide hood in cel l  5, 231 building. 
A section of the top of the hood was displaced and rubber  hood gloves were 
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ruptured by the react ion.  
people who were in the room at  the t ime received minor amounts of plutonium 
contamination on their  clothing and /o r  person.  Decontamination of these em-  
ployees was successful .  Internal  deposition of plutonium in these employees 
appeared to be unlikely. 

No in jur ies  occurred  to nearby employees. Four 

The re  w e r e  22 authorized pro jec ts  a t  month's end with total authorized funds 
of $8, 740, 000. 
(Note: PRTR and PFPP a r e  considered separately.  1 One new project was 
authorized and two were  completed during the month. Two projects  were 
re turned  f rom AEC without action due to lack of funds and one new pro-  
jec t  is awaiting AEC approval. No new projects  were submitted to AEC 
during the month. 

The total e s t imaed  cost  of these projects  is $9, 576,600. 

Five proposals  f o r  new projects  a r e  in preparat.ion. 

The s t ee l  s t r i ke  continues to affect work p rogres s  on almost  all  jobs and 
wi l l  of course  cause more  se r ious  delays a s  s t ee l  i t ems  become harder  
to obtain. So far ,  only two major  projects  a r e  ser ious ly  delayed - P r o -  
ject  CGH-790, 327 Building Addition, and Pro jec t  CG-731, Cr i t ica l  Mass 
Laboratory.  

Total  productive t ime for Technical Shops for  the month was 15,444 hours .  
This  includes 12> 802 hours  performed in the Technical Shops, 995 assigned 
to Minor Construction, 188 hours  to o ther  project shops,  and 1, 459 hours  
to off-si te vendors .  The total shop backlog is 30, 568 hours  of which 5070 
is required in the cu r ren t  month, with the remainder  distributed over  a 
three-month period. Overtime worked during the month was 5. 670 (1090 
hours)  of the total available hours .  

Radiographic Testing Operation made a total  of 3,407 tes ts ,  of which 835 
were radiographic  ( i n c h d i n g  x- ray  and g a a m a - r a y )  and 2: 572 were  sup- 
plementary tests. Out of a total  of 1, 885 man-hours, 557 (29. 670) were  
used in connection with radiographic  tes t s ,  and 1, 328 (70. 470) were used 
on supplementary t e s t s .  The supplementary tes t  work included;autoclave, 
borescope, dimensional measurements ,  eddy cur ren t ,  penetrant (0. D. 
and I. D. ), pickling, su r f ace  t rea tment  (alkaline cleaning and vapor blast-  
ing), and ul t rasonic  (flaw detection and thickness measurements ) .  

Three  major  pro jec ts  a r e  substantially completed. 
s i s t s  la rge ly  of minor equipment installation, "start-up" inspection and 
c learance  of exceptions. 

Remaining work con- 

These pro jec ts  a r e  - 

CA-749 High Level Radiochemistry Faci l i ty  $ 960, 000 
CG-661 Additional Heat Generation Equipment 

- 189-D Building 500, 000 



CA-681 Hanford Equipment in the ETR $1, 140, 000 

Effective October 1, 1959, the responsibil i ty for the assignment and direction 
of work to be performed by the C P F F  Const.ruction Service Contractor was 
assigned to Laboratory Auxiliaries.  Procedures  have been established and 
assignments  of personnel  made to accomplish this work. 

SUPPORTING FUNCTIONS 

Funds available to Hanford Laborator ies  for 2000 P r o g r a m  equipment 
have been increased  f rom $1, 555, 000 to $2,105, 000 for F Y  19’60. 
tions have been made to HLO Sections based on pr ior i ty  needs.  

Alloca- 

Washington State Use Tax which wil l  have to be absorbed by HLO programs 
during F Y  1960 is est imated to be $100, 000. 

Forty-one of 130 eligible employees who were not previously participating 
in the Savings and Security P r o g r a m  enrolled in the P rogram effective 
September 15, 1959. 

A manual on Trave l  and Living Expenses is now ready  for issuance.  

Necessary financial  procedures  to effect the assignment of cer ta in  manage- 
ment functions to J. A. Jones Construction Company were  insti tuted 
effective September 28. 

As of September 30, 1959, the staff of the Hanford Laborator ies  totalled 
1302 employees, including 629 exempt and 673 nonexempt. There  were 
546 exempt employees possessing technical degrees ,  including 335 B. S., 
112 M. S . ,  and 99 Ph. D. Is. 

The medical  t rea tment  frequency for  September was 2. 05 as compared with 
1. 63 lasemonth. 

The re  were two secur i ty  violations during July, bringing the total  for the 
yea r  to date  to 33. 

Two Government vehicles assigned to Hanford Laborator ies  were  involved 
in incidents causing $82. 00 total  damages.  No in jur ies  were experienced. 

The re  were  two se r ious  accidents during the month, one involving a glove 
box explosion and resul t ing in no injur ies .  
in a smashed finger.  

The other  incident resul ted 
The se r iousness  of this injury wi l l  not be known 

e 
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immediately.  
disabling injury.  ) 

(Note: October r epor t  wil l  indicate this is classified a s  a 

During the month, two acceptances f o r  the Technical Graduate P rogram 
were  received.  In addition, eight o f f e r s  were accepted by experienced 
BS/MS candidates.  
e e r s  in the fields of e lectronics  and mechanical engineering. 
Departments  a r e  only moderately active.  

IPD rema ins  active in interviewing experienced engin- 
Other HAP0 

College recrui t ing plans for  the coming year  a r e  being made through a 
s e r i e s  of meetings with Engineering, Manufacturing, and Technical 
Marketing Services .  

Three  Technical Graduates  were  added to Training P r o g r a m  ro l l s  during 
September.  
permanent placements and the termination of a l l  t emporary  s u m m e r  em-  
ployees. 

Total  force  on the P r o g r a m  is now 83 a s  a r e su l t  of th ree  

One Serviceman was removed f rom HLO payrol l  due to lack of work. 
was la te r  employed by the City of Richland. 

He 

Manager, 
Hanford Laborator ies  

HM Parker:vf 

I 2 4 2  IO0 



A-1 HW-62~12 

REACTOR AND FUELS RESEARCH AND DEVELOPMENT OPERATIOI? 

TECHXICAL ACTIVITIES 

A.  

1. 

FISSIONABLE MATERIALS - 2000 PROGRAM 

METALLURGY PROGRAM 

Corrosion Studies 

Fuel Element Rupture Studies. 
annulus s i ze  on rupture behavior of pre-defected tubular fuel elements, as 
reported last  month. If the  cladding f rac tures  before the bl is ter  contacts 
the process tubing, the induction period i s  l e s s  than one hour followed by a 
slowly increasing rupture rate (0 .1  t o  0.5 gram/min after two hours of rup- 
tu r ing) .  However, i f  t h e  cladding b l i s te r  encounters the process tubing and 
hence i s  rest rained p r i o r  t o  f a i l u r e  of the cladding, then the bl is ter  mush- 
rooms out along the fue l  element and continues t o  grow during a prolonged 
induction time (up t o  7.5 hours).  Considerable d is tor t ion  and damage can 
occur during t h i s  prolonged induction period. By the  time the cladding f a i l s  
there  i s  extensive core damage and the  rupture proceeds at  a rapidly increas- 
ing rate (up t o  8 grams/min one hour after the  cladding f a i l s ) .  
formed on samples wi th  an i n i t i a l  annulus of 1/16-inch o r  l e s s ,  invariably 
contacted the process tubing, resu l t ing  i n  a long induction time followed by 
a rapid rupture r a t e .  With an i n i t i a l  annulus of l/8-inch o r  la rger ,  some 
encountered the  process tubing and some did not. 
b l is ter  encountering the  process tubing and causing the more damaging rupture 
behavior decreases with increasing annular spacing. 

Additional tests have confirmed the  e f f ec t  of 

B l i s t e r s  

The probabi l i ty  of t he  

A sample w a s  ruptured without a process tube a t  1500 ps ig  and 200 C, the  
temperature a t  which hydriding rather  than uranium oxidation i s  the  control-  
l i n g  reaction. After an induction time of 4.5 hours, it ruptured slowly 
(about 0.1 gram/min a f t e r  two hours).  
ruptured a t  200 C, t h e  d i s to r t ion  of the cladding near t he  defect was more 
extensive than a t  300 C .  

As previously observed f o r  rod elements 

Corrosion of Dingot Uranium Cores. Open-end samples of coextruded rod made 
from dinaot uranium were corroded a t  200 and 300 C .  Only uniform penetra- - 
t i on  was observed giving lower over-al l  rates than observed f o r  ingot material ,  
and no sample d i s to r t ion .  
t o  be caused by the  formation of uranium hydride which is promoted by the  
presence of carbide s t r inge r s  found i n  ingot uranium and not i n  dingot 
uranium. 

Non-uniform a t t ack  of the ingot metal i s  believed 

A pin-hole defected rod element sample, fabr icated from dingot mater ia l ,  
w a s  ruptured a t  200 C and 1500 ps ig .  
it i s  believed t h a t  the hydriding reaction may control a t  200 C because of 
the confinement of the  rupture products by the jbcket.  The experiment appears 
t o  confirm t h i s  hypothesis, since the induction time, rupture rate, and degree 
of d i s tor t ion  were comparable t o  those observed previously with ingot material 

I n  t h i s  case, even with dingot metal, 

1 2 b Z i O I  
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Corrosion of Uranium - Zirconium Cores. Open-end samples of coextruded 
U-2$ Z r  core rod were exposed a t  230 and 300 C .  
was  observed. The corrosion r a t e s  were about a f i f t h  of that observed f o r  
uranium core material as shown i n  the  following tab le .  

Only uniform penetration 

Uniform Corrosion Rates, Mils/Min 

Temperature U Core U - 6  Z r  Core 

300 c 2 .1  0.43 
200 c 0.11 0.016 

Radiometallurgy Laboratory Studies 

The end cap section of the  defective center rod of an enriched (1.6 a/o),  
Zr-2 jacketed, 7-rod c lus t e r  f u e l  element ( I P - 2 1 4 A )  was sectioned t o  reveal 
a l/8-inch long, e l l i p t i c a l l y  shaped f i s su re  in the  Zr-2 jacket .  The exam- 
ination of a 0.570-inch x 5-inch, ruptured Zr-2 clad, natural  uranium rod 
(which had been immersed i n  N a K  and i r rad ia ted  t o  3500 MWD/T i n  a stainless 
s t e e l  container according t o  GEH-3-32) showed that swelling of t he  uranium 
had f i l l e d  the  0.025-inch free spaces or ig ina l ly  a t  each end of the  uranium 
rod. 
times from 600 C t o  room temperature t o  produce micro cracks i n  the  uranium. 

A sample of Zr-2 clad, 1000 MWD/T uranium was rapidly quenched t en  

Two samples of thorium oral loy (GEH-3-12) were removed from t h e i r  Zircaloy-2 
jackets and measured. Both samples had decreased i n  density 4.5 percent, 
showing increases i n  diameter and decreases i n  length.  
specimen from GEH-3-27 was cathodically etched and metallography work was 
completed. 
capsules and the f lux  monitors were recovered. 

One thorium t e n s i l e  

Six other  thorium t e n s i l e  specimens ( 1 p - 1 6 ~ )  were removed from 

Samples of high exposure uranium (2600 and 3500 MWD/T) were annealed f o r  
100 hours a t  temperatures from 600 t o  800 C as p a r t  of the  uranium swelling 
program. The higher exposure sample suffered more density decrease as a 
r e s u l t  of t he  thermal treatment. 
fo r  e lectron microscopy studies.  
have been subjected t o  high temperature anneals and are being studied t o  
determine the extent  of f i ss ion  gas bubble formation i n  unrestrained uranium. 

After annealing, t he  samples were prepared 
Other samples of low i r rad ia t ion  exposure 

Metallography work was i n i t i a t e d  on samples of Zircaloy-2 tubing from 
sections 4 and 5 of the  tube recent ly  removed from KER Loop No. 2. 

The r e s u l t s  and conclusions from the  above work w i l l  be reported i n  connec- 
t i o n  with the respective development programs of Fuel Element Design end 
Physical Metallurgy Operations. 

Basic Metallurgy Studies 

Radiation Effects  i n  Fissionable Materials. A turbo-mechanism has been de- 
veloped tha t  w i l l  r o t a t e  an i r rad ia t ion  capsule so that the  enclosed specimens 
w i l l  receive a r ad ia l ly  uniform exposure t o  the neutron f lux.  Comparative 
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i r rad ia t ion  tests using both rotat ing a r d  stationary capsides a re  being per- 
formed. 
advertently discharged after f ive  of the required twelve cycles. 
14-2 ( ro ta t ing)  reached an exposure of 3568 MWD/T i n  a f lux of 6 x 10 
and ca sule 14-1 (s ta t ionary)  reached a n  exposure of 4189 MWD/T i n  a f lux  of 

the 
capsules w i l l  be shipped t o  Radiometallurgy in  the near future.  

Capsules 14-2 and 14-4, both containing normal uranium, were in- 
Capfye 

nvt 

7 x 10 E 3 nvt. Since reinser t ion of the capsules w a s  deemed inadvisable, 

A Zircaloy-2 tube which has been exposed t o  neutron radiation over a 25-month 
period, and a similar unirradiated tube were removed from the KER loop f a c i l i t y .  
These tubes w i l l  be mechanically tes ted and exmined metallographically t o  
determine the e f fec ts  of high neutron exposures a t  elevated temperatures on 
Zircaloy-2 and t o  es tab l i sh  t e s t ing  methods f o r  mooitoring mPR tubing. Two 
of the  f ive  pieces of the  i r radiated tube were sectioned and metallographic 
investigations s ta r ted  during the month. A f r iab le ,  rust-brown film, which 
was absent where fue l  elements had scored the tube, was observed on the inner 
surface of the tube pieces.  P i t s  which appear t o  be approximately 0.005-inch 
i n  depth were observed in  both pieces, but p i t t i n g  was more prevalent i n  the 
downstream piece. 
ized l i gh t .  
which i n  one location extended throughout the  tube w a l l .  A moderate concen- 
t r a t ion  of small, rod-shaped inclusions has observed a t  the  inside surface. 
These gradated inward and were not observed throughout the remainder of the 
transverse section. The individual inclusions were too small t o  ident i fy  by 
color as hydrides. 

The ef fec ts  of a neutron exposure of 9 x 1019 nvt a t  220 C on the  micro- 
s t ructure  and properties of zirconium, Zircaloy-2 and Zircaloy-3 a re  being 
evaluated by metallographic, x-ray diffract ion,  and microhardness studies.  
The materials are i n  the annealed, cold worked, and beta  quenched conditions. 
Optical metallographic studies t o  25OX have been completed f o r  i r radiated 
Zircaloy-2 i n  the  beta quenched and 25 and 50 percent cold worked conditions. 
No changes i n  the microstructures due t o  i r radiat ion were observed. Metailo- 
graphic studies are  being continued a t  higher magnifications with electron 

The downstream piece w a s  polished and examined under polar- 
Areas of equiaxed grains were observed i n  several locations, 

> microscopy. * .  

Mechanical and Physical Properties of Materials. 
Zircaloy-2 are considerably Improved by small amounts of residual cold work. 

The creep properties of 

The extent t o  which increasing amounts of cold work improve creep properties 
and the  effects of recovery occurring i n  the tes t  temperature range are  not 
known. 
work. F l a t  creep specimen cold worked t o  15-25 and 45 percent a re  being 
tes ted i n  vacuum creep uni t s  back-fil led with a s ta t ic  pure helium atmosphere. 
Results of 3OOO-hour tests on the  25 and 45 percent cold worked material a t  
400 C (752 F )  indicate t h a t  t h i rd  stage creep has not yet occurred a t  the  
s t r e s s  leve ls  of 13,000 and 18,000 ps i .  
temperature but a t  21,000 began th i rd  stage creep before the tes t  was dis -  
continued due t o  a fau l ty  extensometer clamp. 

These effects are being determined i n  the range 1 5  t o  45 percent cold 

One 45 percent specimen a t  the same 

The t o t a l  elongation w a s  3.8 percent f o r  t h i s  45 percent cold worked specimen, 
which i s  the same as for  a 25 percent cold worked specimen stressed a t  
21,000 p s i .  The i n i t i a l  elongation w a s  more f o r  the 25 percent cold'worked 
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material, but  after 2000 hours the  45 percent cold worked specimen overtook it. 
The assembly removed from the  un i t  with the  fau l ty  extensometer was used t o  
ca l ib ra t e  t he  e f fec t ive  gage length i n  both the  e l a s t i c  and p l a s t i c  portions 
f o r  the  f la t  specimens. Calibration w a s  made with the  a id  of a Tuckerman ex- 
tensometer and a Templin ca l ibra tor .  

A sample ident ica l  t o  the  in-reactor  creep specimen of annealed Zircaloy-2 
w a s  then in s t a l l ed  i n  the  un i t .  It w i l l  be given the  same temperature and 
s t r e s s  program as the  in-reactor specimen. 

Electron and Optical Microscopy. The study of the  microstructure of cladding 
and fue l  material i s  a d i r ec t  way of detecting radiat ion damage i n  these 
mater ia ls .  The preparation, i r rad ia t ion ,  and subsequent microscopic examina- 
t i on  of t h in  fi lms and f o i l  i s  continuing. 

A t h in  evaporated f i lm of aluminum supported on a copper gr id  has been i r rad-  
iated t o  5.2 x 1019 nvt and examined i n  the electron microscope. 
(200), and (311) di f f rac t ion  l i n e s  f o r  copper were ident i f ied .  

The (ill), 
These l i n e s  

found t o  appear i n  a previous i r rad ia t ion  t o  an  exposure of only 8.4 x 
nvt. An addi t ional  unidentified l i n e  with spacing of 1.395 a has a l so  

been reproduced.in t h i s  second i r rad ia t ion ;  however, C W 2  l i n e s  were not 
observed. Although the  temperature during the i r rad ia t ion  i s  believed t o  be 
less than 60 C f o r  which evaporation of copper onto the  aluminum should be 
negligible,  neutron spikes may cause such an evaporation. Diffusion of copper 
on o r  through the  aluminum f i lm may a l so  account f o r  the  presence of copper i n  
the  aluminum. Additional i r rad ia t ions  a re  required t o  resolve t h i s  question. 

One micron p a r t i c l e s  of uranium dioxide dispersed on a th in  evaporated f i lm of 
aluminum are being i r rad ia ted  t o  various exposures. These i r rad ia t ions  a re  
aimed-at determining the  extent and nature of f i s s ion  recoi l  damage t o  clad- 
ding mater ia l .  

The preparation of t h i n  fi lms and f o i l s  of f iss ionable  and non-fissionable 
reactor  materials by high vacuum evaporation, sputtering, chemical, and elec-  
t r o l y t i c  techniques i s ' i n  progress. 
fo r  d i r e c t  transmission electron microscopy examinations. 

Such th in  fi lms or  f o i l s  are necessary 

I r rad ia ted  boron carbide steel  balls from KE Reactor showing extensive spa l l -  
ing a r e  being studied t o  e s t ab l i sh  the  f a i l u r e  mechanism. 
control balls have been examined op t i ca l ly  and i n  the  electron microscope. 
Specimen preparation techniques compatible with radiometallurgy f ac i l i t i e s  
have been established. 

Non-irradiated 

An invi ted paper, "The Application of Electron Microscopy t o  Reactor Fuels- 
Uranium Dioxide," w a s  presented a t  the  17th Annual Meeting of t he  Electron 
Microscope Society of America. 

In-Reactor Measurements. 
specif icat ions by Technical Industr ies  Corporation has been charged i n  the  
KW Reactor. 
of the  creep deformation of an annealed Zircaloy-2 specimen during i r rad ia t ion .  
The capsule w a s  charged with the  specimen located a t  the  edge of the graphite 

A prototype creep capsule manufactured t o  Hanford 

This capsule has been designed t o  make continuous measurements 
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reflector. 
problems ant ic ipated i n  the ac t ive  l a t t i c e  of the  reactor.  A t  t h i s  point the 
fast flux is calculated t o  be of the  order of loL1 nvt. P r io r  t o  loading the 
specimen, operational checks are being made on the  temperature control system 
and the  s t r a i n  transducers. A t  t he  time of l o  ding, it i s  ant ic ipated the 
specimen w i l l  have received an exposure of 1Ol8 n v t .  Measurements of the 
temperature monitor and control system indicated the capsule performance i s  
very near t o  t h a t  calculated p r i o r  t o  inser t ion i o  the reactor .  Daily mea- 
surements of the  s t r a i n  measuring transducers indicate no radiat ion induced 
zero s h i f t  within t h e i r  l h i t s  of s ens i t i v i ty .  It has fur ther  been estab- 
l i shed  that changes i n  t h e i r  reading as a function of specimen temperature 
are the same as those obtained out of t he  reactor.  A delay i n  t es t  s tar tup 
has been imposed by the  f a i l u r e  of a saturable core reactor component i n  a 
magnetic amplifier of the heater  power supply. 
after which the test w i l l  be i n i t i a t e d  by the application of load t o  the  
specimen. 

Accurate temperature measurement in-reactor i s  essent ia l  f o r  the eraluation 
of the e f f ec t s  of neutron i r rad ia t ion  on mater ia ls .  Thermocouple i n s t a b i l i t y  
induced by reactor  environment i s  being investigated t o  es tab l i sh  the  conditions 
under which thermocouples may be rel ied upon fo r  accurate in-reactor temperature 
measurement. 

This extreme posit ion was necessitated because of gamma heating 

This un i t  i s  being replaced, 

-1- 

The f i rs t  thermocouple s t a b i l i t y  capsule, containing an iron-constantan, a 
chromel-alumel, and a copper-constantan thermocouple, has been i r rad ia ted  
5960 hours. The inclosed thermocouples have been maintained a t  temperature 
of 300 C during i r rad ia t ion ,  except during occasional short  periods a t  335 C .  
An atmosphere of approximately 25 percent C02 - 75 percent He has been main- 
tained i n  the  capsule during the  pas t  eleven weeks. During the  last  month the  
resis tance between the  copper-constantan couple and the aluminum thermocouple 
w e l l  i n  t he  capsule has varied between 30,000 and 50,000 ohms. 
behavior i s  possibly due t o  reaction of the thermocouple w i t h  C02. 
constantan couple i n  an ident ica l  ex-reactor control  capsule has a l s o  developed 
e r r a t i c  contact res is tance.  

This e r r a t i c  
The copper 

Metall ic Fuel Development 

Cluster Fuel Elements. Post- i r radiat ion examination of the 7-rod c lus t e r  fue l  L- 
element irradiated i n  KER Loop 2 i n  290 C coolant t o  an exposure of 1500 MWD/T 
was continued. 
can w a l l  thickness showed la rge  numbers of inclusions i n  the  area where the 
can w a l l  was reduced. 
toward the  center of t h e  rod and then increases again toward the edge of the  
rod. 
Jus t  below the  cap-to-can weld showed the  presence of inclusions, s t r ingers ,  
e tc . ,  i n  t h e  Zircaloy-2. 
t h i s  region, and t h i s  p lus  a 30-mil reduction i n  outside diameter have resulted 
i n  a very th in  can w a l l .  
qua l i ty  Zircaloy-2 m e t  a t  th i s  point i n  the  extrusion and the  uranium w a s  re- 
duced l e s s  than t h e  nominal amount and the Zircaloy-2 more than the  nominal 
amount. 
erated corrosion of the  poor qua l i ty  Zircaloy-2. 

Further examination of a wafer found t o  have an area reduced 

The number of inclusions per un i t  area becomes smaller 

Examination of t he  can w a l l  of t he  longitudinal section through the  cap 

The uranium i s  10 m i l s  over t he  nominal diameter i n  

One might guess that poor qual i ty  uranium and poor 

The reduction i n  the  outside diameter might have been caused by accel- 



The three fue l  elements f o r  the  rupture tes t  i n  the 3x3 loop a t  the ETR have 
been fabricated and shipped. 
that can be ruptured i n  the reactor by external signal.  

One of the elements has a n  intentional defect 

Tubular Fuel Elements. 
tes ted i n  KER Loop 3. The elements a re  clad in  Zircaloy-2 with a core of 

Three enriched uranim tubular elements are  now being 

1 .47  percent enriched uranium. 
temperatures i n  the cooling channels of the l as t  e1emer.t. A t  fu l l  power, the 
temperatures were 243, 257, and 270 C reading from the center hole t o  outer 
annulus. This degree of temperature imbalance i n  nine f ee t  of charge c a l l s  
fo r  redesign of the element. 
i n  the fue l  then calculates 325 C for  the inner tube and 350 C fo r  the outer tube. 

A thermocouple spacer measures the out le t  water 

Power output w a s  100 kw/ft. Maximum temperature 

During September an additional charge of 36" tube/tube elements were made for  
KER Loop 4. They are  ident ical  t o  those operating in  KER Loop .3. 

Two tube-rod elements had been i r radiated t o  2000 MWD/T in  Loop 4. 
of the elenents had diameter increases of about s ix  percent. Radiometallurgy 
examination of these elements i s  being done a t  BMI with the  second element 
shipped t o  BMI i n  September. 

The rods 

Four tube-tube coextruded elements were tes ted i n  KER Loop 1 for  l 5 O - x ) O  MWD/T. 
They were discharged prematurely on a neutron monitor indication of f i ss ion  
products i n  the  loop. These elements were examined i n  the KE viewing p i t  
during September. No sign of f a i lu re  can be seen under eight feet  of water or 
by periscope. 
faces, but no apparent cracks o r  ruptures. 
alloyed tubes has increased 0.005" as a r e su l t  of i r radiat ion.  
two percent Zircaloy tubes have no measurable change. The diameter increase 
i n  one case i s  probably due t o  the  bumping which the j a w s  of the electronic 
micrmeter sense as the effect ive outer diameter. The general appearance of 
the a l loy  elements i s  excellent; clean black surface, supports in tac t ,  very 
f e w  surface scratches. 

The two large grained unalloyed uranium tubes have bumped sur- 

Two uranium - 
The average diameter of the un- 

A 36" tube and tube natural  uranium element of KER size was shipped t o  the 
Engineering T e s t  Reactor fo r  high power tes t ing .  The high flux i n  the ETR 
w i l l  give core temperatures exceeding those expected i n  NPR. 
w i l l  have 525 C maxFmuum and the inner tube 650 C maximum uranium temperatures. 
Surface temperature of the fue l  w i l l  be about 325 C maximum. 

The outer tube 

IPD requested that NPR size tube-tube fue l  elements be fabricated fo r  use i n  
t h e i r  charge-discharge studies.  The l o t  consists of four, three-foot long; 
two, two-foot long; and two, one-foot long elements. They are t o  meet the  
following minimum c r i t e r i a :  (1) water-tight Zircaloy-2 cladding (and end 
closure); (2) conformance with current NPR tube-tube dimensions including 
supporting diameters; (3)  t o t a l  weight of about 25 l b s / f t ;  ( 4 )  supports 
capable of withstanding n o m 1  handling and charging forces. The tubes 
(outer from FPD extruded and inner from NMI extruded l o t s )  have been cut t o  
length, counter-bored on the ends, etched, and are  ready fo r  closure and 
support attachment. There w i l l  be no heat t rea t ing  of these elements. 

i 2'4 2 
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Fuel f o r  Present Reactors. 
the compound layer  on adjacent areas of the same canned fue l  element (hot dip 
process) indicates  t h a t  uranium surface conditions not associated with visual  
appearance may influence the  properties of the  compound layer .  Recent exper- 
iments with measuring the  ionization poten t ia l  of small areas (w 2 mm2) of a 
uranium slug surface, using tap  water as an e lec t ro ly t ic ,  have indicated po- 
tentials ranging from -0.20 V t o  +0.60 V.  
bear no re la t ion  t o  the  visual  appearance of the surface but form a separate 
pat tern of areas up t o  several  square centimeters i n  extent.  A device i s  being 
developed f o r  mapping these anodic and cathodic areas, i n  order t ha t  they may 
be compared on the same slug core before pickling, a f t e r  pickling, and a f t e r  
canning, t o  determine whether compound layer  qual i ty  correlates  w i t h  these i n -  
dicated e l e c t r i c a l  properties.  

The commonly observed va r i ab i l i t y  i n  properties cf 

The posi t ive and negative areas 

I r rad ia t ion  calculat ions f o r  placing two hot pressed fue l  elements i n  the  MTR 
have been completed. The spec i f ic  power of these elements was  calculated t o  
be 92 kw/ft. 
uranium surface temperature would be lo5 C, and the  maximum core temperature 
would be 457 C. 
pressed elements t o  an exposure of 1000 m / T  (4 MTR cycles) and should provide 
the necessary infomation f o r  a run-to-rupture tes t  i n  the Hanford reactors.  
The proposal has been wri t ten and i s  awaiting necessary approval. 

The jacket temperature, a t  a flow rate of 17 gpm, would be 57 C, 

This i r rad ia t ion  w i l l  indicate the durabi l i ty  of the hot 

As the  present hot press process has been developed t o  i t s  l i m i t  using 
standard cmponents, t he  process specification document has been writ ten.  
This specif icat ion covers a l l  aspects of component design, punch, d ie  and 
furnace construction, component preparation and cleaning, nickel plat ing,  
Component assembly and pressing, and the  inspection. 
issued as a c l a s s i f i ed  report  HW-61995. 

The document w i l l  be 

Component Fabrication. 
a b i l i t y  of rod draw s iz ing  methods t o  tube draw sizing.  
greased, vacuum annealed, and vapor blasted.  A copper p l a t e  was then chemically 
deposited on the surface. 
lubricant  and plug drawn. 
successive d r a w ,  and no ga l i ing  o r  die pickup w a s  observed. 
of the  tubes varied up t o  O.OOO5" per tube. 
be acceptable f o r  use i n  the  "hot heading" operation. 
very promising f o r  s iz ing and improving the f i n i s h  of coextruded tubing. 

Zircaloy-2 tubing has been used t o  evaluate the adapt- 
The tubes were de- 

The in t e r io r  of the  tubes was rubbed with "Steelskin" 
The inner surface of the  tube improved with each 

The f i n a l  diameter 
The remaining copper p la te  should 

This process appears 

Six extrusions, approximately fo r ty  feet of m&terial, are being processed f o r  
Hanford i r rad ia t ion  i n  a zirconium ribless process tube. The material  i s  
Zircaloy-2 clad I & E geometry coextruded by NMI. The tubes were extruded by 
the conventional f loa t ing  mandrel process a t  1155-1160 F a t  an extrusion r a t i o  
of 14.3:1. Extruded dimensions were 1.471 f 0.004" OD, 0.398 5 0.003" I D  with 
a nominal 0.021" th ick  inner and outer Zircaloy-2 cladding. Transverse and 
longitudinal sections of the  f ront  and rear  of each extrusion were examined 
for  dimensions, uranium quality,  and bond qual i ty .  The material  w a s  found ade- 
quate f o r  i r rad ia t ion  with smooth Zircaloy-2 uranium interface and was well 
bonded on both the  inner and outer clad.  A se r i e s  of heat treatments were 
performed on nine-inch lengths t o  evaluate the  resu l t ing  texture,  grain size, 
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and Zircaloy-2 uranium bond. 
extruded and heat treated material. Texture coefficients and growth index 
were calculated, and inverse pole figures were plot ted fo r  transverse 
sections.  The material  a s  extruded has a duplex (110)(100) orientation i n  
the extrusion direction with a growth index of -0.508 calculated by the ten 
plane area weight method. 

X-ray examination was made of both the as- 

The vacuum treatment yielded average uranium grain s izes  of 0.2l .O mm average 
grain diameter. The Zircaloy-2 uranium bonds were not adversely affected by 
any of the heat treatments, and a l l  showed the normal uniform diffusion thick- 
ening. 

A l imited quantity of KER outer tube (1.825 OD x 1.450 I D )  stock, coextruded 
wi th  0.020'' inner and outer clad has been used fo r  ver t ica l  salt  bath heat 
treatment of 20" long sections.  A j i g  was fabricated that holds the section 
during treatment and quenching and gives close f i t t i n g  internal  support of 
four 90° spaced points the fu l l  length of the element. Dimensional changes 
as a result of several treatments have been measured and the degree of warp or 
bowing determined. Shorter sections, 3" i n  length, have been given a wider 
range of heat treatment and are  being examined f o r  microstructure and bond 
ef fec ts  and x-ray examination f o r  resul t ing texture.  

Closure and Joining. 
f o r  the  self-supported fue l  element concept fo r  present reactors i s  being 
evaluated. All ex-reactor tes ts  are completed, and the results a re  satis- 
factory. A production t e s t  proposal has been w r i t t e n ,  and a t o t a l  of nine 
tube charges t o  determine the in-reactor behavior of t h i s  attachment method 
have been fabricated.  

The ultrasonic welding process for  attaching supports 

Short lengths of Zircaloy-2 clad uranium coextruded tubes have been success- 
fu l ly  hot headed i n  the  exis t ing 400-ton extrusion press container. 
were NF'R outer tubes swaged t o  2-1/4" OD (1.60" I D )  t o  f i t  the extrusion con- 
t a ine r .  The method used f o r  hot heading coextruded tubes i s  basical ly  the  
same used f o r  hot heading coextruded rods. The heading dies were designed t o  
extrude the  uranium core from the end of the  tubes a t  reduction r a t i o  of 6 t o  1 
while  forcing the  Zircaloy-2 cladding over the  ends of the tube toward the 
center of the  tube w a l l .  The Zircaloy-2 clad which formed over the end of the  
tube appears suff ic ient ly  thick t o  permit projection welding a r ing cap t o  the 
ends of the tubes f o r  the  f i n a l  closure. 

The tubes 

The tube preparation f o r  hot heading i s  the  same used f o r  rods. 
a th in  copper e lectroplate  or  chemical p la te  on the tube surface t o  prevent 
the Zircaloy clad from seizing t o  the  tube container and mandrel, t h in  graphite 
lubricant  coat, and the 620 C preheat j u s t  p r io r  t o  heading. 

This includes 

Tooling i s  being fabricated t o  hot head the  inner KER s ize  tubing f o r  a future  
production tes t .  
short container which i s  slipped over the end of the tube while heading. 
end of the tube i s  induction heated t o  the  desired temperature ju s t  p r io r  t o  
hot heading. This method of hot heading proved t o  be successful fo r  hot head- 
ing rods and has the  advantage that any length of coextruded tubing can be hot 

The tooling consists of a gr ip  f o r  holding the tube and a 
The 
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headed with very l i t t l e  tool ing change. 
occur on the tube end (0.005 t o  0.010 inch/inch diameter) which must be 
corrected by a post heading drawing operation. 

However, some s l igh t  swelling w i l l  

The ends of thir ty-eight ,  eight-inch, coextruded, Zircaloy-2 clad, I & E fue l  
elements (1.470" OD x 0.4" I D  x 2 0 - m i l  w a l l )  were acid machined t o  provide a 
recess in  which a 100-mil thick Zircaloy-2 washer could be welded t o  form the 
end closure. Uniform etching f r ee  of undercutting was achieved by the following 
process. The fue l  elements were suspended ve r t i ca l ly  such that the end t o  be 
machined was approximately 1-1/2" below the surface of the etch bath. The 
i n i t i a l  e tch bath was prepared by dissolving 0.3 pound of uranium scrap per 
l i t e r  of reagent grade hydrochloric acid (37-3- HC1). 
f resh  acid was added t o  replenish the bath; however, the dissolved uranium t o  
acid r a t i o  was maintained a t  not l e s s  than 0.3 pounds/liter. 
varied from room temperature (26 C )  t o  65 C .  
twenty minutes. 
cut t ing was observed if the dissolved uranium t o  acid r a t i o  was below 0 .3  pound/ 
l i t e r  and non-uniform etching was observed i f  the bath temperature exceeded 65 C .  
No ill e f fec t s  except very slow etch r a t e s  were observed w i t h  dissolved uranium 
t o  acid r a t i o  as high as 0.9 pound/liter. 

As etching progressed, 

Bath temperature 
The average etch r a t e  per end was 

Total removal ranged from 100 t o  lo5 mils per end. Under- 

Allied Fuel Studies. 
fue l  rods with selected uranium temperatures, cladding thickness, and exposure 
a re  being conducted. 
rods, which operated a t  an average cent ra l  uranium temperature of 580 C t o  an 
exposure of 2100 MWD/T, has begun. 
on t h i s  fue l  rod which WBS subjected t o  severe temperature cycling through the 
6 - (s transformation. 

Reactor swelling experiments of Zircaloy clad uranium 

Radiometallurgy examination of GEH-3-58, one of the above 

No externally v i s ib l e  damage can be seen 

To attempt a s ta t i s t ica l .  analysis of the e f f ec t  of temperature, exposure, and 
cladding upon fue l  element swelling, 19 aluminum capsules each containing a 
Zircaloy-2 clad uranium rod surrounded by NaK, have been charged in  D Reactor 
process tubes. These capsules permit i r rad ia t ion  of 0.020" and 0.030" clad 
uranium rods a t  selected central  uranium and cladding surface temperatures t o  
an exposure of 1500 MWD/T. 

Under cycl ic  temperature operation, polycrystall ine uranium should have micro- 
s t resses  due t o  the anisotropic themal  expansion of the uranium crys ta l s .  
These microstresses should a f f ec t  the macroscopic creep r a t e s  by orders of 
magnitude. 
tu res  is  fabricated and being assembled. 

Equipment fo r  running creep t e s t s  of uranium under cyclic tempera- 

An investigation of macrocracking in  i r rad ia ted  uranium caused by the internal  
s t r a ins  due t o  the  anisotropic thermal expansion of uranium crys ta l s  has been 
experimentally demonstrated. 
heated t o  600 C and quenched a t  a r a t e  equivalent t o  that encountered i n  a 
reactor fue l  element. No macrocracking was observed a f t e r  one quenching cycle, 
while many macrocracks were observed a f t e r  ten quenching cycles. 
lography of the crack specimen looked s imilar  t o  pictures  of cracked i r radiated 
fue l  elements. 

A uranium disk i r rad ia ted  t o  w 1000 MWD/T was 

"he metal- 
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St ress  rupture tests on Zircaloy-2 fue l  element jackets reveals tha,, f o r  a 
similar time t o  f racture ,  and a t  s imilar  tes t  temperature, the tangent ia l  
f rac ture  stress of the  jackets i s  about 15,000 p s i  greater  than the fracture  
stress of ro l led  sheet Zircaloy-2. Fracture s t r a ins  as much as 30 percent 
are observed. 
the crystallographic texture  of the  jacket material  a l l  appear t o  contribute 
t o  t h i s  increased strength.  
tangent ia l  rupture s t rength occur i n  operating f u e l  element jackets.  

Diffusion of oxygen in to  the  zirconium, b i -ax ia l  loading and 

A l l  of these conditions contributing t o  high 

Bare coextruded jacket,  i n  which the contained uranium was removed chemically, 
burst b r i t t l e l y  under fast  internal  loading with water a t  300 C .  Simulated 
jackets of tube material the same s i z e  but f ree  of the in te rna l  striae char- 
a c t e r i s t i c  of coextruded jackets a l so  burst b r i t t l e l y  under the conditions, 
although the extent of crack propagation w a s  less. 

The assembly f o r  conducting burs t  tests on 1 5  capsules simulating coextruded 
jackets i s  ready f o r  checkout p r i o r  t o  loading i n  a KW Reactor test  hole. 

Two a l loy  fue l  samples of Th-2 w/o f u l l y  enriched uranium are  being examined 
i n  the  Radiometallurgy f a c i l i t y  a f t e r  calculated exposures of 2 and 2-1/2 a/o 
burnup i n  the  MIX. 
density measurements reveal a four percent decrease i n  density. The material 
f ractures  during bend t e s t ing  i n  a b r i t t l e  fashion. 

Dimensional changes indicate  a 2-1/2 v/o increase and 

A second mockup of the  planned seven-rod c lus te r  fue l  element f a i l u r e  experi- 
ment i n  the ETR 3x3 fue l  t e s t ing  f a c i l i t y  has been operated successfully i n  
ELMO-4 a t  300 C and 1450 ps i .  
operated s a t i s f a c t o r i l y  a f t e r  a three-day exposure i n  the loop a t  operating 
conditions. 

The improved hydraulic rupturing mechanism 

The e f f ec t  of uranium beta heat treatment on the  defect behavior of coextruded 
NPR fue l  material i s  continuing. 
and the  mechanical propert ies  of the  bond. 
avoided as bond separation is readi ly  propagated. 
from rapid quenching above 600 C lack d u c t i l i t y .  
system caused by incomplete transformation from uranium-Zircaloy so l id  solution 
t o  uranium-Zircaloy delta (or  epsilon) phase a t  59-600 C is  responsible for  
the  embrittlement. 

Defect behavior i s  related t o  the thickness 
Excessively thick bonds a re  t o  be 

b b r i t t l e d  bonds resu l t ing  
Hardening i n  the bond al loys 

Autoclave s tudies  by Coatings & Corrosion Operation indicates that ingot qual i ty  
coextruded fuel material corrodes nearly as fast a t  200 C as a t  300 C, and that 
the  associated damage t o  the  fue l  shape i s  worse a t  the  lower temperature. The 
greater  than expected r a t e  and damage a t  200 C i s  a t t r ibu ted  t o  the  e f f ec t  of 
hydrogen a t  t h i s  temperature on the ingot qual i ty  uranium. "Open-end" and bare 
rod tests reveal that the  corrosion rate of dingot qual i ty  uranium End U-2  w/o 
Zircaloy a l loy  i s  much less sensi t ive t o  hydrogen a t  200 C, and may o f fe r  im- 
proved f u e l  material f a i l u r e  behavior a t  the lower temperature. 

Rate data and f a i l u r e  behavior of tube and tube geometries as affected by cool- 
an t  annuli are being col lected from autoclave and loop t e s t s .  
ference in  behavior i s  noted between the s t a t i c  autoclave tes ts  and the dynamic 

An extreme d i f -  
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loop tests with the autoclave producing disastrous fue l  shape damage. 
not appear that the  autoclave produces a r e a l i s t i c  picture  of fue l  element 
damage a t  failure and t h a t  dynamic loops w i l l  have t o  be r e l i ed  upon t o  furnish 
t h i s  information. 

It does 

Metallurgical Development. 
conium and carbon i n  the  as-cast  and heat t rea ted  conditions i s  essent ia l ly  
complete. 
has l i t t l e  e f f ec t  on t he  extrusion coeff ic ient  of coextruded rods i n  e i the r  the 
as-cast o r  heat  treated condition. Both zirconium and carbon additions cause a 
de f in i t e  increase i n  the  extrusion constant. Heat treatment resul ted i n  no 
s igni f icant  reduction i n  the  magnitude of the  coeff ic ient .  
f o r  zirconium additions varied frm 32,800 p s i  a t  xx) ppm zirconium t o  40,000 p s i  
a t  2 w/o Z r  i n  the as-cast  condition. 
varied from 30,000 p s i  a t  200 ppm carbon t o  36,600 a t  1 w/o carbon. A recrystal-  
l i zed  alpha uranium s t ruc ture  was  observed i n  the  extruded sections of unalloyed 
uranium. Carbon addition frm xx) ppm t o  0.25 w/o a l so  resulted i n  a recrystal-  
l i z e d  s t ructure .  
vealed a heavily twinned s t ruc ture  w i t h  no recrys ta l l iza t ion .  
t i ons  from 200 ppm t o  0.5 w/o i n  uranium resulted i n  complete recrys ta l l iza t ion .  
A l l  of t he  higher zirconium a l loys  displayed a two-phase s t ruc ture  which re- 
mained e s sen t i a l ly  constant during extrusion except f o r  excessive twinning. 
excessive var ia t ion  i n  w a l l  thickness was found i n  the  unheat t rea ted  al loys,  
the heat treated 200 ppm t o  0.10 w/o zirconium al loys,  and the  heat t rea ted  
200 ppm t o  0.50 w/o carbon a l loys .  A very uniform Zircaloy-2 w a l l  thickness 
was observed with a l l  heat treated zirconium a l loys  above 0.25 w/o zirconium 
and carbon a l loys  above 0.5 w/o carbon. 

The invest igat ion of controlled additions of z i r -  

Preliminary results indicate  t h a t  the  grain s i ze  of unalloyed uranim 

Extrusion coeff ic ients  

Carbon al loys,  a t  the  same conditions, 

Carbon alloys i n  the  range of 0.50 w/o t o  1 W/O carbon re- 
Zirconium addi- 

An 

2. REACTOR PROGRAM 

Coolant Systems Development 

P i g t a i l  S t ress  Corrosion Testing. 
e f f e c t s  of various decontaminating solut ions on p i g t a i l  stress corrosion crack- 
ing. 
solut ions t o  t h e  outside surfaces of hot vibrat ing p i g t a i l s .  

A t es t  i s  being designed t o  measure the 

This t es t  w i l l  measure the e f f e c t  of intermit tent  applications of the 

Up t o  30 p i g t a i l s  w i l l  be connected t o  common headers and w i l l  be heated with 
a low flat of hot process water. 
and w i l l  depend on the  temperature of available water. 
duced by magnetic o r  mechanical v ibra tors  act ing on the  spring-mounted ou t l e t  
header. 

Temperature w i l l  be i n  the  range 90-110 C, 
Vibration w i l l  be pro- 

Each p i g t a i l  w i l l  be coated with a decontaminating solution a t  in te rva ls  of 
several  days. 
approximately equal t o  t h e  rate of evaporation from the  hot surfaces.  

Process water w i l l  d r ip  onto the  hot p i g t a i l  surfaces a t  a r a t e  
The pig- 

tai ls  w i l l  be checked frequently with a penetrant dye t o  detect  
Failed p i g t a i l s  w i l l  be replaced, and s igni f icant  failures w i l l  
graphic examination. 

cracking. 
receive metallo- 
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Long-Tern Decontamination Test. 
pleted i n  CEP-1. 
high pur i ty  water a t  pH 10 and one decontamination using Turco-4501, Turco- 
4502, and 25s n i t r i c  acid.  

Seven decontamination cycles have been com- 
Each cycle consists of one week operation a t  300 C with 

The corrosion on non-sensitized and sensit ized s ta in less  s t e e l  was very low 
( < 0.01 mil per cycle), but the S t e l l i t e  was attacked excessively and was 
badly etched. 

Four different  grades (Nos. 14, 16, 39 and 85) of Graphitar were exposed in  
the loop t o  the  cycl ic  process f o r  four weeks. Grade 39 Graphitar appeared 
t o  have the least at tack from the  treatment. Next was the  Grade 16 followed 
closely by Grade 85. The Graphitar Grade 1 4  exhibited the  most s ignif icant  
visual  attack, showing some surface disintegration and spall ing.  The other 
grades exhibited various degrees of surface p i t t i ng .  

Decontamination of Carbon Steel  Systems. The REP Loop, a carbon s t ee l  loop 
located i n  1706-KE w a s  decontaminated by three d i f fe ren t  procedures: 
( a )  Turco 4501, 4502, and 4512, (b)  APACE, and ( c )  the Westinghouse CODS 
solution. 
from previous experiments, the Turco procedure giving s l igh t ly  higher decon- 
ternination factors  and lower corrosion of carbon steel than was obtained wi th  
the APACEprocess. For stainless s t ee l s ,  the four-step APACE procedure and 
Turco gave s b i l a r  results. 

The APACE and Turco procedures gave results which agreed with those 

The CODS procedure was unsatisfactory. 

The IRP Loop, a stainless steel loop located i n  242-B Building, i s  equipped 
t o  study the  d is t r ibu t ion  and removal of U02 and f i ss ion  products. 
completed t o  date employed peroxide-bicarbonate, with success, t o  remove the 
U02, followed respectively by: 
1112 ( a  b isu l fa te  solution),  and ( c )  Alkaline pemangante, Turco 55-8.4 ( a  b i -  
sulfate solution).  Both procedures ( a )  and (b)  gave sat isfactory decontamin- 
a t ion  fac tors  and low corrosion fo r  stainless steel and Inconel, but both 
solutions corroded carbon s t e e l  excessively. Since the 1112 solution was re-  
circulated a t  90 C, it may be possible t o  lower the temperature t o  reduce t h i s  
corrosion without adversely affecting the  decontamination efficiency. 
are not yet  available for  the Turco 55-8a, which w a s  used at 60 C .  
procedure resulted i n  l o w  carbon s t e e l  decontamination factors  with deposition 
of a film on the  carbon steel. 

Three runs 

( a )  APACE, (b)  Alkaline permanganate, Wyandotte 

Data 
The APACE 

Sodium dichranate, propynol, and stannous chloride were tested and proved in- 
ef fec t ive  i n  reducing the  a t tack  of ammonium c i t r a t e  on carbon steel. 
the stannous ion, which i s  normally a good inhibi tor  i n  c i t r i c  acid solutions, 
may have been adversely affected by the  chloride ion present. 

pH Control by Ion Exchange. Further tests were conducted t o  determine the pH 
control character is t ics  of Amerlite IRC-50 cation exchange resin.  This i s  a 
weakly acidic  carboxylic type resin that i s  capable of removing hydrogen ions 
from deionized water. 
thus providing a high pH, lithium hydroxide eff luent .  

However, 

The res in  has been operating in the  lithium cycle -- 
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To date t h i s  res in  has processed approximately 1350 bed volumes of neutral ,  
deionized water and the eff luent  pH s t i l l  has not decreased below 10.30 
units .  
28 gallons per minute per cubic foot of wet, regenerated resin.  
anticipated t h a t  even higher pH values w i l l  be obtained a t  lower flow ra tes .  

These tests were conducted a t  high flow ra t e s  -- approximately 
It i s  

A column containing t h i s  res in  is now being used t o  control the pH for  
the IRP-1 loop a t  242-B. 
volumes of water and i s  performing almost exactly as predicted. 

This res in  has processed an estimated 100 bed 

The res in  thus appears t o  have considerable pH control capacity and de- 
serves fur ther  study concerning the f e a s i b i l i t y  of using it i n  large scale,  
high pH systems. 

Low Temperature Oxyg en Scavenging. 
the f e a s i b i l i t y  of using hydrazine t o  scavenge dissolved oxygen from f i l -  
tered water i n  a low temperature, dynamic system. 
cated that hydrazine interference i s  a controll ing fac tor  i n  the analyt ical  
procedure fo r  dissolved oxygen. 
residual hydrazine on a strongly acidic  cation resin pr ior  t o  collecting 
the samples. 
t o  approximately 0.1 pa r t  per mill ion.  
between 35 F and 65 F and hydrazine t o  oxygen r a t io s  from 7:l t o  72:l. 
Reaction times were l imited t o  one minute during one t e s t  se r ies  and ten  
minutes in the  other se r ies .  The t e s t s  were conducted i n  a s ta in less  s t ee l  

A ser ies  of t e s t s  wss run t o  determine 

Preliminary t e s t s  indi-  
* 

It was therefore necessary t o  remove the 

This procedure reduced the residual hydrazine concentration 
The scavenging t e s t s  were conducted 

system. 

In  general, the  amount of oxygen removed increased with increasing tempera- 
tu re ,  reaction time o r  hydrazine t o  oxygen r a t io .  
scavenged was, however, mall i n  a l l  cases. The maximum amount scavenged 
during a one minute reaction was about 1% (65 F and N f i / O 2  = 72/1). 
maximum amount scavenged during a ten-minute reaction was about 25s (65 F 
and N 2 € 4 / 0 ,  = 60/1). 

The amount of oxygen 

The 

Prototype f o r  Heated Slug Rupture Tests. 
coextruded U-Zr-2 rod in the  isothermal heat t rea ted  condition t o  canpare 
with previous results which indicated that heated rods rupture more severely 
than unheated rods. 
almost ident ica l  results were obtained. 
water at 30 kw/ft power r a t e  and 20 f p s  velocity,  all  of the three pre- 
defected pinholes had ruptured with the  swollen areas measuring about one 
inch in length and 1/2 inch wide and projecting about 0.15 inch above the 
or ig ina l  diameter. All of the ruptures had a single longitudinal t e a r  i n  
the Z r  cladding as opposed t o  a c i rcu lar  t e a r  experienced in the unheated 
rods. 
14 grams without power generation. 

Two t e s t s  were made with a single 

The rod was fram a d i f fe ren t  l o t  than  the or iginal  but 
After two hours exposure t o  300 C 

About 38 grams of uranium was l o s t  from each defect compared t o  

Corrosion of Carbon Steel  in Raw Water. 
carbon s t e e l  has been studied f o r  approximately f ive  exposure weeks a t  
140 C .  
contrasted with the 9 .1  mils/year previously found a t  100 C .  

Raw water corrosion of A-212 

A r a t e  of 13.2 mils/year has been experienced a f t e r  777 hours, a s  
In both cases 
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non-uniform corrosion has been noted. Deposition 
water has caused p i t t i n g  of the metal (1-3 m i l s ) .  
p la ted out even a t  10 t o  1 5  f p s .  Pi t t i ng  of 1 t o  
occurred i n  crevices. 

Structural  Materials Development 

HW-62012 

Df material from the 
These deposits have 

3 n i l s  has a l so  

ke,  there has been no NPR Zircaloy Process Tubes. Due t o  the steel str 
change i n  the s t a tus  of the  order with Allegheny Ludlum Steel  Corporation 
fo r  70 NPR process tubes. 

Cbase Brass on a similar order has produced 25 extrusions. 
sions were s t ra ight  and the copper jackets came through in  excellent con- 
d i t ion .  Surfaces and dimensions w i l l  be checked as soon as a new de- 
jacketing f a c i l i t y  i s  i n  operation. The remaining 65 extrusions t o  make 
the f i r s t  l o t  of 30 finished tubes will be extruded about mid-October. 
Present schedules on delivery and ins ta l la t ion  of a new, large drawbench 
indicate drawing w i l l  commence about the second week of November. 

These extru- 

Harvey Aluminum has cut up one of t h e i r  f i rs t  three extrusions f o r  drawing 
tests.  
t h i rd  draw because of too much work hardening. 
e i ther  t o  employ a la rger  drawbench o r  t o  anneal before the f i n a l  draw. 
The outside surface on the t e s t  pieces has been very good, about m-30 
micro-inches, but there i s  some question whether the en t i re  inner surface 
w i l l  meet the 63 micro-inch requirement. 

Burst Testing of Zircaloy Tubing. 
process tubing w a s  burst tes ted  a t  340 C .  
s p l i t  a t  9000 ps ig  in te rna l  pressure w i t h  
The uni t  hoop stress was calculated t o  be 53,000 ps i .  This compares w i t h  a 
similar test  (reported i n  June) during which the tube burst  a t  10,000 psig 
internal  pressure w i t h  8.w elongation of the diameter and a hoop stress of 
57,300 ps i ,  with a tube w a l l  temperature a t  failure of about 300 C instead 
of 340 C.  

These tests have gone w e l l  except that they could not make the  
Hence, it w i l l  be necessary 

A section of I&$ cold worked NPR type 
The tube f a i l ed  i n  a longitudinal 

elongation of the  diameter. 

Nonmetallic Materials Development 

MTR Graphite I r radiat ions.  
first L-48 experiment, GEH-19-1. 

Preliminary results are  now available from the 
Hanford equivalent exposures a re  not 'ye t  

available for- t h i s  experbent  since the KI!R-HAPO exposure conversion factor  
i s  now being revised. 
graphite) were irradiated a t  about 700 and 900 C. 
the CO graphite contracted 0.08 percent in  three MTFl cycles. Based on a 
preliminary evaluation, the contraction r a t e  f c r  CO graphite a t  900 C i s  
half o r  l e s s  of t h a t  for  TSGBF a t  the same temperature. 
f igures a l so  indicate that  CO graphite contracts a t  a slower rate than the 
CSF a t  t h i s  temperature. 

Samples of CSF and CO (needle-type Continental coke 
A t  approximately 900 C 

The rough exposure 
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GEH-19-3, the  t h i r d  L-48 experiment, has been constructed and was charged 
in to  the  MTR a t  the beginning of Cycle 128, September 21, a t  which time 
CEH-19-2 was removed a f t e r  four MTR cycles. 
of GL-10 graphite and four CSF reference standards. 
have a l so  been incorporated i n  an e f f o r t  t o  eliminate the periodic mal- 
functioning of the e l e c t r i c a l  connector which was previously experienced. 

GEH-19-3 contains four samples 
Design improvements 

GETR Graphite I r rad ia t ions .  The two graphite i r rad ia t ion  experiments i n  
the GETR, H - 1  and H - 2 ,  have been operating successfully since the  s t a r t  
of Cycle 5 on September 5, 1959. 
the  two which were damaged a t  the  start  of Cycle 4.  The temperatures on 
H-1, the  capsule in the  E-5 center loop posit ion,  vary from 900 C a t  the 
end samples t o  1400 C a t  the center samples. 
posit ion,  the temperatures vary from 1000 C t o  1500 C. 
are in good agreement with those predicted and are as high o r  higher t h a n  
any previous graphite i r rad ia t ion  experiments made by HAP0 personnel. 
two weeks of operation, the th i r t een  thermocouples which operated i n i t i a l l y  
continue t o  function sa t i s f ac to r i ly .  

These two capsules are replacements fo r  

On H - 2 ,  i n  the E-7 side loop 
'Ihese temperatures 

After 

Hot Test Capsule I r rad ia t ion  Experiments. 

t o t a l  of 85 samples of types of graphite considered as NPR candidates. 
addition t o  these samples, one sample of CSF graphite i s  Included i n  each 
capsule as a reference standard. 
instrumentally monitoring the graphite temperature during i r rad ia t ion  but 
do include a series of temperature-indicating pa in ts  which preliminary t e s t s  
showed were s tab le  under i r rad ia t ion  f o r  short  periods. 

Eighteen capsule experiments were 
prepared and shipped t o  the  MTR f o r  i r rad ia t ion .  These capsules contain a 

In 

These experiments contain no means f o r  

Snout I1 Flux Measurements. Among the problems associated with the  evalu- 
a t ion  of radiat ion damage s tudies  i s  the  lack of accurate knowledge of f lux 
conditions i n  the radiat ion f a c i l i t i e s  i n  the Hanford reactors .  This is a 
problem both i n  defining the  t o t a l  exposure during Hanford i r rad ia t ions  and 
i n  comparing o f f - s i t e  exposures with Hanford exposures. 

Al-CO and N i  foil monitors were included i n  a se r i e s  of graphite irradia- 
t ions  i n  the Snout I1 f a c i l i t y  in KW Reactor. 
var ie ty  used et the  MTR, and the  a c t i v i t i e s  were counted a t  the  MTR a f t e r  
exposure. Thus, the  f lux  measurements, even if  inaccurate on an absolute 
basis, should be usef'ul in comparing MTR exposures with HAP0 i r rad ia t ions .  

These f o i l s  were the standard 

Four i r rad ia t ions  coanprise t h i s  series of tests. 
one set of foi ls  was used, but i n  the  fourth approximately s ix ty  f o i l s  were 
used t o  determine the  f lux  var ia t ion p a r a l l e l  t o  the Snout I1 axis o r  per- 
pendicular t o  the process tubes. 
f lux  within the  sample carrier was a l s o  checked. 
below: 

In the  f i rs t  three only 

The radial and azimuthal var ia t ion in 
The results are given 
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Total Thermal Flux Cadmium Fast  Flux 71 mev* 
Exposure per (MWD/AT) Ratio per (MWD/AT) 

5 MWD/AT 1.46 x 1017 nvt 20 3.0 x 10l6 nvt 
10.5 1.68 x l0t-I 19 2.8 
27.7 
84 

2.7 
3.6 

mis fast flux i s  computed using the techniques appropriate 
t o  the MTFt f l u x  and probably underestimates the fast f lux  
i n  the Hanford reactors .  

In  the l as t  i r rad ia t ion  periodic var ia t ions along the ax i s  of the i r rad ia t ion  
f a c i l i t y  were observed with the period of the  reactor  l a t t i c e .  
f lux  the  maximum and minimum values differed by approximately 15 percent 
while  the thermal f lux  varied by about f ive  percent. 
the  thermal f lux coincided with the minimum i n  the f a s t  flux, the fast f lux 
t o  thermal f lux r a t i o  varied by 25 percent. This s t resses  the  e r ro r  in -  
herent i n  assigning exposure (MWD/AT) s t r i c t l y  from the thermal or t o t a l  
f lux .  
and were not s ign i f icant .  

For the fast 

Since the maximum i n  

Radial and azimuthal var ia t ions were less than f ive  percent generally 

Graphite I r rad ia t ion  a t  80 C .  
discharged from the 80 degree tes t  hole recently with over 1200 MWD/AT ex- 
posure. 
being readied f o r  analysis.  
graphite a re  completed, the samples are t o  be returned t o  the  tes t  hole. 

Three CSF' and three CO graphite samples were 

The test  a l so  included a cobalt-aluminum f lux  monitor which is now 
A s  soon as a l l  per t inent  measurements on the  

Hot Test Hole I r rad ia t ions .  The first discharge of graphite samples from 
the X test hole a t  KE Reactor since the act ivat ion as a hot t es t  hole i n  
April 1959, was completed successfully. 
with an exposure of 885 MWDIAT. 

The graphite boat was discharged 

Compression set, placed i n  graphite samples during machining, has been sus- 
pected of causing the  i n i t i a l  expansion observed under high temperature 
i r rad ia t ion .  Samples of National Carbon Company, Continental coke graphite 
were annealed a t  650 C before i r rad ia t ion  a t  550 C. Another s imilar  s e t  of 
samples YZLB i r rad ia ted  vi thout  p r io r  annealing. For the annealed samples 
the transverse and pa ra l l e l  length changes were N.008 percent and -0.004 
percent, respectively.  The corresponding values f o r  unannealed samples were 
+O ,024 percent and +O .001 percent which indicates  p r io r  annealing w i l l  
appreciably reduce the  i n i t i a l  expansion. 
be discharged soon and should indicate whether the expansion observed i n  
650 C annealed samples was due t o  insuf f ic ien t  annealing o r  growth due t o  

Samples anrealed t o  2600 C w i l l  

-' radiat ion damage. 

Graphite Burnout Monitoring. 
cessive burnout rate of 4.9 percent per 1000 operating days f o r  the central  

Recent burnout monitoring data  show an  ex- 

pa r t  of channel 3478-D. 
may have been caused by two tube leaks i n  the v i c in i ty  of t h i s  channel. 
nominal gas composition during t h i s  period w a s  about 60 percent helium and 
40 percent Cog. 

This i s  about 2-1/2 times the  allowable rate but 
The 
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Thermal Hydraulics Studies 

Effect of Heat Capacity on Damping Reactor Tmperature Surges. 
investigate the  magnitude of the damping ef fec t  on reactor temperature 
surges due t o  the heat capacity of the  fue l  elements w a s  completed. 
an e f f ec t  i s  of considerable importance t o  the present Hanford reactors 
where, i n  some cases, the reactor power leve ls  a re  l imited by the value of 
bulk out le t  water temperature expected a f t e r  an e lec t r i ca l  outage on a 
reactor power surge. While i n  both of these cases a reactor scram would 
be i n i t i a t e d  short ly  after the  incident, a short  period would ex is t  during 
which the water temperature would increase u n t i l  the  reactor scram became 
effect ive.  

A study t o  

Such 

Analytical calculations of these temperature surges were combined with 
laboratory experiments performed on an e l ec t r i ca l ly  heated mockup of a 
single tube. The results show that fo r  a ramp change i n  flow, such a s  
would occur i n  the  f i rs t  few seconds after a BPA e lec t r i ca l  outage, the 
r i s e  i n  temperature a t  the ou t l e t  of a process tube would be about 55 and 
65 percent of the calculated equilibrium values i n  two and three seconds, 
respectively. For the  case of a step increase i n  power leve l ,  the temper- 
a ture  rise would be about 85 and 95 percent of the equilibrium value a f t e r  
two and three seconds, respectively. 

A calculation of t h i s  so r t  i s  subject t o  some errors  and, i n  a d d i t i o n ,  
several contributing factors  were ignored fo r  the sake of simplicity.  
application of these r e su l t s  t o  the Hanford reactors must also consider 
the flow mixing in  the  rear piping which i s  a l so  d i f f i c u l t  t o  calculate 
with great  precision. 
cannot be as suf f ic ien t  as i s  desired f o r  reactor application, it was con- 
cluded t h a t  the reactor  test  now planned by IF'D personnel would be of 
s ignif icant  value. 

Equipment ProJects. 
fying equipment (Project CG-661) which was ins ta l led  in  189-D t o  provide 
additional heat generating capacity i n  the heat t ransfer  laboratory. A 
50 percent overload t e s t  was run on the  r e c t i f i e r s  during which a t o t a l  
current of 48,000 amps was produced f o r  a period of one minute. This value 
of current is almost 2-1/2 times higher than that which i s  available from 
the  exis t ing motor generator sets. 

The 

Since the accuracy of the  combined calculations 

Acceptance tests were concluded on the  s i l icon r ec t i -  

Placement of orders f o r  a l l  major equipment items required f o r  the steady- 
state phase of Project CGH-834 was completed. 
the  High Pressure Heat Transfer Apparatus fo r  higher flow and heat gener- 
a t ing  capacit ies and w i l l  allow transient  type experiments t o  be performed 
a t  high pressures. 

"his project  w i l l  modify 

Hydraulic Studies. Preliminary laboratory studies were performed t o  de- 
termine the  degree of flow mixing within NPR type seven-rod c lus te r  fue l  
elements. Since theoret ical  calculations indicate tha t  some mixing i s  > 
necesaary t o  prevent excessive temperature of the coolant i n  the  center 
of the f u e l  element, there  i s  an incentive t o  determine the effectiveness 
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of d i f fe ren t  mixing promoters. 
consisted of a 70-inch section of a prototype seven-rod fue l  assembly 
(using 0.704 inch rods) i n  a 2.70 I D  coolant tube. Special end f i t t i n g s  
were used t o  introduce two separate f l u i d  s t r eam a t  the upstream end of 
t he  fue l  element prototype -- one f lu id  stream between the process tube 
and the  outside of seven rods and the  other f l u i d  stream inside of the 
six outer  rods of the seven-rod bundle. Likewise, two d i s t i n c t  f l u i d  
streams were withdrawn a t  the  downstream end of the  t e s t  section. A salt  
solution was introduced i n  the i n l e t  of the inner flow channel and samples 
were taken a t  various locat ions along the  outer channel t o  determine the 
degree of mixing. 

The tes t  section used i n  these s tudies  

Three runs which were made a t  various t o t a l  coolant flow ra t e s  through a 
t e s t  section where each rod was wire wrapped on an 18-inch p i t ch  showed 
the following resu l t s :  (1) an inlet  stream sal t  concentration r a t i o  of 
900 :1 { i n n e r  channel t o  outer  channel) was reduced t o  a r a t i o  of 1:l a f t e r  
flowing through the  70-inch long tes t  section; (2) marked concentration 
changes were noted a t  i n i t i a l  lengths along the rod bundle corresponding 
t o  the  wire wrap p i tch .  The r e su l t s  indicate  t h a t  w i r e  wrapping i s  one 
method t o  achieve adequate flow mixing i n  seven-rod f u e l  elements. 

Twenty-four flow meters were cal ibrated f o r  IPD t o  use f o r  flow monitoring 
of special  production tes t  channels. 
ventur is  f e l l  very close together while data f o r  several  special ly  reamed 
ventur is  had more sca t t e r .  Undoubtedly, t h i s  shows the advantages of the  
burnishing technique used on standard ventur is  t o  achieve a smooth f i n i s h  
of close tolerances.  

Data f o r  several  standard CG-558 

A flow tes t  was conducted for  IPD t o  determine the  flow charac te r i s t ics  of 
a 16-inch long aluminum inse r t  t o  be placed i n  the  rear nozzle of old re-  
ac tor  process tubes. 
tube and the rear nozzle  i n  case of a damaged Van Stone flange. The flow 
tes t  showed t h a t  t he  in se r t  w i l l  have negl igible  e f f ec t  on the normal 
operating conditions within a process tube. 

The i n s e r t  w i l l  provide a seal between the process 

Flow tests were conducted t o  determine coolant flow past  the  fue l  elements 
during precharging operations when the f ront  nozzle i s  removed. 
found that, f o r  t he  BDF assembly, the  flow resu l t ing  from a f ront  header 
pressure of 140 inches of water would a l l  go out t he  f ron t  nozzle and none 
pas t  the  fuel elements when t he  rear header pressure was zero. It takes a 
pos i t ive  rear header pressure under these conditions t o  produce any flow 
pas t  t he  f u e l  elements and a rear  header pressure of 20 inches of water 
produces a reverse flow of about one gpa. 

It was 

Mechanical Eauiment Develoment 

Organic Cooling System Components. 
hours during the  month. 

The MOTS-1 F a c i l i t y  operated f o r  90 
Operation has been discontinued indef in i te ly  due 

t o  lack of a supporting program. 
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Neutron and Gamma Attenuation. 
tes t  slabs were successfully placed i n  the  shield f a c i l i t y  f o r  the  f i r s t  

The perforated ferrophosphorus concrete 

i r rad ia t ion  after t h e  slabs had been baked a t  50 C .  The i ron serpentine 
(268 lb / f t3)  t es t  slabs were removed from the  t e s t  f a c i l i t y  and placed i n  
t he  oven f o r  t he  100 C bake. 

A survey of t he  data on the  shielding propert ies  of high density concretes 
tested i n  the  DR shield f a c i l i t y  indicates  that the  pro er mixture of iron, 

date f o r  biological  shield application where the ambient temperature of the 
shield may reach 300 C .  Such a concrete w i l l  have about t he  same shielding 
propert ies  a t  300 C as magnetite-limonite ( 2 l O  l b / f t3 )  has i n  the "as-cured'' 
condition and would be superior t o  magnetite-limonite, iron-limonite 
(265 lb/ft3) and ferrophosphorus (300 lb/ft3) concretes operating a t  three 
hundred degrees Centigrade. 
pentine t o  r e t a in  i t s  water of c rys t a l l i za t ion  a t  elevated temperatures. 
Serpentine i s  an asbestos mineral. with the  approximate formula 3 Mg 0.2 SiOg' 
W20. 
by the  Johns-Manville Laboratory. 
series of high temperature tests were conducted on serpentine f o r  periods 
varying from a f e w  hours t o  over 1000 hours. This work i s  being carr ied 
on here f o r  periods grea te r  than 1000 hours a t  300 C, and data t o  date  
indicate  the  water loss i n  t en  years (extrapolated) i s  only about l8$ of 
the  water of hydration. 
hydration i s  ra ther  rapid, but  up t o  800 F a slow rate of dehydration w a s  
observed. 
pentine when exposed t o  high neutron and gamma f ie lds .  
tes t  slabs (210 lb / f t3)  have been fabricated f o r  t e s t i n g  as candidate NPR 
shielding i n  a Jo in t  e f f o r t  with IPD personnel. 

serpentine and cement i n  the  density range of 210 lb / f t  5 i s  a good candi- 

The reason f o r  t h i s  is  the  a b i l i t y  of the  ser- 

The water of hydration amounts t o  about l3.5$ by weight as measured 
A t  the  Johns-Manville Laboratory a 

Johns-Manville data indicate  t h a t  a t  1000 F the de- 

Tests are under way now t o  invest igate  radiat ion damage t o  ser- 
Iron-serpentine 

Three ion chambers f o r  shield s tudies  were obtained and wired. Calibration 
checks proved them acceptable. 

B. WEAPONS - 3000 PROGRAM 

Research and development in t he  f i e l d  of plutonium metallurgy continued i n  
support of the Hanford 234-5 Building Operations and weapons development 
programs of the  University of California Radiation baboratory (Project Whitney) . 
Details of these a c t i v i t i e s  are reported separately v i a  d is t r ibu t ion  l i s t s  
appropriate t o  weapons development work. 
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C .  REACTOR DEVELOPMENT - 4000 PROGRAM 

1. PLUTOMIUM RECYCU PROGRAM 

Plutonium Fuels Development 

Basic Studies. It has been reported previously t h a t  a reduction of PuO2 
t o  a suboxide does not occur when a powder sample is heated in  hydrogen. 
AERE data, however, have shown the  existence of approximately 20 percent 
of BCC Pu2O3 when PuO2 i s  heated f o r  one hour a t  1450 C .  To investigate 
t h i s  anomaly, the present hooded f a c i l i t i e s  were converted from full a i r  
flow t o  an argon atmosphere t o  prevent oxidation of a possible suboxide. 
Five grams of Pu02 powder were heated i n  dry hydrogen t o  1500 C f o r  times 
of one and eight  hours. Immediately after discharge, they were mounted 
and t ransferred t o  a helium atmosphere d i f f r a c t m e t e r  hood. 
x-ray d i f f rac t ion  pa t te rn  consisted only of the single FCC Pu02 phase. 

The resu l t ing  

To fur ther  invest igate  the possible decomposition of PuOg, a smaLl sample 
was held i n  the molten state in  a tungsten wedge f o r  30 seconds. The 
vapors were condensed on a copper disc  and x-ray d i f f rac t ion  showed only 
a diffuse Pu02 (111) ref lec t ion  i n  addition t o  strong copper l ines .  
Longer holding times and an amorphous condenser w i l l  be used i n  future  
experiments. 
single FCC phase. 

Diffraction of the melted Pu02 sample i tself  showed only a 

Preliminary data on the thermal expansion of PuO2 indicates  t he  co- 
e f f i c i en t  t o  be greater  than t h a t  reported f o r  the  ismorphous U02. A 
sintered sample, 90 perce t of theore t ica l  density, gave an expansion 
coeff ic ient  of 1 5 . 2  x lo-% in/in/OC over the temperature in te rva l  125- 
911 c .  
Cursory corrosion t e s t i n g  of various fue l  core a l loys has yielded two 
markedly superior a l loys .  These a l loys  have shown good resis tance t o  
corrosion i n  stagnant demineralized water a t  350 C .  
i t i o n s  of the  two a l loys  are as follows: 

The ncxninal compos- 

Pu 2.0 2.0 
N i  1.0 2.0 
Fe 0.6 0.5 
Si 1.4  0.4 
T i  -- 0.1 
Others 0.2 0 .2  
Al 94.8 94.8 

Corrosion rates are current ly  being determined f o r  the two al loys.  

Fabrication Studies. 
fuel-bearing A l  a l loys  d i r ec t ly  in to  Al cladding fo r  the purpose of making 
coextrusion-clad fue l  rods; an important s tep i n  the process i s  the 

Casting techniques are being developed f o r  cast ing 
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casting of the  cap material d i rec t ly  over the solidifying fue l  alloy. 
cap material is  cast  so t h a t  it fuses t o  the cladding, thus completely 
sealing the fue l  material from the atmosphere and excluding air  from the 
container. This process eliminates b i l l e t  decontamination and cleaning, 
assembly, welding, and outgassing. With the  elimination of most of the 
handwork i n  the preparation of the coextrusion b i l l e t s ,  the  coextrusion 
process would be more economical and more adaptable t o  remote processing 
of highly radioactive fue ls .  

The 

Five coextrusion b i l l e t s  were cas t  in to  the cladding by t h i s  technique. 
An A l - N i  a l loy substi tuted fo r  t h e  fuel  material .  
graphs showed large voids which were a t t r ibu ted  t o  gases a r i s ing  from 
etchants entrapped between the can wall and the base which had been welded 
t o  the  cladding. The f i f t h  radiograph showed the coextrusion b i l l e t  t o  be 
quite sound. This l a t t e r  b i l l e t  and three others were extruded in to  9/16" 
diameter rod; the  reduction r a t i o  was a:l. The three b i l l e t s  w i t h  large 
voids exhibited a substantial  amount of blisters between the core and 
cladding; the  sound b i l l e t  had no b l i s t e r s  over the en t i r e  length of the 
10-foot extrusion, and sectioning indicated complete bonding between the 
core and cladding. Future work on end configuration w i l l  be done w i t h  
extrusion cans machined from sol id  stock t o  eliminate the entrapment of 
etchants. 

Four of f ive  radio- 

The Al-Pu a l loy  b i l l e t s  produced t h i s  month were as follows: 
Pu b i l l e t s  for  further c r i t i c a l  mass studies; s ix  KL-1.8 w/o Pu fo r  PRP 
fuel  fabrication; three c-8-10 Al-2 w/o Pu fo r  corrosion studies; and 
eight Al-1.8 w/o Pu hollow castings t o  be used i n  preparing inject ion cast  
fue l  rods. 

s ix  JU-5 w/o 

A nearly homogeneous casting was produced with 2s aluminum injected in to  
l/2-inch diameter, 89-inch long Z r  tubing. 
w a s  not Improved (94$), but the uniformity of the f ine ly  divided shrinkage 
cavi t ies  and t he  absence of gas porosity were encouraging. Pre-evacuation 
of the Z r  tubing t o  less than 50 microns and a leak t i g h t  seal  on the dip 
tube were responsible f o r  the elimination of gas porosity. Several castings 
were made i n  which the aluminum inject ion r a t e  was reduced t o  t h e  minimum 
tha t  would permit fu l l  length f i l l i n g  t o  determine i f  turbulence was 
responsible fo r  low density castings.  
casting was worse, with pronounced piping indicating tha t  the problem i s  
primarily non-directional so l id i f ica t ion .  

Production techniques are being perfected f o r  extrusion and subsequent 
core preparation of PRTR fue l  elements. 
appear t o  be six b i l l e t s  (12 fue l  rods) extruded, straightened, cut t o  
length, weighted, gauged, and cleaned per two man-days. 
tube added t o  the extrusion hood f o r  run out purposes allows uninterrupted 
extrusion of a f u l l  length b i l l e t .  
var ia t ion over the  extruded rod. 

The density of the  casting 

The density of the  slowly f i l l e d  

Preliminary production rates 

An extension 

This has decreased the diametrical 
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Al al loys c-8-10, c-8-12, and c-8-23 were extruded in to  1/16’’ diameter 
rods and submitted t o  the Coatings and Corrosion group fo r  corrosion 
evaluation as a potent ia l  PRP cladding material .  
jected t o  approximately the same amount of mechanical work and have 
similar surfaces t o  rods produced by coextrusion cladding. 

The samples were sub- 

Thermal cycling experiments on three-foot long elements is  continuing i n  
the  four-foot long autoclave. 
Zircaloy tubing and pure aluminum rods using different  techniques i n  an 
attempt t o  b e t t e r  understand and solve the ratcheting problem. %me of 
the elements were fabricated by applying a graphite lubricant on the  
cores followed by swage s iz ing of the cladding. 
wrapped with d i f fe ren t  tensions and par t  were not wrapped. 
made using no lubricant  on the  cores. 
cores both lubricated and not lubricated.  All twenty elements, however, 
were subjected t o  a l ight  swage s iz ing operation. 
have withstood as many as 42 thermal cycles between 100 and 350 C a t  
1300 p s i  and a t  heating and cooling r a t e s  of the order of 4 C/minute. 
The resu l t s  and general conclusions of the  t e s t  thus far a re  as follows: 

A group of elements was fabricated with 

P a r t  of these were wire 
Others were 

Some were made using seeplented 

Some of the elements 

1. In general, on those elements which are affected,  thermal cycling 
causes the aluminum cores t o  shorten and Zr cans t o  increase i n  
length, whereas on those which a re  not appreciably affected,  both 
the  cores and cans shorten s l igh t ly .  

2. Graphite lubricant applied t o  the cores def in i te ly  improves the  
thermal cycling behavior of the  elements. All of the s ix  which 
were lubricated and not w i r e  wrapped remained s t ra ight  after 
42 thermal cycles. 
cans shortened up t o  0.023 inch on a 33-inch over-all  length. 
It is  in te res t ing  t o  note that the cores in  a l l  the  graphite 
lubricated elements, even the  wrapped ones which are  badly bowed, 
a re  s t i l l  loose a t  room temperature, and there is  no evidence of 
s t icking or  gal l ing.  

Wire wrapping increases the  core shortening and accentuates the  
warping and surface bumping. 
elements remained unchanged a t  the end of 42 cycles whereas on 
two others,  the  cores shrunk over 1-1/2 inches and the  cans 
elongated about 0.075 inch on a 33-inch over-all  length. The 
amount of warping or  bowing of the wrapped elements i s  consider- 
able, and in  a l l  cases follows the contour of the w i r e  around 
the  tube. 

The cores shortened up t o  0.100 inch and the  

3.  
Only two of the s ix  wrapped 

4. Segmented cores, whether lubricated o r  not, appear t o  be worse 
than so l id  one piece cores. 

There i s  an indication tha t  warping may be associated w i t h  the  
or iginal  condition of a given as-received tube. For instance, 
two short  elements fabricated frm the sane long tube warp and 
d i s t o r t  about the same amount on thermal. cycling. 

5. 
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6 .  There does not seem t o  be any correlation between varping and the 
tension with which the wire was applied i n  the ranges tes ted.  
the lower tensions, however, loosening of the wire on cycling i s  
not a problem. 

With . 

7. Thermal cycling causes some of the tubes t o  f a i l  by developing 
longitudinal s p l i t s .  Two of the twenty elements showed s p l i t s  
a t  the end of 20 cycles, three more a t  the end of 36 cycles, 
and two more a t  the end of 41 cycles. 
the external Zyglo inspection; however, they had not been eddy 
current tes ted.  It i s  f e l t  t h a t  the longitudinal s p l i t t i n g  i s  
due t o  infer ior  quali ty tubing. 

These tubes had passed 

Eight additional elements were fabricated with eight-mil 304 s ta in less  
s t e e l  cladding. These were made by simply slipping aluminum cores into 
the tubing w i t h  no lubricat ion,  no end clearance, and no sizing operation. 
There w a s  no tendency f o r  gal l ing between the core and tubing. They were 
cycled under the same conditions a6 the Zircaloy clad elements. The cores 
shortened s l igh t ly  and the cladding elongated s l igh t ly  as they were exam- 
ined a t  the end of s i x  and 1 2  cycles. A t  the end of 27 cycles, the clad- 
ding w a s  observed t o  be badly cracked, both i n  the transverse and longi- 
tudinal direct ions.  This cracking could be caused by s t r e s s  corrosion or  
excessive s t ra ining.  Metallography is  being performed i n  an attempt t o  
determine the cause. End clearance w i l l  be l e f t  t o  accommodate thermal 
expansion; however, the tubing must be supported i n  these areas t o  prevent 
collapsing by the external pressure. 

An inject ion cas t  fue l  rod, with r e s t r i c t ions  t o  longitudinal d i f fe ren t ia l  
expansion necked in to  the tubing a t  six-inch intervals  before casting, 
completed 43 thermal cycles. The 42-1/2-inch long element shortened 
0.049-inch and decreased i n  diameter 0.002 inch during the f irst  s i x  
cycles. The last  37 cycles produced no dimensional changes, and there 
a re  indications that the bond i s  s t i l l  i n t ac t .  

Work has commenced on fabricat ing the f i r s t  ten fuel  element c lus te rs  fo r  
the PRTR loading. 
and a re  present ly  being straightened, cut t o  length, and inspected. Eddy 
current and Zyglo inspected perfect  tubes are being cut t o  length, 
counterbored, cleaned, gauged, and the f i r s t  end caps a re  being welded i n  
place. The actual  assembly of the elements w i l l  be conducted i n  both the 
P i l o t  Plant and 23-2 Building due t o  equipment ava i l ab i l i t y .  
equipment in the  P i l o t  Plant  required f o r  the  fabricat ion i s  s t i l l  not 
completed. 

The-alloy has been cas t  and rods have been extruded 

Much of the 

Fuel hraluation. Sixteen Al-Pu and Al-Si-Pu capsules, s i x  Pu% impreg- 
nated graphite capsules and a seven-rod c lus te r  containing Al-Pu cores 
a re  being i r radiated i n  the MTR and a KER loop. 
UO2-PuO2 cores discharged las t  month have been measured and show no 
dimensional changes. 

Two capsules containing 
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Two experiments are being fabricated fo r  i r radiat ion in  the GEH-4 loop 
f a c i l i t y  i n  the  MTR. 
elements containing Al-3 w/o Pu and arranged i n  a three-rod c lus te r  
array. Each rod w i l l  generate 25 kw/ft of length i n  a thermal flux of 
2 x 1014 nv which gives a maximum core temperature of 376 C .  
w i l l  be fabricated by simply slipping the cores in to  as-received tubes 
and not s iz ing the  cladding onto the  fue l .  In  t h i s  case there w i l l  be 
as much as eight or  nine m i l s  dimetral clearance between the core and 
cladding. 
onto graphite lubricated cores. 
maximum of two cycles. 

They w i l l  be eleven-inch long Zircaloy clad 

One c lus te r  . 

The other c lus te r  w i l l  be fabricated by swage s iz ing the can 
These clusters  w i l l  be i r radiated a 

U02 Fuel Development 

PRTR Fuel Elements. 
a t o t a l  of 620 had been swaged previously. 
used tubing that had passed the external fluorescent penetrant inspection 
and the eddy current t es t .  The use of tubing which has passed the 
fluorescent penetrant inspection has reduced the rejection rate of 
swaged rods f o r  surface defects from over 50 percent t o  l e s s  t h a n  seven 
percent. Most of these reJects  are reclaimable. Swaging experiments 
during the coming month w i l l  involve tubes that were or iginal ly  rejected 
by the fluorescent penetrant inspection, then  reconditioned, and then 
reinspected. 

This month a t o t a l  of 340 fue l  rods were swaged; 
All rods swaged t h i s  month 

A l l  materials required t o  fabr icate  end hangers have been received. 
assemblies fo r  the next ten s e t s  of end hangers have been welded. 
pa r t s  fo r  fo r ty  s e t s  of end hangers a re  approximately two-thirds completed 
by Technical Shops. 

Sub- 
The 

The established welding technique fo r  closing PRTR swaged fue l  rods 
continues t o  produce very sat isfactory results. 
i n  the  pas t  month (254 welds) has revealed one weld with insuff ic ient  
penetration, requiring rewelding. 

Radiograph of 12.7 rods 

Fused uranium dixoide grain is  the most promising candidate fue l  material 
for swage compacted or  v ibra tor i ly  compacted PRTR fue l  rods. 
were ccaxpleted f o r  procurement of 6000 pounds of fused oxide from the 
Spencer Chemical Co. 
weeks after receipt  of the feed material. 

Negotiations 

Delivery of the fused oxide w i l l  start i n  four 

Twelve hundred pounds of U02 f o r  use in fabricat ing swaged PRTR fue l  rods 
was prepared-by pressing and s inter ing "micronized" U02 t o  a n  average 
density of 96 percent of the  theoret ical .  
"s tand- in"  u n t i l  arc-fused U02 of the desired quality could be obtained. 

This material w a s  used a s  a 

Fabrication Development. 
nine-foot long, 0.570" OD x 0.030" w a l l  tubes t o  an average density of 
87 percent of the theoret ical  by vibration a t  one kilowatt. 
s ize  composition was 69 percent (-6 +lo) ,  1% (-35 +65), and 22$ (-200) 
mesh. 

Sintered and crushed U02 was compacted in  

The pa r t i c l e  

After addition of a second one kilowatt amplifier t o  the vibrational 
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compaction system, the rods were again vibrated.  Density measurements 
with the gamma absorptometer showed that the density had increased t o  - 90 percent of theoret ical .  

Swaging of PRTR fue l  rods t o  the maximum core density and t o  specified 
dimensions requires i n i t i a l  loading of the  cladding t o  a U02 density 
which i s  68 percent cf the theore t ica l .  Tube loading process which has 
been used previously has provided a s t a r t i ng  density of only 62 percent 
of the theoret ical .  
(0.030" desired) and lessened the probabi l i ty  of reaching maximum U02 
density. 

This  resulted i n  a w a l l  thickness of 0.033" 

Fuel Evaluation. Refinements have been made on the gamma absorptmeter 
so t h a t  it can now be used t o  accurately and re l iab ly  determine the 
dens i t ies  of the swaged PRTR rods, on a "go, no-go" basis. A mechanism 
t o  continuously feed rods Into the instrument i s  being-fabricated f o r  
use i n  routinely checking the densi t ies  of swaged rods. 
inate  the need f o r  determining densi t ies  i n  the analyt ical  laboratory. 

This w i l l  elim- 

Etching and autoclaving problems were encountered with PRTR fue l  rods. 
Many of the rods inspected a f t e r  autoclaving have had a spotted or  milky 
oxide film caused by inadequate removal of temporary ident i f icat ion 
markings. 
oxide film. By removing the oxide fi lm, re-etching and re-autoclaving, 
some of these rods have been reclaimed. 

S h e  of the rods have cracks or scratches which penetrate the 

A s p i r a l  marking w a s  found on approximately for ty  rods. 
that the marking was caused by small indentations on the feed r o l l  of the 
swage feed device. 
nosing both ends of the rods before swaging w i l l  prevent a recurrence of 
t h i s  problem. 

It was determined 

New r o l l s  eliminated the immediate problem and bul le t -  

The new vacuum pumping system f o r  leak t e s t ing  PRTR fue l  was placed i n  
service; time spent on leak t e s t ing  was reduced by a factor  of ten.  
addition t o  the advantage of time saving, it was possible t o  t e s t  the 
entire length of the  fue l  rod rather  than only one welded end a t  a time. 
The new system consis ts  of two four-inch diameter tubes and a complete 
pumping system f o r  evacuating each tube a f t e r  it has been loaded with 
f i v e  fuel rods. After the tube has been evacuated, it is connected t o  
the leak tester t o  determine whether any f u e l  rod is  leaking helium. 
The previous leak t e s t ing  equipment was connected d i r ec t ly  t o  one end of 
a rod a t  a time. 
none of the swaged fue l  rods have small holes i n  the cladding. 

In 

This new leak t e s t  procedure gives added assurance tbt 

Internal  surface defects on Zircaloy-2 tubes which had passed the f luor-  
escent penetrant t e s t  were detected by subjecting these tubes t o  an 
bmersion type ul t rasonic  test .  Metallographic investigations a re  being 
made t o  determine the nature and severi ty  of these internal  defects.  
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Two samples of e l ec t ro ly t i c  U02 were evaluated f o r  possible swaging 
appl icat ions.  The samples were prepared by the  Heavy Element Chemistry 
Operation by the  e l ec t ro lys i s  of fused salts .  Swaged dens i t ies  were 
canparable t o  the  s intered and crushed U02 now being used f o r  the PRTR 
loading, but  t h e  dens i t ies  obtained with vibrat ionel  compaction were 
considerably lower. 

Swaged U02 capsules have a t t a i n e d  an estimated maxhum exposure of 
approximately 10,500 MWD/T during i r rad ia t ion  i n  MTR and ETR. No 
f a i l u r e s  of these capsules or  any other swaged fue l  elements have 
occurred t o  date .  

w a s  approximately 
had a 0.005'' hole 
immediate results 
than ant ic ipated,  
element w a s  being 
of the  Zircaloy-2 

A defected, swaged U02 f u e l  rod w a s  i r rad ia ted  i n  the MI'R. The 2.42 w/o 
U-235 enriched U02 element was i r rad ia ted  f o r  approximately one hour and 
a half  i n  the  GEH-4 re f lec tor  posi t ion of the MTR, a t  a maximm surface 
heat f l u x  of approximately 5OO,OOO BTU/hr/ft2. The coolant temperature 

The 24" long, 0.560" OD swaged rod 
The 

100 F, a t  90 ps ia .  
d r i l l e d  i n  the cladding p r io r  t o  the  i r rad ia t ion .  
indicate:  (a)  much smaller release of f i s s ion  products 
w i t h  a decrease i n  a c t i v i t y  of the  coolant while the 
i r rad ia ted  a t  a constant power; (b) no dis integrat ion 
cladding due t o  waterlogging o r  hydriding. 

The v ibra t iona l ly  
the  MlX i n  e r ror ,  
coolant,  has been 

compacted U02 fue l  element, which w a s  discharged from 
because of reported f i s s ion  product re lease i n  the  
returned t o  the MI'R for  re inser t ion and i r rad ia t ion .  

The element i s  1.44'' OD and i s  clad i n  s t a in l e s s  s t e e l .  

A fu l l - s i ze  swaged PRTR fue l  element has now been under flow tes t  f o r  
nine weeks. The element w i l l  be reinspected a t  the next shutdown. 

F a c i l i t i e s .  
Rochelle Tool Corporation for  welding both s t r a igh t  and s p i r a l  ribs on 
Zircaloy tubes has been received. 
mezzanine i n  the  basement of the  325 Building. 

The "High Frequency Resistance Welder" produced by the New 

This machine is t o  be in s t a l l ed  on the  

Corrosion Studies 

Pickling Zircaloy Tubes. 
causes of grey s ta in ing  observed on the  PRTR process tubes being pickled 
and autoclaved a t  White Bluffs.  
changes were made t o  br ing the  pickl ing process c loser  t o  the conditions 
being employed successfully i n  314 Building f o r  PRTR Zircaloy fue l  
sheathing. 
and t h e  pickl ing and autoclaving of the  process tubes i s  proceeding a t  
f u l l  capacity. 

An Investigation was made as t o  the  probable 

A number of equipment and procedural 

Following these changes the  grey s ta in ing  was eliminated, 

A n  invest igat ion t o  determine the  advantage of using hot aluminum n i t r a t e  
and t ap  water r inses  following Zircaloy pickling was i n i t i a t e d  during the 
pas t  month. 
bath (40 C )  is s l i g h t l y  b e t t e r  i n  reducing the amount of acid s ta in ing  on 

Preliminary r e su l t s  indicate  t h a t  a hot aluminum n i t r a t e  
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PRTR fue l  rods. No detectable difference i n  acid s ta ining was noticed 
with e i t h e r  a hot o r  cold t ap  water rinse following the  aluminum n i t r a t e  
bath. 

Comparison of Zircaloy-2 and Zircaloy-4 f o r  Resistance t o  Hydriding; by 
Molecular Hydrogen. 
being compared with standard Zircaloy-2. 
a l loys  were compared f o r  res is tance t o  dry hydrogen gas with no oxide fi lm 
present.  The 1" x 1/2" samples were etched i n  HN03-HFJ dried and weighed, 
then vacuum annealed a t  750 C t o  prepare oxide-free surfaces.  
perature w a s  then lowered t o  400 C and 450 mm Hg dry hydrogen added. 
r e su l t s  of two runs were: 

The suscept ib i l i ty  of Zircaloy-4 t o  hydriding i s  
In  the  f i r s t  two runs, the 

The ten- 
The 

Hydr iding 
Alloy Induction Time Hydriding Results 

zr-4 1 2  min. Destroyed II i n  36 min. 
Zr-2 24 I '  I' 72 

This f irst  comparison showed the  Zircaloy-4 sample t o  hydride a t  a faster 
rate than t h e  Zircaloy-2 sample. 

I n  a second comparison two coupons, one of each al loy,  were etched to-  
gether, vacuum annealed together,  and both exposed a t  500 C t o  the  same 
mixture of hydrogen a t  400 mm pressure with H20 added t o  a p a r t i a l  
pressure of 0.12 mm. After a three-hour induction time the  Zircaloy-4 
sample s t a r t ed  hydriding f i r s t .  
examination of the Zircaloy-2 revealed some hydriding had a l so  s t a r t ed  
but was much less severe. 

After the Zircaloy-4 w a s  destroyed, 

Thus, i n  the two canparisons made t o  date, the Zircaloy-4 material appears 
t o  pick up molecular hydrogen more rapidly than Zircaloy-2. However, 
t h i s  i s  not necessar i ly  i n  conf l ic t  with Bet t i s  data ,  which were a l l  con- 
cerned with pick-up of corrosion-produced atomic hydrogen. Furthermore, 
only one small sheet of Zircaloy-4 has been avai lable  f o r  tes t ing ,  and it 
may or may not be representative of t he  bes t  Zircaloy-4 avai lable .  
has a l s o  been noted that t h i s  Zircaloy-4 material p i t s  badly i n  the 
standard e tch  bath,  producing a rougher f i n i s h  than Zircaloy-2. However, 
because of very l imited experience with Zircaloy-4, the above conclusions 
are t en ta t ive  and subJect t o  fu r the r  experimentation. 

It 

Corrosion of Magnesium and Aluminum i n  High Temperatare Steam. 
tests were conducted during the  month t o  determine whether violent  metal- 

Several 

water react ions could be readi ly  produced with magnesium, aluminum or  
Zircaloy-2 a t  high temperature. 
hydriding of Zircaloy-2 was observed; however, no violent  o r  self-sustain- 
ing reactions were i n i t i a t e d  under the  laboratory-scale conditions employed. 

Some rapid corrosion of magnesium and 

Defected capsules of magnesium clad i n  Zircaloy-2 were exposed t o  water 
and steam up t o  350 C f o r  several  hours. 
t o  be an  important var iable  i n  determining how magnesium corrosion would 

The size of the defect w a s  fo-md 
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occur. 
experienced only a small weight gain i n  24 hours a t  350 C ,  while one with 
a 1/2" round defect corroded about 0.1" i n  20 m i n u t e s  a t  300 C .  

For example, a capsule with a 12-mil hold through the cladding 

Higher temperature experiments were conducted by e l e c t r i c a l l y  heating un- 
defected capsules of magnesium and aluminum clad i n  Zircaloy-2. These 
capsules were about 0.15-inch diameter by 1.5-inch long, with enlarged 
ends f o r  e l e c t r i c a l  connections. 
Zircaloy w a l l  over a l/&-inch diameter pin of magnesium or aluminum. 
These capsules were exposed t o  steam i n  an autoclave a t  400 C and 1000 p s i .  
The capsule was then e l e c t r i c a l l y  heated and held a t  a temperature pas t  
the  melting point of the core material f o r  about one minute. 
four such heatings were suf f ic ien t  t o  corrode through the  capsule, exposing 
the molten core material t o  t he  hot steam. No self-sustaining reactions 
were produced. About one-half of the magnesium metal and fiearly a l l  the 
aluminum metal was l e f t  uncorroded. 
hydrided, and corroded by the  molten z e k l  an.? steam envirorment. 

The center portion consisted of a 10-mil 

Three o r  

The Zlrcaloy-2 jackets were oxidized, 

An attempt t o  a l loy  the jacket and magnesium core before exposure t o  the 
autoclave by heating i n  high-vacuum resulted i n  capsule f a i l u r e .  
metallography of the fa i led capsule indicated the  magnesium had corroded 
through a f i v e  t o  t e n - m i l  Zircaloy-2 jacket i n  l e s s  than t e n  minutes i n  
the 650 t o  TOO C temperature range. The corrosion d id  not appear t o  be 
intergranular .  

The 

Aluminum Alloy Development. 
logarithmically corroding aluminum. 

Another a l loy  has been added t o  the  l i s t  of 
This a l loy  has a composition of 1.0$ 

N i ,  0.5% Fe, and O.l$ T i ,  and was cas t  using high pur i ty  base metals a t  
Argonne National Laboratory. 
divided second phase pa r t i c l e s .  
these p a r t i c l e s  appears s ign i f icant ly  d i f fe ren t  from many al loys which 
corrode parabol ical ly  i n  high temperature deionized water. 

It has a banded d is t r ibu t ion  of very f ine ly  
Neither the d is t r ibu t ion  nor the  s i z e  of 

Although a grea t  number of melts have been made of the X-8001 and X-8001 + 
T i  formulation, t h i s  i s  the  f i rs t  melt which has shown corrosion character- 
i s t i c s  b e t t e r  than the commonly seen parabolic rate. 
and the  microscopically v i s i b l e  second phase d is t r ibu t ion  a re  not unique, 
it would appear t h a t  the use of high pu r i ty  base mater ia ls  i s  very important. 
The f i rs t  Hanford a l loys  of t h i s  type are now i n  tes t .  

As the  formulation 

S t ruc tura l  Materials Development 

PRTR Jacket Tubing. 
delivered t o  Hanford from New Rochelle Tool Corporation and t h e i r  f i e l d  

The Thermatool ribe-to-tube welding machine has been 

engineer w i l l  be on-si te  about mid-October t o  supervise i t s  i n s t a l l a t ion .  

Metallographic and corrosion camparison tests of a new l o t  of Zircaloy 
mater ia l  based on Columbia National Zirconium sponge, and previously 
used l o t s  based on Carborundum sponge, show very l i t t l e  grain s t ructure  
differences and very good corrosion tes t  results. 
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A new order of 1000 Zircaloy-2 tubes of 3/4-inch diameter w i l l  be ready 
f o r  inspection on September 28. 

Zircaloy Process Tubes. The ul t rasonic ,  f luorescent dye penetrant, and 
radiographic t e s t ing  and inspection of the PRTR process tubes p r io r  t o  
p i ck l ingand  autoclaving is 80 percent complete.- Much of the work re-  
maining consis ts  of investigating defect indications observed during 
fluorescent dye penetrant checking and ul t rasonic  flaw detection. 
one tube has thus far been found t o  contain a serious defect -- a seam 
apparently greater  than 10 m i l s  deep. 

Only 

Twenty-nine candidate tubes f o r  reactor  use have been pickled and auto- 
claved. 
s ta ining having been observed on about e ight  of the  candidate tubes. 

The s ta ining problem has been la rge ly  resolved, with only minor 

Tube bowing of up t o  0.150-inch during autoclaving has been encountered 
and i s  believed t o  be a result of a sag t h a t  has developed i n  the auto- 
clave plus p a r t i a l  stress r e l i e f  of the tube. The wheels of the tube 
carriage rack have been reset t o  compensate f o r  the  autoclave sag and 
provide more l eve l  support. With t h i s  adjustment, the s t ra ightness  of 
the l a rge  diameter portion of the l a s t  18 tubes processed has remained 
within specif icat ions.  However, e ight  of the tubes d i d  bow out of spec- 
i f i ca t ions  on the  small diameter portion and w i l l  require straightening. 

Pickling and autoclaving of these tubes i s  now proceeding a t  a maximum 
rate of one autoclave load of s i x  tubes every other day. 
tubes should be ready f o r  shipment t o  the  PRTR contractor during the  
las t  week of September. Allowing time f o r  maintenance of equipment, 
reprocessing of tubes, and post-pickling and autoclaving inspection, it 
is estimated that f i n a l  delivery of tubes w i l l  be made during the second 
week of November. 

The f irst  ten 

Radiometallurgy Laboratory Studies 

Fission gas samples were collected from three irradiated U02 samples and 
submitted t o  the  ana ly t ica l  laboratory.  One metallographic sample removed 
from a rod of s intered U02 (fram KER Loop 3) showed that the U02 st ructure  
was unchanged by i r rad ia t ion .  
cored, s intered U02 f u e l  element revealed a crack in the  weld a t  t he  top 
end-cap. 
the 3 O - m i l  jacket.  

A dye check of a ruptured, 2.33 a/o enriched, 

Metallography revealed that the weld penetrated only 10 m i l s  of 

X-ray d i f f rac t ion  s tudies  of unirradiated 8 a/o Pu-A1 a l loy  showed no 
appreciable s t r a i n  o r  damage by the  addition of the plutonium atoms. 
irradiated specimens were too radioactive t o  handle i n  the Radiometallurgy 
X-Ray Cell. 

The 

An epoxy res in  has been tested f o r  i t s  s u i t a b i l i t y  t o  impregnation of 
ceramic fue ls .  
room temperature. 

This res in  cures t o  a tough hard p l a s t i c  i n  four hours a t  
It a l so  appears t o  exhibi t  very l i t t l e  shrinkage, a 
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desirable property f o r  impregnation where small cracks must be f i l l e d  and 
the element must not be deformed by the curing p l a s t i c .  

The r e su l t s  and conclusions from the above work w i l l  be reported i n  con- 
nection with the respective development programs of Ceramic Fuels and 
Plutonium Metallurgy Operations. 

Thermal Hvdraulics Studies 

Additional laboratory experiments were performed t o  determine the boi l ing 
burnout conditions f o r  the PRTR Mark I1 fuel  element. The t e s t  section 
used i n  the l a t e s t  tests was a 0.150-inch cooling annulus between two heated 
surfaces where the inner surface had a 50 percent eccentr ic i ty  with respect 
t o  the outer surface. Boiling burnout points were found a t  1100 psia ,  2, 5, 
and 10 F subcooling, and flow ra t e s  of 1,000,000 and 2,100,000 lb/hr  f t  . 
I n  general, the burnout heat f lux was found t o  be i n  the neighborhood of 
800,000 B/hr-ft2. This i s  roughly a 40 percent reduction in  heat f lux  a t  
the boi l ing burnout point f o r  t h i s  test  section having a 50 percent eccen- 
t r i c i t y  a s  compared t o  the concentric case. 
the eccentric t e s t  section were reached under steady s t a t e  conditions and 
a t  no time were melting temperatures reached. 
iments a re  t o  be reported i n  a separate document. 

The boiling burnout points f o r  

The d e t a i l s  of these exper- 

The full  length, f u l l  scale  e l ec t r i ca l ly  heated mockup of the Mark 11-b 
element was ins t a l l ed  i n  the high pressure heat t ransfer  apparatus for  
experimentation a t  higher power l eve l s .  Considerable time was spent - in  
determining pressure drops of a l l  components of the t e s t  section under non- 
heated conditions so that a very careful analysis could be made of the hy- 
draul ic  i n s t a b i l i t y  charac te r i s t ics  under heated conditions. 
end of the pressure drop determinations, a weld i n  the t e s t  section f a i l ed  
and the experiments were terminated f o r  repair  work. 

Toward the 

Mechanical Equipment Development 

PR-1 Discharge Operation Mockup. 
fuel ing vehicle were ins ta l led  i n  the 3l4 Building. 

"he f loor  beams fo r  mounting the PR'I'R 

Major assembly work on the  machine has begun a t  the factory.  
i s  assembled and mounted on f loo r  rails. 
the bridge, and the tower and tower f loorplate  a r e  mounted on the carriage.  

PR-10 - Primary Loop Mockup. 
inch check valves were delivered t o  the Phase I11 contractor on September 4, 
1959, a f t e r  weld-end preparations and cleaning. 

The primary process pump operated f o r  583 hours during the month w i t h  
primary sea l  leakage varying generally between 0.01 and 0.1 gallon per 
hour, although fo r  several extended periods the leakage was too low t o  
measure. 

The bridge 
The carriage i s  subassembled t o  

The 14-inch gate valve and the three eight- 
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On August 29, 1959, the prototype process pump was started up following 
replacement of approximstely 50 feet of the underground eight-inch water 
supply l i n e .  
10 t o  1 5  minutes due t o  a i r  trapped i n  the l i n e .  The primary seal  faces 
were badly damaged, and water i n  the leak col lect ion tank  w a s  heated t o  
boi l ing.  The pump was operated an additional 30 hours a t  f u l l  temperature 
and pressure, with leakage less than 0.1 gallon per hour, u n t i l  seal f a i l -  
ure when the leakage increased quickly t o  four gallons per hour. 
r ings on the  pump shaft  were not damaged since the cooling o i l  temperature 
did not get  above 180 F. 

Cooling water t o  the  pump was interrupted f o r  approximately 

The 0- 

The prototype pump operated 509 hours during the month, with leakage 
varying between 0.01 end 0.1 gallon per hour, and with the  water saturated 
with helium a t  525 t o  j30 F. 

PR-13 - Inject ion Pump Test. Testing on Johns Manville packing Style 413 
Uneepac rings was discontinued after 415 hours operation when the leakage 
started t o  increase, and investigation showed separation of the l i p s  from 
the body of the packing. 

Self-adjusting asbestos chevron packing manufactured by the Q-P Manufactur- 
ing Company has been ins ta l led ,  and t e s t ing  has been resumed. 

PR-40 - Shim Control Mockup. 
rod mockup w a s  delayed awaiting a r r i v a l  of coated chain and sprockets. 
The motor-planetary gear reducer assembly, undergoing radiation tests using 
Standard Oil of California radiat ion r e s i s t an t  greaae No. 335, f a i l e d  a t  
1.8 x lo9 R on September 25, 1959. The second bids  on the shim control 
assemblies were opened September 3, and found non-responsive because none 
met the required del ivery date. The AX negotiated with the apparent low 
bidder, APED-GE. 
purchaser furnished components, with 125 days delivery after notice t o  pro- 
ceed i s  given. 
October 1, 1959. 

Further t e s t ing  of the second prototype shim 

The cost  of the  24 un i t s  was set at  $84,500, excluding 

The notice t o  proceed date was estimated t o  be about 

Ball bearings f o r  the  assemblies have been received. 

PR-50 - Reactor Piping Seal TestinB. 
ing the d i f f e ren t i a l  thermal expansion between the  stainless steel nozzle 
and the chrome-moly hold-down b o l t s  has been developed. 
of t he  f l a t  leaf type with waves. Good results have been obtained on the  
test mockup and with a compression t e s t ing  machine. 
pounds on each hold-down b o l t  i s  required t o  provide a good gas seal. 
S t r a in  gauge evaluation has shown about 4000 pounds maximum pu l l  per hold- 
down is  devaped by xx) F d i f f e r e n t i a l  temperature (nozzle t o  hold-down). 

A new spring arrangement f o r  absorb- 

These springs are  

Approximately 2000 

Spring materials have been received and tes t  springs a re  currently being 
fabricated.  Tool steel  has been used f o r  t es t  springs t o  date.  
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I 2 ti 

PR-51 - Reactor PipinR Structural  In tegr i ty .  Evaluation of the hold-down 
b o l t s  has been conducted on the Jumper heating loop. An addition of a 
pressure bleed system was incorporated on the loop. 

A heavier w a l l  jumper arrangement i s  being prepared fo r  i n s t a l l a t ion  and 
evaluation. 

PR-53 - Process Tube Thermal Cycling and Pressure Testing. 
the  process tube has been curtai led due t o  maintenance work on the loop 
equipment and in s t a l l i ng  new t e s t  components. 
were achieved t h i s  month. 

Operation of 

Only 243 hours of operation 

Special Tools : 

1. 
2. 

3.  
4. 

5 .  

6 .  

A new geared nozzle-to-outlet jumper geared wrecch has been designed. 
Fabrication of one of the shroud tube removal too ls  i s  v i r tua l ly  
complete. 
A nozzle cap removing too l  has been developed and evaluated. 
A means of adding a gear t o  the exis t ing nozzle-to-outlet jumper nut 
i s  being investigated. 
A core saw design has been completed and has been assigned f o r  f ab r i -  
cation. 
The cut-off saw i s  being r ebu i l t  t o  u t i l i z e  a bandsaw operating 
around three points .  

PR-64 - Gas Sampling Technique. 
system has been completed and i n i t i a l  t e s t ing  begun. 

The mockup f o r  t e s t ing  the gas sampling 
The program has been 

delayed due t o  inject ion pump d i f f i c u l t i e s .  

PR-70 - Hleium Compressor Test. 
been operated 350 hours during the pas t  month. Continued d i f f i c u l t y  was 
experienced with the gas discharge check valves and the o i l  compensating 
Pumps ' 

The Hofer high pressure compressor has 

Four f i r s t  stage gas discharge valves f a i l ed  causing punctures of the 
second stage diaphragms. 
the flapper and hold-down p la te .  
chrame plated pa r t s .  
been removed, and a welded assembly i s  now used. 
designs and material  modifications has begun. 

One valve has been r ebu l l t  using Inconel f o r  

The pins used fo r  assembly of these valves have 
Another valve w i l l  be tes ted  with the 

Testing of these valve 

Steps have been i n i t i a t e d  i n  the procurement of a compressor gas check 
valve of the type common t o  U.  S. zmnufactured compressors operating in  
a similar service.  

The second stage o i l  compensating pump repaired by Technical Shops per- 
formed adequately f o r  nearly 300 hours. 
no longer be maintained on the second stage. The pump stroke was i n -  
creased by 50 percent, making possible another 25 hours of compressor 
operation; however, the pump piston cylinder leakage increased t o  the  
point where rebuilding was necessary. 

A t  t h i s  time oil pressure could 

The o i l  pump from the second Hofer 
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compressor was ins ta l led ,  but it a l s o  had excessive pump cylinder leakage. 
Autoclave Engineers was contacted by l e t t e r  September 3, 1959, regarding 
the inadequacies of the Hofer gas check valves and o i l  compensating pumps. 
Except f o r  acknowledging by phone the receipt of the l e t t e r ,  Autoclave has 
not as yet offered any solution t o  these problems. 

Commercially avai lable  inject ion o i l  pumps are  being investigated i n  an 
attempt t o  f ind  a r e l i ab le  pump f o r  use on these Hofer compressors. When 
a poten t ia l ly  su i tab le  pump i s  located it w i l l  be procured f o r  t e s t  eval- 
uations, provided Autoclave Engineers and Andreas Hofer have not supplied 
us with adequate pumps in  the interim. 

A t h i r d  Hofer compressor i s  being considered as a spare uni t  and f o r  t e s t -  
ing purposes. 

The emergency order f o r  Hofer compressor par t s  issued Ju ly  21, 1959, has 
not yet been received. 

During the  past  month an additional 500 hours of operation of the Corblin 
low pressure compressor has resulted i n  one check valve f a i lu re  and two 
diaphragm fa i lu re s .  The f a i l ed  check valve had a carbon s t e e l  d i sc  which 
broke a f t e r  600 hours operation. 
ated nearly 700 hours without f a i l u r e .  

A 416 s ta in less  s t ee l  disc  has now oper- 

One of the diaphragm fa i lu re s  was caused by metal pa r t i c l e s  from the 
broken check valve. The other f a i l u r e  was an apparent fa t igue crack of a 
Corblin supplied s t a in l e s s  steel diaphragm which has operated 670 hours. 
One s e t  of s t a in l e s s  s t e e l  diaphragms now operating has run f o r  775 hours 
without f a i l u r e .  

Further contacts have been made w i t h  Mine Safety Appliance Company (MSA) 
regarding the use of t h e i r  infrared analyzer f o r  detection of o i l  i n  the 
helium gas streams. It i s  expected that a def in i te  proposal w i l l  be re- 
ceived from MSA within the next two weeks. 

PR-80 - A i r  Cooling Duct Test. 
element now appears t o  be sa t i s fac tory  a f t e r  extensive modifications of 
the in te rna l  vanes and addition of a supply pipe from the s m a l l  capacity, 
high pressure blower. 

The air d is t r ibu t ion  around the dummy fue l  

In-Reactor Gss Loop. 
continuinn. Procurement of the Hastelloy "X", Inconel and Inconel 702 

Design of the in-reactor section of the gas loop i s  

material  is under way. 
s ta r ted ,  and welding procedures a re  being prepared. 
bellows connectors were tes ted.  
t o  1000 F and the other ruptured when the braid became unfastened a t  one 
end. 

The program f o r  welding these materials has been 
Two braid covered 

One developed leaks a f t e r  being heated 

Inconel "X". 
f a i l ed  a f t e r  1440 hours operation a t  l l 5 O  F and 5500 t o  6000 p s i .  
break was r ad ia l  with no indication of sp l i t t i ng .  

The Inconel "X" s t r a igh t  section of 0.019-inch w a l l  tubing 
The 
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Leak Detection. 
during the month. 

The water vapor leak detection cal ibrat ion was continued 

.High Pressure Seal Testing. An Interim report was issued on the seal  
t e s t ing  program. Essent ia l ly  a l l  the commercially available seals  tes ted 
were inadequate i n  that t h e i r  operating limit was approximately 750 p s i .  

Boiler Tube Sheet Mockup. 
brat ion of the two t e s t  bo i le rs  were completed. 

Ins ta l la t ion  proof-testing and instrument c a l i -  

Reactor Technolonv DeveloDment 

PRTR Physics Evaluation. 
aluminum a l loy  fo r  pure alumlnum i n  the Mark I Pu-A1 spike fue l  elements 
has been investigated.  Values obtained fo r  h f ,  the number of f a s t  neutrons 
released per thermal neutron absorbed, i n  a PRTR c e l l  a re  a s  follows: 

The reac t iv i ty  e f f ec t  of subst i tut ing x-8001 

Fuel - Rf 

Mk I, 1.8 w/o Pu-A1 core, Z r  clad 1 e 7 0 3  
1.687 
1.670 

Mk I, 1.8 w/o Pu-X8001 core, Z r  clad 
Mk I, 1.8 w/o Pu-X8001 core and clad 

Translating these values t o  the i n i t i a l  PRTR fue l  charge r e su l t s  i n  a 
r eac t iv i ty  decrease of about s i x  mk f o r  the X-8001 core material .  
fur ther  decrease of two mk would occur i f  t h i s  a l loy were a l so  substi tuted 
f o r  the Z r  cladding i n  the spike fue l .  A reac t iv i ty  penalty of t h i s  order 
would require the addition of roughly two spike columns a t  the present 
enrichment l eve l .  
exposure under steady-state plutonium recycle conditions of the order of 
400 MWD/T. 

A 

A further consequence would be a reduction in  a t ta inable  

Additional neutron flux dis t r ibu t ions  and heat generation ra tes  have been 
calculated f o r  seven-rod c lus te r  t e s t  elements t o  be i r radiated i n  the ETR. 

A cyl indrical  version of the Fortran SNG reactor code fo r  the IBM-709 has 
been compiled and appears t o  be operable. A l l  of the SAP subroutines i n  
the or ig ina l  code have been removed, resul t ing i n  temporary removal of the 
"Restart", "Simulated Convergence", and on-line p r i n t  output features  of 
the code. 
f o r  cmpi la t ion .  

The slab and spherical version of the code i s  now being prepared 

Calculations have been carr ied out t o  determine the negative reac t iv i ty  
e f f ec t  of the PRTR shim rods, taking account of the e f f ec t  of the rad ia l  
r e f l ec to r .  Results were obtained a s  a 
function of extrapolation distance from 1.0 t o  10 a. Inconel was found 
t o  have an extrapolation distance of 6.0 m. Analysis of the weighting 
functions t o  obtain rod worth a6 a function of inser t ion configuration i s  
essent ia l ly  complete. 
compute the weighting fo r  a l l  possible configurations. 

A two-group model was u t i l i zed .  

An IBM-709 Fortran program has been writ ten t o  
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Calculations of gama heating i n  a shim rod indicate a capture gamma 
source of close t o  0.3 watt/@ w i l l  ex i s t  i n  the Inconel. This may 
r e su l t  i n  objectionably high temperatures in  the aluminum lead screw 
i f  the  rod i s  allowed t o  r i s e  above the moderator during f u l l  power 
operation. 
to  assess the seriousness of t h i s  problem. 

Further calculations of the heating are  being carr ied out 

PRTR Shielding. Cadmium was selected as the  most prac t ica l  material fo r  
thermal neutron shielding f o r  the large penetrations of the PRTR bottom 
primary shield.  Cadmium was selected because of i t s  lower maximum tem- 
perature during reactor operation and because of fewer mechanical problems 
i n  holding it in  place. 

It was calculated that a cadmium thickness of 1/8" would be required t o  
obtain a useful l i f e  of more than  10 years before cmple te  burnup. The 
maximum temperature a t ta ined during operation was estimated t o  be about 
460 F (Cd M.P. = 610 F).  

Shop t e s t s  a r e  current ly  under way t o  se lec t  the best method of attachment 
of cadmium t o  aluminum. 

PRTR Process Instrumentation. 
calandria dump ra t e  t e s t s  has been assembled. 

A f i n a l  design of a capacitance probe f o r  
Final cal ibrat ion has begun. 

Procurement specif icat ions f o r  resistance temperature detectors based 
la rge ly  on t e s t  r e su l t s  were provided the Design operation at  t h e i r  re- 
quest. A review of the instrumentation on the high pressure steam loop 
was completed. 

Preliminary investigations on the  data handling system f o r  the PRTR were 
completed. 

Preliminary investigation using the evacuated sleeve-thermistor tempera- 
ture probe combination has shown that t h i s  f i r s t  prototype has too much 
mass and 1s not su f f i c i en t ly  insulated for prac t ica l  use. 
prototype t o  eliminate these d i f f i c u l t i e s  has been designed and is being 
b u i l t  by the  opt ica l  shop. 
temperature measurements in  the Fuel Examination Fac i l i t y .  

Safeguards Analysis. 
issued in rough draft form fo r  comment. 
revealed that none of the credible accidents should result i n  release of 
fission products t o  the environs in  quant i t ies  great enough t o  give more 
than a minimal radiation dosage t o  o f f - s i t e  inhabitants.  
i s  scheduled f o r  review by the PRTR Startup Council and by the PRTR sub- 
council of the G. E. Reactor Safeguards Council l a t e  i n  September. 

A second 

This instrument i s  t o  be used f o r  fue l  element 

The PRTR Final Safeguards Report, m-61236, w a s  
Analyses of credible accidents 

The rough draf t  

Several hazards analyses f o r  the PRTR High Pressure Loop a r e  under way. 
Writing of a preliminary safeguards report  f o r  t h i s  loop has been s tar ted,  
with completion scheduled f o r  October. 
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Design Development 

Over-all PRTR Contract. The over-all  PRTR contract i s  4 8  completed versus 
scheduled, based on the  o f f i c i a l  PRTR schedule. 

Phase I11 PRTR Contract. 
completed versus a scheduled 5%. 
t i on  date of March 3, 1960, and does not take into account a 35-day ex- 
tension of contract time granted the contractor by t h e  Commission because 
of the 21-day HAP0 labor disturbance and f o r  1 4  days due t o  change orders. 

The Phase I11 PRTR contract is  approximately 2@ 
Contract progress i s  based on a comple- 

The contractor continues erection of the  inside and outside biological 
shield l i ne r s  and forms for  the  fuel  examination f a c i l i t y  concrete shield- 
ing wall. 
during October; however, it appears that t h i s  operation w i l l  extend t o  a t  
least  mid-November . 

Placement of the shielding concrete i s  scheduled t o  be placed 

Heat exchanger number 5, the primary pump support structure,  and the pres- 
surizer support s t ructure  have been ins ta l led .  Modification t o  the pres- 
sur izer  and s t ruc tura l  supports was necessary t o  eliminate interferences 
with the primary piping system. 

Erection of pipe cleaning f a c i l i t i e s  i s  essent ia l ly  completed. Considerable 
d i f f i cu l ty  has been encountered i n  get t ing the contractor t o  provide satis- 
factory ident i f icat ion of pipe weld radiographs. Review of the f i r s t  radio- 
graphs indicate t h a t  considerable weld cutout and repair  w i l l  be necessary. 

The Phase I11 e l e c t r i c a l  contractor has pulled power cables from the 480- 
vol t  switchgear t o  the  motor control centers i n  the reactor building. 

Phase 1 1 - A .  'm The contractor completed driving sheet pi l ings and has placed 
the  r ip-rap d i r ec t ly  i n  f ront  of the  s t ructure .  
on r ive r  side excavation f o r  the intake channel. Difficulty is  being en- 
countered i n  de-watering the area between the structure and t h e  dike, since 
the  contractor has encountered heavy flow of ground water as w e l l  as f ive r  
water leakage through the  dike. 

The Phase 1 1 - A  PRTR contract i s  94s cmpleted versus a sched- 

He i s  currently working 

PRTR Stack Addition. The contract f o r  the PRTR stack and stack sample 
f a c i l i t i e s  was awarded t o  Custodus Chimney Company of Chicago on the 
basis of low bid of $40,625. 
$45,000. Contract construction time is  90 calendar days. 

Service Building Extension. 
completed versus 80$ scheduled. 
drawings w i l l  be approved by October 15 .  
slow and indicates that considerable d i f f i cu l ty  w i l l  be encountered i n  
meeting the October 1 5  deadline. 

The fa i r  cost  estimate fo r  the work was 

Design of the  service building extension i s  6oq6 
The drawing schedule indicates t h a t  a l l  

Receipt of comment p r in t s  has been 
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Design Analysis. 
i s  nearly completed. 
It i s  ant ic ipated that results w i l l  be available by November. 

The I B M  program f o r  computing PRTR primary coolant transierbts 
The f i rs t  coniputer runs w i l l  be made ear ly  i n  October. 

Instrumentation and Control. 
the PRTR safe ty  and containment systems were issued f o r  cornanent during the 
month. 
October. 
i z e r  t o  aceanmodate level-sensing instrument  taps .  The addition was neces- 
sary t o  permit lowering of the  pressurizer l eve l  as required f o r  proteztion 
against  loop overpressure. 

The drawing revisions incorporating changes t o  

Approval issues of the  revised drawings are  expected i n  ear ly  
Design was s t a r t ed  on a "standpipe" t o  be attached t o  the  pressur- 

A contract i s  being negotiated with GE-ANPD for  an engineering review of 
the PRTR automatic cont ro l le r  design. 

Inspection and acceptance t e s t i n g  of the automatic control ler  and reactor 
radiation monitoring equipment i s  scheduled f o r  the  f i r s t  week of October. 

Both the electronic  and mechanical portions of the fue l  elenent rupture 
monitor have been placed f o r  bids. The bids  f o r  the mechanical portion 
are due by the  end of September; those f o r  the electronic  portion during 
the f i r s t  pa r t  of October. 

Reactor and Process Piping. 
showed excessive shrinkage of the  lower flange-nozzle body weld. 
being remade t o  meet specif icat ions.  

A number of the primary system ou t l e t  nozzles 

No delay i n  delivery is  anticipated.  
These a re  

The f a c i l i t i e s  of Yuba Heat Transfer Division were v i s i t ed  f o r  the purpose 
of making a f i n a l  inspection on the  steam generator and working out d e t a i l s  
of preparation f o r  shipment. 
disclosed during the halide leak t e s t .  
and the  un i t  was cleaned and shipped on September 18, and delivered on 
September 28. 

Several leaks a t  tube-tubesheet welds were 
These were subsequently repaired 

Personnel of the  Atwood and Norr i l l  Company were engaged i n  discussions 
r e l a t ive  t o  expediting the  fabricat ion and shipnent of the eight-inch 
special  by-pass check valve f o r  the  primary pumps. 
is  expected. 

Mid-October shipment 

Preliminary discussions r e l a t ive  t o  the  PRTR primary coolant piping stress 
analysis (proposed Design, Development and Research Contract DDR-79) were 
held with personnel of the E lec t r i c  Boat Division of General Dynamics 
Corporation i n  Groton, Connecticut. The scope of work and procedures f o r  
reporting progress were worked out i n  some d e t a i l .  

The a c t i v i t y  monitor heat exchanger, HX-5, was received and mounted i n  the 
containment vessel  during the  month. 

Several instances of piping interference with support s t ructures  and/or 
adjacent piping ard e l e c t r i c a l  conduit were resolved. 
of these involved the eight-inch primary coolant by-pass Tiping around the 

The nost prominent 
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steam generator and control valve linkage interference on the  preheater- 
deaerator. 

Modifications were made t o  the  pressurizer  support s t ructure  and grat ing 
supports i n  the neighborhood of the  pressurizer t o  provide clearance f o r  
the  by-pass piping. Deaerator linkage interferences resul ted from fa i lu re  
of American Water Softener Company t o  f u l l y  assemble the  uni t  f o r  f i t t i n g s  
p r i o r  t o  shipment. 
the  vendor who has agreed t o  make the necessary corrections.  

Interferences were inspected by a representative of 

A purchase specif icat ion was writ ten for  procurement of two special  safety 
valves f o r  the  pressurizer and two l iqu id  r e l i e f  valves f o r  primary coolant. 
The purpose of these additions is t o  provide t rans ien t  surge volume i n  the 
pressurizer  and l i qu id  relief fo r  overpressure i n  the core section in  the 
event of i so la t ion  of the core from the heat-exchange equipment during 
shutaom. 

Fuel Handler. "he fue l  handler is  current ly  being assembled. Cask sections 
have been mounted t o  the  bridge and carriage assembly. 
controls,  and posi t ion indicator  mechanism are being ins ta l led .  

E lec t r ica l  wiring, 

An 18-day extension of the contract  was granted because of an accident i n  
t ransport  of gama probe equipment f o r  cask inspection. 
is  now scheduled f o r  October 10. 

Completion date 

Fuel Element Examination F a c i u t y .  
drawings of the cas t  iron w a l l  blocks f o r  approval. 

WQolerSafe Company resubmitted revised 
The drawings were 

approved fo r  construction. 

Mechanical 4 w ~ # U y  drWngZs and e&%ctrical &awQag&&x- the-priaary w i p -  
u l a to r  were suW&ted  f o r  approval by the W. F. &John Barnes Company. 
The drawings were reviewed and approved. 

Shop drawings of the l i g h t  fixtures w e r e  submitted f o r  approval by Pacif ic  
S tee l  Products Company. 
returned approved as noted. 

The Phase I11 contractor submittals f o r  the j e t  eductor (EP PR-630) and 
pressure switches PS-1 and PS-2 were approved. 

Minor exceptions were noted and the drawings 

Load Out Cask. 
September 28 to permit addi t ional  interested vendors t o  bid.  

The bid opening date f o r  the Load Out Cask was extended t o  

High Pressure Loop (Project CAH-841). 
following the preliminary ccnmnent issue of several sections and has been 
issued f o r  f i n a l  comments. 
including the $50,000 previously authorized f o r  scoping and preliminary 
design . 

The design c r i t e r i a  has been revised 

Cost of the  project  i s  estimated at $1,100,000, 
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C r i t i c a l  Fac i l i t y  (ProJect CAH-9421. 
C r i t i c a l  Fac i l i t y  was completed during September. 

The scope description of the PRP 

Writing of the design c r i t e r i a  f o r  the same project has commenced. 
Rough d ra f t  copies of the building and services c r i t e r i a  and the  des- 
cr ipt ion and fuel  element handling sections of the equipment c r i t e r i a  
have been wri t ten.  It i s  anticipated that t h i s  document w i l l  be com- 
pleted and published during November. 

Plutonium Fabrication P i lo t  Plant 

Phase I11 Construction. Completion of equipment in s t a l l a t ion  under the 
Phase I11 contract is estimated a t  9 3 ,  compared with 9% scheduled. 

All exceptions have been cleaned up i n  the swage room, b i l l e t  la the  room, 
30 kw vacuum melting furnace room, welding room and radiography room. 
In  addition, the autoclave room has been accepted without exceptions. 
The maintenance shop has been accepted with the exception of some door 
hardware requiring special  keying, which has not been received. 

Work on the oxide l i n e  in s t a l l a t ion  proceeded normally during the month; 
however, the delay i n  shipment of the s inter ing furnaces was being 
seriously f e l t  a t  the month's end. 
progressed normally. 
hampered by slow delivery of a replacement expansion bellows, a pressure 
transducer, and a pressure gauge with overpressure alarm switch. These 
s m a l l  items, a l l  contractor responsibi l i ty ,  a r e  preventing t e s t ing  of 
all major equipment pieces and all hoods of the system. 

Work on the drawbench ins ta l la t ion  
Work on the  degrease-decontamination system was 

Procurement. 
vendor's failure t o  obtain sa t i s fac tory  inf la tab le  gaskets t o  make the 
seal between the main furnace she l l  and the arch she l l .  Performance 
of a test  of t h i s  seal  a t  t he  vendor's plant  was waived 60 that trials 
of other gasket configurations cen be made on s i te  during in s t a l l a t ion  
of the furnaces. The first  furnace i s  now scheduled fo r  shipment 
October 5, and the second October 12. 
so receipt  of the f i r s t  furnace about October 12 is  expected. 

Shipment of the s in te r ing  furnaces was delayed by the  

Shipment w i l l  be by through-truck, 

Campletion of the Phase I11 contract by November 1, following such l a t e  
receipt  of the s in te r ing  furnaces, w i l l  n o t  be possible.  

Procurement of the 20-inch ro l l i ng  m i l l  is  about one month behind 
schedule. Information required f o r  ins ta l la t ion  drawings, due about 
September 1, has not yet  been received. 

Transferred Capital Equipment. 
prepared which requests additional authorization t o  cover the value of 
plant  cap i ta l  equipment planned f o r  t ransfer  t o  the project .  
of design drawings and in s t a l l a t ion  work related t o  t h i s  equipment is  
i n  progress. 

A revised project proposal i s  being 

Scheduling 
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PRTR Operations 

Major e f f o r t  was devoted t o  wri t ing design t e s t s  t o  be performed before 
s ta r tup  of PRTR. A t  month end, the  rough drafts of 42 of a t o t a l  of 
44 tests had been completed. After review by in te res ted  groups, the  
tests w i l l  be compiled and issued as H W - ~ ~ ~ O O - R D ,  "PRTR Dtsign Tests". 
This document w i l l  be issued i n  October. 

The accelerated t ra in ing  course fo r  PRTR Technicians continued through 
the  month. 
a r e su l t  of experience gained during t h i s  program, the Engineering 
Assistant t ra in ing  course, t o  begin October 5, has been modified s l i g h t l y  
t o  insure balanced coverage of a l l  top ics .  
w i l l  attend classes  i n  groups of 10 t o  15 i n  the PRTR Building. 
S h i f t  Engineers and Technicians w i l l  be housed i n  TC-2 a t  the  construction 
s i te .  

This t r a in ing  program w i l l  be completed on October 2. As 

The Engineering Assis tants  
The 

The PRTR Handbook of Operating and Construction Data w a s  completed and 
issued during the  month. 

Design l i a i s o n  continued with review of t he  safety and containment system 
and review of t he  vendor's drawings of t he  Fuel Element Examination 
F a c i l i t y  p r i m a 4  manipulator and shielding. The f i n a l  rough draft of the 
High Pressure Loop Design Criteria was a l s o  reviewed and comments were 
issued. Portions of the  PRTR Critical F a c i l i t y  Design Criteria were a l s o  
reviewed. 

Rough d r a f t s  of PRTR data sheets have been prepared. 
f o r  comment i n  October. Detailed discussions were i n i t i a t e d  with Tech- 
n i ca l  Data Processing Operation personnel fo r  the  purpose of machine pro- 
gramming PRTR operating da ta  f o r  routine storage and reporting. 

These w i l l  be issued 

2. BASIC SWELLING STUDIES 

I r rad ia t ion  Program 

Fourudnstrumented capsules contsining precharacterized uranium p e l l e t s  
immersed in NaK have been received and have been assigned f o r  post- 
i r r ad ia t ion  examinations. 
i n to  the  effect of i r rad ia t ion  temperature and exposure on the basic  
swelling charac te r i s t ics  of unrestrained uranium. 

These capsules were irradiated t o  gain insight  

Final  assembly i s  now i n  progress on the  s l i g h t l y  modified temperature 
monitored swelling capsule. 
na tura l  uranium spheres. 
thinner and more numerous heat t ransfer  f i n s  were necessary t o  provide 
the  desired in te rna l  capsule temperatures. 
p a r t s  have been machined and in s t a l l ed  i n  the capsule. 
t e s t s  on the modified capsule w i l l  begin i n  the  coming month. 

This capsule contains four, one cm diameter 
Heat t r ans fe r  calculat ions have indicated tha t  

These f i n s  and attendant 
Laboratory bench 
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Mechanisms and Theory 

Uranium t ens i l e  specimens i r rad ia ted  t o  high burnups and tes ted  under 
PT-W (a EIAPO program t o  study i r rad ia t ion  e f f ec t s  on uranium properties) 
were selected f o r  density measurements. These Specimens had been annealed 
between 400 and 800 C f o r  times from 10 t o  100 hours. 
were completed during the month revealing no signif icant  changes which 
could be a t t r i bu ted  t o  swelling. It would appear, therefore,  tha t  fo r  
burnups up t o  0.1 a/o, appreciable swelling does not occur from post- 
i r rad ia t ion  annealing a t  temperatures below 800 C .  No fur ther  work is  
presently being contemplated with these specimens. 

Density measurements 

There is  information on the escape of xenon and krypton from irradiated 
uranium but no d i rec t  information on the  r a t e  of diffusion. Calculations 
of diffusion coeff ic ients  varied from t o  10-l1cm2 per sec a t  500 C .  
This can possibly be explained on the bas i s  that surface kinet ics  a re  the 
r a t e  control l ing fac tors  i n  these gas release experiments. I f  the d i f -  
fu s iv i ty  of i n e r t  gases i s  as low a s  these data would indicate,  the mode 
of pore formation may be radical ly  d i f fe ren t  from the c lass ica l  concept 
of nucleation and growth of i n e r t  gas bubbles. One suggested mechanism 
requires no diffusion of i ne r t  gas. A considereble f ract ion of the xenon 
and krypton produced in  uranium during i r rad ia t ion  r e su l t s  from the  decay 
of other radioactive f i s s ion  products such a s  B r ,  Te, I, e t c . ,  several of 
which have half  l i v e s  in the order of several hours. As these elements 
a re  essent ia l ly  insoluble in  uranium, thermodynamics considerations favor 
separation of a second phase, which could e i the r  be a compound o r  the 
element i t s e l f .  As t h i s  second phase decays into xenon o r  krypton, the 
gas pore i s  formed ' ' in s i t u "  obviating the diffusion of i n e r t  gas atoms 
through the uranium l a t t i c e .  
f o r  data per t inent  t o  t h i s  concept. 

The l i t e r a t u r e  i s  current ly  being searched 

Examination of decay schemes revealed that eight-day 1-13 decays t o  s table  
Xe-131. 
with radioiodine and allowing it t o  decay t o  xenon. 

This suggests studying Ine r t  gas diffusion by alloying uranium 

The mount of xenon deposited i n  a uranium surface under various condi- 
t i ons  of e l e c t r i c a l  glow discharge i s  presently being determined. 
a lso being determined whether o r  not xenon deposited i n  a uranium surface 
In this manner w i l l  diff'use in to  the volume of the material and cause 
swelling. 
discharge (sput ter ing)  of about 16 ma/cm 
approximately 2 nrm of Hg f o r  four days. 
surface after sputtering revealed the presence of U02, uranium, and a 
substance which could not be ident i f ied  as any of the be t t e r  known uranium 
compounds. Further x-ray s tudies  of the surface are being made i n  an 
attempt t o  ident i fy  t h i s  compound. 
the disk w i l l  be examined by electron and opt ica l  microscopy and, f i na l ly ,  
analyzed f o r  gas content by vacuum fusion. 

It i s  

A uranium disk a t  620 C was s bjected t o  an e l ec t r i ca l  glow 8 i n  xenon a t  a pressure of 
X-ray di f f rac t ion  studies of the 

Upon completion of the x-ray study, 

1 2 4 2 1 r r l  UNCLASSIFIED 



UNCLASSIFIED A-42 HW-62012 

Optical and electron microscopy are being used as a d i rec t  means f o r  
determining the  s ize  and dis t r ibut ion of pores i n  i r radiated uranim.  
Specimens i r rad ia ted  t o  0.4 and 0.2 a/o burnup are being used f o r  post- 
i r radiat ion annealing studies and f o r  establishing a quantitative metal- 
lography technique. 

Post-irradiation anneals a t  600 C fo r  100 hours have been completed fo r  
a specimen i n  each burnup l eve l  and densi t ies  fo r  two specimens have 
been determined. For a burnup of 0.4 a/o,  the density has decreased 
from a pre-anneal value of 18.70 t o  14.97, a decrease of X, percent; 
f o r  the  specimen w i t h  a burnup of 0.2 a/o, the density has decreased 
from a pre-anneal value of 18.56 t o  17.26, a decrease of seven percent. 
These specimens w i l l  be prepared f o r  metallographic studies.  
specimens, annealed a t  650 C f o r  100 hours, revealed densi t ies  of 
14.95 and 18.14, respectively; the  changes i n  density are:  
and 2.3 percent. 
microstructure in  these specimens i s  proceeding. 
the  0.4 percent burnup specimen shows banded regions which a re  similar 
t o  regions present after a TOO C anneal. 
banded regions i s  exceedingly small, 10 microns or  less, and has a shape 
charac te r i s t ic  of recrystal l ized uranium. Neither the TOO C nor 650 C 
annealed specimen with 0.2 a/o burnup shows th i s  banding; a f t e r  an 880 C 
anneal, however, the  specimen showed the banding. 
near the bands have diameters a t  l e a s t  ten times greater t h a n  those of 
bubbles located away from the  bands. 
TOO C anneal, the  smallest bubbles surrolmd impurity inclusions i n  the 
uranium w i t h  a burnup of 0 .4  a/o. This phenomenon w i l l  be fur ther  i n -  
vestigated t o  ascer ta in  if a greater number of nucleation sites a re  
located i n  the v i c in i ty  of the  dispersed impurity phases. 
fo r  100 hours i s  currently being given t o  a spechien w i t h  a burnup of 
0.4 a/o. A speciroen annealed a t  880 C for  100 hours w i t h  a burnup of 
0 .2  a/o i s  being prepared for  a s t a t i s t i c a l  analysis of (1) effec t  of 
etching on apparent bubble size;  ( 2 )  heterogeneity i n  bubble s ize;  
(3 )  reproducibil i ty of repl icat ions.  

Similar 

XI percent 
Optical and electron microscope examination of the 

After the 650 C anneal 

Grain s t ructure  near the 

The bubbles in  and 

On the  other hand, a f t e r  a 650 or  

A 880 C anneal 

3 .  GAS COOLED P M R  REACTOR PROGRAM 

Graphite Studies 

PRTR Pressurized Gas-Cooled Loop Fac i l i t y  (CAH-822). 
components is progressing according t o  schedule. 
submitted preliminary equipment specifications during the month on loop 
e l e c t r i c a l  equipment, instrumentation, and on safety heads proposed by 
them a s  backup f o r  loop safety valves, t o  minimize gas leakage from the 
loop. 

Approval drawings f o r  the  primary gas blowers, due August 8 from 
Bristol-Siddeley Engines, L t d . ,  were received, i n  pa r t ,  on August 23; 
the  remainder arrived September 1 4 .  
t e r i s t i c s  has seriously hampered Struthers-Wells i n  t h e i r  design e f fo r t .  

Design of gas loop 
Struthers-Wells has 

Comments on the above were returned. 

Lack of data on the blower charac- 
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Bristol-Siddeley has stated t h a t  a full set of data on the character is t ics  
w i l l  be forthcoming immediately. 
by MEDO i s  proceeding on schedule. 
are expected t o  be issued i n  ear ly  October. 

Design of the in-reactor test  sections 
Comment issues of the design drawings 

An engineering study was made of t he  f e a s i b i l i t y  and cost  of converting 
the gas loop coolant from carbon dioxide t o  helium w i t h  retention of the 
maximum operating temperature and pressure, and fo r  converting t o  helium 
with a minimum change i n  equipment but with the  operating conditions 
relaxed. Such a change i s  feasible ,  and depending on timing and scope of 
the  change, helium can be u t i l i zed  in  the loop a t  a cost  of about $50,000 
t o  about $1 50,000. 

Graphite-Air Oxidation Studies. 
t o  evaluate the  hazard of air  leakage in to  a gas cooled reactor.  

An experimental program has been in i t i a t ed  
A series 

of t e s t s  has been completed on air  oxidation of virgin reactor graphite, 
w i t h  results as follows: 

Oxidation 
T ("C) Rate g / g  hr  Percent/100 days 

350 1.68 10-5 1.85 
400 2.23 10-5 28.6 
450 1.19 10-4 71.3 
500 1.23  x 10-3 295 
5 50 6.28 x 10-3 1 . 5 1  x 103 

Conditions, Graphite-CO-( AGOT processed) 
(Transverse samples q$th respect t o  extrusion axis) 
Flow - 2 CFH Dry A i r .  

When the  abSe rates are plot ted against 1/T K a l inea r  Arrhenius p lo t  i s  
obtained, which indicates t ha t  there i s  no change i n  the reaction mech- 
anism within t h i s  temperature range. The apparent act ivat ion energy i s  
29.8 K Cal/mole. 

Graphite Weight Loss Studies. 
machined from CSF graphite, have been oxidized in flowing C02 a t  tempera- 
tures of 650, 700, 750, 800 and 850 C .  The results expressed i n  get/@ hr  
weight loss were 2.32 x 10-5, 5.68 x 10-5, 8.44 x 10-5, 3.38 x 10- 
2.30 x 10-3, respectively.  Above 750 C these rates are of the same order 
of magnitude as those f o r  hollow cylinders of camparable volume but greater 
geometric surface. 
with no gradient of C02 concentration within the  sample. 
result i s  i n  d i rec t  contradiction t o  our comparison of oxidation rates of 
so l id  and hollow cylinders. 
750 C, non-linearity i n  the  Arrhenius p lo t  indicates a probable change i n  
the mechanism of reaction. 
has been observed f o r  the  750 t o  850 C temperature range f o r  the C02- 
graphite reaction, irrespective of surface or  volume relationships of 
the graphite samples. 

A series of f ive  0.628" diameter spheres, 

and 

This would appear t o  indicate a homogeneous reaction 
However, t h i s  

T h i s  problem Le being pursued fur ther .  Below 

An act ivat ion energy of about 43 K Cal/mole 
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Microwave Studies. 
chromel-almel thermocouples i n  graphite samples being oxidized ir. flowing 
C02. 

The equipn;ent has been modified t o  allow insertion of 

A microwave glow discharge was established upstream from the samples. 

Experiments showed tha t  the temperature of graphite samples placed three 
inches downstream from the  flow increased from room temperature (24 C )  t o  
about 70 C,  presumably due t o  reaction. A deposit of soot w a s  formed on 
such samples and on samples whose temperature was raised by a furnace t o  
various temperatures up t o  about 490 C .  I f  the temperature was raised 
above t h i s  value, no soot was deposited, and any soot already present was 
oxidized. All samples show re la t ive ly  large weight loss  ra tes  compared t o  
thermal studies,  i r respect ive of soot deposition. Samples placed within 
flow discharges reached temperatures of about 330 C with no external hetit 
applied. 
upstream and downstream from the sample a t  low flow rates. 
are probably related t o  an unbalance of the equilibrium of the C-CO-CO2 
system a t  these temperatures and pressures. 

A deposit of carbon suboxide was formed on the reaction tube both 
All these e f fec ts  

Oxidation Prof i le  Studies. 
oxidation it i s  essent ia l  t ha t  the  extent of oxidation throughout the 
sample be known. 
check the  f e a s i b i l i t y  of using x-ray data t o  study oxidation prof i les  
within oxidized graphite. 
c r y s t a l l i t e  s ize ,  as determined by x-ray techniques, exhibited changes 
during oxidation. 
a re  annealed. To study the e f f ec t s  separately, the samples w i l l  be out- 
gassed, annealed and oxidized, and x-ray measurements w i l l  be made a f t e r  
annealing and a f t e r  oxidation. 
annealing, it may be possible t o  r e l a t e  the x-ray data t o  oxidation. 
would provide a useful means of obtaining oxidation prof i les  without the 
d i f f i c u l t i e s  involved i n  the d i f f e ren t i a l  density method. 

For the  purpose of evaluating k ine t ic  data on 

A ser ies  of CSF graphite saniples has been prepared t o  

It was found earlier that the Co spacing and 

However, these values a lso are changed when such samples 

If corrections can be made fo r  e f fec ts  of 
This 

D.  RADIATION EFFECTS ON METALS - 5000 PROGRAM 

Radiation damage recovery i s  being studied fo r  a number of s t ruc tura l  metals; 
these include copper, nickel, titanium, zirconium, iron, molybdenum, and type 
347 s ta in less  steel .  Tensile properties,  r e s i s t i v i ty ,  and x-ray diffract ion 
spectra are being measured t o  determine the e f fec ts  of various annealing treat- 
ment s. 

Work performed during the  month iccluded the completion of Eetallographic 
studies and i n i t i a t i o n  of x-ray d i f f r ac t  on studieslBf copper, iron 
high pur i ty  nickel i r radiated t o  9 x lo1’, 4.6 x 10 , and 1.0 x loig nvt 
( fas t ) ,  respectively.  The i r rad ia ted  and control specimens of molybdenum and 
zirconium were given t h e i r  f i rs t ,  one-hour isochronal anneal a t  125 and 150 C, 
respectively.  
microhardness and e l ec t r i ca l  resistance measurements t o  study the course of 
radiation dazuage recover Specimens of copper, iron, and “A” nickel i r radiated 
t o  1 . 5  x lorn, 1.3  x 1 O d j  and 3.6 x 10l8 nvt ( fas t )  were mounted i n  lead i m -  
pregnated boat resin for  metallographic studies.  

and 

These anneals w i l l  be repeated a t  25 C increments followed by 

These specimens have the 

LXCLASS IF IED 
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highest l eve ls  of radioact ivi ty  among the  ser ies  and require special handling 
techniques. Only subtle differences i n  the microstructural appearance of the 
i r rad ia ted  versus unirradiated specimens of copper, iron, and high puri ty  
nickel were observed. 
t o  i r rad ia t ion  effects .  
cent broadening i n  the (222) ref lect ion f o r  copper. 
of 0.052 percent i n  the  la t t ice  parameter was also measured. Although a de- 
crease i n  l a t t i c e  parameter i s  unusual, such an occurrence has been reported 
for  molybdenum i r rad ia ted  t o  higher exposures. 
ment are i n  progress. 

These differences cannot yet be posi t ively at t r ibuted 
An i r rad ia t ion  of 9 x 1018 nvt ( f a s t )  caused 26.7 per- 

A corresponding decrease 

Verifications of t h i s  measure- 

E. CUSTOMER WORK 

Radiometallurgy Examinations 

Nickel Plated Elements from El?-IP-207-A (RM-306). Four nickel plated and two 
non-plated standard, natural  uranium, in te rna l ly  and external ly  cooled, Hanford 
production fue l  elements, which were i r radiated t o  approximately 400 MWD/T as  
pa r t  of IP-PT-X)7-A, were shipped t o  the  Radiometallurgy Laboratory t h i s  month. 

The slugs were selected by Fuels Preparation Department personnel t o  determine 
whether hydrogen gas w a s  being trapped i n  the voids between the nickel p la te  
and aluminum can w a l l .  
production tes t ,  a re  a l so  the control samples i n  the "hydrogen test".  
nickel plated slugs, previously described, a re  t o  be i n i t i a l l y  tes ted.  
control tests have been made, and the  gas samples have been submitted t o  
Analytical Operation f o r  analysis.  

Two non-plated slugs, which were control pieces fo r  the 
Four 
The 

RM-318 - Direct Cast Core Fuel Elements .  
one element revealed the  male end of the piece t o  be badly dis tor ted while the  
female end appeared t o  be almost normal. 
explain the large difference i n  preferred growth in  the uranium from one end 
t o  the  other. 

Examination of three sections from 

No reason has been found that could 

RM-400 - Self-supported Fuel Elemente. 
versely and longitudinally through the supports a t  each end. 

One element has been sectioned trans- 
Examination of 

the can w a l l  p ro f i l e s  under the supporting ribs has not revealed any erosion 
o r  reduction of the can w a l l  thickness at  these points.  

Examination of a Side Hot Spot Ruptured Natural Uranium I & E Fuel Element From 
Tube 1165-C (RM-309). 
natural  uranium I & E f u e l  element with a 570 MWD/T exposure. The fuel  element 
w a s  v isual ly  examined and photographed i n  the as-received condition. Two 
semples were sectioned from t h i s  element fo r  metallographic studies,  and both 
samples have been ground and polished. 

Examination work was s ta r ted  on a hot spot ruptured 

High Level Examination & Cut-Off Cell (Project 03-682). 
photography stage f o r  viewing and photographing fue l  elements two f ee t  t o  

Modification of the 

four f e e t  i n  length was completed. 
e l ec t r i ca l  wiring. 

Ins ta l la t ion  was completed except fo r  
Tests of the l igh t ing  system, which consists of two 

1 2 4 2 1 4 5  
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48-inch long "Power Groove" fluorescent tubes, indicated tha t  uniform i l l u m -  
ination was obtained over a 44-inch length.  
detai l  may occur i n  s ide view photographs of four-foot long elements. 
t h i s  may be overcome by sh i f t i ng  the fuel element l a t e r a l l y .  
simulated fue l  element, four feet long, was eas i ly  handled and placed on the  
photography stage wi th  two Hanford Master Slave manipulators (Mod. 111). 

Some loss i n  fue l  element end 
However, 

An &-pound 

Metallography Laboratories 

A series of photomicrographs of Zircaloy-2 s t r i p  with from 0 t o  50 percent 
cold work has been prepared i n  char t  form. 
permit close approximation of the  amount of cold work present i n  unknown 
Zircaloy semples. 

Comparison with t h i s  chart should 

Samples Processed During the Month. Total samples processed: 415. 

Photographs: Micrographs 299 
Macrographs 106 

405 

Manager, Reactor and Fuels Research 
and Development 

FW Albaugh:kb 
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Nuclear Safety fo r  Fuels Preparation Department 

A preliminary nuclear safety evaluation was made of the Fuel Cladding Facil i ty 
(333 Bldg.), which is currently i n  the scoping design stage. 
will be used for preparing and assembling the tube-in-tube type fuel elements 
for the NEi; the uranium enrichment was assumed t o  be 0.95 percent U-235. The preliminary building layout is shown in Drawing SK-3-8286. 

This f ac i l i t y  

This evaluation showed that the layouts for the b i l l e t  pre-heat, fuel element 
cleaning, and the. autoclaves are nuclearly safe. 
finished fuel element storsge arrays, however, are not safe and w i l l  probably 
require additional spacing. A further study is necessary in order t o  evaluate 
these spacing requirements; this study ell be completed by the time the scope 
design is established. 

The proposed b i l l e t  and 

neutron Tempe rature Study 

The Study of lUteCiUDI has continued i n  order t o  bet ter  understand i t s  use as 
a neutron "thermometer." 
cadmium ra t ios  have been remeasured because the accuracy of the first measure- 
ment was poor. In addition, activations were made wlth cadmium covers of 
various thicknesses. 
(B) Lutecium f o i l s  were activated in a beam of monoenergetic neutrons at the 
DR Reactor. Tbe energy of the neutrons was 2.61 cy which i s  the peak energy 

cates that the resonance a t  2.61 ev belongs i n  the c r  8 8s section of L&75. 
(C) Wescott "g factors" have been calculated for L d 7  for two neutron tempera- 
tures. 
that the contribution t o  the g factor comes from the 0.142 ev resonance. 
r a t i o  of the two g factors agrees wlth the correspondirrg r a t i o  obtained from 
the experimental data. 
ted t o  determine the effects of self-shielding. 
range of f o i l  thicknesses is necessary t o  determine these effects properly. 

A smmary of t b s e  studies follows: (A) The 

The results of these activations are being snalyzed. 

O f  one of tbt resonances occurring in the cross section of 
The act ivi ty  which was produced in the f o i l s  was that of 

The cdculations assume a Breit-Wigner form for the cross section and 
The 

(D) Lutecium f o i l s  of various thicknesses were irradia- 
The resul ts  indicated a wider 

A rough draft of a l e t t e r  which concerns the use of lutecium as a neutron 
thermometer has been prepared. 
t o  the J o d  of Iluclear Science and Engineering in the near future. 

This " le t te r  t o  the editor" will be submitted 



HW-62012 

Neutroc Temperature Coefficients 

Progrming of the code t o  update the nuclear data tape is  nearly complete. 
Several of the subroutines of this program have been debugged and run success- 
fully. 
i n i t i a l  nuclear data tape. 

The updating program wi l l  also provide for  the generation of the 

neutron Thermalization 

The p r e w a t i o n  fo r  experiments t o  investigate absorptiori hsrdening near the 
PCTR driver rods and t o  reduce the fast neutron density i n  the core have con- 
tinued through the month. 

The react ivi ty  coefficients of l uc i t e  rods i n  the PCTR drivers and leveling 
slugs were measured. A l l  reactivity coefficients were positive. Three i m -  
portant consequences of t h i s  are: 
i n g  driver fuel rods so that a d i f f i cu l t  reactor loading becomes more flexible; 
2) The t'slow" l a t t i ce s  can be matched more easily; 3) A flooding hazard exis ts  
i n  the PCTR. 
t ial  $(8.00) positive react ivi ty  i n  the shutdown (face - closed) PCTR which would 
be real i red i n  the event the reactor was submerged i n  water. 
coefficients were measured with a sol id  graphite core: 

1) Cri t ica l i ty  can be al tered without mov- 

From the  table of reac t iv i t ies  below one can calculate a poten- 

The following 

TABU OF REACTTVITES 

Lucite Rod Size 

1" dia. x 37.5" 

Lucite Lucite 
Rod Reactivity 

Po si ti on Coefficient 
((ZiFEaradius) (cents) 

43 

43 

43 

43 

12 

Remarks 

U.9 & for  center rod of three 
adjacent rods. 

Single rod, U.9 

13.1 Single rod. 

2.08 In driver extensions. 

0.70 Cen+,er leveling slugs a t  6.0" 

AU. leveling slugs a t  6.0". 

The absorption hardening near the PCTR driver rods i s  t o  be determined from 
thermal neutron temperature measurements. 

Multi-Thermal-Neutron-Group Diffusion Programs 

The modified version of F i s  running sat isfactor i ly .  Two attempts t o  speed 
convergence of the i terat  1 ve procedure were made, with l i t t l e  success. 

A cross-section fitting program, FIT-1, is  being written. 
group theory, any parameter i n  a five-region problem may be iterated upon un t i l  

Using the two- 

1 2 b 2 1 5 3  
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the  Lest f i t  t o  an experimental f lux traverse is obtained. 
parameters may be varied s - icese ive ly .  
ing r e s u l t s  of the neutron rethermalizatioo experiments. 

The sample input f o r  ZOOM, mentioned in previous montzlly reports,  has been 
received. 

Any number of 
This program will be used i n  an8J.y~- 

A t e s t  case has not been runO however. 

Double -Focusing Bet a-Ray Spectrometer 

Sens i t iv i ty  and s t a b i l i t y  checks f o r  the spectrometer were made during the 
month. The spectrometer cperated p r a s r l y  during these checks. However, 
under confinual operation the nercury contacts and the null amplifier a re  
nGt operating properly. These d i f f i c u l t i e s  must be corrected before long- 
term operation of the spectrometer i s  possible. 

Instrumentation and Systems Studies 

The experimental stack gas ef f luent  monitor at  100-F operated successfully 
for  several months. 
and a pulse-height analysis system, was successful i n  long-term operation. 
The equipment was removed from service and was lcaned, temporarily, f o r  
some other measurements i n  the 100 Area. 
the 329 Building l a t e r  f o r  other experimental work. 

The speed-of-control s tudies  involving the loss of coolant f l o w  fo r  all the 
present Hanford reactors  have been co-leted. 
of reactor  safety f o r  a full pile loading of I a E  fuel elements a s  f a r  as 
the speed of control safety c r i t e r ion  i s  concerned. 

The study of op t ica l  methods fo r  measuring in-reactor graphite temperatures 
continued with an investigation of the possible application of a two-color 
infrared pyrometer. One instrument of th i s  type has been developed and is 
now being fabricated f o r  metallurgy research. 

This method of monitoring, using a s c i n t i l l a t i o n  detector 

The equipment w i l l  be returned t o  

This work was sn investigation 

STUDlES HELA!I!ED TO mrrlHE PRODUCTION HEACTORS 

Exponential Pile hbasurements of Large Msmeter Fuel Elements 

Material buckling measurements have been completed fo r  two l a rge  diameter 
fuel elements at  a l a t t i c e  spacing of 14  g/l6-inches. 
had a 0.5-inch graphite rod inser ted in each uranium tube. 
values are given in Table I. 

One of the l a t t i c e s  
The find. buckling 

2.5 x 1.6 1 4  9/16 ~KY- +70 1.93 - 0 * 373 70.44 

2.5 x 1.6 14 9/16 dzy 4 3  1.93 0 376 - 65-98 

X is the  measured side extrapolation distance. A f ront- tc-rear  h. of 1*03- 
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Preliminary buckling meaEuremel=ts avdilable this month are shown i n  Table 11. 

TABLE I1 

Fuel 
Elemect 

Buckling Volume Ratios 
spacing (10-6 cn-21 AL/u HpO/U C/U 

2.5 x 1.6 14 9/16 wet  -70 0.305 0.631 51.25 

2.5 x 1.6 14  9/16 wet -106 0.376 1 . ~ 9  65.98 
w/c.5 so l id  

2.5 x 2.0 10 3/8 wet -49 0.493 1.102 33.86 

~/1.17 solid 

v/1.66 x 1.1 

!RE buckling values quoted i n  Table I1 are based on an estimated side- 
extrapolation length of 1.66-inches. Final bucklings w i l l  be reported 
6f te r  analysis of horizontal traverse data. 

Hcrizontal traverses have been taken with and without cadmium shlelds In 
the 14  9/16" (wet) pi le  with the 2.5 x 1.6 tube and 0.5-inch rod t o  deter- 
mine w h a t  effect  the shields m i g h t  have on the measured extrapolation length. 
The cadmium shields are  normally placed close t o  the expor;ential pi les  at 
the sides i n  order t o  minimize effect8 of neutron reflection from the -6 
of the laboratory. The results of the traverses along $he edge of a ce l l  
showed that the presence of the shields made essentially GO difference i n  
the measured extrapolation length. 

Horizontal traverses have also been taken using a bare co-mter with and 
without cadmium shutters. Results of these traverses are now being studied. 

FCTR Measurements of Lattice Parameter of Large Diameter Fuel Elements 

I n  the determination of p and E, it is customary t o  i r radiate  f o i l s  i n  a 
section of the fuel that is completely sheathed i n  cadni-sn. Therefore, an 
experiment was performed t o  investigate the extent and megnitude of the 
perturbations caused by such a sheath around a large diameter fuel element. 

The l a t t i c e  used In the experiment consisted of a 1.92-inch diameter fuel 
element, water-cooled, i n  an 8 3/8-inch graphite la t t ice .  
section of the Arel was enclosed wlth cadmium In a region of the Pclli 
where the fluxes were level  in the axial direction. Bare a d  cadmium 
cwered gold fo i l s ,  5 m i l s  thick, were irradiated near the surface of the 
process tube a t  2-inch intervals out t o  10-inches from the center of the 
cadmium. 

A two-inch long 

It was found that the bare f o i l s  were not perturbed (less than l$) at a 
distance of 6-inches from the cadmium. 
epicadmiurn act ivi ty  was depressed by about 6$ a t  the cecter of the cadmium 
sheath. 
depletion of the thermal fission rate  i n  the vicinity of the sheath. 

However, it was found that the 

This depression i s  a second generation effect  resulting from the 
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On the basis of this experiment, the schemes for expcsing foils in measurements 
of p and E of 1.92-inch and 2.5-inch diameter fuels were designed to minimize 
the length of fuel enclosed in cadmium. 
c o m e d  to the 2" length used in this experiment. 

This length w i l l  be about 3/8-inch as 

PCTR Measwements of and f for Selected Cluster Elements 

The determination of k, and f of a seven-rod enriched urmium cluster in a 
7-inch graphite lattice with water coolant is now complete. The rods were 
0.925-inch diameter and enriched to 1.0075 by weight U-235. 

The values of the lattice parameters are: 

k, = 1.063 k 0.002 

The quantities of the various materials in the lattice cell per unit length 
were : 

graphite 401.2 

water 19.4 

aluminum 27.6 

The measurement of 16, and f of the cluster with natural urar.ium fuel is now 
in progress in the PCTR. 
assembly is the same as the enriched cluster discussed above. 

Other than the enrichment, the fuel and lattice 

Instrumentation and Grvstems Studies 

Development-design and fabrication work was started on three proposed prototype 
instruments for the 105-N Building. 
tillation remote-area-monitor comprising a central station and four probes; 
a logarithmic, three-decade scintillation remote-area-monitor comprising a 
single package of probe and main unit; and a lead-shielded scintillation fixed- 
filter air-pulling beta-gamma logarithmic air monitor. 
chart-recording and incorporated alarming devices. 
w i l l  be essentially gamma energy independent above 90 kev. 
monitor has ranges of 0-20 mr/hr up to 0-20 r/hr. 
covers three decades from 10 mr/hr to 10 r/hr. 

These include a linear four-decade, scin- 

A l l  units will have 
The +,wo remote area monitors 

The linear area 
The logarithnic area monitor 

Preliminary equipment design and procurement was started on the prototype Fast- 
Scan Gross-Gama Fuel Failure Monitor for possible NPR application. 
tory device is being built to simulate the mechanically irterrrrpted or "chopped" 
gamma-ray signal for the monitor. 
sampling rates and sample chamber sizes. 
source for development of theelectronic circuits. 

A labora- 

This will be used to determine the optimum 
It w i l l  ale0 be used as a signal 

1 2 4 2 1 5 b  
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All wcrk oz the IQPR Primary Loop Frequency Respcnse 
w l l l  be reported soon. 
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study has been completed and 

T?ie NPR Heat Exchanger was programmed an the Digital Differential Andyzer 
(DDA). 
tained were qudte satisfactory. 
simulations of this type, the remainder of the runs will be made on the Goodyear 
coquter in October. 

The IQpR pump coastdown characteristics are being re-evaluated on the d o g  
comp.irter using the revised equations. 

ApFrOXiITBtely one-third of the requested runs were made. The results ob- 
Due to the inherent slowcess of the DDA on 

Mechanism of Graphite Damage - 2000 Program 
Apparatus for irradiating graphite with protons in the positive ion accelerator 
was coqleted and was leak tested up to the point of inserting the graphite 
target. 

A piece cf graphite that was irradiated with electrons last month was sub- 
mitted for lattice parameter measurements. 

STUDIES RELATED TO SEPARATIOmS msLmTS 

Critical Hazards Criteria 

nuclear Safety for Hanford Laboratories, Plutonium Metallurgy Operation 

The nuclear safety of casting and machining operations involving the fabrica- 
tion of 6.6 Xg hemispherical shells was evaluated. The basic limitations for 
these operatiofis were summarized and transmitted to personnel of Plutonium 
Metallurgy Operation for comments prior to t3e issuance of an approved nuclear 
safety specification covering these operations. 

Nuclear Safety in 234-5 Buildim ProcessinR 

The nuclear safety of a proposed array of plutorrium hemispherical shells in 
a heat treatment mnace was evaluated and found to be safe. The array con- 
sisted of eight shells (2.2 Kg maximum weight) positioned on 12-inch centers. 
The outside diameter of these shells would range between 9 ana 12-inches. 

Plutonium Critical Ezass Facility 

Design of the in-hood reactor components for the initial startup experiments 
is essentiuy complete. 
components providing for safety and control have been designed. 

The reactor vessels for the Pu solutions and the 

A safety rod drive assembly wlU position a magnet supported, spring accel- 
erated, tubular safety rod which wlll enter the reactor vessel from above. 
A similar drive system, attached above that for the safety rod, Kill position 
a control rod entering the reactor vessel concentrically within the tubular 
safety rod. Both drives will operate within housings which will completely 
contain the atmosphere above the reactor solution. The functions of a reactor 
vessel dump valve, fill line, and bottom supporting pedestal are combined into 

I 2 4 2  I 5 1  
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a sirlgle assembly a t  the bottom of the vessel. 
are  designed t o  provide ease and f l e x i b i l i t y  i 
vessels. 

P.sse in-hood reactor components 
ifie interchange of reactor 

Further items which have been designed are  a water ref lector  tank, appropriate 
dump valves, and necessary supporting framework f o r  a11 the components. 

Cr i t i ca l i t y  Studies i n  Support of Processing Power Reactor Fuels 

E m  

The c r i t i c a l  approach measurements with 3.063$ enriched uranium rods of 0.175- 
inch diameter were held up by delays i n  the ins ta l la t ion  of' end caps i n  the 
l u c i t e  tubes for  these rods. These tubes have now been received and the lat-  
t i c e  components a re  being assembled i n  the 305-B Building. 

Experiments with Homogeneous Systems 

Experiments i n  the PCTR t o  determine k, of 3$ enriched U03-polyethylene moderated 
systems at  H/U atomic r a t i o s  of 30, 35, and 40 have been completed. 
l i m i n a r y  values of k, are  1.123, 1.080 and 1.035 respectively. 
over" point a t  which k, becomes unity has been extrapolated t o  an H/U r a t i o  of 
44. 

The pre- 
The "cross 

Further measurements will be made t o  determine this r a t i o  more accurately. 

An attempt was made t o  determine the ef fec t  of the aluminum containment on 
the measured value of 
t ions  i n  reac t iv i ty  measurements were observed which nul l i f ied  the experimental 
resu l t s .  

f o r  this type system; however, excessively large varia- 

A l u c i t e  tank has been fabricated In which t o  carry out exponential experiments 
on 3$ enriched UO3-polyethylene systems. 
diameter and 32-inches i n  height, has been f i l l ed  with a UO3-polyethylene mix- 
tu re  containing ll2 13s. of U a t  an H/U atomic r a t i o  of 18; exponential experi- 
ments w i l l  a l s o  be conducted f o r  H/U r a t io s  of 6 and 12. 

This tank, which is 12-inches i n  

Mscellaneous Experiments fo r  Nuclear Safety Spe c i  f lcat ions 

Exponential experiments were begun f o r  determining the quantity of neutron 
absorber which must be added t o  a water moderator i n  order t o  "safe" a hetero- 
geneous system of enriched uranium. The buckling was measured with 1.007 per- 
cent enriched uranium rods of diameter 0.925-inch a t  an H2O/U volume r a t i o  of 
1.73 (1.5-inch spacing between rods i n  a hexagonal l a t t i c e ) .  Boron was added 
t o  the water moderator i n  the form of boric acid an8 the buckling measured as 
a function of the boron content. 
given i n  the following table:  

The measurements completed this month are 



Buckling Measurements - 1.007 Percent Enriched Uranium - 
Boron Poisoned Moderator 

0 0 3391 f 22 

1 . 5  0.26 1669 f 51 

HW-62012 

Estimated Crit ical  Mass 
of Poisoned System fo r  
SDherical Geometry 

6145 lbS* u 
20,506 lbs. U 

09 53 362 f 57 237,000 IbS.. U 3 
- 6 1.05 -2037 f 102 

The errors quoted are standard errors calculated from the variation in the 
least squares f i t  t o  the experimental data. 

With the addition of about 3.45 gm/L boric acid, or 0.6 @/L boron, t o  the 
moderator of this particular l a t t i ce  the buckling wouldbe reduced t o  zero 
(k, I unity); the c r i t i ca l  mass i s  increased by a factor of about 3 w i t h  the 
8ddition of 0.26 gm/L boron. 

Further measurements are planned with l a t t i ce  spacings of 1.4, and 1.6 
inches. Cd(n0 ) XiU also be used as a soluble poison. The experiments 
also be done w?& 3 percent enriched uranium. 
bearing on nuclear safety in reference t o  the u8e of soluble poisons i n  
c r i t i ca l i ty  control, for example, i n  dissolvers which may not be geometrically 
safe 

These data wlU have direct 

Crit ical  Mass Theory 

A substantial revieion of the program to integrate the reactor kinetics equa- 
tions with time varying rewt iv i ty  has been found necessary. 
an iterated Taylor eerie6 formilation of the problem has been developed. 
subroutine of the -in program has been written t o  calculate the derivatives 
appearing in this formulation. 
confirm that the magnitudes of the higher derivatives increase rapidly wlth 
order and w i l l  limit the nmber of terms of the series which my be wed. 
present another eubroutine i s  being written t o  evaluate certain coefficients 
necessary in tbe solution. 

I n  this revision, 
A 

Results of debuggiq m s  vith this sdroutine 

A t  

Mass a c t r o m e t r u  

The c r i t i ca l  alignment of the heavy element mass spectrometer for this program 
h86 been completed. 
signed has now been achieved. 
isotopic analyses and of optimum sample s i r e  are i n  progress. 

The mass resolution for which this spectrameter was de- 
Studies of the accuracy and precision of uranium 
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Three Axis Spectrometer 
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This spectrometer ha6 continued to be used for the study of reflectivity 
characterietics of monochromating crystals for the purpose of increasing the 
effective intensity In slow neutron scattering experiments. 
flectivity studies were made on an aluminum crystal and a new lead crystal. 
These investigations and the analysis of the results obtained to date are con- 
tinuing. 

Detailed re- 

Growth of Sinfzle Metal Cmstals 

A program has been carried on infrequently for several years to grow single 
metal crystale for possible use as diffraction monochromators for elow neu- 
tron work. 
provide a larger number of crystals for reflectivity studies in conjunction 
with the three a x l a  spectrometer. A new Oven system ha6 been fabricated to 
grow single crystals from the melt in either vacuum or controlled inert atmoe- 
phere. No method has been found to provide the required degree of stability 
of pressure of an inert gas atmosphere so that the effort to date has been 
confined primarily to the vacuum oven techniques. The vacuum oven, however, 
leads to very high surface temperatures of the heating elements in an oven 
designed to provide the desired heat conduction characterietics. A radiant 
type heater with a helical winding of nichrome Kire has proven satisfactory 
for studies with vacuum melts of aluminum. Large (2 to 3 inch diameter by 
8 inch long cylinders) single crystaler of lead and of aluminum have been grown. 
These crystals still exhibit a small amount of lineage. The heat conduction 
characterietice of the eyetem are being continually perturbed in attempts to 
improve the quality of' the crystals. 

This program has been accelerated recently in an-attempt to 

P U ~  Fi6610n cross section 

A tabulation of the only known wailable total C ~ O B B  section data on Pu2u 
has been received from the Brookhaven Compilation Group. 
taken wlth good reraolution but wlth a low purity Pu2u (65 percent) sample. 
These data have been compared with the fission cross eection data obtained 
at W o r d  With a high purity (96.6 percent Puzw) sample but relatively 
poor resolution in the resonance region. 
and fIse1on croes section data In  the low energy region through the low 
energy resonance st about 0.255 ev. The ratio of cross eectione in the 
thermal energy region showed no apparent systemstic difference from a cons- 
tant valulc Oi alpha up to about 0.15 ev although the total cross section 
data exhibit 8 UsperBIon of about five gcrcent from a m o t h  curve. 
ratio of croae sections through the 0.255 ev resonance exhibit an apparently 
signifiC8nt emooth behavior indicating a value of alpha in the resonance 
some 18 percent lower than the tbemnal value. A comparison of the data in 
the resonance region is much more difficult because of resolution effect6 
and differences In interpretation of the data. In addition, it wB6 as- 
covered that an error was made in previous reporting of the value of 
u$f for the first three resoaaacee. 
are rhown in the following table: 

These data were 

A comparison was made of the total 

The 

- 
The results of the present comparisons 

l 2 Q 2  I b O  



B -10 0 F RW-62012 

Resonance 00r 
Energy (fission) (BNL-325) 
Eo(ev) (b-ev) 

4.32 
4.65 
5935 
6.03 
6.94 
8.61 

273 
80 
17 

540 
147 
180 

Pu240 Fission Cross Section 

A gas scintillation fission 
use as 8 counter when short 

Pu241 Resonmce Parameters 

Maximum value Alpha from 
Qorf Resonance Parameters of Alpha 

(Hanf ord) l-'o( observed 
(b-ev) 

133 1.05 
44 .82 
17 0 
290 .86 
194 Neg i 
150 * 20 

-58 
.w 
.10 
17 
.06 - -- 

counter has been undergoing development tests for 
half life alpha emitting isotopes are being used 

for fission measurements. It is hoped that this counter can be operated with 
a permsnent filling of counting gas by avoiding the use of possible contaminat- 
ilzg agents such as wave length shif'ters. The counter has been assembled vlth 
a low pressure filling of purified xenon, uartz windows, and a quartz window 
RCA 6810 photomultiplier. Two foils of Puho with an apparent effective mss 
of 2.2 mg are mounted in the chamber with a light reflecting shield of MgO. 
The pulses from the multiplier are inverted and discriminated with an EFP 60 
discriminator circuit. This discriminator is the only fast pulse circuitry 
which is necessary. For best operation, however, it seems necessary to pass 
the tail of the alpha pulse height spectrum along with the larger fission 
pulses so that a second pulse height discrimination is necessary. 
handled with the relatively slow circuitry of a type A-1  linear amplifier 
and accompanying discriminator. 
pulses was observed from this system in the presence of the resulting 6 x lo6 
alpha disintegrations per second in the counting gas. 
fission plateau was about 2 percent per 0.1 volt EFP 60 bias. One overnight 
run was made of the 1.06 ev fission resonance with this equipment which gave 
a fission cross section in agreement with that previously obtained with 
lighter foils and a gas ionization fission chamber. 
testing has been postponed while the lO5-DR crystal spectrometer instrumenta- 
tion is undergoing preventative maintenance for a period of about two weeks. 

This is 

An easily recognizable plateau of fission 

The slope of the 

More stringent performance 

Fast Neutron Cross Sections 

No fbrther w r k  has been done with the Van de Graaff because an extensive 
realignment of the accelerator system w i l l  be required to perform time-of- 
flight measurements with neutrons. 
poned until the modifications to the mounting system have been completed. 

This realignment will possibly be post- 

A study has been made of the effect of cooling the multiplier structure 
of the fast neutron scintillation detector system. 
ci>oled with acetone circulating through a dry ice bath refrigerant. 
multiplier reaches an eqabrium temperature of about -55OC which 
the dark current counting rate by a factor of 100. 

The assembly has been 
The 

-duces 
This is accompanied by 
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a substantial  increase ic pulse height from the sc in t i l l a to r .  
a t ta inable  with the cooled multiplier corresponds t c  a neutron threshold of 
approximately 30 kev. 

The bias level  

REACTOR DEVELOPMENT - 4000 PROGRAM 

PLUTONIUM RECYCZE PROGRAM 

Theoretical PCT'R Studies 

A report  en t i t l ed  "Two-Grcup, Small Sotlrcs Theory Applied t o  an Inf in i te  
Array of Reactor Superlattices" i s  being preparea. 

The submutines f o r  evaluating l a t t i c e  sums encountered i n  the smal l  source 
theory analysis of an i n f in i t e  array of supercells have been completed. By 
use of these subrmtines,  together with more representative input data, the 
Af for  the GCR l a t t i c e  upon inser t ion of the control rod i s  being recalculated. 
Preliminary results indicate that the previously reported calculation of 
fl E 2s i s  somewhat large.  

Latt ice Parameters fo r  High Exposure Pu-A1 Fuels 

Specifications and req-drements f o r  the fabrication of the U.i$ Pu-240 
material in to  0.5-inch diameter fie1 rods fo r  PCTR measurements have been 
tracsmitted t o  Plutonium Metallurgy Operation informally, fo r  t h e i r  use i n  
estimating costs. 

The Cr i t i ca l  Fac i l i ty  of the PRP 

Discussions with the scope designers i n  order t o  es tabl ish the design c r i -  
t e r i a  have continued through the month. 
paration of a document which will serve t o  inform management of the plans  
which have been made fo r  the f ac i l i t y .  

Help was a lso  provided i n  the pre- 

Reactor Theory 

In  estimating the eigenvalue i n  a l i nea r  equation H$ = Xpl, the Rayleigh 
quotient will provide a lower bound for  X i f  the operator H is posit ive 
def ini te .  It i s  desirable t o  have an upper bound as w e l l  t o  provide an 
e r ro r  l i m i t  f o r  a variat ional  estimate. 

A measure of the e r ror  i n  a t r i a  function # i s  the angle i n  Hilbert space 
between @ and Hpl, defined by 

It can be shown that an upper bound on the fract ional  e r ror  i n  estimating 
the lowest eigenvalue Xo by the Rayleigh quotient, X = (@,H@)/(@,@), i s  
given by 

hO L! I b l !  
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As an application of the preceding er ror  bound, the geometric buckling was cal-  
culated fo r  a sphere of unit radius, using the following trial functions: 

1 - cos 8 x - xo 
LO 

.16 06 

a005 .003 

It appears that f o r  this  case, at  least, the upper bound provides a reason- 
able estimate of the e r ror  without a signif icant  increase i n  computation over 
the or iginal  var ia t ional  calculation. 

Instrumentation and Systems Studies 

A portion of the necessary material f o r  the e m h a t i o n  of 150 multiplier photo- 
tubes fo r  the PRTR fuel element rupture detection system was received. The 
phototubes have arrived and the N a I  crystals,  the sockets, and the mu-metal 
shields a re  due by October 5. 
the 150 t o t a l  with considerations as t o  low-noise, high-gain, s tab i l i ty ,  
and resolution. 

Eighty-seven phototubes will be selected from 

Advice was rendered t o  the Design Section concerning c i rcu i t ry  modification 
fo r  the PRTR fuel element rupture detection system t o  eliminate the use of pre- 
amplifiers. 

After the obtaining of more information concerning gama f i e l d  intensi t ies ,  
a modified c i r cu i t  proposal K i l l  be completed concerning the W t e r i a l s  Test 
Reactor GEH-4 experimental loop fuel element rupture monitor. 
cu i t ry  of the spectrometer naw i n  use will be modified t o  permit obtaining 
of information during conditions of overload of the spectrometer. A simple 
re la t ion  of phototube anode current t o  gamma f ie ld  in tens i ty  at  the detector 
i s  t o  be ut i l ized.  

The input c i r -  

Part6 of the PRTR wide angle viewer are being fabricated o f f s i t e  under a Work 
Order issued t o  Tech Shops. 
1960, and the total unit will then be assembled and completed locally.  

The o f f s i t e  work is  due f o r  delivery January 1, 

The profilometer t o  be used f o r  waxp and diameter measurements has been 
sp l i t  i n to  three parts  fo r  fabrication, 
s i t e .  
ment units. 
repl ies  are s t i l l  being ayaited. Early bids indicated that the money pre- 
sently available i s  insuff ic ient  f o r  completion of tbe fabrication of this 
instrument. 

A part of the work is being done on 
'phis involves modifications t o  the prototype warp and diameter measure- 

The other two parts have been submitted f o r  o f f s i t e  bids and 

Work has been started on a method t o  distinguish gamma rays from fast neutrons 
with high efficiency and good resolving time. 
cer ta in  phosphors exhibit  a different  decay curve depending upon the excit-  
ing par t ic le  type. The 
decay curves may be compared direct ly ,  o r  the r a t i o  of t o t a l  charge t o  peak 
height may be observed. 

It has been found elsewhere that 

There are two main ways t o  detect this difference. 

Tests indicate that the la t ter  method is much superior. 

1 2 4 2 1 5 3  
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The best c i r cu i t  t o  date has been a modification of one devised by F. D. 
Brooks at EamU. 
adjusted such that all output gamma pulses of any energy are l e s s  than about 
f ive  percent of the peak height from FWe neutrons. The effective resolving 
time of the c i r cu i t  i s  about ten microseconds. 
between gamma rays and neutrons and their discrimination can be improved. 

A program has been prepared Wan d o g  c i r cu i t  designed t o  t e s t  the PRTFl 
controller when it i s  received on plant the last half of October. 

When s t i lbene is  u e d  as a phosphor, the c i r cu i t  may be 

It i s  expected that the r a t i o  

GAS CoofiED REACTOR PROGRAM 

Latt ice  Parmeter  Measurements 

This i s  the first set of measurements i n  which a non-linear fuel coefficient 
has been obtained. 
f o r  some unexplained reason has never been found. 
four heating rms. 
required t o  reach the maximum fue l  temperature attained. 
made without the cylindrical  layer of lampblack insulation around the fuel  
cluster. One of the three physically comparable runs required 220 minutes 
and then f e l l  short by-150 C of reaching the maximum fue l  temperature a t ta ined 
i n  the other two. It yielded r e su l t s  consister_t with the other two over most 
of i t s  range but began t o  diverge a f t e r  the heat leakage from the heated c e l l  
could be f e l t  at a rather  la rge  distance (16 t o  18-inches) out in to  the sur- 
rounding moderator. 
respectively. In  neither of these was the react ivi ty  loss a l inear  function 
of the change i n  fuel temperature. 
equation of the form 

Such an effect  has been suspected by theoreticians, but 

Three of the heating cycles diffsred only i n  the time 
The data were taken during 

The foxrth one was 

The other two heating cycles took 42 minutes and 65 minutes 

Therefore, i n  each case, a curve having an 

Was f i t t ed  t o  the experimentally determined points by a least squares analysis 
program f o r  the I B M  709 computer. 
i n  fue l  temperature t &xmI(m)fuel i s  obtained. 
a value of 

Thus the  PCTR reac t iv i ty  lo s s  with change 
The 42 minute run yields 

over the teqeraturersnge 49 t o  494OC, and the 65 minute run yields 

- 3.53 x low5 + 2.63 x AT 

over the range 50 t o  S 6 O c .  
attached t o  these results until the er ror  evaluation i s  complete. Both the 
heating cycle using the uninsulated c e l l  and the cooling cycle, following the 
65 minute heating run, yield results that differ from those quoted above by 
as much as 18 t o  20 percent. For the cooling period, a large part of this 
difference may be a t t r ibu tab le  t o  moderator heating quite far out i n to  the 
surrounding graphite as a result of' the long cooling time Involved ( ~ 4  hrs) 
However, the divergence of the reac t iv i ty  curve f o r  the uninsulated c e l l  
before appreciable moderator heating occurs, may, a t  l e a s t  i n  part, be due 

An uncertainty of about 8 percent should be 
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tc. an energy shift in the spectm incident on the fuel that is not sensed by 
the copper poison. 
ture drops by a factor of f o u r  at a distance one-inch into the surrounding 
graphite. 
higher temperature layer immediately adjacent to the fuel. 

Measurements taken during this run indicate that the tempera- 

Therefore, the incoming neutrons may be appreciably affected by this 

Lattice Parameter Wasurements 

A re-evaluation of the data from the PCTR measurements of bo,, f, p, and E for 
the GCR lattice has been completed. The following results =re obtained for 
the cell used in the experiment: 

k, 
f 

1.1468 

1.0167 
1.7449 (inferred) 

0.8029 
0.8050 

The actual KEAC cell is 7.125-inches longer than the cell used in the pCP( 
experiment, and the following values were deduced for the XEAC cell: 

1.1550 
0,8182 

16, 
f 
P 0.7956 
E 1.0167 
rl 1.7449 

Variation of the Doppler Coefficient with S/M Ratio 

A 709 program has been written which computes the spatial temperature dis- 
tribution in a finite solid cylinder as a function of time and surface boun- 
dary conditions. The case considered is one of initially uniform tempera- 
ture, wlth radiative cooling from the surface. 

F'reliminary results of the measurements to determine 16, and f for 1.92-inch 
diameter solid natural uranium fuel rods i n  a square 8 3/8-inch graphite 
lattice with air coolant and with %O coolant are presented in Table I, 
together with some pertinent experimental data and assembly parameters. 

TABLE I 

c/v_ H/U .005" Au k, f 

3 434 1.oll 0 945 -- 1.92 (air) 22.65 
1.92 (H20) 22.65 0.288 4.515 1.0185 0.910 

The error analysis has not yet been perfomd in detail; however, the stan- 
dard deviation of k,,, is not expected to be greater than f 0.002 in k. 

These results do not agree very well with values computed from exponential 
pile measurements. Further analysis is necessary to evaluate these dif- 
ferences. 
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TEST HEACTOR OPERATIOlTS 

The TI'R operating time was diviaed about e q d l y  between (1) irradiating 
lutecium f o i l s  t o  obtain basic data fo r  t h e i r  application as a "neutron ther- 
mometer" and (2) obtaining data which may make operating +,he TT!R a t  a higher 
power l eve l  possible. 

There were no unscheduled shutdowns during the month. 

Operation of the ETR continued routinely d u r h g  the moat?? with one unscheduled 
shutdown due t o  electronic failure. 

Further tests were made on the reproducibility of reac t iv i ty  measurements. 
There was an intermittent change i n  reac t iv i ty  which was traced t o  failure 
of the moving face t o  reposition. 
served. 
l i m i t  switch. 

Changes as large as 0.1 cent were ob- 
Corrective adjustments were =& t o  the drive rails, clutch and 

K,,, measurements were completed on the 3 percent enriched U03.+0 system. 

Measurements were made t o  determine the reac t iv i ty  e f fec t  of adding modera- 
t o r  inside the driver fuel. 
driver extensions, and the leveling slugs. 
posit ive in all cases. 
th is  e f f ec t  raises, the shutdown procedure has been revised t o  requlre leav- 
ing the face i n  the full open position. 

"Lucite" rods were placed i n  the drivers, the 
The ef fec t  or. reac t iv i ty  was 

Became of the possible danger from flocding that 

Q measurements were started on the 7-rod cluster  natural. uranium fuel  
elements . 
BIOLOGY AmD MEDICDIE - 6000 PROGRAM 

Atmospheric Physics 

The two special  dispersion experiments described i n  the Monthly Report fo r  
A u g u s t  and scheduled f o r  completion in early September were successfully con- 
ducted on A u g w t a  and September 3. In the first, the t o t a l  emission time 
was increased from the usual one-half hour t o  oce how and aJ1 air sampling 
equipment was operated until the t racer  plume ha3. crossed each arc. I n  the 
second experiment, fluorescent pigment was emitted conticuously and at  a 
constant r a t e  for  four hours. 
that a precise bo-hour sample wa6 taken at each sampling point during the 
time the continuous plume was Over the sampling grid.  
sa t i s fac tor i ly  during both experiments, and def ini t ive measures of the hori- 
zontal and ve r t i ca l  dis t r ibut ions of t r ace r  concentratioz were obtained. 
emission r a t e  - was held constant at  7 kg per hour fcr both experiments. This 
i s  an emission rate of very nearly 7 x 1013 par t ic les  per hour. 

The air sampling schedule was then arranged so 

A l l  equipment operated 

The 

Attempts t o  establish a precise calibration curve fo r  the automatic counters 
using a visual  count of pa r t i c l e  loading on f i l ters (mder W l i g h t )  were 
unsuccessful. Uncertainties of 2@ or more of the indicated reading were .a 

- .. 
W 
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encountered, almost a l l  of which must be ascribed to mcertainties in the v i s u a l  
estimation system. 
to f 54, the assistance of AnalyticaL Chemistry, Chemical Research Operation, 
was enlisted to provide a precise assay of tracer material on a representative 
nmber of filters. Neutron activation of the zinc, and possibly the maganese, 
ir this tracer materia3 with subsequent radiochemical analysis for amounts of 
these materials, is being done by the Analytical Chemistry group. 
calibration, using only filters which are free of dust ana other impurities, 
is being done first. The second step will be a similar analysia for dirty fil- 
ters, for which the efficiency of the automatic counters is reduced by obscura- 
tion. 

In order to overcome this problem, snd reduce uncertainties 

A basic 

A correction factor for this obscuration is required. 

Principal effort has been turned to the reduction of meteorological data per- 
tinent to these experiments. Data from the 400-foot tower and the station net- 
work were reduced at month's end. Reduction of the portable mast data was 
scheduled for completion and IBMmschine processing by the end of October. 

~ r c s  5 and 6 (12,800 and 25,600 meters) were dismantled and 
cleaned and stored. 
anticipation of further experimental work during the next nine months. 

equipment 
Arcs 1 through 4 were placed in a standby status in 

During the month 99 people were counted at the Shielded Personnel Monitoring 
Station. One of these was a lutonium wound case. No plutonium was present. 
Another was a recheck for Zr93-Nb95. He was found to have eliminated about 
70$ of his previous burden. Regional Monitoring Operation gathered samples 
of vegetation and produce from the farm of the man who was found last month 
to have eight times the us& Cs137 burden. 
Cs137 content. 

A l l  showed an unusually high 
All but the milk also showed other long-lived fission products. 

An employee was examined who has a a m a l l  farm on a local pumping project where 
Many of the items of his diet are obtained from he uses sprinkler irr 

his own farm. His Zn burden was 0.105 pc. This is the highest we have 
observed so far. 

Calibration of the big ma1 crystal for 

. Fion 
and a65 were completed. 

A method was fouud for obtaining reproducible counting rates from the BF3 
counters used in the precision long counter. 
in a three-week period was less than 2$ but four counters agreed to better 
thas? 0.4$. 

The mmcimum variation observed 

The polyethylene double moderator was tested with radioactive neutron sources. 

In collaboration with Radiation Monitoring Operation our realistic plastic 
phantom was exposed to neutrons and then examined for radioactivity induced 
by slow neutrons. 
vey instruments and personnel meters. We measured the ma24 content of the 
phantom with the scintillation counter system developed earlier this year. 
After several days of radioactivity decay the phantom was counted in the 
Shielded Personnel Monitoring Station. 
data that has not yet been explained. 

Radiation Wnitoring Operation conducted studies with sur- 

There is a discrepancy in the 

* .  
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track film was exposed to the p1F4 source fc r  the 
Laboratory. 

cf CPD were assisted in assembling and testing an 
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Naval Radiological 

aukmatic system 
for double moderator measurements in the 234 B u i l d i ~ g ,  

I I ? S T R ~ T A T I O I ?  

The scintillation transistorized combined alpha-beta-gama hand and shoe 
counter has now operated satisfactorily for seven con+,ir,ucjus months i n  general. 
use in the 329 Builung. %tal downtime in seven months was three hours for 
repair of a commercial transistorized power supply ccmpo3ent. 
of the irstrument are scheduled to be started shortly with demonstrations of 
the instrument to take place at various buildings cn the plant thereafter. 

Plant drawings 

A laboratory experimental alpha air monitor was fabricated in laboratory 
test form. 
reduce effects of radon, thoron concentrations in the air beirg monitored for 
plutonium alpha activity. 
in thee minutes is being sought. Data are now being ccllected during conti- 
nuous operation of the experimental unit. 
tinued concerning absorption of radon-thoron by an activated charcoal in the 
input air line to the monitor. 

The unit utilizes a discriminator and acticDincident circuit to 

A goal sensitivity for d a m  of 20 MFC of ~ $ 3 9  

Additional experiments were con- 

The experiment& transistorized high-level alpha air monitor and the experi- 
mental dual alpha and beta-gamma air monitor coLtinue to operate satisfactorily 
in the laboratory. It is planned to transistorize, as much as possible, a l l  
of the experimental air monitoring units now in vacuum-tube form to greatly 
increase the reliability factors. 

A simple alarm circuit device for the personally-carried personnel alarming 
dosimeters is being investigated. 
copper wire in a mild acid bath. The wire breaks after a specific amount of 
current has passed through the wire; this causes the alarm to be activated. 
The alarming capsule c m  be quite BmBU--a matter of a few cubic centimeters. 
The obdective is to have specific a l m s  for accumulated doses of 50, 100, 
150 and 200 mr. 

The alarm W t  uses a specific size 

Test unita have been quite reproducible in alarxn points. 

Further experiments were conducted on the logaritkrmic, scintillation remote 
area monitor. The unit uses a terphenyl-in-polyvinyltoluene de5ector which 
has excellent beta response characteristics and is eesentially gamma energy 
independent above 90 kev. 
decades from 10 m/hr to 10 r/hr or one m/hr to one r/hr as desired by 
the specific application. 
be provided. 
decade range. 
type. 
0 to +15$ 
vided. 

The obtained logarithmic response covers three 

Other suitable three-decade range coverage can also 
Alarming can be accomplished at any desired point over the three- 
All reading errors are of the positive nature or "safe side" 

The reading-point errors, typical in any logarithmic device, vary from 
Recording via a 10 to 50 millivolt-type chart recorder is pro- 

Two prototype units wlll be fabricated eventually. 

Investigatton of various plant area radiation background conditions con- 
tinued during September. 
tions at the Biology animal farm at 100-F. 

The 200-channel an8lyzer was used to study condi- 
The detector was placed in the 

I 2 l i 2  I b 8  I 
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m.aergrwn& s t r x t w e  being fabricatsd f c r  the l o  z t i m  5f an Etr;irnai experimeLtd 
t o t a l  body couater. 
fQrthconing shielding problems, 
sinlilar investigations a t  Purex, Redox, 2224, 234-5 am3 Biology. 
other arza icvestigations are scheduled. 
cbtained and will be reprJrt;ed. 
t imed at, Purex. 
reccrding. 
cp by penzil ionization chanber information. 
c o q l e  t ed. 

The investigations will permit calculat iom zomerning 
To date, the analyzer Sas bees employed i n  

Further, 
ocly quali tative i n f o m 5 i o n  i s  being 

A d d i t i o d  radihtiori backgrcmd nocitoring con- 
This information i s  of the gama dose-rste type -&%!I chart 

Comparison of the sc in t i l l a t i on  detect,ion i d c m a t i o n  i s  backed 
This portion of the vork i s  now 

Experiments continued concernirg a sc in t i l l a t i on  deteztor a d  t raaeis tor ized 
c i r cu i t  f3r a Fcrrtable battery-operated beta-gama 3cEB-rate meter t o  possibly 
replace the CP-type ionization chamber instruments. Sens i t iv i t ies  of one t o  
f ive  mr/hr ful l  scale firs3 range a re  expected. The unit  will be completely 
t ransis tor ized using a semiconductor chopper, a-n, amplifier, demodulator and 
high-voltage supply. 
used t o  drive the chopper remains t c  5e resolved. 

W y  better temperature s t a k i l i t y  of t3e cs9 i l la tor  

L i p - t  pipe and specialized sc in t i l l a t i on  detector invest igat iow continued. 
The desigr- work was completed f o r  a specialized alpka-cc;ly light-pipe detec- 
t o r  for  Pu239. 
shaped de tec tw  l i g h t  pipe using zinc sulfi3e f o r  the detectioz. 
end of the wedge i s  only one-fourth inch thick thereby permitting survey i n  
t iglrt  spaces. The probe will be used with the t ransis tor ized a-c operated 
SCIXCRAN monitor which has both a loudspeaker and a three-rmge count-rate 
meter. The probe has a uniform geometry, over the full defectcr area, of 
be t t e r  than 10 percent while having no gamma interference backgroand counts 
i n  a radium gamma f i e l d  of three r/hr. 

This uni t  uses a tm-inch by four-inch szt ive area wedge- 
The forward 

Design work was completed f o r  a combination ligh+, pipe e.& detector probe t o  
be usea f o r  measuring approximate beta dose r a t e  in solut iom of single radio- 
isctopes and i n  various animal organs a t  Biology. A second probe of a similar 
detecting nature i s  being evaluated. 
long with an effect ive diameter of three millimeters. The probe is  used t o  
evaluate the relationship between dose r a t e  and count r a t e  i n  a 0.1 p/ml 
solution of ~ ~ 1 3 7 .  
i n  the center of a spherical volume solution of Cs137.  
varied from 0.8 cm t o  7.8 cm. 

This prcbe uses a light pipe 12 inches 

The terphenyl-in-polyvinyltoluene detector is  inserted 
The container r a a i  

Fabrication continued on an experimental prctotype completely t r amis to r i r ed  
aural plus count-rate meter alpha-beta-gamma detecting instrument which will 
be 110 VAC operated. 
w i l l  be used. 
the second speaker will produce d i s t inc t ly  different  1.0 I(c notes fo r  beta- 
gamms-caused pulses. 
f o r  alpha only or  dpha-beta-gama combined. 

The combination sc in t i l l a t i on  alpha-beta-gamma probe 
One speaker will produce "pops" f o r  alpha-caused pulses and 

The count-rate meter indication will be selectable 

The instruction manual fo r  the Radiotelemetering Network Tbta Stations is 
about one-fourth completed. 

The chassis, steering, and drive system for  a s m a l l  rcbot i s  being fabri-  
cated. With the developmerit of suitable servo-resolver a.nd memory c i rcu i t s ,  



B -19 MJ-62012 

e f fo r t s  w i l i  be made t o  develop an acmrate  methad for  emiblicg the robot t o  
determine i t s  location without using a directional g y m .  

WASHINGTON DESIGIfA5D PROSRAM 

The mass spectrometer fcr this program has been prs-fiding i s o t ~ p i c  amlyses 
of the samples furnished this month. 

Some trouble was encountered i n  e l ec t r i ca l  leakage i n  the mass spectrometer 
ion source. 
the apparent leakage but has not completely removed the diff icul ty .  

The ion source was disassembled and cleaEed which greatly reduced 

A new10 megacycle discriminator fo r  the pulse counting system was received 
and tested. 
output pulse character is t ics  are independent of input rates. 

Equipnent has been put i n to  operation t o  study the ion optics of a mass 
spectrometer ion source. 
sional anslo& t o  equipotential p lo ts  of the ion source regicn. 
tial plots  of the geometry of the presently existing ion source assembly have 
been obtained. 

The pulse resolving time was measured t o  be 0.06 psec and the 

This equipment produces an e lec t r i ca l  two dimen- 
Some equipoten- 

CUSTOMER WORK 

Analon Comuter 

A preliminary study of the character is t ics  of a stirred chemical dissolver 
was completed on work order from the Chemical Development Operation, HLO. 
The resu l t s  indicate that the solution must be obtained i n  steps i n  order t o  
provide the accuracy required. 
using some form of a true time lag simulator. 
the Goodyear computer i n  October. 

A continuous solution is not pract ical  wlthout 
This work w i l l  be completed on 

Weather Forecasting and Meteorology Service 

Type of Forecast Number Nde $ Reliabi l i ty  

8-~0ur Production 
General 
special  

90 
60 
121 

62.2 
82.5 
86.0 

A long dry period i n  which only .O3 inch of rain f e l l  between Sune 11 and 
September 12 ended abruptly wlth a 3-day t o t a l  of .67 inch, September 13-15. 
Subsequent rains swelled the September t o t a l  t o  1.26 Inches. 
3-l/2 times normal and was only ,08 inch short of the 48-year-record Septem- 
ber high established i n  1947. 
belaw no& despite a few very warm days shortly before midmonth. There 
was more cloudiness than i n  any previous September i n  13 year6 of record, 
and, as a resu l t ,  solar radiation averaged a t  a 7-year record low fo r  the 
month. 

This was 

Temperatures averaged more than 2 degrees 

I 2 4 2  t - i o  
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Instrumentation 

Fabrication work was completed in the 328 Bu lding electronics sh 
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p on eight 
trmsistorized plug-in printed circuit amplifiers of our latest developed 
type. 
the transistorized types and is completely interchangeable in a large variety 
of instruments either in use or scheduled. 

This amplifier is used in a l l  portable and 110 VAC fixed instruments of 

Fabrication work continued on 12 scintillation criticality alarm units being 
bllilt to our specifications and to be installed in various 300-Area buildings. 

Fabrication continued in the 328 B u i l d i n g  electronics shop on three G-M tube 
detector beta-gamma alarming monitors for Redox. 
for the transistorized meter-relay units will be from 0.1 to 5.0 mr/hr as 
desired. 

Approximate alarm levels 

Fabrication continued in the 328 B u i l d i n g  electronics shop on a prototype 
completely transistorized loudspeaker plus count-rate meter alpha-only ll0 
VAC-operated monitor which can be used with either an air proportional-type 
poppy probe or a scintillation alpha probe as desired by the user. 
is being fabricated for the Calibrations Unit, HLO. 

The unit 

A final check with several manufacturers of digital data handling equipment 
shows that the requirements set forth in the tentative specifications for the 
PCTR Automatic Data Recording System are within the capabilities of presently 
available components. 

Evaluation tests were completed on: 

a) The Riggs Remote Area G a m m  bbnitor. Operation was unsatisfactory. 
b) First run tests were completed on the Ohmart Remote Area bnitor. 

It failed to operate properly and was returned to IPT) for repair 
and readjustment. 
Evaluation tests of Eveready "Leakproof" batteries showed them to 
be not leakproof. 

c) 
Ray-0-Vac batteries were superior in this regard. 

Field tests were conducted on the portable transistorized loudspeaker G-M, 
the portable alpha, beta, gama transistorized instrument, and the portable 
combination BF3 tube and scintillation probe slow and fast neutron instru- 
ment. 

Acceptance tests were started on seven newly-purchased C-P instruments. 

Ootical Work 

The measurement of the ineide diameter of I@ fuel elements to f 0.002 
inch naw seems possible as a result of testing and adapting an idea ori- 
gh8U.y described by T. L. Deobald of IPD. 
studied. The 
method employs illumination of the bore of the fuel element from behind and 
an objective lens i n  front to project the image of the inside diameter at 
30X magnification. 
The diameter of this ring can be measured in the enlarged image. 

Alternate designs are being 
Three possible systems have been mocked up and demonstrated. 

Only a very narrow annular ring is in focus at one time. 
With proper 
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mechanical design, internal warp and minor irregularities can also be measured. 

Electronic parts for the two-color infrared pyrometer are on orfler. 
mechanical arrangement design is 80 percent complete and fabrication win 
begin in one week. 
ture of a specimen in the hot stage of a mewgraph. 
covered is 500% to 1OOOOC. 
provide an output which can be used for recording’and contrcil purposes. 
pected completion date: December 1. 

The 680 manhours of optics shop work for the period A u g a t -  16 to September 
27 consisted of 4$ f o r  FPD, 23Q for IPD, 14$ for CPD, 1% for CEW, and 
58$ for RLO. 

The 

The pyrometer is to be employed to determine the tempera- 
The temperature rmge 

The instrument is completely automatic ma w i l l  
Ex- 

This work included: 

1. 

2. 
3. 
4. 
5 -  
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Fabrication of a scratch delpth microscope for the Radiographic 
Testing Operation. 
Repair of one Redox three-power head. 
Fabrication of tools for glass bearing work. 
Polishing of four lead glass windows. 
Servicing of one lsrge Lenox borescope. 
Lapping of ten pump seal faces. 
Fabrication of two thermistor probes. 
Fabrication of a quartz coil form. 
Fabrication of a black light inspection device to be used i n  
viewlng fluorescent penetrant dies in the bore of long tubes 
thus revealing hidden flaws. 
Silver plating several q u a r t z  transducers. 
Fabrication of quartz parts. 
Modifications to prototype components of the profilometer for PRTR. 

Manager 
Physics and Instrument Research 

W O R D  ~ORATOms OPERATIor? 
and Development. 

PF Gast:mcs 
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Chemical Research and Development 
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RESEARCH AND ENGINEERING 

IRRADIATION PROCESSES 

Decontamination of Reactor Components 

A more detailed examination of the factors  affecting corrosion ra tes  obtained 
during use of decontamination reagents was made. 
explain the discrepancy between rates observed f o r  carbon s t e e l  i n  the laboratory 
and i n  loop t e s t s .  
tests. In tests made with dibasic ammonium c i t r a t e  -- EDllA solutions (APACE 
Step 11) a t  90 C, carbon s t e e l  corrosion rates were increased by increased velocity 
of the solution past the metal surface, by increased contact time of a given solu- 
t ion  with the metal, and by coupling the carbon steel w i t h  s ta in less  s tee l .  
last e f fec t  was the most prominent. 
f ixed inside a section of stainless  s t e e l  pipe was about s i x  times that for  an 
uncoupled coupon. 

This was done i n  an attempt to  

Corrosion rates have been higher consistently i n  the loop 

The 
The corrosion rate f o r  a ck-bon steel coupon 

Scaled carbon and s ta in less  s t e e l  coupons were contaminated w i t h  uranium dioxide 
and f i ss ion  products from very short  cooled irradiated uranium. 
were then decontaminated by the APACE process and some by the alkaline permanganate - 
Wyandotte 1112 process previously described. The decontamination tests were COB 
pleted within 52 hours after removal of the uranium from F Pile. Over-all decon- 
tamination was less by fac tors  of 10-20 f o r  the APACE process and 5-10 f o r  the latter 
process than has been obtained previously when using uranium cooled more than 3 
days. The only isotope which could be ident i f ied on the cleaned coupons was Te 

Some coupons 

f32 . 
A f e w  decontamination tests were made i n  a rocking autoclave a t  130-150 C .  
decontamination, high corrosion rates, and decomposition of cleaning solutions 
characterize these runs. 

Poor 

Investigation of bisulfate solutions as decontaminants was continued. 
55-8A (a  new bisulfate cleaner), when preceded by alkaline permanganate descaled 
coupons completely with low corrosion rates. 
acid to a bisulfate fonwlat ion did not improve decontmination. 

Turco 

The addition of sUfasa l icy l ic  

Automatic Analyzinp; Monitor 

A telemetry c i r c u i t  u t i l i z ing  telephone l i n e s  f o r  remote inquiry of the operational 
s t a tus  of the inrtrument -8 tested and found t o  have promise of usefulness. 
changes in mech+ical and chemical components indicated r e l i ab i l i t y .  A t  month's 
end the formal report, EW-~U~,  describing the instrument was issued, thus 
completing currently planned development work on the  monitor. 

Some 

Uranium Oxidation and Fission Product Volati l ization 

A series of uranium-steam f i s s ion  product release experiments was completed. 
steam atmosphere runs were made i n  which MSA ultra filters were instal led i n  the 
off-gas t ra in .  

Three 

The temperature of the f i l t e r s  was maintained at  140 C .  Ninety-eight 
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per cent of the  released 1131 and Te132 were retained on the  f i l t e r .  
of U02, ranging i n  s i z e  from 17 microns t o  less than 1 micron were a l so  ident i f ied  
on ooe of the  f i l t e rs .  

Par t ic les  

Tests with a prototype furnace, designed f o r  induction heating of uranium f o r  the  
high l e v e l  f i s s i o n  product release tests, showed that the oxidation rate of un- 
irradiated uranium was dependent upon air  i n l e t  veloci ty .  
oxidation rates were obtained with the induction furnace than w i t h  a resis tance 
furnace under similar temperature and time conditions. 

I n  general, higher 

Prccessing of NPR Fuel 

Data acquired over the past f e w  months are summarized and employed t o  evaluate 
poten t ia l  hazards in processing NPR fuels (metall ic uranium metallurgically bonded 
t o  Zircaloy cladding) by the Zi r f lex  process i n  HW-62109, "An Estimation of the  
Explosive Hazard i n  Processing Metallic Uranium Fuel Elements Metallurgically 
Bonded t o  Zircaloy Cladding," J. L. Swanson. 
leading t o  accumulation of suf f ic ien t  explosive delta phase residue ("UZrg" ) t o  
produce a s igni f icant  explosion i n  a plant  operation a re  so remote as t o  be of no 
p rac t i ca l  concern. 

It is  concluded t h a t  circumstances 

Special  Geological Studies 

A l l  seven seismic disturbances detected a t  Hanford between 10:40 p.m. August 17 
and 7:30 a . m .  August 18 were determined t o  be the  West Yellowstone quake and 
subsequent aftershocks.  The in t ens i ty  of the  i n i t i a l  quake a t  West Yellowstone 
was 7.1 on t h e  Modified Mercalli scale .  I t ' s  in tens i ty  a t  Hanford averaged about 
3.5-4. Two aftershocks during t h a t  period were evidently not detected a t  Hanford. 
Also, t he  nine aftershocks recorded by the US Coast and Geodetic Survey subsequent 
t o  7:30 a .m.  August 18 up t o  U:14 a .m.  August 20, if f e l t  here, were not recorded 
by our instruments. These f a i l u r e s  indicate  the inadequacy of our present methods 
of detection i n  a r r iv ing  a t  r e a l i s t i c  estimates of the damage poten t ia l  here of 
earthquakes. 

Eff luent  Decontamination 

The poss ib i l i t y  of recast ing waste alsi ingots i n to  a form su i tab le  f o r  use as a 
metal bed packing f o r  decontaminating reactor  e f f luent  was ruled out because of 
t he  poor cast ing p r o p r t i e s  of t he  metal. 
appropriate shape8 may be economically f eas ib l e .  

However, machining the  alsi  in to  

Analytical  Services 

Uranium contents were measured i n  solut ions of HNO3+HF used t o  e tch Zircaloy-clad 
slugs. 
the  cladding. 

The data were used t o  determine the amount of uranium diffused through 

Measurements of 
counting 500 ml 
c r y s t a l  avoided 

I 2 4 2  i 7 b  

the  Co60 and 21-95 contents of 100-F raw water were made by gamma 
samples i n  the  9-1/4 inch NaI well c rys t a l .  
extensive evaporation of samples. 

Use of the la rge  

w 



I n  vork on iodine analyses f o r  the uranium oxidation studies, t h e  continued 
presence of a dis  roportionate amount of Te-1132 i n  samples necessitated d i s t i l l a -  
t ion  of the I lP-f33 pr ior  to count1 When present, Te-1132 introduces a large 
compton correction a t  the 0.36 Mev 11 I%-133 peak. 

Cerium-143, europium-152, and samarium-153 were prepared by neutron i r radiat ion 
of stable salts. 
analyzer 

The isotopes w i l l  be used t o  cal i3rate  the 400-channel gamma 

The induction f w c e  method of carbon analysis was extended i n  i ts  ~ormal form 
t o  analysis of carbon (as uranium monocarbide) i n  powdered uranium dioxide. 
Ceramic Fuels requires carbon analysis of carbon-arc fused and sintered test 
samples 

Scandium-46 measurements in farm produce samples were begun. 
fo r  the measurement of P32 are being investigated. 

In addition, methods 

SEPARATION PROCESSES 

Dissolution of Nickkl Cladding 

The "as-deposited" nickel coating proposed f o r  aluminum clad production f'uels is 
a metastable phase. 
a phase mixture of c rys ta l l ine  nickel and Ni3P. 
dissolves G h  more rapidly than the "as-deposited" coating in d i lu te  (1 5) n i t r i c  
acid. Observed dissolution rates f o r  the equilibrated coating i n  boiling 1 M HNO3 
were about 0.15 g/cm2-hr; rates f o r  the "as-deposited" coating were about 0.506 
g/cm2-hr. A t t e m p t s  t o  s t r ip  the "as-deposited" coating w i t h  sodium cyanide -- 
Enstrip S-solutions were not successful. 
made by Euthone, Inc. and is  reported t o  remve plated nickel from iron alloys 
when in alkal ine cyanide solutions. 

A t  temperatures a t  or  above 300 C it tranforms rapidly to 
The equilibrium phase mixture 

Enstrip S is  a proprietary compound 

Palmolive Program 

Olive Processing. 
fo r  processing irradiated neptunium in the Bot Semiworks. 
being considered, al,l of them corqpatible with the existing and scoped equipment 
in the Bot Semiworks. 
oxidant such a8 dichromate in the feed to the first column, thus enabling simul- 
taneous e&rsction of neptunium(V1) and plutonium( IV). 
from neptunium-237 would be accomplished i n  the second column where plutonium 
would be reduced with ferrous sulfamate to inextractable plutonium(II1) and re- 
covered in the aqueous phase. 
neptunium(IV) in t h i s  column and would be retained in the organic phase. The 
neptunium would be recovered i n  an aqueous solution in a s t r ip  column, the third 
column of the first cycle. 
f'urther concentrated and purified by a "spin" or  total reflux flowsheet i n  a 
second cycle. The first  cycle neptunium product would be stored and further 
purif ied and concentrated i n  batches v i a  batch anion exchange process prosecuted 
on a campaign basis. 

B ~ l o r a t o s y  studies have begun on solvent extraction flowsheets 
Several approaches a re  

The flowsheet presently scoped for t h i s  job employs a mild 

Part i t ion of plutonium-238 

leptunium(V1) would be reduced to extractable 

The plutonium product from the first cycle would be 
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Although chemically feasible ,  t h i s  flowsheet has cer ta in  disadvmtages, p a r t i c u l u l y  
i n  that the use of dichromate i n  the f irst  extraction column may lead t o  poor f i ss ion  
p r o u u t  decontamination and the  necessity f o r  reducing bcth plutcnium and neptunium 
in th? par t i t i on  column w i l l  require a very high r a t i o  of ferrous sulfamate t o  phi- 
*arzflm in the pa r t i t i on  cclumn. This w i l l  lead t o  a correspondingly high r a t i o  of 
sulfase (which inh ib i t s  plubnium extract ion)  t o  plutonium i n  the second plutonium 
cycle. 

Accordingly, two a l te rna te  approaches have been subjected to brief experimental 
s+,udy, using plutonium-239 as a stand-in f o r  plutonium-238. 
nate it was attempted t o  e f f ec t  simultaceous extract ioa of neptunium(m) and 
p l u t o n i m ( N )  IC t he  f irst  extraction column by use of ferrous sulfamate i n  a 
feed msde suf f ic ien t ly  high i n  ac id  (9 M HNO3)  t o  avoid formation of plutonium(II1). 
In a miriature mixer-sett ler run extraczion of both neptunium a d  plutonium was 
reasonably e f f i c i en t .  However, a low acid scrub section was used i n  an attempt 
t o  produce a low-acid organic product appropriate f o r  feedicg t o  the par t i t ion  
c c l m .  I n  the low acid environment of the scrub section the reaction 

Np02+ - Pu+3 + 4H' 

In  the f i rs t  alter- 

NpA + P u + ~  + 2H20 
7 

apparently occurred a t  a suf f ic ien t  r a t e  t o  coxgert a substantial, f rac t ion  of the 
neptunium and plutonium t o  the inextractable Np(V) and Pu(II1). 
substant ia l  re f lux  of both neptunium and plutonium and a net t e n  per cent l o s s  of 
neptunium t o  the aqueous waste. Although it i s  proba3le that conditions could be 
chosen which would reduce t h i s  reflux t o  a manageable level,  it was f e l t  t ha t  
such a flowsheet might be unduly sensi t ive t o  control variables and t h i s  approach 
was abandoned in favor of a second al ternat ive.  

This produced a 

In the  second a l te rna t ive  the aluminum-bearing dissolver solution is adjusted t o  
about 1 M HNO 

able neptunium(V) while extract ing plutonium( N)  . 
ta ining i ron( I I1)  (to oxidize t races  of Np(IV)) can be used t o  fur ther  improve 
p a r t i t i c n  of neptunium and plutooium. 
s t r ipped and the aqueous plutonium prodmt processed through a secmd "spin" 
cycle as before. 
w i l l  the  second cycle feed contain sulfate and i n  any case the su l fa te  concentration 
can be grea t ly  reduced. 

0.75 M Al(N0 )3 and ga r t i t i on  of plutonium from neptunium is 
accomplizhed ?' n the f h t  e xz ract ion column by retaining neptunium a8 inextract-  

A low-acid scrub stream con- 

The plutonium-bearing organic ex t rac t  is 

Only In the  event a reducing s t r i p  is employed f o r  plutonium 

The aqueous neptunium-bear- waste from the first cycle would be acidif ied and 
processed on a f a i r l y  conventional neptunium( IV) ex%raction flowsheet followed by 
azion exchange. 
and plutaiium processing t o  be conducted e i the r  i n  pa ra l l e l  o r  in sequence, as 
desired. 

Equipment available in the Hot Semiworks would enable neptunium 

Four miniature mixer-sett ler runs have been mde t e s t ing  t h i s  first cycle approach. 
Analytical data are incomplete but indicate t h i s  approach t o  be feasible  since 
excellent recovery of plutonium and excellent separation from neptunium was 
obtaiced. 
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Thus, it is believed t h i s  approach represents an acceptable a l ternate  t o  the 
preeently-scoged co-extraction flowsheet. 

Chemistry of Actinide Elements 

Direct experimental confirmation has been obtained that the species of uranium(N), 
plubnium(N), and neptunium(IV1 absorbed by strong base anion exchange resins is  
the hexanitrato complex, M(N03)6. 
viously obtained which l ed  t o  this conclusion. 
provided with the Carey Model 14 Spectrophotometer as an intense source of l ight  
in the n i s ib l e  wave lengths it has been possible t o  measure d i rec t ly  the absorp- 
t ion spectrum of actinide-loaded anion exchange resins against a nitrate-loaded 
res in  as the blank. 
X - 1  loaded with glutonium out of 4 M and 8 M EN03 and 4 M Ca(IVO ) 
and are ident ical  w i t h  the absorpti& specGa of plutoni&n(IV) L2 concentrated 
n i t r i c  acid and that of the salt ( ( C $ ? g ) f l ) 2  Pu(N03)~ i n  solutibn in acetone, 
ace toni t r i le ,  s ae t i c  anhydride, o r  nitromethane. SimFlarly, the spectra of 
uranium(N) or  neptunium(IV) loaded resin were ident ical  with the spectra of the 
elements i n  strong n i t r i c  acid and the spectra of the salt  ( (C$5)4N)2  M(NO3)6 i n  
solution in acetone. 

A variety of indirect  evidence had been pre- 
Recently, using the infrared source 

In the case of plutonium, the absorption spectra of Dowex-1, 
are  ident ical  

In the case of the salt ( ( C 2 H 5 ) @ ) 2  U(M03)6 the spectrophotometric technique has 
been extended to  measurement of the absorption spectrum of the so l id  salt. 
mulling with petrolatum and employing a 0.5 mm path length it was possible t o  
obtain a very sharp spectrum, which i e  quite similar t o  that of the salt in solu- 
t ion  i n  acetone. Environmental perturbations are apparent, however, in that the 
re la t ive  In tens i t ies  of cer ta in  of the peaks are altered and a sh i f t  of about 
f ive  millimicrons is observed in three of the f ive  sbsorption 

By 

The spectrum of Dowex-1, X-1 loaded xith uranium(V1) out of aluminum n i t r a t e  has 
been also measured and compared w i t h  that of uranyl n i t r a t e  in aluminum n i t r a t e  
and the known spectrum of the t r i n i t r a t o  complex WO (NO 15.  
were decldtdLy;d.%ffercat. Similarly, d i s t i nc t ly  dif  $ 2  ere t spectra were obtained 
fo r  Dowex-1, X-1  loaded w i t h  uranyl out of 8 M El, the so l id  salt (CH 14 N UO$13 
precipitated from 8 M HC1, and the salt dissoived in nitromethane. Un a ortunately, 
these results do not-permit a clear-cut conclusion since the e f fec t  of environ- 
mental influences on the UIO vibrational peaks is not known, and these account for  
most o f  the visible absorption spectrum. 

The three spectra 

The spectra of ursnium(IV) I n  n i t r i c  acld-perchloric acid mixtures, of the 
uranium(IV) tetramcthylmmnlum hexsnltrato salt and of uranium(N) extracted in- 
t o  tri-n-oCtylamhe have been measured for comparison with neptunium. The spectra 
of organic solutione of t r i n i t r a t o  salts of uranium(VI) and aeptunium(V1) were 8 l s o W ~ s -  
Wed. 'EhQ aree.U*s- the-vjlty'tMC We ~ q & c l e s  that extrcrdt .into amknes is the 
hexan$trato in the case of the te t raposi t ive actinides an& the t r l n l t r a t o  In the 
case of the hexavalent ("yl") ions. A value (prellmlmry) of 1.1 wae also obtained, 
from the spectral data f o r  the formation constant of the first uranium(N) n i t r a t e  
complex. 
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Amlyfical Services 

The therm81 ionization mass spectrometer was used f o r  isotopic analysis of cerium. 
Results f o r  natural  cerium, i n  a chemical. form simulating plant cerium, agreed 
with the literature as the following indicates: 

Ato $ AtoltOs Ce 3 2  
Atom $ Atom $ 
~ e 1 3 6  ce138 Ce 

Found 0.17 A 0.01 0.24 +- 0.01 88.5 * 0.22 11.08 i 0.22 

GE Chart 0.19 
of Nuclides 

0.26 80.47 L o 8  

Sample s i ze  may be as low as 3 micrograms; although, 30 micrograms are required 
t o  show mass 136 and mass 138 peaks. 
were used mass 140 resu l t s  were 86.7 
cent. 

When as l i t t l e  as 0.33 microgram samples 
f 0.9 per cezt and mass 142, 12.8 2 0.9 per 

WASm TREAlMENT 

Matsials of Construction f o r  Storage of Acidic Purex 1 W W  

Stainless  steels 304-L, 309-L, 316-L and titanium A-55 corroded a t  rates of 2, 2, 
6, arid 4.0.01 mila/mo, respectively, i n  boiling synthetic -ex 1 W W .  
stainless s t e e l s  showed intergranular attack. 
as zirconium and Ni-o-nel, were exposed t o  boiling solutions simulating Puex l W  
after 60 per c e r t  concentration and destruction of part of the n i t r i c  acid by 
formaldehyde. 
Corrosion rates i n  mils/mo increased with increasing n i t r i c  acid as follows: 
zirconium less thaa 0.01, titanium from 0.01 t o  0.07, 309-L from 0.7 t o  1 .3 ,  
304-L from 1.5 to 4, 3 6 - L  from 1.8 t o  8.6 and Ni-o-ne1 from 3 t o  30. 
stainless steels and Ni-o-ne1 showed intergranular attack. When exposed a t  35 C 
t o  the  concentrated l W  a t  acidities from 0.5 t o  3 M, 304-L, 309-L, 3.6-1, and 
A-55 titanium corrosion rates were below detection rimits. A t  65 C, 304-L and 
3.6-L corroded a t  rates about 0.02 t o  0.04 mils/m; corrosion rates f o r  309-L 
and A-55 titanium were below detection. Studies t o  determine the e f fec ts  of 
varying n i t r a t e  and sulfate concentrations i n  1 W W  and the e f fec ts  of sludge 
deposition on the  corrosion of 304-L, 309-L, 316-L, and A-55 titanium are  in 
progress. 

All three 
Samples of these materials, as well 

Residual n i t r i c  acid concentrations ranged from zero t o  three molar. 

A l l  of the 

ANL Fluid-Bed Calcination Studies 

Exploratory studies a t  AHI, on fluid-bed calcination d simulated Rwex "formaldehyde- 
kil led" and threefold concentrated acid waste have continued with f ive  runs a t  a 
bed temperature of 500 C using sugar in the feed. One run was made with 75 g/ l  
sugar i n  the feed. This run was somewhat unsuccessful, i n  that some lumps were 
fomed. The remaining tests were made with 125 g / l  sugar in the feed. 
these lat ter t e s t s  was fo r  30 hours duration. 

One of 
I n  general, the results were very 

good. About 0.6 successf'd. i n  preventing excessive par t ic le  - 
1 2 t 2 1 8 0  



size  growth. 
bulk density of 0.8 to 0.9 g/cc). 
without added sugar but was j u s t  as free-flowing. 
of sulfate i n  the condensate from the condenser increased from a previous value 
of about 25 ppm t o  about 300 ppm. Heat load requirements were reduced by 18 per 
cent w i t h  the addition of 125 g/ l  sugar t o  the feed. 
cluded from recent runs t ha t  the frangible powder produced from feeds with sugar 
added provides be t t e r  pa r t i c l e  s ize  control, hence, be t te r  operabili ty of the 
calciner . 

The powder frolr: these runs w a s  the l i gh te s t  yet obtained (with a 
The powder was softer  than that made from feed  

With sugar addition the amount 

It may be generally con- 

Observation Wells 

The concentrations of radioactive material in wells 699-34-39A, 699-31-30, and 
699-24-33 continued a slow increase. The gross beta concentrations range from 

knowledge of the regional hydrology as these wells are  located on the slope of 
the 200 E a s t  ground water mound, and the observed radioactive concentrations i n  
them are higher than has been reported i n  the waters of the Purex swamp which 
formed the mound. Depth sampling i n  these wells revealed essent ia l ly  uniform 
concentrations of radioactive material throughout the ground water prof i le  
available f o r  sampling. 

A deep well located about 1 4 2  miles south of the ~ I . ~ - B C  cr ibs  and trenches was 
found to  have a detectable concentration of radioactive material i n  the zone 
immediately above the basalt layer a t  a depth of 380 f e e t  below the water table.  
Samples obtained a t  five-foot intervals  throughout t h i s  well revealed that the 
radioactive material i s  r e s t r i c t ed  t o  a zone near the bottom of the well. 

t o  uc/cc. The phenomenon is d i f f i c u l t  t o  explain with our present 

Disposal to Ground 

Core samples of material from beneath the U6-Z-9 c r ib  were sectioned and examined 
to determine the dis t r ibut ion of plutonium i n  these so i l s .  
studies were reported i n  Document Hw-61787-RD. A rough integration of the data 
from the cores indicated a t o t a l  plutonium deposition i n  the zone sampled tha t  is  
approximately 70 per cent of the summation of all wastes sent t o  this crib.  It 
is  f e l t  that t h i s  accounting i s  well within the accuracy of the techniques 
employed. 

Laboratory colunm experiments were performed with samples' of 234-5 Building 
laboratory and process waste t o  estimate the l i f e  of the u6-z -9  cr ib.  
tory columns gave no indication of Pu o r  Am breakthrough a f t e r  passage of more 
than 100 column volumes of the waste. Based on a conserfative estimate of the 
effect ive volume of s o i l  beneath t h i s  crib,  the structure should be operative 
f o r  many years under current waste  conditions and disposal limits. 

Tlie resu l t s  of these 

The labora- 

Analytical Service 

Sulfate i n  I W W  waste was determined indirect ly  by coulometric t i t r a t i o n  of chromate. 
Sulfate i n  the sample was removed by adding the sample t o  a standard barium chromate 
solution. Adding %OH t o  the supernate precipitated, as barium chromte, the 
barium i n  excess of that required f o r  sulfate precipitation. Residual chromate 

e!!?!m 
I 2 t t 2  I 8  i 
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was titrated i n  the  a lka l ine  solution. Phosphate i s  an interference.  The minimum 
ti$rstable chromate i s  equivalent t o  0.5 mg of S o t  with  the  optimum being 2.5 t o  
7.5 mg. 
of  other  methods. 

Error  is less than 10 per cent and rad ia t ion  hazards are less than those 

!QW?isuRANIC EIEMENT AND FISSION PRODUCT RECOVERY 

Fission Product I so la t ion  and PackaRing Prototype 

The hydrolyzer was dismantled f o r  modifications. The modifications include 
re8ecigned elements f o r  the forward ro tor  bearing, the powder discharge section 
of t he  ro t c r ,  and a new e l e c t r i c a l  coupling layer .  
c rys t a l  dryer has proven inef fec t ive  i n  reducing lumps of wet salt in to  a satis- 
fantclry product. 
evaluation t o  determine the necessary corrective act ion.  

The present design of the 

Currently the over-al l  problem of c rys t a l  drying i s  under 

Tke fcrward ro tor  bear ing-in the hydrolyzer wore rapidly because gas entrained 
powders entered the bearing and abraded the surfaces.  The redesign includes a 
gacked seal to prevent the en t ry  of these abrasive dusts. 
section of the ro tor  was redesigned t o  a l l e v i a t e  a plugging problem. As mentioned 
In  earlier reports ,  under ce r t a in  modes of operation s t icky  agglomerates are 
formed. 
shaf t  support elements and frequently plugged the tube ( ro to r ) .  
sprayed copper coupling layer  burned of f  during t e s t e  because the sprayed-on 
aluminum protect ive layer  was too porous t o  prevent diffusion of atmospheric 
oxygen. 
stsinless steel welded Into place. 

The powder discharge 

With the i n i t i a l  design these agglomerated materials stuck t o  the rear 
The or ig ina l  

The new copper layer w i l l  be protected by 8 sheath made of sheet 

The c r y s t a l  dryer has not proven sa t i s f ac to ry  because lumps of wet salt 8re not 
broken up and dried. 
open ribbon and the closed center auger types.  Neither have been sa t i s fac tory .  
St icking of w e t  salt  upon the screw has been the mador cause of trouble. 
e l e c t r i c a l  v ibra tor  attached t o  the  outside of the dryer assembly has been only 
p a r t i a l l y  e f fec t ive .  
ways t o  overcome the d i f f i c u l t i e s .  

Two types of  crew a g i t a t o r  conveyors have been t r i e d ,  the 

An 

Currently several  scheme are being etuCUed t o  determine 

Multicurie Cell b v e e t i @ t i o n s  

Another rare earth prec ip i ta t ion  run w a ~  completed this mnth .  
from previous FIIII~  in that prec ip i ta t ion  w a ~  carried out  without neutral izat ion 
o r  pH adjustmerit. The as-received Purex plant  1WW was butted with sodium sul -  
fate, digested a t  90’C for 24 hours, and then filtered. Most o f  the cerium 
prec ip i ta ted  and was subsequently removed from the so l ids  by a series of 1 M HNO3 
leaches. The leached 
cerium was subsequently prec ip i ta ted  as the  hydroxide and then metathesized t o  the  
oxalate f o r  pur i f ica t ion  from residual  t r aces  of iron. About100 cur ies  of 
purified cerium WBS obtained. 

Thie di f fe red  

The bulk of the strontium md yttrium was not precipi ta ted.  
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Cerium-Promethium Recovery 

An intensive etudy has been cornpleted aimed a t  determining the e f fec t  of process 
variables on the peroxide-acetate process for  the s e p r a t i o n  of cerium from the 
t r i va l en t  rare earths. 
application. 
cent of the cerium should be recovered in  the cerium product fraction. 
w i l l  be contaminated w i t h  up t o  1 5  per cent of the t r iva len t  rare  earths; 
however, t h e i r  concentratron can be reduced t o  one per cent, o r  less, by a 
reprecipitation. 

A procedure has been worked out  f o r  potent ia l  Purex 
Laboratory tests of the procedure show tha t  better than 99 per 

This 

The possible evolution of ruthenium during the digestion or during subsequent 
n i t r i c  acid dissolution of the cerium N) acetate cake vas also studied. 

all of the zirconiu&niobium was found i n  the cerium product. 
ruthenium and most of the cesium accompanied the t r iva len t  rare earths. 
excellent decontamination is obtained in the double sulfate precipitation, l i t t l e  
additional decontamination is  actual ly  required. 

Nolze 

The r e s t  of the 
Since 

could be detected (IF t o  off-gas 710 6 ). About half of the feed ruthenium and 

ANALYTICAL AND INsmmTAL CREMISTRY 

" Burn-Up" Measurement 

A nm-destructive method fo r  determining the re la t ive  number of f iss ions which 
have occurred a t  various points along an  irradiated fue l  element could be used 
t o  reduce the number of "burn-up" analyses required on the fue l  element and would 
be of value in selecting representative samples fo r  analysis. 
destructive re la t ive  exposure measurement may be possible using gamma spectrometry 
to measure the Ce-Pr-144, 2.18 MeV gamma. 
tics required of a f i ss ion  product f o r  this purpose and tests w i t h  a sample of 
120 day cooled dissolver solution indicate that the Pr-144 gamma can be measured 
without appreciable e r ror  from the high energy RU-~h-106 gamma, which i s  the 
only f i s s ion  product ganrma l i k e l y  t o  interfere  after such a cooling time. Tests 
w i t h  clad h e 1  elements i n  air  and i n  a water w i l l  be made to  es tabl ish optimum 
measurement conditions. 

Such a non- 

This pair has most of the characteris- 

Spectrographic Analysis 

A substant ia l  amount of experimental work in a study of the mechanism of the 
ca r r i e r  conceptration method of analysis of refractory oxides has been carried 
out and a p r e l b i n a r y  report is being writ ten.  !l!he analysis of uranium oxide 
as a type of sample was studied using several representative car r ie rs  and im- 
puri ty  elements. 

of vapor d i s t i l l a t i o n  has been found t o  be an over simplification and t h e  follow- 
ing roles  of the ca r r i e r  explain the  data more completely: 

Most of the work was done w i t h  a f e w  per cent Ga20 as a carrier 
i n  U308. The common assumption t h a t  the mechanism of the car r ie r  ac 2 ion is that 

1. The car r ie r  both lowers the melting point of the matrix a d  retards I* 
sintering, thus helping free the impurities from the  U02 crystals.  

1 2 4 2 1 8 3  
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2. The distillation of the carrier from the arc sweeps the impurity vapors out 
of the matrix in the electrode crater. 

3. The carrier and its vapor in the arc tend to maintain a lower and constant 
temperature in the crater and to stabilize the arc during the arcing period. 

4. The carrier vapor intensifies the Impurity emission spectra, probably by 
an energy transfer mechanism. 

5 .  The carrier suppresses the uranium spectral emission, possibly by maintaining 
a low arc temperature. 

Although many aspects of the carrier concentration mechanism have not beep studied, 
some progress toward a better understanding of the process has been made. The con- 
tinuation of such a study could lead to such practical applications of the knowledge 
gained as the use of carrier methods to remove certain impurities f r o m  refractory 
solids, and an extension of the use of additives to modify or control sintering. 

EQUIPMENT AND MA'ERIALS 

234-5 Plutonium Oxalate Disc Filter Studies 

Document HW-62091, entitled, "Plutonium Oxalate Disc Filter and Filter Media 
Studies," is currently being issued. 

Pump and Agitator Studies 

Testing has begun on a slow-speed, hollow-shaft agitator designed for both Redox 
and P u r a  plant application. 
motor designed to operate at approximately 300 rpm and to accommodate hollow 
agitator shafts up to approximately 4-inches in diameter. 
progress with a shaft approximately 16.5 feet long -- the longest shaft currently 
required in the separations plants. 
lengths of interest. 

The agitator uses a specislly built 10-horaepower 

Initial testing is in 

Testing will continue on shafts at various 

Document EW-619u was issued. 
a special Henford discharge head designed for w e  with deepwell turbine pumps. 
By placiag the liquid throttle bushing well down the pump shaft and inside the 
tank, this discharge head eliminates the throttle bushing leakage f r o m  the tank 
as the bushing wears. 

This document describes the successiul testing of 

Non-Metallic Materials Testisg 

Plexiglas 5009B, a nonflammable, transparent cast acrylic sheet nvrterial manu- 
factured by Rohm and Eaas, was tested by static immersion at room temperature in 
solutions which it might contact during hood service in the 234-5 Building. 
plastic dissolved in trichlorethylene, swelled 13 per cent in 48 per cent HF and 
7-per cent in 30 per cent nitric acid. It swelled less than 2 per cent in both 
10 and 20 per cent nitric acid, oxalic acid, and -ex HiN. 

This 

It ewelled 2 per 
cent in potassium permanganate, 3 per cent in Recuplex CAX and 4 per cent in - I2112 184 
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hydrogen peroxide. 
than one per cent s w e l l .  
chemical resistance equivalent of Plexiglas 5009. 
more f ire res i s tan t .  

Both carbon tetrachloride and perchlorethylene caused l e s s  
On the basis of these tests, Plexiglas-5009B is the 

The manufacturer ra tes  it as 

W-62090 ent i t led,  "Tabulation of Chemical Compatability Tests," i s  currently 
being issued. This document sumrnerizes the chemical compatibility tes t ing of 
various materials (e .g., plast ics ,  protective coatings, cementirg compounds, 
elastomeric compounds, ceramic compounds) over the period from January, 1953 
t o  January, 1959. 
chloride, hexone, Purex HAX, Recuplex CAX, and miscellaneous solutions of special 
i n t e re s t  for specific t e s t  materials. 

Test solutions include caustic, n i t r i c  acid, carbon te t ra -  

PROCESS CONTROL DEvELxlpMENT 

C-Column Instrumentation Studies 

A series of ten C-column runs were made to check the operabili ty d a number of 
the control instruments and some of the data gathering techniques. The travel-  
ing photometer was found t o  be temperature sensitive, with approxlmately a six- 
gram per l i t e r  s h i f t  i n  calibration observed fo r  a 25 C increase i n  temperature. 
The er ror  is  believed t o  be caused by a conibination of increased phototube dark 
current, decreased phototube sensi t ivi ty ,  and decreased l igh t  intensi ty  result ing 
from the expanded distance between the l i g h t  source and the phototube. 
f o r  water cooling the sensing uni t  i s  being tes ted which should eliminate or mini- 
mize temperature ef fec ts  f o r  saaple temperatures up t o  about 80 C.  

A scheme 

The inclusion of a 15-second time-constant i n  the Keithly micro microammeter 
measuring c i r cu i t  fo r  the traveling photometer s ignif icant ly  decreased the effect  
of organic bubbles passing through the phase-separating sample ce l l .  This ex- 
tends the usefulness of the instrument in to  the regions of column conditions 
usually referred t o  as "tight," i.e., where the organic phase i s  i n  very small 
droplets and shows l i t t l e  tendency to  coalesce. 

Analysis of the data obtained from the traveling photometer reveals the expected 
over-all  uranium concentration prof i le .  Under cer ta in  conditions the  data also 
indicate some interest ing uranium refluxing i n  the upper sections of the  column 
and possible equilibrium shift ing about some of the plates  in the lowr section 
of the column. These micro e f fec ts  are being studied in mare detail. 

C-Column Progreuuning Studies 

The construction of the Data Scanning Programmer was completed this  month. This 
programer w i l l  automatically, upon command, scan the readings of all the instru- 
mentation which is  now i n  use, o r  w i l l  be used, on the C-column test f ac i l i t y ,  
and p r in t  out a permanent record in d i g i t a l  form. 
which w i l l  be scanned while any one of the 1 5  ports are  sampled are  as follows: 
s i x  readings each of the "standardize" a d  "read" voltages from the mid-column 
uranium photometer; the f ive  mid-column temperatures, the mid-column photometer 
temperature and the temperature of the 1CX and 1CF streams; the pulse rate, the 
1CX pH, the 1CW uranium concentration, mid-column aqueous acid concentration, t h e  
flow rates of the 1CF and E X ,  the time of day, the position of the cartridge 
re la t ive  t o  a datum plane, and two readings of a regulated instrument supply 

The 30 instrument voltages 

voltage 
1 2 4 2 1 3 5  
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A FORTRAN program has been writ ten f o r  the IBM-709 computer, which can be used 
t o  reduce d i rec t ly  the data printed out by the Dsta Scanning Programmer, after 
it has been punched on cards. The output of the program w i l l  give listings of 
aqEecus and organic uranium and acid concentrations as a function of position i n  
the column, as well as the corresponding equilibrium aqueous and organic uranium 
concentration, the number of t ransfer  uni ts  throughout the column, and the flow 
rates of the two phases. 

Integrated Phtonium Output Redox 33 Column 

A multiplier and integrator system has been designed to  multiply a flowmeter 
reading by a plutonium concentration value (as given by a neutron counter) and 
irt.egrate th i s  result over the period of a process run. Thus, the t o t a l  uni ts  
of prcduct passing a cer ta in  point may be known a t  any time. 
tes t ing  t h i s  system w i l l  be t o  install an integrator on the  plutonium concentra- 
t i o r  measurement. 

The first s tep i n  

P r O t O t Y p t ?  Cootaet Alpha Monitor 

A contact alpha counter c e l l  fo r  jumper ins ta l la t ion  has been designed and fabri- 
cated. 
vinyltoluene t o  a 1/8-inch thick sheet of polystrene w l l l  be tested in the  uni t .  
Both ex%ernal surfaces a re  opt ical ly  polished. 
sample pot of the Purex U P  canyon jumper. 

A phosphor made by cementing 0.005-inch thick sheet terphenyl-in-poly- 

This c e l l  w i l l  be tes ted i n  the 

NON-PRODUCTION FUELS PROCESSING 

Mechanisal Head-End Studies 

Studies during the mnth included continued coldsaw tes t ing  and renewed hacksaw 
test ing.  
indicated: 

Both saws were used i n  cut t ing simulated fuel hardware. The studies 

1. The hacksaw, using a two-piece blade, is  a serious competitor of the 
coldsaw. 
a l loy back. 
hacksaw blades previously tested.  
cutt ing of the various test pieces with l i t t l e  blade breakage. 

Both saws require special  clamping f ix tures  (i.e., "combs" f o r  rod bundles), 
but hacksaw clampixg requirements are less rigorous than those f o r  the 
coldeaw. 

The two-piece bladehas high-speed steel teeth w e l e d  t o  a tough 
The combination blade is vast ly  superior t o  the conventionel 

The trruggedt' blade permits prolonged 

2. 

3. The coldsaw, being a simpler mechanism, is  more adaptable mechanically fo r  
both remote  c e l l  service and multi-purpose cutt ing (transverse end longitudinal 
cuts ) . 

4. Coldsaw chips are larger  than hacksaw chips but chips from e i ther  may be 
collected by simple screens. Pyrophoric hazards w i l l  be neglibible f o r  
underwater storage. 
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5. Water-lubricated cutting (minus conventional lubricants) w i l l  no t  affect 
blade life significantly for either saw. 

Feed Preparation 

Recirculating Dissolvers. A theoretical comparison of types of recirculating 
dissolvers with reservoirs has been undertaken. Combinations of' plug-flow and 
well-stirred dissolvers and reservoirs were compared for decladding of metal by 
a first-order reaction mechanism. Recirculation rates, reaction rates, and the 
qpantity of metal to be dissolved were arbitrarily taken to be the same in each 
dissolver. It was concluded that a combination using a well agitated dissolver 
and a plug-flow reservoir would produce the highest dissolution rates. 

A typical conprison is given below for a resewoir-to-dissolver voldtric ratio 
of nine and an excess-reactant to total-reactant ratio of 0.2. 

Batch Diseolver 
Stirred Dissolver - 
Stirred Dissolver - 
Plug-Flow Dissolver 

Relative Dissolution Rates 

100 
Plug-Flow Reservoir 02 
Stirred Reservoir 68 - Stirred Reservoir 59 

Recirculating Tube Dissolver. 
resumed after a shut down of two weeks for equipment modification (capacity increase), 

Operation of the recirculating tube dissolver was' 

maintenance, and dissolver system calibrations. 
definition of the hydraulics and operability of the system for cladding and core 
dissolution of spent nucleer fuels. 

Testing was continued for the 

A recirculating dissolver run for dissolution of Zirceloy-2 in 5.5 M NH4F-O.5 M 
solution usiag water boil off for removal of ammonia was stopped at the "4"03 end o one hour. Precipitation of zirconium had occurred due to over-concentration 

of the dissolver solution. 
per minute obtainea by a b o t t o m  air sparge of 20 cfm st a lift to submergence 
ratio of 0.78. A m6xFntum diesolutioa rate of 28 mils per hour was obtained as 
the dissolver reached boiling. 
heating up period was 24 mile per hour. 
predicted f r o m  batch date. 

Sintered U02 -8 dissolved in 3 M EN03 (average) f r o m  8 27-inch high, 45 per cent 
void volume, -ked bed. The air rate required to recirculate cold 1 M HNO3 at 
15 gallons per lninute with a lift to submrgence ratio of 0.84 was 40 cf i .  
five cfm was required to recirculate hot 4 W EN03 at 55 gallons per minute with 
a lift to submergence ratio of 0.37. The diesolution rate avereged 22 per cent 
per hour. 

The recirculation rate during operation was 25 gallons 

The average dissolution rate during the 15-mlnute 
Rates of 35 mils per hour would be 

Only 

Hydraulic Studies. 
the glass unit used for hydraulic etudies. 
of interaction between multiple tubes when operating with a common reservoir- 

A second air-lift recirculation tube is being installed on 
This second tube will permit evaluation 



Flooded Tray Dissolver. 
t,ioti of sintered uranium dioxide i n  1 3  M HNO3 employing recirculation ra te  of three 
l i t e r s  per minute (18.8 gph/ft2 charge). 
of three, i.e., 121, 194, 280, and 322 mils per hour. Since dissolution conditlons 
were essent ia l ly  identical ,  the variation is at t r ibuted t o  the method of forming 
the uranium dioxide pieces and the uncertainty i n  interpreting data for 8 complete 
dissolution. 
dissolver they were conical (or iginal ly  cylinders) w i t h  t he  maxlaum dissolution 
on the upstream side being about 1 . 3  times the average rate. 

A total of four runs have been imdc t o  explore the dissolu- 

Dissolution ra tes  varied almost a factor 

In the one run where residual uranium dioxide rings remained i n  the 

W o  dissolutions of 97 per cent uranium - three 'per  cent molybdenum alloy have 
been completed using a n i t r i c  acid-ferric nitrate solution in the f i r s t  run and 
uranyl n i t ra te ,  n i t r i c  acid and ammonia molybdate solution fo r  the second run. 
Dissolution rates were the expected 40 m i l s  per hour. The second run produced 
some precipi ta te ,  and the solutions are  now being analyzed. 

. 
i l u t e  sulfur ic  acid were made. 

were passivated f o r  use i n  these studies by immersing them fo r  one hour i n  boiling 
4 M H@O4 - 0.5 M HNO 

Active surfaces were prepared by heating 304-L coupons to  2000 F f o r  30-60 minutee 
and cooling rapidly i n  air. 
ing 4 M H#O4. 
lmers ing  them in the boiling solution -- a l so  by immersing them i n  solution a t  
ambient temperature and heating the solution t o  boiling. 
passive i n  boiling 4 M RH04 when the nitrate concentration is above 0.5 M. 

No sat isfactory chemical agents f o r  depassivating passive surfaces i n  4 M H@O4 
were found. 
Ni-o-ne1 produced depaasivation. 
acid concentrations (ca. 0.001 M )  prevented depassivation by coupling t o  Ni-o-nel. 
Further studies on t h F e f f e c t  of temperature, electrode separation and applied 
pctent ia l  on e lec t ro ly t ic  depassivation were made. A s  expected, depassivation 
time decreases with increasing applied voltage and with decreasing electrode 
separations. .An applied potent ia l  of 10 vol t s  produced depassivation i n  ten 
seconds o r  l e s e s t  electrode separation Qistancer up t o  four feet. Electrolytic 
depseivet ion w68 not effect ive when the  n i t r a t e  concentration was greater than 

Further studies on means of assuring 
Coupone 

rinsing them i n  water and allowing them t o  f lash  dry in  
air .  Coupons so t r ea  2' ed were passive t o  boiling 4 M H s O 4  f o r  more than 20 minutes. 

Passivation and depassivation tests were made in boil- 
Active coupons can be made paseive by removing them from and rc- 

Active specimens become 

Coupling the passive surfaces t o  carbon s tee l ,  Hastelloy F or 
Coupling t o  platinum did not. Very low n i t r i c  

0.015 M e  

Total Dissolution of Zirconium Clad Fuels. A study of total dissolution of z i r -  
conium clad uranium dioxide fue ls  and subsequent preparation of feed solutione 
sui table  fo r  Redox processing was in i t ia ted .  The scheme explored involved die- 
solution of the zirconium cladding by the Zirflex process and subsequent core 
dissolution without removing the decladding solution. 
cate that stable (toward sol ids  formation) solutions containing c&. 0.4 M zircon- 
ium and less than one molar f r ee  n i t r i c  acid can be prepared by t h i s  scheme. 
S tab i l i t y  appeared t o  depend primerily on zirconium and f ree  acid concentration 
as expected. Rate of oxidation of plutonium(IV) i n  the feed solutions was depen- 
dent on the Al/F ( f ree  f luoride)  mole ra t io ;  a r a t i o  of two o r  more was required 

Preliminary resu l t s  indi- 

for adequate oxidation o 
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Dissolution of U-Mo Alloys. 
w/o Si alloys were prepared. Studies will be made to determine if the proposed 
use c;f these alloys in the Piqua reactor fuel will introduce any new processiGg 
problems 

Heats of U - 3  w/o Mo-0.2 w/o Al and U - 3  w/o Me-0.2 

Materials of Construction 

In tests made on samples of vacuum-melted Ni-o-ne1 obtained from the Or,oE;on 
Metallurgical Company, Albany, Oregon, boiling point corrosion rates in mils/ .:.o 
were 75 in 1 M HN03 - 2 M HF, 8 in Zirflex dissolver solution, 0.9 in 65 w,'o 
HNO3 and from 3-20 in 3 .5  M HSO4 as dissolved stainless steel was increased 
from zero to 20 g/l. 
specimens. The corrosion rate in 1 M HNO - 2 M HF is threefold to fourfold No preferential weld metal attack occurred in the weldec! 

lower than previously noted for air-melte a Ni-o-nel. 
Tests were made on the heat (FV-123) of vacuum-melted Hastelloy F sent to EMI 
for use in alloy improvement studies show that its corrosion resistance in 
HNO3-m solutions is comparable to that of the two heats (FV-153, FV-155) used 
in construction of the 321 Building dissolver. 

Evaluation of the corrosion resistalzce of vacuum-melted Hastelloy F weldmects 
produced by G. Conner (CPD-FEO) was terminated. 
C-heat FV-152) welding rod was used in fabricating the welds. A l l  welds show 
excessive weld-metal attack. 

A high-carbon (0.05 per cent 

Negotiations for the contract with BMI on improved welding alloys for service 
in HNO3-HF and H$04-stainless steel soiutions have been completed and work at 
BMI has started. 
initial twelve alloy heats before corrosion studies are started. 
has been -de for weekly telephone contact between BMI and Development and 
Corrosion Chemistry Operation personnel after the corrosion tests begin. 

It is the intention of BMI personnel to prepare all of the 
Provision 

Precision Level Measurement 

The analysis of the data from the precision level experiments is now complete. 
These experiments in connection with non-production fuel accountability were 
made to determine the calibration scheme required for suitable manometer-tank 
calibrations. The results, as analyzed by Operations Research are as follows: 

ACCURACY OF V O W  MEASUREMENT TANK T-4 

Nominal 
Tank 
Level 
Gallons 

500 
1000 
2000 
3000 

Nominal 
Manometer 
Reading 
Inches 

25 
50 
100 
150 

Estimated 
Accuracy 

One 
Calibration 

f 0.62$ 

95s c-L. 

f 0.47s 
f 0 . 3 6  
f 0.33k 

Estimated 
Accuracy 

Three 
95s C.L- 

Calibrations 

f 0.42$ 
f 0.5w 

f 0.3M 
f 0.26$ 

Y 
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These r e su l t s  give the accuracy of a volume prediction based on OE water calibration 
and three water calibrations.  Actually, three different  calibration methods were 
used in  the experiments; water in, water out, and UNH in .  Although there was some 
indication that a small difference existed i n  the slope estimates (gallons/inch) 
obtained by the three methods, the experimental resu l t s  were such t h a t  differences 
are not s t a t i s t i c a l l y  s ignif icant .  Therefore, the number of batches measured i n  
the vessel  w i l l  tend t o  reduce the volume (random) errors as tabulated. 
reports of t h i s  experiment and the data analysis are i n  progress. 

Complete 

Cr i t i ca l i t y  Studies - Feed Materials Preparation 

A core material f o r  the s ix th  PCTR c r i t i c a l i t y  
using three per cent enriched uranium trioxide 
shipment consisted of approximately 180 pounds 
trioxide. 

experiment (H/U atomic r a t i o  of 18) 
was prepared and delivered. The 
of polyethylene moderated uranium 

FUNCTOR DEXELOPbIENT - 4000 PROGIWI 

PLUTON IUN RECYCLE PROGMI 

Salt Cycle Process 

The preparation of f ive  kilograms of dense U02 was completed, using the electrolyt ic  
technique under conditions previously described (HW-61702-C, p. 17).  
products were composited into two batches according to  whether the tap densit ies 

The separate 

Creater o r  less than 6 g/cm3. 

Sieve ans lyscs  shoved tha t  the higher density material consisted of larger 
par t ic les ,  approximately 32 per cent being larger  than 14  mesh. 
material, on the other hand, had a more normal dist r ibut ion w i t h  about 75 per 
cent of the par t ic les  ranging between -20 + 100. 
la rger  than 1 4  mesh s ize .  

The tap densi t ies  of the two composites were 5.4 and 6.2; aggregate densit ies by 
fluid displacement were 10.5 t o  10.7 g/cm3 or  96 t o  98 per cent of theoret ical  
density. 
variable. 
runs with a new batch of solvent salt resulted i n  O/U ra t ios  of 2.03 to 2.07, 
indicating, perhapa, t ha t  impurities m y  have b u i l t  up i n  the m e l t  which affected 
the product quality. 

The less dense 

Less than two per cent was 

Oxygen t o  uranium ra t ios ,  as determined by oxidation t o  U 08, have been 
In contrast  t o  We values of 2.2 t o  2.4 previously repor z ed, recent 

The 0;'U r a t io s  obtained by conversion t o  U 08 were confirmed by dissolution of 
the oxide i n  sulfuric acid, followed by de 2 ermlnation of the U(VI)/U(N) ra t io .  

The r a t e  of chemical reduction of uranyl chloride i n  NaC1-KC1 eutectic was 
qual i ta t ively examined i n  a se r i e s  of exploratory experiments. Tin, lead, bis- 
muth, cadmium, and zinc, l i s ted  i n  order of increasing rate ,  were all effective 
i n  reducing 
resulted i n  
large scale 
The product 

1 2 b 2  t 9 

uranyl chloride t o  the oxide. Reduction wi th  aluminum, however, 
the producticn of aluminum-uranium al loy and UC1 i n  solution. Two 

density compared unfavorably with that obtained electrolyt ical ly .  
reductions using zinc w e r e  made t o  obtain produc z fo r  evaluation. 

0 



A1Cl3-KC1 System 

An attempt was made to analyze the reduction behavior of uranium in the system 
AlCl3-KC1-UC13-Al-U by the use of the IBM-709 computer. 
principle, simple. Using the equilibrium constant for the reaction 

The mthod used is, in 

as calculated from thermdynamic data and assuming unit activity coefficie ts, 
it is possible to calculate a value for the quantity fie, = log 

phase data. 

UC13/AlC13 
from the experimentally determined distribution coefficients usi a 9  g only th metal 

By assuming a mechanism for the reduction involving the following reactions: 

E 
UC13 + 3Cl’ d UCl6 ; K2 

7 

and considering them to be competitive acid-base type reactions, it was possible 
to derive an expression for UC13 

AlCl3 

in terms of the equilibrium 
0th = log - 

constants, K1j K2, and K4 and the potassium to aluminum ratio in the salt phase. 
The computer was used to calculate the values for 6 
ratios used in the experimental study using over 208 combinations of K1, K2, and 
Q, and compare them with the values of Idex at corresponding potassium to aluminum 
ratios. 
fit between the theoretically and experimentally determined distribution coefficients. 
The values are 3.2 x 1014, 3.2 x lo5 and 104, respectively. 
perimental data points were used over a KC1/A1C13 range from 0.53 to 2.6 representing 
a 60-fold variation in distribution coefficient. The werage deviation between 
theoretical and experimental values was 37 per cent as compared to an average 
deviation of 1 5  per cent for experimantal duplicates. 
validity of these data for the constants depends upon the assumed theoretical 
model and that the one chosen in this instance may not necessarily be the correct 
one. It is, however, noteworthy that the distribution curve for uranium in this 
system could be 80 faithfully reproduced from purely theoretical considerations, 
particulerly in the light of the complex nature of the distribution as a function 
of the KCl/AlC13 ratio. 

Investigation of the distribution behavior of uranium in the AlCl -KCl-Al system 

for the potassium to aluminum 

A unique set of values for K1, K2, and K 4  was found which gave a very good 

In this study 24 ex- 

It is recognized that the 

disclosed little or no temperature dependence over the range 725 2 o 875 C. 
Partial analytical data indicate the distribution coefficients are roughly halved 
when sodium chloride replaces potassium chloride in this system. 
of UCl3 in NaC1-AlC1 

The solubility 
is apparently much less than in KCl-AlC13 as inferred from 

qualitative observat ? ons. 
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Coztinmus Ion-Exchange Confdctor Development 

Jiggle? Contactor. 
contil;uous counter-current ion-exchange con-ctor. 
t ion,  the res in  can be moved (counter t o  the pumped feed) down through the column 
and transported t o  a height grester than the column length. This presents, then, 
the poss ib i l i ty  of delivery of the resin t o  an overhead feed in  a second column. 
Qualitative tests ic a single column w i t h  water feed and Permutit SK resin over 
several hours demonstrate that the quantity of res in  remains more or  less constant 
i n  the aheorption section of the contactor. 
self-adjusticg. S l ip  l iqu id  (feed i n  th i s  case) isrequired t o  assist the resin 
flow through the e f f luec t  l i ne .  

Shakedown runs have been s tar ted on the i n i t i a l  p i l o t  jigged-bed 
Under the impetus of the pulsa- 

I n  other words, the res in  feed is  

To attain a more dependable constant pulse and a positive downward mve of column 
coctents, the or iginal  d i rec t  air  pulsing has been replaced by a mechanical-liquid 
pulsing action. 

Effizieccy tests using thorium a s  a plutonium stand-in are t o  be in i t i a t ed  shortly.  

Diszolver O f f - G a s  Analysis 

The thermal conductivity ce l l  fo r  use et Redox has been instal led i n  an acid and 
fume re s i s t an t  container i n  preparation f o r  ins ta l la t ion  of the analyzer system 
ear ly  i n  October. Final calibration and repeatabi l i ty  checks are i n  progress on 
both the combustible gas analyzer and the thermal conductivity c e l l ,  interconnected 
exactly as they w i l l  be i n  the plant instal la t ion.  
f o r  the conventional dissolution process. 
gases from plutonium-aluminum al loy dissolutions. 

The system has been calibrated 
Calibrations w i l l  also be made on off- 

The difference method f o r  determining the per cent hydrogen i n  hydrogen-smmonia 
mixtures reported lest month has been evaluated in the laboratory. Thi's method 
gives the per cent hydrogen to f 0.5 per cent over the range 0-4 per cent hydrogen 
in  a background of ammonia end air. 

A new type of thermal conductivity c e l l  wa8 fabricated and tested. 
compensates f o r  thermal convection e f fec ts  and w i l l  indicate 0 t o  4 * 0.2 per 
cent hydrogen i n  a fluctuating background of 0-8 per cent ammonia in air. 
new method, after fur ther  development, may also be adaptable t o  the analysis of 
hydrogen in a background o f  either n i t r i c  oxide or  nitrous oxide. 

The c e l l  

The 

Acalytical Services 

A flame photometric method was adapted successfully t o  produce heat t ransfer  
data simply by folloKing the sodium concentration i n  water solutions undergoing 
mixing i n  test PR!l!R rod bundle assemblies. 
900 ppm sodium w h i l e  supply water (B) had 1 ppm. 
the  bundles, the resul tant  stream (AB) contained 170 ppm sodium. 
are snticipated.  

Feed stream (A)  was made up t o  contain 
After the streams were mixed i n  

Further runs 
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X-ray spectrometry was used f o r  qua l i ta t ive  measurement of yttr ium i n  iron, 
chromium, and aluminum al loys.  
a l loy .  X-ray spectrometry was faster and 
simpler than emission spectroscopy o r  w e t  chemistry. 

Y t t r i u m  (near 0.5 per cent )  was confirmed i n  o ~ l e  
Two other  a l loys  contained none. 

WASTE FIXATION 

Radiant Heat Spray Calciner 

A t o t a l  of s i x  runs were made i n  the  eight-inch calciner  during the  month. 
employed the  melt-pot and operated smoothly. 
runs included addi t ion of a clean-out rod a t  the top of t he  pot  t o  eliminate 
bridging and provision of more insulat ion 
complete melting. 
the forthcoming Quarterly Progress Report, Research and Developpent Act iv i t ies ,  
Radioactive Waste Fixation. 

A l l  
Equipment changes p r io r  t o  these 

around the melt-down f'urnace f o r  mme 
Details w i l l  be found i n  High spot f indings are given below. 

1. 

2. 

3. 

4. 

A dense (2.17 ga/cc) clear amber glass was produced from TBP-25 waste by 
addi t ion of sodium te t rabora te  (one mole of boron per metal ion equivalent) .  
Hold-up on the column was negl igible .  The feed was a thick s lur ry  which 
atomized e a s i l y  but  presented some problems i n  pumping. 
solved by bucking the  feed pressure w i t h  a variable speed centr i fugal  pump 
mounted i n  the reverse d i rec t ion .  
and the pump speed control led rate of flow. 

"his problem was 

Pump mixing kept the  s lu r ry  i n  suspension 

Addition of sugar to Purex waste has been found t o  s ign i f icant ly  increase 
removal o r  destruct ion of sulfate during calcinat ion.  
bears an inverse r e l a t ion  t o  the  amount of excess oxygen present i n  the 
reac tor .  Without sugar addition, the d i r e c t  powder product'from the  calciner 
contained 42 weight per  cent  sulfate and the  melt pot product 21 weight per 
cent.  
ponding values were 25 and 11 per  cent. 
the  numbers were 13  per cent  and "not detectable." 

Sul fa te  removal a l so  

With sugar (250 gms/li ter)  and 80 per cent excess oxygen, the corres- 
With only 16 per cent  excess oxygen, 

Low sulfur balances 
(analyses f o r  sulfate, sulfite, SO2, and SO ) suggest t h a t  a portion of the 
su l fur  is escaping as carbonyl sulfide (COS 

Evidence i s  accumulating of moderate t o  severe corrosion of the  f i l t e r s  
and of'f-gas system when processing high-sulfate -ex waste. Since the  
need f o r  off-gas handling equipment is  common t o  a l l  types of waste calciners,  
t h i s  corrosion problem w i l l  be of concern in any calcinat ion of sulfate con- 
ta in ing  wastes. Porous ceramic filters have been ordered and w i l l  be studied 
in t h i s  service.  

Occasional sharp v e r t i c a l  rapping on t he  column has been found more e f fec t ive  
i n  preventing powder build-up than the  continuous horizontal  vibrat ion 

. 
formerly used. It a l s o  reduced the probabi l i ty  of fa t igue  failure. 

amt 
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The flow rates through an experimental c l inopt i ,ol i te  column were erroneously 
reported last  month as 2.7 and. 6.0 gal/ft2/day; the .uni t  should have read per 
minute. The column used i n  the experiment had received 13,600 column volumes 
(226 gal.) of f i l tered r i v e r  water traced wi th  Cs137 instead of the 13,600 
gallons reported. The flow rate through t h i s  column averaged 6.5 gal/ft2/min 
during nine days of operation t h i s  mnth .  
achieved through t h i s  50-gram column decreased from greater thaq 500 to about 
100 after f i v e  days of operation. 
of the period was 29,000 column volumes. 

The decontamination f ac to r  f o r  cesium 

The t o t a l  throughput of the column a t  the end 

A study was made of the r e m v a l  of cesium.from di lu ted  synthetic Purex 1WW waste 
by c l i n o p t i l o l i t e .  
l i z e d  t o  pH 12 with commercial grade caust ic ;  supernatant l i qu ids  from t h i s  
system were decanted and d i lu ted  wi th  tap water t o  produce test  solut ions contain- 
ing 75, 50, 25, 10 and l .O  volume per cent synthetic waste. The removal of cesium 
from each of these solut ions by c l i n o p t i l o l i t e  was measured. 
c l i n o p t i l o l i t e  f o r  cesium from these solut ions was found t o  be considerably less 
than tha t  obtained from solutions of the same concentration of sodium n i t r a t e .  
The reason f o r  the reduction is  not immediately evident. 

The solut ions were prepared with C.P. chemicals and neutra- 

The capacity of 

The CR In-Farm Scavenging F a c i l i t y  (271-CR and 241-C-60 Bui ldngs  ) was rented 
t o  CET by CPD f o r  studying mineral bed decontamination of condensate streams. 
The buildings are present ly  being renovated; occupancy w i l l  be i n  ea r ly  October. 
Scope designs of equipment and modifications t o  the f a c i l i t i e s  are being prepared. 

BIOLOGY AND MEDICINE - 6000 PROGRAM 

Geology and Hydroloa  

The importance of r i v e r  channels incised in to  the Ringold formation below water 
table  l eve l s  is  again emphasized by the detection of a strong flow of thermally 
hot, radioactive water ex is t ing  beneath the 181-13 Building. 
data obtained i n  1951 during construction of t he  1814 addition t o  the 181.~ 
Building disclosed that reactor  e f f luent  was even then moving in to  the 181-c 
s i t e  from the  v i c i n i t y  o f  the leaking lo7 basins.  This l o c a l  westward flow of 
water occurs i n  a now roughly defined east-west trendiag channel f i l l e d  with 
highly permeable f l u v i a t i l e  gravels. The t r a v e l  time of the ground water from 
the  l i n e  o r  basin leak t o  the 1 8 ~ ~  Building is estimsted t o  be about one week, 
based on decay curve comparisons. 
requires  a rate of movement of about 200 feet per day, a figure compatible wi th  
rate of flow data elsewhere i n  similar sediments. 
further channelled beneath the building foundations and could endanger them. 
The water, los ing  l i t t l e  heat i n  i t s  path, is pumped in to  the  reactor  coolant 
stream and reduces reactor  eff ic iency.  

Ground water sample 

The distance, a minimum of 1400 feet, thus 

The ground mter i e  evidently 

Research t o  study unsaturated flow phenomena has long been hampered by the lack 
of a suitable instrument f o r  measuring the moisture content of s o i l s  i n  place 
i n  the f ie ld  o r  i n  laboratory models. These measurements must be obtained 



- C-21 HW-62012 

rapidly and must give the average moisture content of a small enough soil volume 
to be equivalent to a point measurement on the experimental scale used. 
mercial soil moisture measuring instrument utilizing a neutron probe was found 
to be most satisfactory with regard to speed of response. 
measures the average moisture contert of a one to two-foot sphere of soil which 
is too large a volume for laboratory-scale experiments. An equation was developed 
to convert a soil profile survey with such an instmnt to the true moisture con- 
tent profile reflecting point values. 
establish its applicability to unsaturated flow models i n  the laboratory. 

A com- 

However, the probe 

Tests of this technique will be made to 

Soil Chemistry and Geochemistry 

The removal of radiocesium from solution by columns of clinoptilolite is reduced 
by increased flow rate, temperature, and grain size. 
are not completely independent. 
passage of 33 column volumes at a flow rate of 72 gal/ft2/hr., while this C, Co was 
achieved after passage of 16 column volumes at a flow rate of 208 gal/f@/hr. 
the other hand at 60 C these two flow rates produced a C,Co = 0.1 breakthrough 
after the passage of 24 and 20 column volumes, respectively. These experiments 
were performed with 0.25 - 1.0 mm clinoptilolite and solutions containing 1.0 M 
sodium and 0.01 M cesium at a pH of 3.0. 
for cesium is reduced for grain sizes larger than 0.25-1.0 mm. 
range the mineral has a capacity of about 73 meq. Csf/lOOg. from 0.01 M cesium 
solutions containing 1.0 M sodium. 
Csf/lOO g for 1.0 to 2.0 mm material and to 8.1 meq. Cs+, / lOOg for 2.0 to 4.0 m 
material. 

The effects of these variables 
At 25 C a C/Co value of 0.1 was obtained after 

On 

The capacity of clinoptilollte columns 
In this size 

The capacity is reduced to about 60 meq. 

Samples of synthetic zeolites were studied to determine their selectivity for 
adsorbing strontium from solution. 
those having a structure believed to be most suitable for selectively adsorbing 
ions of the diameter of hydrated strontium. Linde-lhA zeolite was found to have 
the greatest Sr+2 selectivity of those tested. 
material was found to have a greatly reduced capacity compared to the powdered 
zeolite. 
cemented with sodium silicate which permitted adequate throughput rates. 
removal of strontium from a 0.01 N solution is not appreciably affected by the 
presence of' sodium in concentrations up to 0.1 N. At higher sodium concentra- 
tions the rate of removal of strontium decreases but the capacity of the zeolite 
for strontium appears to remain unchanged. 

The samples obtained for this purpose were 

The pelletized form of this 

It was found possible to prepare a bed of the material from 4A powder 
The 

Studies were continued to investigate the physicochemical properties of cerium 
in solutions contacting so i l s .  The formation of cerous hydroxide colloids was 
studied by observing the movement of radiocerium through dialysis membranes at 
various pH values. 
is probably all ionic at pH less thaa 2.0. 
by experiments with pH 4.0 and pH 7.8 solutions. 
nearly complete colloid fonmtion. 

It was found that the physical state of 4.2 x 10-7 M cerium 
Some colloid formation was indicated 

Experiments at pH 11.4 indicated 

Soil column studies were made of the possible movement of radiocolloids of cerium 
through the soil. 
Solutions of 4.2 x 10-7 M cerium at pH 2.0 gave no breakthrough after passage of 

A calcareous subsoil typical of the Hanford region was used. 

i 2 t 1 2  I 9 5  
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147 column volumes. A similar experiment w i t h  t h e  
resul ted i n  an ef f luent  concentration about 10 per 
For an inf luent  pH of 11.4 the s o i l  column did not 

influent adjusted t o  pH 7.8 
cent of that i n  the influent.  
appreciably remve radio- 

cerium from solution. 
moving through the s o i l  pores. 

Equilibrium experiments demonstrated that 10-3 M sodium and cesiura had l i t t l e  
e f f ec t  on the  s o i l  adsorption of cerium i n  the low pH range. 
cate  that the marked difference these accompanying ions displayed i n  influencing 
the behavior of cerium i n  the alkal ine range i s  probably related t o  t h e i r  
r e l a t ive  a b i l i t y  t o  disperse col loids  and not to any r e a l  chemical differences 
i n  t h e i r  ion exchange reactions. 

The cerium movement i s  ascribed t o  peptized radiocolloids 

This tends to indi- 

Ground Waste Investigations 

The flow of Sr85-traced calcium n i t r a t e  solution in to  the small (6-inch x 6-inch) 
experimental c r ib  was continued, about 1500 gallons having been discharged by 
month's end. Samples of ground water from nearby wells revealed the breakthrough 
of n i t r a t e  ion. A t  800 gallons addition t o  the c r ib  one well contained n i t r a t e  
ion a t  about half the inf luent  concentration. Later results indicated that n i t r a t e  
ion breakthrough may be nearing 100 per cent i n  t h i s  w e l l  a t  1200 gallons discharge. 
The w e l l  showing most rapid appearance of n i t r a t e  ion does not bottom di rec t ly  
beneath the c r ib ,  indicating some l a t e r a l  movement of the solution befonz it reaches 
the ground water. Rather e r r a t i c  sample r e su l t s  f o r  the other six wells near tk 
test c r i b  do not indicate a n i t r a t e  ion breakthrough exceeding 10 per cent of the 
inf luent  concentration. 

The uniform, fine-grained s o i l  used f o r  laboratory investigations of s o i l  column 
variables  was separated in to  six f ract ions according t o  grain s i ze  an8 each frac-  
t ion  studied. It was hoped that information concerning an apparent strontium 
removal reaction other than ion exchange would be obtained. The standard ex- 
change capacity (ammonium acetate  method) and the strontium equilibrium dlstri- 
bution coeff ic ient  (Kd) f o r  each of these fract ions was determined. It is evi- 
dent from the data that the standard cation exchange capacit ies of the fract ions 
do not accurately r e f l e c t  t h e i r  a b i l i t y  t o  remove strontium from solution. 
Further work i s  planned t o  determine i f  the anomaly i s  associated w i t h  the 
carbonate f rac t ion  of the so i l .  

Field Apparatus Development 

Porous weigh- thimbles f o r  d i r ec t  measurement of s o i l  moisture i n  models were 
further studied t o  determine the e f f e c t  of thimble screen opening s ize .  
equilibrium studies  the moisture content of soil i n  the thimble nearly duplicated 
the s o i l  body moisture when the screen pore s ize  was increased t o  0.006-inch. 
method holds promise f o r  soi l  moisture measurements In  cer ta in  laboratory experi- 
ments. 
body of s o i l .  

In  

The 

The r a t e  of approach t o  equilibrium must be checked against  rate i n  the 

The possible use of radio waves as a too l  f o r  measuring moisture i n  s o i l  was 
tested i n  a preliminary way. Soi l  containing 18 per cent moisture by volume i n  
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a shielded box placed i n  the  path of 12  cm radio waves showed marked absorption 
of the  wave energy. Transmission was about 1 per cent of that through dry  s o i l  
of the same thickness (4-inches). 
cated before the method can be ef fec t ive ly  evaluated. I n i t i a l  experiments were 
promising. 

Extensive development i n  equipment is indi-  

A neutron-gamma probe and related instruments f o r  moisture measurement i n  s o i l  
surrounding a w e l l  were received and tested.. Moisture i n  s o i l  determined w i t h  
t h i s  equipment agreed w e l l  with d i r ec t  laboratory measurement. 
the conditions of use is  expected t o  permit accurate moisture measurements i n  
the  f i e l d .  

Calibration fo r  

Preparation was made f o r  forthcoming w e l l  pumping tests i n  the hydrolr ,y tes t  
s i te  north of Gable Mountain. 
mitted more advantageous placing of two wells of the  pat tern.  
prepared and scheduling worked out  f o r  the tests. 

Two repor t s  were issued, "An In-Well Permeability Packer," HW-62048, and a ''Test 
of Refraction Seismic System on t he  Hanford Project," Hw-61796. 

Careful measurement of ground water contours per- 
Equipment was 

Micromeritic s 

An experimental set-up was readied f o r  measurement of p a r t i c l e  deposition 
ve loc i t i e s  i n  tubes and the parameters a f fec t ing  retent ion on sampling l ines .  
An e l u t r i a t o r  f o r  obtaining narrow s i ze  ranges of pa r t i c l e s  was assembled. . 

Two repor t s  were issued, "Fi l te r ing  Abrasive-Wheel Uranium Cuttings," HW-61917, 
and "Trip Report, Atmospheric and Source Sampling, USPES Training Ins t i tu te . "  

Analytical ,  Bioassay and Counting Methods 

A coincidence summing gamma spectrometer was assembled and tested which should 
prove useful  f o r  qua l i t a t ive  and sometimes quant i ta t ive analysis  of mixtures Of 
radioisotopes.  

analyzer only when photon in te rac t ions  occur simultaneously i n  the  two detector  
heads. 
arrangement allows only those radioisotopes which emit two o r  more photons per 
dis in tegra t ion  t o  be counted. 
normal g a m  spectrum on the  same mixture iden t i f i ca t ion  and measurement of the  
radioisotopes would be f a c i l i t a t e d .  

A bioassay procedure f o r  the  determination of Pu241 was developed which. u t i l i z e s  
l i q u i d  s c i n t i l l a t i o n  counting. 
standard Pu239 bioassay procedure and thus provides measurement of the two 
plutonium isotopes on t h e  same sample. 

I n  t h i s  apparatus information is s tored i n  the multi-channel 

Except f o r  some backscatter of a small f r ac t ion  of the gamma rays, t h i s  

By comparing a sum coincidence spectrum with a 

This procedure i s  applied subsequent t o  the 

Chemical Dosimetry 

Blue aqueous solut ions of erioglaucine turn  yellow upon the addi t ion of acid 
indicat ing an a l t e r a t i o n  i n  the chemical form of the dye molecules. The acid 
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association constant of t h i s  system was determined as a function of ionic strength 
i n  order t o  more f u l l y  In te rpre t  the radiation chemistry of these solutions and to 
obtain a protection index for the ac id  form of  erioglaucine which could be used t o  
evaluate indices of acidic  protective agents. A tentat ive model f o r  the s t ruc tura l  
changes occurring In going from the blue form t o  the yellow form was proposed fo r  
which the calculated acid assoclation constant agrees well w i t h  the measured value. 

Chemical Research & Development 

LP Bupp:bp 
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BIOLOGY OPERATION 

'a?-62012 

L. A. Temple, Biological Sc ien t i s t ,  was t ransferred f rom Pharmacology t o  
iliological Analyses on September 1. 

B. TECHidICAL ACTIVITIES  

FISSIONAi3LE PIATZRIALS - 2000 PROGRAM 

Radioiodine Contamination 

Concentrations of Il3I i n  thyroid glands of jack rabbi ts  were approximately one- 
t h i r d  of  those observed one year ago, Values fo l low:  

Locat ion 
p c / g  Iiet I J t  . 

Average fiiaximum 

Frosser darricade 2 10-4 5 10-4 
Wahluke Slope 2 10-4 8 10-4 
k Liles  SW o f  Redox 1 x lo-k 2 10-4 
Columbia River Contamination 

Trend 
Factor 

+ 2  
+ 3  
- 2  

Concentrations o f  gross be ta  emit ters  i n  Columbia hiver  organisms collected a t  
Hanford were approximately one-third of  those observed one year ago. 
indicator organisms fol low: 

Values of 

Sanple Type 
Fc/g wet W t .  

Average i-,aximum - 
Trend 
Factor 

Minnows ( en t i r e )  1 x 10-2 1 x 10-2 - 
Preliminary tests were i n i t i a t e d  to evaluate the r a t e  of mutation of cohmnaris 
t o  drug resistance.  
increase i n  mutation rate t o  dis t rycin-resis tance forms by 10 K r  o f  X-rays. 

An i n i t i a l  experiment showed only a s l i g h t  

A s t r a i n  of  C. columnaris i so la ted  from the Columbia i n  the Hanford loca le  
appeared t o  Ee more v i ru len t  f o r  t r o u t  than Dr .  Ordal's h o t  s t r a i n  No. 1. 
Ordal's s t r a i n  No. 1 was l e s s  e f f ec t ive  in k i l l i n g  t r o u t  than i n  k i l l i n g  salmon. 
The l o c a l l y  derived s t r a i n  has not been tes ted  f o r  virulence in salmon due t o  
non-availabil i ty of f inger l ing  salmon. 

Fallout Contaminat ion 

Fission products occurred in r a b b i t s  from Hanford Reservation i n  the  following 
ammnts : 

-- 

UNCLASSIFIED 
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Bone 
Feces 
Liver 
Muscle 

pc/g >?et ? s i t e r i a l s  
Average 

2 X 1 O 5  -5 
2 x 101~ 

5 x 10-6 
6 x 10 

Trend 
Factor 

Effect o f  Reactor Effluent on Aquatic Organisms 

Routine monitoring of e f f luent  from the  lGO-KZ reactor was continued. 
l io r ta l i ty  was greater  among t h e  young t r o u t  held in 3 per cent strength 
eff luent  than among the controls wnile r e s u l t s  a t  the 2 per  cent  l e v e l  were 
not consistent.  Most o f  t he  rno r td i ty  experienced during the  month was 
a t t r ibu ted  t o  llcolumnarisll disease 'b 

A t e s t  w a s  s t a r t e d  in which two groups of juvenile suckers are q o s e d  to 
3 per cent s t rength e f f luen t  under simulated natural  conditions. 
case the  e f f luen t  i s  passed through a bed o f  aluminum turnings w i t h  the hope 
tha t  t h i s  will r e s u l t  in reduced contanination i n  the f i sh .  

In  one 

PhOS~!lOruS 

A t e s t  w a s  s t a r t e d  t o  determine the  e f f ec t  of deposited P32 on the v i a b i l i t y  
o f  sex proiucts  o f  a specie of t rop ica l  f i  h. 

reach maturity. 

The c ich l ids  are  being reared 
i n  water containing 1 x 10- E pc/fig 5 x 10- E ,uc / f i ,  o r  2 x 1 0 - 3 ~ c / m l  u n t i l  they 

Survival of eg;s ana young will be detemined. 

F r e l h i n a r y  r e s u l t s  from s tudies  to determine the t ransfer  o f  zn65 across 
the  placenta ind ica te  no unusual deposition in t h e  fe tus .  
50 per  cent of zinc re ta ined  by the mother during a J-jve-day feeding period was 

I n  one case about 

present i n  the fetuses .  
f o r  5 days, about 1s per cent  was present i n  the fetuses .  

I n  another case in which Znb> feeding was 

Gonad ilose 

continued 

Studies continued applying da i ly  oral  feeding of Zn6S t o  a ram f o r  
15 dqys. Tissue dosages measurements taken a t  autopsy on the 16th 
the r e l a t i v e  t i s sue  dosages based on a body burden of 60 
t r a c t  - 100; l i v e r  - 75; kidney - 50; and t e s t e s  - 30 m r  P hr. 

c were: 

a period of 
day showed 
g astro in t e s t ina l  

The measurements ind ica te  t h a t  the gonads may be a c r i t i c a l  organ f o r  2x1'5. 
It was noted that the  dose t o  the gonads from the radionuclide dep s i t e d  in the 
r e s t  o f  the body was near ly  twice the dose or iginat ing from the Zng5 i n  the gonads. 

UIXLMS P I E D  



9-3 Pi;-62012 

Strmtium 

Cinebar and Ephrata s o i l s  were surface contaminated with Sr" in solution. 
After w i n g  the surfaces were t r e a t e d  with NH432FO4 a t  l e v e l s  up t o  2,000 l b s  
P/acre. KO reduction of SrFO uptake w a s  noted i n  plants  grown on the ac id  
Cinebar s o i l .  There was, however, a 2 t o  4-fold reduction of uptake f r o m  the 
Ephrata s o i l .  This suggests t ha t  treatment of t h i s  sort may be ef"ective on 
calcareous soi ls  while liming i s  e f fec t ive  in reciucing SrSo uptake from acid 
s o i l .  

A t e s t  was terminated i n  which year l ing rainbow t r o u t  received intramuscular 
in jec t ions  of SrFO-YyO f o r  seventeen weeks. 
pc/g of  f i s h  twice each week. A t  necropsy none of the f i s h  shoxed any gross 
pathology. 
high l e v e l  group, however . 
KO c l i n i c a l  changes have been cetected in any of the miniature swine f e d  
25 pc  Sr.c'O/day f o r  over 6 months. 

The highest  l e v e l  was 1.5 x 

There was cansiderable v a r i a t i o n  i n  the s i z e  of tke f i s h  in the 

Iodine 

&o new groups of weaned lai7lbs from the  0,s and 0.15pclday groups were s t a r t e d  
on the same I1%eghen as t h e  da is .  
two groups were considered necessary with the f inding of bmors  a t  the 1.5 pc/day 
l e v e l  a 

Again t h i s  year a s ingle  o r a l  t r a c e r  dose of s ,uc  1131 w a s  given t o  ewes tha t  
received a s ingle  3 mc dose of 1131 following weaning two years ago. T'ni.5 is 
done to determine the degree of thyroid damage in these animals being kept f o r  
t h e i r  l i fe t ime t o  determine i f  thyroid tunors will develop following an 
acute aose as it does following an equivalent t o t a l  aose in a chronic feeding 
regimen. 
the 17 per c e n t  (range 5 t o  25%) observed in these same animals l a s t  year. 
weaning a 50 per  cent  uptake was observed i n  these same ar,fmals. 

Additional ncmbers of animals in these 

The average uptake was 15 per cent  ( r a g e  6 t o  2%) anu i s  similar t o  
A t  

,131 Jecontamination f r o m  Plan ts  

Radish, l e t t u c e ,  and geranium leavesjexposed to the products of a melted 
f u e l  element were washed f o r  5 minutAs wi th  shakfng i n  40 m l  of a v a r i e t y  of 
solutions.  D i s t i l l e d  water, lItrislt, KaI, Na23 07 ,  d i l u t e  NH OH, anri d i l u t e  

ana the  commercial detergent,  Tide, removed f r o m  70 t o  60 per cent  cf the  iodine. 
Coating the leaves with collociion and subsequently s t r i p p i n g  the p a r t i a l l y  
dr ied  collodion removed 60 t o  90 per cent o f  the I131. 
undamaged by this treatment. 

From these d a t a  and r e l a t e d  autoraaiograms, it a p p a r s  that  much of the mater ia l  
is  par t icu la te .  
50 per cent  o f  t h e  iociine penetrat ing inside leaves while the s t r ipp ing  data 
from t h i s  study inciicates that  probably no more than 10 per cent  of the iodine 
penetrated to the  i n s i c e  of the leaf .  
melt-down, it seems probable t h  
i n  ample supply t o  permit the 
s e t t l i n g  out  on the  p l a n t  material. approximately 100 meters f r o m  the point  of 
melt-down. UNCLASSIFID 

I i C l  each removed from 9 t o  60% of - t J e  iodine 1 rbm leaves.  h cohol, acetone, 

??le leaves were 

Previous s tud ies  using a gaseous atmosphere had shown nearly 

Thus, under t h e  conditions o f  t h i s  
minute p a r t i c l e s  of mater ia l  were present 

gas t o  adsorb t o  these p z r t i c l e s  before 

1 2 k 2 2 0 b  
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Cesium S b d i e s  

In  s tua ies  of the t ransfer  o f  Cs137 up tne  food chain, a 2,7 increase was 
demonstrated i n  the t r ans fe r  f r o m  algae to tadpoles. 

The f i n a l  r a t i o s  of C d 3 7  concentrations in plants  grown i n  s o i l  containing 
f i e l d  capacity, sa tura t ion  ana 2$" of standing water above the s o i l  were 1, 
30 and 450, respectively.  

Plutonium 

For 1 2  r a t s  receiving 100 r X-ray per week, the median survival time was 
179 days and the median X-ray dose a t  death was 2600 r o  
injected w i t h  S ~ c / k g  Pu239, the  median survival  time was 120 days ana the  
redian X-ray dose a t  death was 18CO r, 
t o x i c i t y  was studied by admizistering 38 p / k g  Pu239 t o  groups of r a t s  ranging 
in age f r o m  100 to 4CO days, 
no s ign i f i can t  e f f e c t  o f  age on the survival  time. 

For 1 2  rats preViouSly 

The e f f ec t  o f  age on acute plutonium 

FJhile a few animals survived a t  38 days, there is 

Attempts to measure the effectiveness of DTPA i n  removing plutonium from 
xiniature  swine co;-tinued. 
previously i n  swine administered s ingle  lb g Loses of a c h m i c a l  grade of uTPA, 
an adul t  a - i m d l  was given a s imi la r  cose o f  pharr'iaceuticd bTPA. 
f a i l ed  to e a t  f o r  about four days. 
it was ayFrehensive. 
arFearance. 
recovered. 
group of swine) and some f ibr inous pe r i ca rc i t i s ,  probably the r e s u l t  of the 
in jec t ion  of some of the UTPA i n to  the  p e r f c a r d i d  sac, 

Dosage l eve l s  cjf DTPA u t i l i z e d  in l imited s tuc i e s  in man (6 g given over a 
period of 5 days) were administered t o  two swine Fossessing established 
boay burdens of Fu239. 
10th aay. 

The areas of F i g  skin previously in jec ted  with 0.2 N pU239 (ND3) a t  l eve l s  

remaining i n  the injected s i t e  seems t o  be r e s t r i c t ed  t o  area one-half inch 
in ciameter. 

In  order to check sole  untowaru e f fec ts  ooserved 

The animal 
Although the animal aypeared le tharg ic  

It a l s o  manifested hindquarter weakness and humped-up 
dy the ten th  aay (xhen he was sacr i f iced)  he seened almost f i l l y  

A t  autopsy it snowed a ti ickened g a l l  olaGder (ojserved on the 1st  

KO gross pathology was observed a t  autopsy on the 

up t o  l p c / s f t e  show some mild exfol ia t ion.  A t  l e a s t  one-half o !! the Pu239 

Radioactive Pa r t i c l e s  

Tissues from 5 dogs which died three  t o  four months after deposition of about 
1CO pc Pu23902 were assayed f o r  1 2 3 9  content. The concentration of b 2 3 9  
in the  tracheobronchial lymph nodes was 1.5 t o  6 times t h a t  in the lung of 
four of  the dogs. 
greater i n  the lung. 

aronchiolar carcinomas were observed in two m i c  

SGO cays a f t e r  inhalat ion of Pu23902 and t o t a l  deposition of 0.08 pc.  

In the other  dog the  concentration w a s  three times 

One was k i l l e d  500 days 

The 

after in t ra t rachea l  administration of 5 f ic  Ru 10%; 2 and the other was k i l l e d  

UiXLASSIFI ED 
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la t ter  i s  the  f i r s t  malignant lung 
raaioact ive p a r t i c l e s  Histologic 
the eqer iment  i s  continufng, 

tumor w e  have observed a f t e r  inhalation of 
examination of t i s sues  from other mice i n  

Two experiments were completed with r a t s  t e s t ing  agents f o r  increasing the 
pulmonary clearance of inhaled Pu2390,e Res;;lts are incomplete. 

Gastrointest inal  Radiation Injury 

uEkperiments were performed u t i l i z i n g  labe l led  polyvinylpyrrolidone to 
determine whether the l o s s  o f  serum pro te in  following i r r ad ia t ion  is due t o  
decreased production i n  the  l i v e r  o r  t o  increased l o s s  through the  damaged 
in t e s t ine  

liicrobiologic al Studies 

Averages of severa l  experiments show that resp i ra tory  de f i c i en t  yeasts have a 
noticeable "oxygen ef fec t"  bu t  one which i s  appreciably lower than observed in 
the  parental  non-respiratory de f i c i en t  s t r a in .  
the previously reported lower catalase content of these RD s t r a ins .  Tests 
f o r  "af te r  e f f ec t "  constant ly  were negative fo r  both FiD and parental  s t r a ins .  
Observations on t h e  "oxygen ef fec t t t  and "a f t e r  effect"  appeu: t o  cor re la te  
w e l l  with the  known ca ta lase  content o f  the c e l l s ,  wi th  the  presence o f  traces 
of  ca ta lase  preventing any expression of a f t e r  e f f e c t ,  
cause t h e  ra6iat ion damage t o  Rir s t r a ins  to be more comF:arable under aerobic and 
anaerobic conciitions than i n  parental  s t r a i n s  containing a full compliment of 
cetalase,  as  was observedo 

This observation cor re la tes  w i t h  

Reduced catalase should 

Eanager 
BIOLOSY O P Z A T I O N  

HA liornberg: e s  
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D. Lectures 

a. Papers presented a t  Meetin s .  

None 
b. Off-Site Seminars 

F, P. Hungate, 9/2 /59> Vaaiobiology a t  Hanfordll, Coos day Educational 

R. F, Foster,  9/15-17, "Behavior of Radionuclides i n  Food Chains Fresh 

Conference, Coos i3=, Oregon. 

k'ater S t k i e s ,  
RA T a f t  Sani tary Zngineering Center, Cincinnati, Ohio. 

Radiological dea l th  Training Course , USPHS , 

c. Biology Seminars 

R e  C .  Thompson, y/SO-sy, "Radioisotopes Absorption and Method of 
Z l  im-n at ion : Mu trit i o n a l  Cons i d  er a t i  ons I!.  

F:. J. Bair , 9/70/59,  "Radioisotope Toxicity from Pulxonary Absorption". 

E Public a t  ions 

a. Fd Publications (external  ais t r ibu t ion)  

None 

bo HIT Publications ( i n t e r n a l  d i s t r i b u t i o n )  

.- 
i: one 

c e  Open Li te ra ture  

liawin, B., "A portable  radioact ive so lu t ion  container," I n t o  J. of Applied - 
5-adn. & Isotopes - 5 ,  305 (1959). 

h4pand-Sr90 in bone", Xxperientia - 15, 313 (1959). 
I i awin  "Effects o f  s t a b l e  calcium and. strontium on deposit ion of 

I2422 I O  
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OPERATIONS RESEARCH AND SYNTIlESIS OPERATION 
MONTHLY REPORT 

September, 1959 

ORGANIZATION AND PERSONNEL 

Effec t ive  September 14, 1959, Kathryn S. S c o t t  replaced Jan ice  B. Kennedy as 
sec re t a ry  t o  t h e  Manager, Operations Research and Synthesis .  
res igned t o  devote he r se l f  completely t o  home r e s p o n s i b i l i t i e s .  

Mrs. Kennedy 

OPERATIONS FtESEARCH ACTIVITIES 

Input-Output Simulation Model 

Programming work on t h e  computer program has been completed and debugging is 
under way. 
program. 

Fur ther  work on t h i s  area i s  awaiting t h e  completion of t h i s  

Other - 
Work was i n i t i a t e d  on t h e  prepara t ion  of the  d e c l a s s i f i e d  vers ion  of t h e  
Operation Pool r epor t .  

OPERATIONS ANALYSIS STUDIES 

Redox Dissolver Study 

Work i n  t h i s  a r e a  continued t o  be delayed by t h e  u n a h a i l a b i i i t y  of a computer 
program. 
and some prel iminary information was obtained through a study of c o r r e l a t i a n  
mat r ices .  

2 P l a n t  Information Study 

Some add i t iona l  work was done on t he  e d i t i n g  of the  ava i l ab le  d a t a  

Work on the  IBM-709 programming i s  cont inuing.  
of t h e  necessary A.P.R. equipment has not  been received. 
be e s t ab l i shed  soon, t he  e n t i r e  program may be placed i n  je9pardy due t o  
p o s s i b l e  coincidence of the tes t  with production changes. 

A firm date  f o r  t h e  de l ive ry  
If a f i r m  d a t e  cannot 

F'PD Process  Control  and Experimentation 

Data were analysed from three p i l o t  p l a n t  experiments designed t o  l o c a t e  an 
optimum duplex b a t h  temperature with r e spec t  t o  ex te rna i  and i n t e r n a l  poros i ty .  
Canning condi t ions  were va r i ed  between experiments i n  order t o  account f o r  
poss ib l e  i n t e r a c t i o n  e f f e c t s .  

Some f u r t h e r  e f f e c t s  on the  incidence of non-wets of var ious component c leaning 
t reatments  were evaluated.  

An e a r l i e r  r epor t  ind ica ted  that dimensional d i s t o r t i o n  during hea t  +,reatui€nZ 
of co-extruded tubes was a func t ion  of t he  reduct ion r a t i o  employed i n  the  
process,  although it was pointed out  t h a t  f a i l u r e  t o  r e p l i c a t e  could r e s u l t  
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i n  misleading conclusions.  Additional data have suggested that the previously 
l a b e l l e d  reduct ion r a t i o  e f f e c t  may i n  f a c t  be a w a l l  th ickness  and/or c l ad  
thickness  e f f e c t ,  these  having been cocfounded i n  the  o r i g i n a l  s e t  of data. 
Fur ther  data are required t o  reso lve  t h i s  uncer ta in ty .  

Eight- inch sec t ions  of co-extruded tubes are t o  be given d i f f e r e n t  quench 
t reatments  i n  order  t o  eva lua te  the e f f e c t s  on dimensional changes of severa l  
quench va r i ab le s .  The va r i ab le s  involved are sur face  on which cooling I s  
appl ied  (3  l e v e l s ) ,  temperature of t h e  quench ( 3  l e v e l s ) ,  and delay t i m e  before 
quenching (4 l e v e l s ) .  
tube,  the r e s u l t i n g  3 x 3 x 4 f a c t o r i a l  experiment was designed so t h a t  unimpor- 
t a n t  e f f e c t s  are confounded with the  three blocks u t i l i z e d .  

Since not a l l  8'' sec t ions  could be taken from t h e  same 

Two-step quenching was compared wi th  one-step quenching with r e spec t  t o  e f f e c t s  
on braze po ros i ty  of normal production f u e l  elements as measured by v i s u a l  
ranking 'of radiograph results 

Production Tests 

Warp data from severa l  production t e s t s  have been summarized i n  order  t o  obtain 
an up-to-date p i c t u r e  of the  warp performance of cur ren t  normal f u e l  elements. 

Process  Tube Leaks 

One quan t i ty  en te r ing  i n t o  the  l e a k  seve r i ty  index i s  "wetness," which i s  
supposed t o  dep ic t  t he  amount of water from previous leaks which has a f f e c t e d  
a given tube.  A d e f i n i t i o n  of wetness had been hypothesized, b u t  upon appl ica-  
t i o n  it proved too  cumbersome t o  use i n  p rac t i ce .  A rev ised  d e f i n i t i o n  was 
suggested and inves t iga t ed .  
workable de f in i t i on ,  b u t  no ind ica t ion  as t o  i t s  success i n  obtaining better 
p red ic t ions  of which tubes a r e  p c t e n t i a l  l eake r s  i s  ava i l ab le  a s  ye t .  

Resul t s  thus far ind ica t e  t h a t  t h i s  w i l l  3e a 

Reactcr Calcu la t ions  

A rough draf t  r epor t  was i ssued  I n  connection wi th  t h i s  problem, end was c i rcu-  
la ted f o r  comment p r i o r  t o  Issuance of a f i n a l  r epor t .  The major conclusion i n  
t h i s  study was tha t  t h e  systematic u n c e r t a i n t i e s  i n  the plutonium p red ic t ion  
equat ions are a l i m i t i n g  cons idera t ion .  

Fuel  Element F a i l u r e s  

Fur ther  work was done i n  eva lua t ing  poss ib le  courses of a c t i o n  with r e spec t  t o  
addusting r eac to r  powers and exposures on the basis of rupture  experience.  It 
is evident  that a thorough inves t iga t ion  of t h i s  problem area i s  des i rab le ,  and 
t h a t  computing machines w i l l  have t o  be u t i l i z e d  i n  order  t o  adequately consider 
the  problem. 

Aluminum Corrosion 

Four models are being evaluated with respec t  t o  t h e i r  adequacy i n  descr ib ing  
r eac to r  f u e l  element cor rcs ion  data. They a r e  being compared on the  basis of 
r e l a t i v e  bias f o r  d i f f e r e n t  combinations of power and temperature, and on the  
magnitude of the  r e s i d u a l  var iances .  
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F i n a l  Product Spec i f i ca t ions  

I n  connect ion 'with a meeting he ld  a t  Los Alamos on September 22 and 23, a pro- 
p c s a l  f o r  acceptance of f i n a l  product p a r t s  on an  ind iv idua l  basis was prepared. 
Also, up t o  da t e  es t imates  of t he  var ious  process  and measurement parameters 
were found. 

CPD Control  

An i nves t iga t ion  was made of t h e  adequacy of the  CF'D referee a n a l y t i c a l  cont ro l  
program as prompted by c r i t i c i s m s  of t h i s  program contained i n  rout ine  sur rey  
r e p o r t s  i s sued  by the  AEC-HOO. It was determined that the  m u n t  of data aris- 
ing  from t h i s  program i s  adequate f o r  accountabi l i ty  needs, and t h a t  a n a l y t i c a l  
p rec i s ion  has  l i t t l e  e f f e c t  on throughput measurements which are predominately 
b i a s  con t ro l  problem a reas .  These ideas  were discussed wi th  AEC-HOO personnel,  
and agreement was reached on the  adequacy of the program. 

An a n a l y s i s  of data obtained i n  a sampling experiment conducted i n  the  p lu%onim 
n i t r a t e  r e c e i p t  measurement equipment (Hd 6-C) ind ica ted  tha t  systematic  sampling 
e r r o r s  appear t o  be non-exis tent .  Estimates of the random sampling ar.d measare- 
ment e r r o r s  were a l so  found. 

The r e s u l t s  of a data a n a l y s i s  a r i s i n g  from segregated IILO oxide recover ies  were 
used as a b a s i s  f o r  SS Measurement's recommendatim of a change i n  t h e  f a c t o r  
used i n  t r a n s f e r  of t h i s  material between E O  and CPD Plutonium Recovery Operation. 

Radiat ion P ro tec t ion  S tudies  

An a n a l y r i s  of data t o  inves t iga t e  the e f f e c t  of exposure angle on gamma f i l m  
badge response was completed. The magnitude of the  b i a s  introduced by the  angle 
of incidence e f f e c t  was determined f o r  t h e  p a s t  and cu r ren t  methods of es t imat ing  
dens i ty  due t o  beta and gamma exposure, and improved equat ions which c o r r e c t  f o r  
t he  average e f f e c t  were suggested. A r epor t  w i l l  be i ssued  as soon as data from 
a recent  repea t  of the experiment have been analyzed. 

The data a n a l y s i s  of t h e  experiment t o  t es t  v a l i d i t y  of t h e  inverse  square l a w  
as it a p p l i e s  t o  radium gamma f i l m  badge c a l i b r a t i o n  i s  s t i l l  i n  progress .  

A d i scuss ion  was he ld  with personnel  of the Bio-Assay Operation concerning a 
proposed statist ical  s tudy of spike analyses  i n  order  t o  estimate the p rec i s ion  
and accuracy of bio-assay plutonium depos i t ion  estimates. Appropriate data are 
being c o l l e c t e d  and w i l l  subsequently be analyzed by Experimental S t a t i s t i c s  
personnel  . 
Systems R e l i a b i l i t y  

Work continued on a systems r e l i a b i l i t y  study of the  K r eac to r s .  
a l t e r n a t i v e s  t o  the e x i s t i n g  p l a n t  have been included i n  the  d i g i t a l  computer 
program which has been wr i t t en  f o r  the study. 

Addit ional  

i 2 4 2 2  I 3  
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STATISTICAL AND MATIIEMATICAL ACTIVITES WITIIIN EL0 

200'2 Program - Zircaloy Corrosion 

P 

Corrosion and Coatings Operation r ecen t ly  i n i t i a t e d  an experimental program t o  
inves t iga t e  the  corrosion of var ious  zirconium a l l o y s  as a funct ion of severa l  
independent va r i ab le s  including e tch ing  time, s torage  time, autoclave time and 
sur face  s t a i n s .  
t h e  experimental apparatus  which w i l l  be used i n  the  inves t iga t ion .  A statis- 
t i c a l  a n a l y s i s  of t h i s  study was r ecen t ly  completed which pinpointed several 
anomalies i n  the  apparatus  and a l s o  estimated the  e f fec t ,  of s torage time, 
autoclave time, and flow rate on one zirconium a l loy .  
t o  H. P. Maffei, dated 9-25-59, "Corrosion Tes t  of Zircaloy.")  

A p i l o t  study was conducted t o  eva lua te  the c h a r a c t e r i s t i c s  of 

(Unclassif ied l e t t e r  

4000 Program - Swelling S tudies  

Micrographs of pre-  and post-anneal uranium samples, edge and center ,  were 
analyzed and void f r a c t i o n  and pore dens i ty  es t imates  supplied along wi th  pore 
growth t rends .  
any p a r t i c u l a r  micrograph i s  being developed i n  order  t h a t  the  e f f e c t s  of 
d i f f e r e n t  condi t ions on such d i s t r i b u t i o n s  may be compared. 
of t h e  e f f e c t  of d i f f e r e n t  e t c h  times and o ther  sample prepara t ion  va r i ab le s  by 
s t a t i s t i c a l  techniques.  

Funct ional  representa t ion  of the pore radii d i s t r i b u t i o n  f o r  

Study continues 

4000 Pronram - Fuel  Element S tudies  

i 

Mathematlcal i nves t iga t ions  continued on methods and techniques ava i l ab le  t o  
obta in  exac t  o r  approximate thermo-elast ic  so lu t ions  f o r  var ious geometr ical ly  
shaped r eac to r  f u e l  elements. 
ga t ion  suggested by Fuels  Design Operation, HLO. 

This i s  part  of a continuing program of l n v e s t i -  

6000 Program - Biology and Medicine 

Work continued on s t a t i s t i c a l  a n a l y s i s  of excre t ion  data from an experiment 
involving plutonium inha la t ion  by dogs f o r  Pharmacology Operation. 

General 

The mathematical. equation, and hence the dimensional spec i f i ca t ions ,  of  a 
parabol ic  reflector having c e r t a i n  s i z e  and focal l eng th  r e s t r i c t i o n s  was 
derived a t  the reques t  of a member of the Optical Shop, HLO. 

A mathematical method was devised t o  obta in  the  pointwise values  of a des i r ed  
funct ion once i t s  continuous running average over a fixed length  i n t e r v a l  is 
known. The method, based on t h e  so lu t ion  of a l i n e a r  i n t e g r a l  equation, has 
p r a c t i c a l  app l i ca t ion  i n  determining moisture content  p r o f i l e s  i n  the s o i l  
from data taken by instruments which read average values  over s izeable  regions.  

Analysis  of data from tests t o  determine how accura te ly  volumes of s o l u t i o n  i n  
a l a r g e  process  v e s s e l  could be measured was completed. 
sub jec t  was presented t o  i n t e r e s t e d  personnel during the month. 
r epor t  w i l l  be issued during October. 

A seminar on t h i s  
A complete 

2 L 1 2 2  I 4  - 
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A s t a t i s t i c a l  a n a l y s i s  was recen t ly  i n i t i a t e d  t o  determine the  r e l a t i v e  prec is ion  
and accuracy of s eve ra l  radiochemical i so top ic  ana lys i s  methods. Single  channel 
ana lyzers  a r e  soon t o  be replaced by 256 mul t ip le  channel ones, and i n  an attempt 
t o  a n t i c i p a t e  customer quest ions the  r e l a t i v e  c h a r a c t e r i s t i c s  of the  two i n s t r u -  
ments a r e  being evaluated.  I n  connection with t h i s  ana lys i s ,  an exact  s tatist i-  
c a l  technique was devised f o r  t e s t i n g  t h e  hypothesis t h a t  the  two instruments 
have t h e  same p r e c i s i o n  i n  the  presence of appreciable  sample v a r i a t i o n .  

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER HAPO COMPONENTS 

Fuels  Prepara t ion  Department 

Assistance was requested i n  applying mathematical methods t o  the  problem of pro- 
curement of z i r ca loy  components f o r  NPR f u e l  elements. 
i s  b a s i c a l l y  t h a t  of a l l o c a t i o n  of orders  between vendors, al though it a l s o  
inc ludes  t h e  quest ion of when and how much t o  order  t o  meet HAPO requirements. 

The problem involved here 

I r r a d i a t i o n  Processing Department 

The f i r s t  of a series of d iscuss ions  was held with a member of Process Technology 
Operation, IPD,  f o r  the purpose of studying the i r  concept of "net re turn ,"  and 
t o  discover  what impl ica t ions  t o  r eac to r  operat ions are d i c t a t e d  by optimizing 
t h e i r  mathematical expression f o r  t h i s  va r i ab le .  

A system of f i r s t  order  l i n e a r  d i f f e r e n t i a l  equations a r i s i n g  from a two phase 
flow problem was solved f o r  personnel of Process  Design Operation. 

Chemical Processing Department 

Continued mathematical a s s i s t ance  was provided on the problem cf designing and 
manufacturing cams t o  con t ro l  Gortcn lathes during machining opera t ions .  

Construct ion Engineering and U t i l i t i e s  Operation 

A program t o  t es t  the a p p l i c a b i l i t y  of t h e  proposed method f o r  eva lua t ing  f a i r  
c o s t  estimates was agreed upon. 
poss ib l e  a s s i s t ance  i n  developing a more meaningful and f a c t u a l  b i l l i n g  system 
f o r  s e rv i ces  rendered by the General S tores  and Excess Property Operation. 

Discussions were a l s o  he ld  with r e spec t  t o  

Rela t ions  Operation 
, .  

Assis tance was given i n  formulating methods f o r  t he  ana lys i s  of psychological 
t es t  score data and t h e  eva lua t ion  of t he  r e l i a b i l i t y  of a new tes t .  

OPERATIONS RESEARCH & SYNTBESIS 

CA BENNETT:kss 
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A.  FISSIONAELE MATERIALS - 2000 PROCRAM 

Special Radioisct2pes 

Review was made of flcw sheets and prccess chemistry of all U. S. urani-m cre 
milling plants t o  det.emuce wkich used processes favorable fo r  the recovery of 
Th-230 (ionium) frcm wast.es 
capacity was found t o  use appropia te  processes. 
prccesses leadi- t o  espezially Ugh icnium content i n  waste streams. 
inary analysis of samples received frsm one cre  mill icdicates that  a r ich  
source of ionium (SG ppm) exis ts ,  and i n  m m e  quantity. 
on the r a t i o  o r  Tz-230 t.2 TIL-232 in tlzfs sample are  not yet' i n  hand. 
of t h i s  aspect i s  qxite important since ionirun mixed with gross qirsntities sf  
natural  t horrm i s  nct amemble t o  easy production of U-232 or ~h-228. 

Approximtely one-hlf the domestic m i l l i n g  
Several m i l l s  appear t o  use 

Prelim- 

However, f i r m  resul ts  
Knowledge 

Stlidy was given t o  uses cf tce p r d x t s  r e s i l t i n g  from irradiat ion of i o n i m  
other than as  ra3hiec tcpe  heat sources, 
neutrac s m r c e  material w k n  used i n  conjunction w i t h  beryllium. It is cut- 
star-dhg as  a nautrsn pr-,kicer. 
t o  gram quant.itiee c-f; ra!ii-itin, now widelz used fcr neutron sources. 
%i t i ee  ci Tk-228 w i l l  Frclcze a'ccut 10IJ neJtrons per secznd. 
m-226 may be competitive with LSX f l u  reecarch reaztors a n i  may have vide 
indus t r ia l  applicatisn.  

~ ~ i c r i m - 2 2 8  w s s  examined as a p t e n t i a l  

Milligram quact i t ies  of ~h-228 are  eqxivalent 
Gram quar- 

Lked i n  t k i s  m a ~ ~ r  

A report summarizing work do le  date on iscim is m w  keing uritfer,.  

C:JCle b u s e s  
*, - 

Compszter Code Development. 
were F U I ~  t o  conpare calclllations w i t h  tne resu l t s  of single-channel experi- 
ments. 

Tkie RBU ccde dekugefcg was vir-t tklly comFlate4, with a f i n a l  t r i a l  r-mi of t.%c entire 
system scheduled f o r  t.k ead cf the m3nt.k. 
imprcved aca mcftifiej. as  times goes o ~ ,  but i e  expected ta be usable f x  6rme 
Fxblems i n  tlze m e d i a t e  future.  Wcrk is eontin*Jing c11 the basic l ibrary 
and the iriput and cutput rOiltineS, w t ~ &  w i l l  be essent ia l  par ts  of the ccde 
fer general-purpose use but a r e  not require3 far debugging and tes t inq,  n3r 
fsr cer ta in  specially-prepare2 prcblems. 

An a5d i t ixml  grv;p of about 2G Meleagez cases 

Analysis of these comparzsms 15 now under way, 

m e  existing system w i l l  be further 

1 2 1 a 2 2 1 - l  UNCLASSIFIED 
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Anal;rsical Stztlies . W x k  i s  z x t t r x d  on the geiertilized i n i t i a l  evalutit ion 
of' se l f - sus ta in i rg  Flutor5un recycle i n  uniformly erzicked thermal reac tc rs .  
A s  c r ig ina l ly  programmed fo r  tke 1m-650 alld 732 mmputers, a t o t a l  G f  18 sub- 
rout ine codes were invzlvel  E c  ccaJmct icn  w i t h  -cas grapkd.r,sl methods used t o  
compute the  epparezt v a k e  cf' pl-atczhm t o  a reBctcr ope ra t im  usins  self- 
sust.ainiAng plrrtoni-mi rezyz le .  
Eal-ieord with an  IBM-799, tonsoli2aticn cf the codes t.o f d l y  exploi t  t k e  
larger  memcry and greaCer e x q x t e r  speed of the IRM-709 was undertaken and 
i s  now nearing compiet,ion. 
corresponding t o  each set cf in&: parameters wl tk t s t  the graphical sclut ions 
azd kizd tabulat icn s teps  necessary -+-iti; tke m-65c-7r.2 machine method a 

W i t ; =  replacemen: cf the I~M-650 a n i  ?@ at  

*is conszlfdated system w i l l  prizt cut anewers 

Ac imprDve3. m e t k i  fer eccmparixg the re16Sive wortiis zf zfrcanium and stsbiless 
steel  as fuel  element jackct2ng mbterldls was devised and appl icat ion s t a r t ed .  
'Re5e sVldies are ar- extension of" e a r l i e r  xcrk. 
serve 8 3-1 p a p w e  iz l  t.h: it will 'te L S P ~  t o  ctsck thermal u t i l i z a t i o n  
f ac to r s  computed 5y t t e  rs:erYLly develsped Melesger crde. 

A stafidar3 compilatkn Df compcsi5iori ax? density s p z i f f z s t i c n s  fcr af lzys  
and engineering materials 2f i n t e r e s t  i n  r e a c t c r  a n a l p i s  was s ta r ted ,  for 
use i n  f u h r e  pkysics inves t igs t iacs .  

A aez t icn  of t h i s  stady w i l l  



UNcLAssIFm 

PEiTR Plans and Schedules 

F- 3 HW-62012 

~ 

A preliminary study 'was mdertaken in eooperaticn with others t o  formulate a 
method whick can be used f o r  plutoiiun accmntabi l i ty  during PRTR operatioClq. 
The proposed metkcd w i l l  employ a ser ies  cf graphs s h o v i q  plutonium cmtent  
a s  a function of exposure. 
Meleager code. 

Detailed loading, unlcading, and chemical proceseing s&edules were developed for  
t h e e  a l te rna te  cases of PRTR operat.icn, incorpcrsting desirable ckanges i n  
experimental scfiedules. 
only h i @  exposure plutsliium available ( a )  from po-der reactor fue ls ,  (b )  frm 
i r r sd ia t ion  of depleted uranhn a t  Hanford, an i  ( c )  frm i r radiat ion of plutonium- 
aliunln7m a l l cy  fue l  e1emez;ts a t  Savannah River. Achievement of self-sustsining 
operation about 60c 3ays e a r l i e r  w i l l  r esu l t  i f  extra high exposure p1utor;lum i s  
provided frcm e i ther  Eanfzrd or  Savannah River. Ccsts snd sctedcling information 
for  a l l  three cases was assembled. Gains t o  the program, over and abcve the 
ea r l i e r  achievement of self'-sisstaining operat.isn, were established and evalmted. 
These r e l a t e  primarily t r ,  e a r l i e r  pract ical  fabrieatir.g experience wizt t i gh  
e x p s u s  plutonium and t o  ea r l i e r  aqLleition of physics dsta  applicable t o  the 
higher isotopes of plstcml=;m. 

€??TR Hazards Acalysis. 
accident i n  the PRTR were wmpleted. 

Data fcr the grafis w i l l  be pmducec by the 

%e t h e e  cases examined kad t o  do witk operation asing 

Calzulasiona cn the r s d i c l x i c s l  conseqdences of an 

Fadiological CsnsTultat ion 

An outlilie was p r e p r e ?  f c r  a ckayter i n  t5.e fortk,-.ming r ev ie im of Meteorclcgy 
a23 At.omic E n e r a  and was transmitt.ed t o  tke U. S. Weather L x a u ' E  represezt- 
a t ive  for  comparison and compilation wiIh D t h e  chapters. Consdtation was also 
rendered of; :he NPR Cor-t&icment System, an ASA Subcommittee r epmt  for Urariim 
Mines and Ccncentrstsre, s health and safety repcrt  prepared by Esramm, 
t l e  Shielded Peracrg-€1 Mmitm, and the need f x  geologieal research;. 

Other skidies comprises a review cf NCF2 Handbook 54, Comments received cn the 
revised draft. of Esndbwk 4.2 were a l so  reviewed and are  being i x o r p c r s t e l  ir-30 
the  tex t .  

Counsel was a h 3  reniered ts f t e  Infialation Hszards S&-.ommittee r,f t t e  NAS- 
NRC C c d t t e e  on the Pat,hological Effects =f Atomic Energy. 

A review of the re~earch need,. f o r  setting maximm permissible limits wbs made 
i n  conjmction w i t k  v6ric-m Hmfmd perscnnel. A d raf t  of the conclusims was 
prepared. 

A report  of t-he Raiiiclegical Evaluatim Task Force was prepared as a fin61 
d ra f t  with the excepticn s f  t b e e  appendices. 
t o  t h e  members of the Task F r x e  S G ~  f i m l  comment and revision as ceeled 
before f i n a l  issLan-e. 

This &aft  w i l l  be circulated 

1 2 1 1 . 2 2  1 9  UNCLASSImD 
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D. CYFER ACTIVITIES 

The f inal  repor t  on the 1959 Suwner I n s t i t x t e  on Nwlear Energy - Chemical 
Processing was completed, as was a summary of the appraisal  of the course by 
t h e  par t ic ipants .  E f s  appra isa l  indicated t h a t  the  1959 program was highly 
s a t i s f a c t o r y  and t h a t  repeat ing tke  program Lext year wculd be appropriate. 

A meeting tmk place a t  Eanfsrd on September 21  between t h e  Eanford Laboratories 
University R e l a t i m s  @or;scil &Ed t h s  University of Washington Hanford Liaison 
Committee. Research areas  of 
mutual i n t e r e s t  were discussed and it was agree3 t o  develcp a s e r i e s  of technical  
speaker exchanges i n  these areas. The immediate gDalwould be a better knowledge 
of t h e  type and qua l i ty  of research a t  the  two i n e t i t l t i o n s  leading to mutually 
b e n e f i c i a l  informatim exchanges. Evenblally, exchange of researchers for fixed 
periods of time migtt be undertaken. 
f a c i l i t i e s  

Hanfcrd programs were described f o r  the v i s i t o r s .  

The meeting ende3 with a tour of Hanford 

Assie2ance was reEdered i n  arranging fcr seven t .oxrs (involving 211 people) 
thmgh EL0 and 9APO f a c i l i t i e s ,  

Mnager, Programming 

LH McEven;dl 
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RADIATION PROTECTZ@N OPERATION 
MONTHLY REPORT -- SEPflEMBER 1959 

A.  ORGAIJIZATION AND PERSONNEL 

P .  E .  Bramson (Technical Graduate) rotated t o  a new assignment on September 1, 1959. 
J. D .  Forsythe was added t o  the r o l l s  of EE & RO on September 21, 1959. 
f i c i a l  move was made within RPO during the month. 
terminated on September 10 and September 25, respectively.  
t i o n  Protect ion Operation t o t a l s  131. 

One bene- 
J. F. Evans and L. L. McIntyre 

The force of the Radia- 

B .  ACTIVITIES 

Three new plutonium deposit ion cases were :onfirmed during the month. 
than f ive  per cent ( 5 s )  of the maximum pemiss ib l e  body burden. 
cases of plutonium deposit ion on record. The t o t a l  number of deposition eases t h a t  
have oscurred a t  HAP0 is 235 and 169 a re  current ly  employed. 

A l l  were l e s s  
There are  240 

An explosion occurred i n  the plutonium oxide hood i n  c e l l  5, 231 Building. A 
sec t ion  of the top of the hood was displaced and rubber hood gloves were ruptured by 
the react ion.  No i n j u r i e s  occurred t o  nearby employees. Four people who were i n  
the room a t  the  time received minor amounts of plutonium contamination on t h e i r  
clothing and/or person. Decontamination of these employees was successful. In te rna l  
deposition of plutonium i n  these employees appeared t o  be unlikely.  

A dose r a t e  of 500 r/hr above the 327 Building sump t r ap  was measured a f t e r  two 
i r rad ia ted  UO 
operations. 
a t  16 f e e t .  

samples were inadvertently sucked i n t o  the t r ap  during routine cleanup 
$he samples were removed remotely with a maximum dose r a t e  of 4 r/hr 

Another allegedly radioactive 55-gallon drum which was discovered in the B a y  off 
Tacoma, Washington was delivered t o  HAP0 f o r  inspection and analysis .  
surveys indicated 110 radioact ive materials were involved. 

Preliminary 

Measurements of radioisotopes i vegetation showed expected var ia t ions.  The concen- 
t r a t i o n  of I1jl was < 1.5  x 
products other than 1131 showed an average of 2.2 x 10-5 pc/gm from the  separations 
areas,  project ,  Eastern Washingt n, and Franklin County I r r iga t ion  D i s t  i c t -  a l l  
other locat ions were < 1.0 x 10-5 pc/gm. I n  a l l  vegetation samples Ce 161 -la4 was 
found a t  an average of 1.0 x 10-5 pc/gm, except the South-Central Wa hington and 
Northern Oregon and Zone AA sample groups which averaged < 5.0 x lo-' pc/gm. 
zr95-%95 r e s u l t s  averaged 3.9 x 10-6 pc/gm from the  separations areas, project ,  
South-Central Washington and Northern Oregon, and Frank i n  County I r r iga t ion  Di s t r i c t ;  

pc/gm i n  a l l  of the 27 zones sampled. Fiss ion 

a l l  other vegetbtion sample groups averaged < 2.0 x 10- is pc/gm. 

Fallout ,  as measured by d is in tegra t ions  per  cubic meter, collected on air  f i l t e r s  
a t  l o c a l  and d i s t a n t  points  have been consis tent ly  below background (1.0 d/m/m3) 
f o r  the  pas t  two months. 

A minor emission of radioactive pa r t i cu la t e s  occurred a t  the Redox p lan t  late i n  
the month. 
f i l t e r s  indicated 90 per cent Ru103 and small amounts of iodine, zirconium, and 
antimony. 

The emission was confined pr imari ly  t o  the immediate ground area.  Stack 

UNCLASSIFIED 
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Measurements w i t h  l a rger  ionizat ion chambers and with the s c i n t i l l a t i o n  e o w t e r  
cf the dose r a t e  i n  the Columbia Eiver upstream from the p lan t  d id  not ver i fy  
suspected gradual increases indicated by mut ine  pulse pen211 measureaents. 
i n  the program measurenent techniques were made t:! improve the qua l i ty  of the 
r e su l t s  ' 

Changes 

A schedule was i n i t i a t e d  f o r  quarter ly  cross-section surveys of the Columbia River 
using the s c i n t i l l a t i o n  counter t o  determine the most e f fec t ive  sampling paints  
i n  each cross section. Use of the  s e i n t i l i a t i o n  counter i n  conjunction with cross- 
sect ion r i v e r  water samples w i l l  provide data on optimum sampling points with about 
half of the cross-section samples previously required. 

A vaxum-operated system f o r  ra i s ing  and lowering the radium source f o r  f i l m  cali-  
brat ion was i n s t a l l ed  i n  the 3745 Building. 
very sa t i s f ac to ry  f o r  time and posi t ion controls ,  
source eliminated a minor e f f e c t  from source asymmetry encountered with previous 
methods. 
t i on  wells was checked w i t h  an R-meter recent ly  cal ibrated a t  the National Bureau 
of Standards. Both ca l ibra t ion  wells were found t o  be within plus or minus three  
per cent (9  3s) 
purchased on the PRTR projec t .  
ments were placed i n  the operating pool. 

Tests showed the "fail-safe" device was 
The auto-rotation feature  of the 

The aczurazy of the one-half cur ie  sources and t h e i r  respective ca l ibra-  

Seven new CP meters were received from the vendor These were 
Acceptance tests were sa t i s fac tory  and the in s t ru -  

Laboratory tests crntinued on the small volume bioassay sampling procedure. 
pondence was received from the duPont Savannah River Plant  on t h e i r  new procedure 
f o r  plutonium bioassay analyses and i t s  pcssible  appl icat ion a t  HAPO. 

Corres- 

Ninety-nine people were counted on the whole-body counter during the month. 
processing programming of the counter analyzer data was essent ia l ly  completed. 
The tape u n i t  f o r  the analyzer was ordered f o r  &-day delivery.  
hand punched u n t i l  the tape punch equipment i s  ins ta l led .  
processing methods and equipment should eventually permit the counting of about 14 
people per  day. 

Data 

The data w i l l  be 
Fu l l  application of data  

A t e s t  using a PhaIItau, sodium-chloride sclut ion,  and personal Items such as coins 
and keys confirmed that a delivered dose of about 4 rads of' fast neutrons &about 
2 Mev.) was suf f ic ien t  t o  cause a GM reading of about 400 c/m fran the Na2 in the 
blocxi. 
s o r t  method f o r  detect ing high-level neutron exposures i n  the event of a c r i t i c a l i t y  
accident 

The use of a GM meter f o r  gross survey i s  current ly  specified as a quick- 

A comprehensive study of plutonium contaminated in ju r i e s  a t  HAPO was i n i t i a t e d .  
A l l  avai lable  information on each inzident has been collected and i s  being analyzed. 

Preliminary revis ions were made i n  the 3705 Building f o r  i n s t a l l a t i o n  of the auto- 
matic f i lm processing equipment. 
i n s t a l l a t i o n  of the e q u i p e n t  was scheduled f o r  October. 

Cauplete shutdown of the south darkroom and 

C *  EWUm RELATIONS 

There was one medical treatment in jury  f o r  an estimated frequency of 0.48. 
secur i ty  violat ions occurred during the month. 

Na 
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One suggestion was received for evaluation. 
during the month. 
was adopted and recommended for award consideration. 
suggestions at month end. 

Two suggestion evaluations were made 
One suggestion pertaining to improved calibration techniques 

There were no outstanding 
No awards were made. 

Several Radiation Protection Operation employees toured the PRTR during the month. 

Radiological training included: 
aspects of Hanford processing; radiation protection considerations for contractor 
personnel--presented to Facilities Engineering Operation; four orientation discus- 
sions were presented to Plutonium Metallurgy and Biology Research employees; dis- 
cussions and a tour for 17 radiation monitors on the whole-body counter; attendance 
by two radiation monitors at the PRTR training course. 

two lectures for 300 Area personnel on radiological 

D. SIGNIFICANT REPORTS 

HW-61801 

HW-61743 

HW-62123 

W-61826 

"Radiological Protective Apparel Approved for W O  Application" by 
T. C. Mehas. 
"Rubber Ring Dosimeter Calibration with the Plutonium Spectrum" by 
F. Swanberg, Jr. and B .  V. Andersen. 
"Monthly Report - September 1959, Radiation Monitoring 0peration"by 
A .  J. Stevens. 
"Analysis of Radiological Data for the Month of August, 1959" by 
R. L. Junkins. 

I 2 4 2 2 2 4  
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lJI,TS (Awust 24, 1959 - September 27, 1959) 

Sample Type and Location 

Drinking Water 

100-F Area 
Septrratione Areae 
Paeeo 
Kennewick 
Richland 

Columbia River Water 

Above 100-B Area 
100-F Area 
Ilanford Ferry 

McNary Dam 
Vancouver, Waehington 

h 6 C O  

Ground Water 
~~ 

Outlying Test Wells 

Atmosphere 

Oroar Dare Rate - 
ProJect 
Environe 

1-19 Wprrrtlonr m a r  
1-19 Beprratlonr Btrckr 

I Aotiva PIr t ic1er~-  Projoct 
A c t i v e  Particlor - Environr 
Ve&etatlbn 

* 

w 

I 

Activity 
Type 

Ieotopic 
Gross Beta 

Ieotopic 
I B O t O p i C  

Gross Beta 

Gross Beta 

Gross Beta 

Gross Beta 

IBOtOpiC 

I B O t O p i C  

G r O S B  

Gross Beta 

(;camma 
Qamma 
I -131 
I -131 
-I -- 

1-131 
1-19 

1-19 

&ta 

Monthly 
Average 

1.2 
8.0 x 
0.4 
0.1 

< 3.0 x 10-8 

5.0 10-9 

No Sample 

Trend** 
Unit a* Factor 

-3 

~ h r  
ocouprtlonrl exporure t o  the ~ o t r o l n t e e t l n r l  tract cr lculs ted from drinking 
water l imi t s  . 

i r  the p r c e n t  of tho mrximum prmiro ib le  l imi t  for continuouo 

The trend factor  rhowo the n-fold increaee (+) or decrease ( - )  from last month, 
where valuoo of n lese  than  2 Will not be noted. 
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EXPOSURE EVALUATION AM> RECORDS 

Exposure Incidents Above Permissible L i m i t s  
W h o l e  Body Localized 

S e p t emb e r 
1959 t o  Date 

0 
7 

0 
8 

Gamma Pencils 
Penci ls  Paired Readings Paired Readings Lost 

Processed 100-280 m r  Over 280 m r  Readings 

September 21,220 114 
1959 t o  Date 233,743 900 

8 3 
43 13 

Beta-Gamma Film Badges 
Badges Readings Readings Readings Lost Average Dose 

Processed lOO-3OO mrads 300-500 mads  Over 500 mads Readings Per F!lm Packet 

September 10,431 890 83 21 45 
1959 t o  
Date 96,956 7,660 751 168 384 6.74 15-85 

Neutron Film Badges 
Film Readings Readings Readings Lost 

Processed 50-100 mrem loo-300 mrem Over 300 mrem Readings 

Slow Neutron 
S e p t emb e r 1,745 
1959 t o  Date 11,307 

Fast  Neutron 
S ep t emb e r 
1959 t o  Date 1,265 

458 

0 
19 

10 
21 

0 
2 

1 
14 

0 
0 

0 
0 

9 
62 

9 
60 

Bioassay 

Plutonium: Samples Assayed 
Results above 2.2 x pc/semple 45 332 

1959 t o  Date 
6,818 

Fission Products: Samples Assayed 805 6,742 
Results above 3.1 x 10-5 ~c FP/sample 2 32 

Uranium: Samples Assayed 222 2,418 

Confirmed Plutonium Deposition Cases 3 11* 

Vhis brings the t o t a l  number of.plutonium deposition cases which have occurred 
a t  Hanford t o  235. 

UNCLASSIFIED 
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Uranium Analyses 
Following Exposure 

Units of 10-9 pc U/CC 
Following Period of No Exposure 

Units of 10-9 pc u/cc 
Number Number 

Sample Description Maximum Average Samples Maximum Average Samples 

m e  Is P r  eparat  i on 52 5.6 35 
Hanf ord Laboratories 29 6.7 22 
Chemical Processing 27 6.8 56 

Random 1.5 1.2 2 

Chemical Processing* - - 
Special  Incidents - - - 

- 

15 2.6 39 
43 6.9 19 
36 4.3 49 - - - 

%3smples taken p r i o r  t o  and after a s p e c i f i c  job during work week. 

Thyroid Checks 
Checks Taken 
Checks Above Detection L i m i t  

Hand Checks 
Checks Taken - Alpha - Beta-gamma 

Skin Contamination 
Plutonium 
Fiss ion Products 
Uranium 

September 1959 t o  Date 
0 0 
0 0 

31,632 316,574 
41 , 211 273 , 659 

23 
37 
10 

206 
357 
100 

CALIBRATION 
Number of Units Calibrated 
September 19-59 t o  Date 

Portable  Instruments 
CP Meter 
Juno 
GM 
Other 

Tota l  

Personnel Meters 
Badge Film 
Penci ls  
Other 

Tota l  

Miscellaneous Special  Services 

Tota l  Number of Cal ibrat ions 

1,030 
328 

1,499 
226 

3,683 

8,701 
2,732 

12,514 
1,830 

25,777 

407 
3,394 

1,524 8,359 
1,463 io, 502 * 

527 3,745 
7,004 52,091 

r Radiation Protection 

AR Keene:kc 

I Z k . 2 2 2 6  
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LABORATORY AUXILIARIFS OPERATION 
MONTHLY KEPOFCC - SEPTEMBER, 1959 

GENERAL 

Safety performance of  the  operation was  considered sa t i s fac tory .  
major induries;  the minor in jury  frequency r a t e  w a s  4.08 which i s  considered 
about average experience. 

There were ‘no 

There were no secur i ty  violat ions charged to the Operation. 

TECHNICAL SHOPS OPERATION 

Total  productive time f o r  the  month was  15,444 hours. This includes 12,602 
hours perfonned i n  the Technical Shops, 995 assigned to Minor Construction, 
188 hours to o ther  p ro jec t  shops, and 1,459 hours to o f f - s i t e  vendors. The 
t o t a l  shop backlog i s  30,568 hours of which 5 6  is required i n  the current 
month, with t h e  ranainder d is t r ibu ted  over a three-month period. Overtime 
worked during the month was 5.6$ (1090 hours) of the total available hours. 

Distr ibut ion o f  time was as follows: 
Man-Hours $ of Total 

Fuels Preparation Department 2347 15.2 
I r rad ia t ion  Processing Department 2187 14.2 
Chemical Processing Department 368 2.4 
Hanford Laboratories Operation 99% 64.4 
Construction Engineering & Util i t ies  483 3.1 
Miscellaneous 108 -7 

Promotional opportunities were offered to and accepted by a Shop Estimator 
who t ransfer red  to the Inspection Operation, CE&U and by an Instrument Maker 
who was upgraded to the Shop Es t imator  posi t ion.  
on f i l e ,  one f o r  a Machinist to replace the man upgraded and one f o r  a Glass 
Technician to replace a man who i s  resigning i n  October. 

Two open requis i t ions are 

Secur i ty  performance wae considered sa t i s f ac to ry  with no violat ions.  
performance was considered sa t i s f ac to ry  wi th  13 medical treatment i n ju r i e s .  

Safety 

RADIOGRAPHIC !l!ESTDG OPERATION 

The index of  a c t i v i t y  f o r  the Radiographic Testing Operation was 185 f o r  
September. 
the U - t i m e  average of  209. 
i s  believed will steady down in the v i c in i ty  of  the average. 

This f igure  can be compared to  the Index f o r  August of  131 and 
Product ivi ty  appears mre near normal and it 
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A t o t a l  of 3,407 tests were made, of  which 835 were radicgrapnic (including 
x-ray and gamma-ray) and 2,572 were supplementary +,esi,s. Out of  a t o t a l  of  
1,885 man-hours, 557 (29.64) were used i n  connection w i t h  radlogra2hic t e s t s ,  
and 1,328 (70.44) were used on supplementary t e s t s .  The sqplementary t e s t  
work included: autoclave, borescope, dimensional measurement.s, eddy current,  
penetrant (O.D. and I . D o ) ,  pickling, surface treatment (a lkal ine cleanir-g and 
vapor b ias t ing) ,  and ui t rasonic  (flaw detection an& thicknese measureloents) . 
The number of pieces handled t h i s  month to t a l ed  3,207 i:ems. The f e e t  of 
mat.erial represented by the foregoLng amounted tc 311830 fee',. Insreased 
eff'lciency permits handling both more pieces and t e s t i n g  more factage. 

Successful p ick l ing  and autoclaving of the PRTR process txbes w a s  demnstrated 
on September 11 th .  
xh:ch w a s  reproducible and fu l l - sca le  treatment of the Fmcess  tubes was 
s t a r t ed .  
far three days. 
G f  t h i s  number, 11 tubes have proven acceptable as meeting all requiremente. 
An addi t ional  9 have a very s l i g h t  m u n t  of st.aixiing assoclated with the 
pickl ing  process. 
also. 5 tubes have a doubtful appearance and w i l i  require rewcrking. Final iy ,  
1 4  tubes a re  out  of s t ra ightness  specif icat ion and - J i l l  require straightening. 

A sa t i s f ac to ry  tube surface, inside and O l i t ,  was produced 

A two-day cycle was established, whizh has been maictair-ed except 
During t h i s  period, 44 tubes have been pickled and autoclaved. 

Further evaluation wili l i k e l y  show these M be acceptable 

An unexpected development i n  the autoclavi lg  process w a s  exeessive d is tor t ion  
o r  warping of the  tube a f t e r  treatment. Tests made to date p o i r t  +A two 
contributing fac tors :  unequal stress d is t r ibu t ion  i n  the -Lube arisir-g f r o m  
tube fabricat ion,  and d i s to r t ion  o f  the autoclave giving mequa, support to 
the tube a t  temperature. 
bow f i rs t  and f o r  correcting afterwards by autoslaving w i % h  the tuSe pre- 
f e r e n t i a l l y  or ien ted  i n  the autoclave. 

Some suc;-ess has been achieved i n  ninimizirg the 

To maintain continuity of t e s t i n g  of the z i r c u o y  sheaT;h tu3es, three engineering 
assistant.s  were obtained on loan f r o m  Materials Develcpment @era t ion  f o r  a 
tw-month period. 
of  Ceramic Fuel Element personnel. 

This addi t ional  help will assure meetir-g t h e  tez-ting needs 

Testing S t a t i s t i c s  

No.of Ft.of Weld No. of  
Tests o r  Material  Pieces ik B s pip t io  n 

CE&U 57 9 300 150 PRTR CaLaIi2rla; radiograph weld 
Eeck flanges on PAXI%; protctype 
t e s t  fat .(Phase 11); x-ray weld 
qual i f icat ions coupon for PRTR 
Pro j I ; radiographic liaison,PRTR. 

- Component 

1 2 t . 2 2 3 0  UNCLASSIFIED 
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Testing S t a t i s t i c s  (Cont'd.) 

No.of Ft .  of Weld 
Tests o r  Material - Component 

CPD 9 91 

FPD 8 1 

m 2,681 31,397 

I P D  41 41 

- 
Totals 3,407 31,830 

H- 3 

No. of 
Pieces 

36 

1 

2,979 

41 

Rw-62012 

De 8 c r ip  t ion 

H.S. Column T-H3 x-ray long g i r th  
seams on s h e l l  box & boot pipe 
welds; radiograph welds on fabri-  
cation of vessel concentrator tube 
bundle; x-ray S.S. Jumper. 

Radiograph s t e e l  clad f i e 1  element 
for  weld integri ty .  

9/16" O.D. x 8' long, zr-2 clad, 
u32 fuel  rods; .505" O.D. x 30" 
long Al-Pu Co - extruded rods; 
radiograph M a K  samples; radiograph 
Thorium - N a K  Capsules 5-l/2" x 
1/2" O.D. ; 3rd Pdlm fab.program; 
zirconium PRTR tubes; .6W" I . D .  
x .035" w a l l  x 7' long, zr-2 tubes; 
fluorescent penetrant t e s t  13 
valve seats.  

Fluorescent penetrant t e s t  p ig t a i l s  
f r o m  rear  face of F-Reactor. 

3,207 

FACILITIES ENGINEERING OPERATION 

Projects 

%'here were 22 authorized projects a t  month s end with t o t a l  authorized funds of  
$8,470,600. 
following new project  W 8 8  authorized during the mnth  - c~a-870, Fac i l i t i e s  f o r  
Recovery of Radioactive Cerium, 325 Building - $350,000. The following projects 
were completed during the month - IR-243, Relocation o f  200-E Testing Equipment, 
and IR-247, Aormal  E lec t r ica l  Service - Experimental Animal Farm, 100-F Area. 
The fol lor lng.projects  were returned f r o m  AFX without action due t o  shortage o f  
funds - CGH-832, Full Scale Physical Constants Testing Reactor, and CGH-859, 
327 Building Modifications. 
CGH-860, Access f o r  PRTR Fuel Elements. 
submitted to AEC during the mnth.  

The t o t a l  estimated cost o f  these projects is $9,611,600. The 

The following project  i s  awaiting AEC approval - 
No pmposals for  new projects were 

The attached pmJect  report de ta i l s  the s ta tus  of individual projects.  

UNCLASSIFIZD 
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Engineering Services 

T i t l e  

Isolate  Crane Conductors, 314 Bldg. 

- 

326 Building Retention W a s t e  Sixup 
Modifications 

Temperature Control for Fish Tmughs 
Biology Operation 

Additional Lab Hoods & A i r  Exhaust 
Modifications 

Graphite Storage Building 

Glycol Heat Exchangers - 325-A Bldg. 

lmprove Process Ventilation, 
Labs 204 & 206 - 3706 Building 

Hood Ventilation i n  l83-D Building 

Increased 4-40 vol t  E lec t r ica l  
Service - 325 Building Basement 

Alterations to Door Mechanism 
Shielded Personnel Monitoring Cell 
747-A Building 

Status 

Ins ta l la t ion  work is approximately 80$ 
complete . 
Field work i n  progress. 

Field work complete. 

Existing hoods w i l l  be instal led.  
Exhaust fan on order. 

Work essent ia l ly  complete. 

Design complete. Exchangers and valves 
on order. 

Field work i n  progress. 

Field work essent ia l ly  complete. 

Work complete. 

Design is complete. 

Compressed Air System, 231-2 Building Existing compressor relocated. New 
uni t  on order. 

A i r  Conditioning Boom 4 141-H Bldg .  Design complete. Procurement in progress. 

Fuel Extractlog Fac i l i t y  for PRTR 

Ventilation - 314 Building Engineering proposal complete. 

Design complete. 

Slectrical Modifications - Boom 24-A Engineering proposal complete. A work 
326 Building &termination i s  i n  progress. 

I 2 1 ; * 2 2 3 2  UmCLASSIFIED 
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Drafting & Design Services 

Design and draf t ing work in  progress includes the following: 

1. 
2. 

3. 

4. 
5. 
h .  
7. 

8 .  
9. 
10. 
11. 
12. 
13  

PRTR prototype loop - "As-Built" - 314 Building. 
Test set-up design - fuel ,  fue l  and f o i l  holders, and graphite - 
305-B Building. 
Fuel Rod f i i l i n g  machine - machine delivers specified amount o f  
oxide to each tube during compacting process. 
Ceramic Fuels Development mrk - miscellaneous aesigns as required. 
Maniplulator Model I1 "As-Builts". 
Control rod redesign fo r  experimental control rod i n  KCR. 
Remote operated dissolver and gas sampler. 
sulating e quipment , 327 Building. 
Calandria revisions during fahrication - PRTR. 
Shielded mechanical properties t e s t ing  f a c i l i t y  - 326 Building. 
In addition, miscellaneous small design drafting-orders are i n  progress. 
Non-destructive tesUn-g ejuipment mc-uficavons. 
PRTR Process tube rak and cutter.  
Door operator - shielded peraonnel m m i t o r b g  c e l l  - 747 Building. 

Complete with encap- 

- .  ._ 
: -  

Work i s  being performed on layout and de ta i l s  of proJects CGH-834 - Modifi- 
cations and Additions t o  H i g h  Pressure b o p  - 189-D Building, and CGH-836, 
Fission Product Volati l ization Studies Test Fac i l i t y  - 292-T Building. 

Maintenance & Building Engineering - Landlord Functions 

Costs - August - $100,607 Ju ly  - $81,810 
Fisca l  year 1960 expenditures total $182,417 which is ll.6$ of budget. 
Expenditure forecast  was ll.7$ of budget. 

Analysis of Costs - U t i l i t i e s  costs were higher than anticipated. !Riis 
i s  to be exqected since the pmcess u t i l i t y  demands of HLO components 
occupying non-HSX) space i s  G i t e  difficult to predict .  
were l o w  re f lec t ing  a l u l l  i n  unusual maintenance. 

Maintenance costs 

Unusual Maintenance 

Item 

E&V correction 

- m - August Cost 

8 989 $ 1,819 
Relocation & a l te ra t ion  199 
MDve furniture 64 
Miscellaneous 
Paint  

kg0 
237 
181 
392 

$ 1,252 $ 3,119 

1 2 k 2 2 3 3  UNCLASSIFIED 
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The annual physical inventory of uninstalled capi ta l  eqpipment assigned to 
the landlord was conducted, and a l l  215 items were accounted for.  

The #2 exhaust fan i n  329 Building was damaged when the corroded i n l e t  cone 
w a s  drawn into the impeller. 
material was coated with acid res i s tan t  paint.  Apparently the f l o w  of 
chemical fumes had eroded the coating and exposed the metal to attack. 
Stainless s t e e l  cones are being used fo r  replacement. 

The repair  is estimated a t  $1,200. The cone 

Painting of the 328 shop roof in t e r io r  has been contracted to Tri-State 
Painting Company of Portland for  $5,300. 

Miscellaneous 

PgPro-telY 
drawings were 

Approximately 

180 drawings including sketches, work sheets, and form 
completed during the mnth  by Drafting. 

15,900 square f e e t  of p r in t s  were reproduced during the mnth. 

The total estimated value o f  the 12 requisitions issued during the month was 
$53,000. 
and plant operation. 

Material procurement and control is being performed by RLO projects 

TECHNICAL INFORMATION OPERATION 

The Supervisor, Document Accountability, attended a meeting called by AEC 
Security to get agreement on a method of handling documents intended for  the 
Bovay Company. 
The method of handling will be the same as tha t  used f o r  charging documents 
to HOO Responsibility Stations. 

Documents intended fo r  Bovay wi l l  be muted 'd i rec t ly  to  Bovay. 

The procedures f o r  the preparation, marking and control of documents containing 
Atomic Weapon Data are still  not complete. basic technical pmblems -- 
what specif ical ly  consti tutes Atomic Weapon Data a t  Hanford, and what Sigma 
cate-ries apply to Banford's ac t iv i t ies .  
been completely re-written to take care of procedural problems but the technical 
problems will have to await a revision of the "Guide to Atomic Weapon Data a t  
Hanford". 

The OPG on Atomic Weapon Data has 

New c r i t e r i a  were received f o r  the classi f icat ion of Hanford separations 
process information. In general, a l l  information on the Redox, Purex and 
'R33 processes, except t ha t  which would disclose production information o r  
product specifications, is  now unclassified. In  addition, the non-production 
and non-military reactor fue l  separations process technology, processing rates  
and costs, and Research and Development are unclassified providing classif ied 
pmduction information is not disclosed. The new c r i t e r i a  will be distributed 
to the f i e l d  f o r  immediate use. Suitable tapics w i l l  then be prepared fo r  in- 
clusion i n  the Hanford Classification Guide. 

I u 2 2 3 4  UNCLASSIFrnD 
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The first report pertaining to waste disposal sent t o  ROO Information Division 
fo r  review w a s  released. 

A new AEC Manual Chapter on the "dissemination of published and unpublished 
unclassified AEC technical information to foreign nations" has been received. 
The number of foreign requests continues steady. During September requests 
were received from England, Norway, Canada, India, West Germany, and East 
GeI-JWly. 

There w a s  a sizable backlog (18) of unfinished Research and Development reports 
i n  Technical Publications a t  m n t h ' s  end. A former employee of the group, now 
working i n  Chemical Research Operation, w i l l  work al ternate  Saturdays to help 
out. It remains to be seen whether t h i s  w i l l  be suff ic ient ,  but the s i tuat ion 
i s  a considerable hprovement over t ha t  a t  the end of August. 

A records disposal schedule has been worked up by Records Management t o  accompany 
the HAP0 microfilming proposal (which Includes Technical Information's plans to 
microfilm i t s  document holdings) to Washington. 
may be destroyed as soon as a sui table  microfilm copy has been made. The 
microfilm copy w i l l  be retained indefinitely.  
program to Technical Information are Improved operating efficiency i n  the 
use of current and active records. 

Under the schedule, reports 

The prFmary benefits  of the 

The Manager, Technical Information, attended a meeting in Washington of the 
Steering Committee of the B C ' s  Technical Information Panel. 
primarily concerned with (1) se t t i ng  up the agenda f o r  the regular Panel 
meeting i n  November, (2) reviewing the Commission's program fo r  machine re- 
t r i e v a l  of information, (3) revising the by-laws of the Panel and, (4) evalu- 
a t ing  the e f f ec t  on Commission and Contractor information programs of some 
major policy changes i n  the categorization and dis t r ibut ion of documents via 
the Standard Distribution L i s t s .  

The meeting was 

Work Volume S t a t i s t i c s  

Document Distribution and F i l e s  
Documents routed and discharged (copies) 
Documents issued (copies) 
Documents sent o f f s i t e  (copies) 
Document reserves f i l l e d  (copies) 
Documents picked up and delivered 

Document Accountability 
Holders of c lass i f ied  documents whose f i l e s  

August 

16,882 
9 J  
3,934 

636 
19,968 

12t-2 

were inventoried 30 5 
Documents inventoried i n  F i l e s  (copies) 11,479 
Documents destroyed o r  r e t i r ed  (copies) 3,359 
Documents revised (copies) 1,109 
Documents p u l e d  and documents f i l e d  (copies) 10,451 
Documents re  c lass i f ied  262 
Accountable copies of SECRET and DOCUMENTED 

CONFIaENTIAL documents onsi te  208,972 

2 3 5  

September 

16 , 205 
12 , 044 

3,492 
916 

19,273 

461 
16 , 669 
1,167 
1,188 

234 

209,011 

11 , 017 
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August September 

Reference and Publication 
Books cataloged (new t i t l e s )  
Books added to the  collection (volumes) 
Ready reference questions answered by 

Literature searches by professional s t a f f  
Reports abstracted ( t i t l e s )  
Formal repor ts  prepared ( t i t l es )  
Offsite reqyests f o r  HAPO r e p o r t s  (copies) 
Reports released to  CAP ( t i t l e s )  

professional staff 

Library Acqusitions and Circulation 
BGks ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicals circulated (issues) 
Inter-Library loans 
Films borrowed o r  rented 
I n h s t r i a l  f i lm showings 
Bound periodicals added to the collection 

247 219 
469 3 58 

159 137 
101 109 
240 267 
12 10 

23-7 328 
23 15 

264 276 
81 93 

1,204 1,737 
2,824 2,752 

72 78 
23 25 
37 43 

217 

Library Collection: 

Main Library W-10 Library 108-~ L i b r a q  Ind. Med. - Total 

No .of books 27,547 8,250 1,483 1,980 39,260 

No .of bound 
periodicals 12,576 1 1,43 96 14,104 

Classification and Declassification 
August September 

Documents, Including drawings and photographs 
reviewed fo r  downgrading o r  declassification 9 32 

Documents and papers (intended f o r  o r a l  presentation 
o r  publication) reviewed f o r  appropriate c lass i f icat ion 26 87 

Documents submitted to Declassification Branch, 
Oak Ridge 5 13 

I 2 \ * 2 2 3 b  
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As of September 30th the  s t a f f  of the Eanford I a h m t o r i e s  t o t a l l ed  1302 eqioyees,  
including 629 exempt and 673 nonexempt. 
Itice1 degrees, including 335 B.S., 112 M.S. and 99 Ph.D. 

There were 546 eqloyees possessing tech- 

T'ne Specialist ,  Comm\lllicstions attended a two-dag meeting of A t o ~ c  F m d ' J C t 6  
Division pu3lic informtion representatLve~ i n  Rlchland during the Eonth. 

Tne f i f t5  Prograa of $he Infcmation md Oriectation Series wes completed during 
S ep t e& e r  . 

After t h  Se2 te~3e r  15th o f fe r  of pert2cipation :E t h e  Savings & Security Progrm, 
E O  percent of pa r t i e ipa f im increased from 66.8 t o  9 S . k .  

Negotietions were cocducted wit2 tkE Iielatioss Opgration Ehployee Coxpecsction 
t o  P5tahliSh new rionexeqt aid exempt positions and re-e?-&lute two exempt POfitiOItE. 

Pk.D. recr-liting sct iv5ty wes very i i d t e d  duriLg the  month with 0- t k e s _ v i s i t s  
by candib tee .  Piens f o r  r e c x i t k g  of g lr .D . ' s  during i t e  coming yesr were fixe.d 
u~ OL a Compar;lT-wide basis with canpus vis i ta t ions  t o  be conduetea during 3ctoZer 
and November 

A i l  arrarigeaents w e x  e o q l e t s d  fo: EAPO partizipat:~~;  ir the Coqa9y-wide re- 
crustnent. of ES/m gr~clus+,es. 
f o r  fntemiexs duping September and e i a t  a c c ~ p + s c e s  were received. 

IL additioc, 1.7 experienced candidates v is i ted  
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PROFFSSIOIUU PLACEMENT (Con*d. 

P z e e  Teck ica l  Graduates were added t o  tha Training Program r o u e  during Segtember snd three were placed on penchnent assignme~ts.With the tex-',l;et, ion of a l l  tempo- 

s p y  summer emgloyees, the total force OE tha TraiEicg Program3 on Septea3er 30th 
wss 83. 

3enty- tvo  reqdisit ions fo r  norexempt empbyees were f i l l ed .  With the receipt 
of 26 pew requisitions and two eareellatiom, t he re  were 31 ozenings E t  xonth's 
end f o r  wkich t e c  cad ida te s  wwe i o  process aad 16 transfers peRdbg, leaving 
f ive candidates yet t o  be procure&. 

One Serviceman 
l a t e r  employed 

W&Q removed fro?& t!z$ EL0 payroll  due t o  h e k  cf work. 
by the  City of Rfclzlend. 

Eis was 

3 m g e r ,  
P rdkse ioca l  Plaeemect 
CLZ iielstions Practices 

I Z h 2 2 5 0  
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TABLE I1 NONEXEMPT EMPLOYIENT 

Ncdxemut Emploment S ta tus  &g. Seut. 

Requfsitions 
At end of month 29 31 

Cancelled 4 . 2  

Re ce ived 29 26 

F i l l e d  31 22 
Candidates Considered 

Application8 72 65 

I Z L 1 2 2 5 2  

I- 4 HW-62012. 

NonExempt Transfer Request %& 

Transfers 
Active cases a t  end of fila. 85 83 

Cancelled 0 . 4  

New 3 4  

Transfers effected 5 2  

U N C L A S S I F B D  
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C - Technica l  Graduate and Tezhnician Tra in ing  Program 
Month ending September 30, 1959 

TG Program 

Number Personnel  on assignment 75 
(HAP0 Tech Grad Program. * .  e . .  . . . .67 . . 8 (West.. D i s t r i c t  E. P. * .  . . . - 

D i s t r i b u t i o n  of assignments by Depts. 
HLO 28 
CE&UO 1 
FPD 7 
IPD 32 
CPD 7 

D i s t r i b u t i o n  of assignments by func t ion  
R&D or Engineering 52 
Other 23 

1 2 1 1 2 2 5 h  

m-62012- 

TI' Program 
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FIPJANCZAL OPERATION MONTHLY EU2PORT 
SEFPENBER 1959 

Per s orae l  

There were no persomei  changes 

GENERAL ACCOUNTING OPERATION 

d u r i i g  Sep5emlxr. 

Act i v i  t i e  s 

A proposed revis ion of Ar t ic le  V I  of A2FenCix "B" of Contract A!T(45-1)-1350 was 
received from Contract and Accoxfing f o r  review and comment. 
designed t o  up-date the pravisions of Appendix "B" t o  confcrm with recent under- 
standings reached with the Comissisn regarding allowable expenses i n  cornection 
with re loca t ing  ncw employees ar,d other minor changes. 
revis ion have bee:: submitted t o  CoLtract and Acccunting. 

The re-dsion i s  

Commeqts r e g a r d k g  the  

A manual on Travel and Lf-rizg Ex-pemea has beer, prepared f o r  i s sumce within 
Hanford La5oratories. 
Laboratories, t h e  m a n a a l w i l i  be issuer',. 

SS Accountability advis& us of the  fcrthcomiag Swvey 17, of which Part  I i s  t o  
z m s i s t  cf a v e r i f i c a t i m  cf HLO i n v z n t x i e s  of normal uraim, mint md demer- 
lun as of the  erd of Gctcber 1959. ID response t o  t h i s  amcuxemezt, ma+,erial 
custodiam w e r E  requested $0 s c t m l t  In-rerAorz informat,ion t o  be compiled wliich 
vas forwarded t c  SS Accourkakility fsr use i n  preparing a a e t a i l  inventory 
schedule for  t h e  AEC. 

As soon as approval i s  received frcm the  Manager-Hanford 

A r e p c r t  of reauL5,s 'vTas iEsued f o r  the  ~ h y s i c a l  insrentcry of mova5le Zataloged 
equipment ir the  ciust,zdy of EaZiation Protection Operat!.cn. 
h a d r e d  and tver.+,y eight. ',terns were physical ly  count.cd v a h e d  a t  $688,385. 
%tens valued a* $2,255 w e r 5  added t o  recor% as crjmpared t o  one item v a h e d  st 
$135 i n  the FY 1959 ioventcrry. 
+ory compared ts onc niss ing  item valued at. $300 i n  the  FY 1959 ir?ventGry. 
Inventol-y r e s u l t s  ind ica te  d o s e  crJntr21 over e q u i p e n t  md t h e  use of preFer 
procedures i n  t r a n s f e r r i n g  ~r excessing equipme2:t. 
equipmelt it i s  our opicicc th9 cust.odians have perfcrmed an exzel lent  job 
c o n t r s l l i n g  t h e i r  equipment. 

One thousand zigkt  
Six 

No missing e q u i p e n t  vas reported io  the i w e z -  

Due t o  t k e  na-kxre of t'k 

A l l  f i e12  work i n  comec+,ion witk tne  physical inver,tary of mvabie  catalogecl 
eQLigmer,t i n  t h e  custo6y of Licoratary AuxiliarLes Operation i s  complete. 
lisC,i=g of unlocatea I tem w a s  fcrwardeci t.0 t h t  Section Maager requesting tha t  
the equipner,t be located a r  a missing property repor t  ke prepared. 

A 

The Property Management Manual i s  cwrentl-j  being revised t c  incorporate new 
HAP0 O E s  p e r t a i n k g  t o  prcperty marzagement i n  the  manual. 
3 per ta ining tc Passes - Govemlert  MateriaL ard Personal Property was prepared' 
and dis t r ibx%ed during the month of September. 

lievision t o  Chapter 

Plat imm Yalued at, $13,401 was shipped t o  the AEC New York Operation ?or recoy,-ery 
of vh2ch $5C2 was charged t.; c o ~ t  fr,r loss i n  r e f h i n g  process and recevery costs.  

IZKiY255 UNCLAsSIFIF3 
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A s  one of the r e s u l t s  of the bidget  mecting held or SepTember 25, 1959, addition- 
a l  Equipment f u d s  were ma& a-Jaila3le tc. Eazfcrd Labcratwies  33 re l ieve  the 
aciAte shorf,age whicl; exis ted LE the XYX Program. Re-rlaeci a l l c c a t i o r s  have bezr, 
mace c c v e r i r g  our ecpipnezlt f . xx i~  Lzcrease as sho;.m below. 

Reector and Fuels RGcD 
C k n i c a l  R E  
Pnysizs & Instrmen5 R 8 3  
Radiat.ion R o t e  z t icn  
Lai, :r at  c r j r  Auxi li a r  i cs s 
Pr2,iect O\rz.rrm Reserve 

$1 434 $2 195 

Septernk er August 
Perlod Eqded F c x c  as% F x e c a s t  - EE azc t.!. OP 

12- 31- 59 
6- 3 ~ -  60 - 

12- 31- 6c 
5- 30-6; 

1 333 
1 344 
1 347 
1 9 7  

30 
22 
42 
26 

Thc t c t a i  Ha.nford Lakcratcries ??-Adget w a s  es tab i i shrd  f o r  FY 1960 a t  $21,840,030. 
i n i s  conpares with t h e  p r e d o u s  cont ro lbx5get  cf $21,917,000. 
of‘ $?‘i,C3C i s  a n e t  figure which i s  the r e s L t  of the  fcllcwing: 

-. The difference 

I 2 U 2 5 b  VNCI;ASSZFID 
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Elcrease of FPD Prscess Technology Pmds $ 5 000 
M d i t i o n a l  IPD 20012 R&II fmes 300 GCO 
Transfer of Nm-Destructive Testing Prcgram from FPE 75 000 
Addition 3f A m h i d e  Research (5000 Program) 100 occ 
Addition of Special  Requsst P.mds from c f f - s i t e  rib OOL1 
A d s t i x  of CWIP, EWIP a d  f m e n t x y  f a d s  100 COC 

Redac5icc cf 
Re3uct;i 3s i n  
Redxtfor- of 
Reducticr, cf 
Red-icflcn of 

$794 000 

Plutosi-m R e ~ y c i e  Program $574 GOO 
Hclt  Semi Wcirks Stmaby 26 ozc 
Gas Cmie2 Reactor funds 29 900 
Ser-Jicc Assessmezts and SJppor';ing ServLces 126 OOC 
FPC Metaliuqg f ~ ~ c I s  20 003 

$871 390 - 
I n  additi92, a r e Z z c t i m  of $115,3170 was maiie  i n  the  Hanfcrd Laboratories Build- 
ing  a=d U-,:ltties buiiget ~ E a h  ;rill irfl;lsr,x &: programs by malz-irg these f8u;ds 
a-railable f c r  e ther ,  mcre h n s f f c i a l  e x p z 5 i t u r e s .  

Arrazigernerts have Zeec naae tz! zt5Lize tks  W G  EDP work order system f o r  b i l - i sg  
c c s t s  of +,he Ra5i:grapl;ic Testf~g Q e r a t i o i  (code 7356) tc customers, e f f e x i v e  
September 25, 1959. 
Engineeririg @era+,ion - Engireer i rg  (code 7342;, Effective Octster 26, 1959. 
F a c i l i t i e s  Engkeering Operati2n - Z r a f t i r g  (code 791) is present ly  mder 
stxdy f o r  possible s h i l a r  appiiZa2im. 
a r e 3 x t i G c  of c l e r f ? a l  effort w i l l  result i n  bcth the  operating c o m p i e c t s  
an2 Contract a d  Accxntir,g Oprration. 
ing ReqJests wkizk; r e q d r s s  s p e c i a l  t r e a + a e r t  w i l l  be abandoned. 

S i d i a r  arrangements have been macle - d t h  F a c i l i t i e s  

S impl l f iea t i3r  r,f work procedaree and 

The ;resea+_ m a m a 1  system of Exgineer- 
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A reT<s,e2 method of ecst  c-,dicg asso-iated k i t h  BanfDrd La'cora5xies Bufldicgs 
m d  UtilitLee has led t o  grea5or EEP c t i l r z a t i x  ir, accumulating the var ims  
types of cost for the 91 blrildilgs szc.ipied by perscamel md eqLipment of 
Hmford Laborat-ories. 
fr a r e d u c t i x  of e l e r i ca i  e f f c r t  i n  C x t r a c t  a-d A:co~?tiag Operation. 

me xiew sys5em vas made e f f e c t i v e  th f s  moslth md resu l t s  

Cos5 trea+nent of tfie new Waskicgtm State Use Tax within Hmford Labcratcries 
has been desemir,ed. 
be the value of materials z d  eqJtp9r-t  procured by each secf5on. 
t a x  applicakle t o  Hmford La-:crat.r;ries -xi11 be eharged t o  operating costs, 
u t f l i z ing  the aboire basis as a 11leaz5 of ailocati3g the expense t o  the sections 
as m inairect  cost. of eaci; se?tisn. It bas been estimated tha t  the tax fo r  
FY 196C applica3le to Haxfcrd iabzrasories will apprzximak $lCC,OOO. 

The bash  for  distrLbutio-, wLthin Hasford Laboratories w i l l  
Tkie en%ire 

GENERAL 

Tizzty-two HAPC O K s  havs boen i a s - x d  ir. Ranfor? Latcratories s f ~ c t  the  receatra- 
E z e i  sgsyem w a s  i s i t i a % e L  Fcur m;re are in pxcess .  

Trie Hi,G offsifE t r i p s  and 3ccming v i s i t s  reportTng strue%iie w a s  stadied. Recom- 
mendations fcr i t s  claz-ificatiDL md s i q l i f i c a t i o L  have been submitted. 

The HL'? axdit echedu2.e fcr t k ~  year cnded August. 3;, 196: was submitted t.0 C&AO 
Aa?iLtizg frJr coasclXation an2 t r m s m i s s k s  t o  HOC-AZC. 
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INVENTIONS OR DISCOVERIES 

All persons engaged in work that might reasonably be expected to 
result in inventions o r  discoveries advise that, to the best of their knowledge 
and belief, no inventions o r  discoveries were  made in the course of their 
work during the period covered by this report except a s  listed below. 
persons further advise that, for the period therein covered by this report, 
notebook records, if any, kept in the course of their work have been 
examined for possible inventions o r  discoveries. 

Such 

INVENTOR 

E. A. Evans and 
W. E. Roake 

J. D. McCormack 

TITLE OF INVENTION OR DISCOVERY 

Separation of PuOa and U 0 2  by 
Sublimation 

A Method for Measurement of Moisture 
in Slabs of Porous Media Such as  Soil 
Using Radio Waves 

R. W. W i r t a  A Thermoelectric Generator 

UNCLASSIFIED 
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