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BUDGETS AND COSTS 

Costs for June were  $2, 579, 000 an inc rease  of $736, 000 f rom the month of May. 
Total operating costs  for  Fiscal year  1959 were  $20,424, 000 or 97'7'0 of the 
operating budget of $21, 044, 000. 
w e r e  99% of the budget. 
d i rec t  s e rv i ce  HLO per forms for other  HAP0 departments ,  and Washington 
Designated P rograms .  

Operating cos ts  for  Research  and Development 
The major  underruns occurred  in general  overhead, 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

PRTR Phase  I and II contracts  a r e  complete. 
made. 

Final inspections have been 

PFPP Phase  11 construction is estimated to be 99. 5 percent complete. 
Completion is expected July 15. 
complete v s  7 0  percent  scheduled. 

building during the week of July 6. 

PFPP Phase  111 is estimated at 62 percent 
The PFPP se rv ice  wing has  been 

. accepted and a par t ia l  force of operations personnel wi l l  move into the 

In heat t r ans fe r  experiments with the Mark I1 (concentric tubular) fuel 
element,  boiling burnout w a s  experienced at a heat flux of 1, 568, 000 
BTU/hr / f t  at an outlet t empera ture  just  below saturation. This compares  
favorably with the design value for maximum heat flux of 400, 000 B T U / h r / f t  . 

2 
2 

Fabrication of the PRTR Zircaloy-2 process  tubes has been completed, 
with 95 tubes having been inspected and accepted at the vendor 's  plant. 
Eight-eight of these tubes a r e  a l ready on s i te .  

Zyglo fluorescent dye penetrant testing of the outside sur faces  of 2700 thin- 
wa l l  Zircaloy-2 PRTR jacket tubes showed 38 percent  of the nominal 3/4-1n 
tubes and 48 percent of the 1/2-in. tubes to be free of outside-surface 
c racks  and f laws ,  and about 10 percent  of each group to be unuseable. 
Fur ther  tes ts  are in p rogres s  to determine the acceptability of the remain-  
ing, intermediate  quality tubes.  

I r radiat ion of evaporated uranium dioxide f i lms and subsequent examination 
by electron microscopy has revealed s t ra ight  line tracks. 
account the accumulated exposure of 2 x 1016nvt, and calculating the num- 
ber  of f iss ions per  micron2, the density of t r acks  cor re la tes  well with the 
number which should be observed if the t r acks  were  the r e su l t s  of fission 
events.  

Taking into 

The prototype mechanical seal pump and PRTR s p a r e  pump were  operated 
near ly  full t ime during June with seal leakage of less than half the design 
value 

1 2 k 3 1 8 3  
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2.  

Zircaloy clad, aluminum core  elements have withstood thermal  cycling 
under PRTR conditions fo r  the required number of cycles.  When cycled 
at  twelve t imes  the PRTR heating and cooling r a t e s  and over  60 t imes 
the required number of cycles s imi l a r  elements failed by swelling of the 
co re  and rupture  of the cladding. 
ditions under which thermal  ratcheting causes  excessive deformation of 
this type of element.  

Tes t s  a r e  continuing to define the con- 

Large sca l e  reduction of plutonium oxide by aluminum in a cryolite bath 
has produced extrusion billets of plutonium-aluminum alloy of the desired 
composition and quality. 

Various aluminum alloys modified to improve their  corrosion res i s tance  
have been injection cas t  in Zircaloy and thin w a l l  s ta in less  s t ee l  with good 
bond formation and low porosity 

Alumina powder packed into flattened s ta in less  steel tubes and rolled has 
been compacted to 90  percent  of theoret ical  powder density. 
may be useful for fabrication of PuO2-inert diluent spike elements .  

This technique 

Following the i r radiat ion of 0. 630 inch diameter  enriched coextruded, 
Zircaloy-2 clad uranium rods  to 2200 NIWD/T, cracking of the uranium 
meta l  and average diameter  i nc reases  of 0. 010 inch were  reported.  
Enriched coextruded rods  of 0. 593 inch d iameter  i r rad ia ted  to 1500 MWD/T 
a r e  now being examined. These rods ,  operating a t  the s a m e  maximum 
tempera tures  as the p r io r  i r radiat ion showed only 0. 002 inch average 
diameter  increases ,  and no cracking of the uranium metal  has been 
observed.  

The end closure process  developed for u s e  on coextruded fuel rods  has  been 
applied in the c losure  of 112  rods .  
instrumentation, r e j ec t  rates should be sharply diminished. 

Three  were  defective. With improved 

In defected element rupture  testing, a fuel rod specimen that had been 
beta treated,  water quenched, and aged at  4 7 5  C for 350 hours  performed 
bet ter  than unaged specimens.  Fur ther  tes t s  wi l l  be performed to verify 
this behavior. 

Irradiation testing of NPR candidate graphites a t  t empera tures  up to 1000 C 
w i l l  be initiated in the GETR, beginning in August, in o r d e r  to supplement 
experiments a l ready under way in the MTR and ETR. 
i r radiat ion experiment in the L-48 sh im rod of the MTR w a s  inser ted the 
week of June 2 9 .  

The second graphite 

Chemical Research  and DeveloDment 

Character izat ion of the cer ium - r a r e  ear th  sulfate precipitate f rom the 
Purex  1WW w a s t e  (synthetic) established likely mean par t ic le  s i z e s  and,  
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general  filtration behavior. 
to reach  300 - 500 C during recovery and shipment: simulated heating to 
500 C indicated property changes may occur  which would impede ni t r ic  
acid dissolution for subsequent processing. 
ni t r ic  acid relieved this problem. 

Self-heating may cause the actual precipitate 

A t r a c e  of fluoride in the 

The f i r s t  processing run w a s  completed to convert  cesium zinc ferrocyanide 
s l u r r y  to cesium chloride in the Fiss ion Product  Isolation and Packaging 
Prototype. General  behavior was  sat isfactory,  but numerous process  
adjustments were  indicated. 
to be completed. 

The mechanical packaging component remains  

Extraction of neptunium f rom synthetic 1WW Purex  waste w a s  demonstrated 
in the miniature mixer  -set t ler  using di-n-butyl n-butylphosphonate (DBBP) 
as the extractant.  Yields were  good. 

Calcined products f rom synthetic high level waste solutions were produced 
by the radiant heat sp ray  calciner ,  by batch calcination, and at  ANL in a 
fluid bed unit. A wide range of product bulk density and the rma l  conductivity 
resul ted,  depending on the composition of feed was te  solution and the process  
used.  
Dense glassy sol ids  were  produced by firing typical high aluminum was te  
powders with borate additives. 

Added mater ia l s  affected both process  behavior and product propert ies .  

Gamma radiation measurement  as a function of depth in 200 E a s t  Area 
monitoring w e l l s  showed an expected downward migration of radioactive 
waste emi t t e r s  in the so i l  near  active c r ib  s i tes  over  the period of a year  
s ince the last measurements .  Several  wel l s  near  heavily utilized c r ib s  
show'ed activity all the way to ground water .  Measurements  near  inactive 
disposal  s i t e s  nea r  the T-Plant  in 200 West Area  showed a maximum soi l  
penetration of 120  feet which is well above ground wa te r .  
migration occurred  a t  sites a t  which no wastes  have been charged for the 
last two o r  three yea r s .  

No detectable 

Twelve hundred simulated s ta r tups  and shutdowns were  successfully com- 
pleted on bench tes t s  of the U 0 3  C@ciher Control P r o g r a m m e r .  P lans  to 
automate the UO3 Pl-t wi l l  follow f rom this development. 

As  much as th ree  percent  of the U 0 2  w a s  dispersed as s m a l l  suspended 
par t ic les  (10 to 20 microns)  when s ta in less  steel clad swaged U 0 2  fuel 
rods  were  sheared  under water .  The prototype shear (30 tons nominal) 
has cut an equivalent of two tons of power fuel elements (10, 000 squa re  
inches).  W e a r  data indicated that for  each ton of rods  processed an 
incremental  ton of force w a s  necessary  to operate  the shea r  blades. 

Nitrate ion was shown to affect adversely the dissolution of s ta in less  s tee l  
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clad fuel in a Sulfex sys tem (sulfuric acid) .  Stainless s tee l  dissolution r a t e s  
decreased and uranium dioxide r a t e s  increased when ni t ra te  ion w a s  present  
in amounts g rea t e r  than about 0. 01 M. Continuing work on the dissolution of 
i r rad ia ted  UO2 in boiling sulfuric acid showed 3000 MWD/T mater ia l  dissolves 
very slowly (0.0006 percent pe r  hour) in the presence of s ta inless  s t ee l  con- 
st i tuents in the acid. 
t u re  reaction r a t e s  for Sulfex sys t ems .  

The presence  of air w a s  shown to affect room temperar  

Tes t  runs  were initiated in a Sulfex pilot plant dissolver .  
the s ta in less  s t ee l  charge was observed when acid addition r a t e s  were  low o r  
interrupted.  
dissolution of the s ta in less  steel after passivation had occurred .  

Passivation of 

The presence  of mild s t ee l  in the charge w a s  shown to s t a r t  

Laboratory tes t s  indicated that plutonium losses  during the Zirflex decladding 
of Pu-A1 rods  can be significantly reduced by pretreat ing the Pu-A1 rods  with 
a ni t r ic  acid etch. 

Both U 0 3  and U 3 0 8  w e r e  converted to soluble U02C12 when chlorine w a s  
added to a fused sa l t  mixture of the oxides. 
a lso forms  the uranyl  chloride. 
crystal l ine U 0 2  w a s  shown to be quantitative. 
path of fission products in this sys tem resul ted f rom cycling an i r radiated 
U 0 2  specimen. 

Previous work showed U 0 2  
Zinc reduction of the U02C12 to fo rm 

Some character izat ion of the 

Enrichment of mercury-202 in natural  mercu ry  by photoactivation w a s  
demonstrated.  

Phosphorus-32 in r eac to r  effluent water  was shown to be pr imar i ly  in the 
fo rm of orthophosphate as an equilibrium mixture  of H2PO4 - and HPO4 = 
ions. 

3.  Physics  and Instrument Research  and Development 

The f i r s t  two full-scale experiments in the AEC-Air Force  atmospheric  
physics program were  run.  
ated in a sat isfactory manner.  
prevented additional runs  during the month. 

All  portions of the experimental  sys tem oper -  
Lack of favorable weather conditions 

F o r  the IPR program, exponential experiments with concentric tube fuel 
e lements  continued, and measurements  were  made in the PCTR on seven- 
rod,  slightly enriched cluster  elements.  

Experimental  work continued in the field of nuclear safety of 3% enriched 
Non-Production Fuels in both dissolving and subsequent processing. 
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4. 

In the Shielded Personnel  Monitoring Station, calibration work continued, 
ass i s ted  by the acquisition of a phantom. 
brated for emergency use  in the Van de Graaff laboratory in event of 
personnel exposure during a crit icali ty accident. 

Counting equipment w a s  cali-  

All radiotelemetering data stations south of the Columbia River a r e  now 
calibrated and operating. 

In the basic data field, analysis  of the recent ly  completed experiments on 
the slowing down of neutrons in w a t e r  and an organic liquid revealed 
agreement  between the r e su l t s  and calculations f rom basic principles.  

An improved neutron ' ' temperature"  detector w a s  conceived for u se  in 
lattice experiments and exploratory work to tes t  its feasibility w a s  begun. 

Biology 

The proportion of S r g O  present  in the blood of miniature  pigs w a s  lower 
following relatively higher dose than following a lower dose,  suggesting 
that radiation damage may lead to a decreased  r a t e  of removal  of SrgO f rom 
the skeleton, possibly as a resu l t  of vascular  damage. 

Absorption of glucose f rom the i r rad ia ted  (1500 r) rat intestine was normal  
at one-day post i r radiat ion,  inhibited 60 percent  at 3 and 6 days,  and back 
to normal  levels by 10 days,  indicating that the absorption defect para l le l s  
pathologic damage to the intestine. 

Additional studies of the radiation protective effect of erioglaucine on a 
different strain of mouse (CF1) are considerably l e s s  impress ive  than 
previous resu l t s .  Fifteen days following 800 r x-irradiation, 10 of 15 con- 
t ro l  mice w e r e  dead, while 7 of 15 mice  protected with 960 mg 
erioglaucine /kg were  dead. At lower levels of erioglaucine administration, 
mortali ty w a s  higher than in controls.  
confirmation. 

These r e su l t s  wi l l  requi re  

5 .  Programming 

A survey  w a s  completed on the nuclear safety aspects  of Plutonium 
Metallurgy Operation laborator ies .  

A revised schedule for fueling the PRTR based on more  accura te  fuel burn- 
up es t imates  was  t ransmit ted to the Commission. 

The meeting of the P r o g r a m  Direc tors  of the Division of Biology and 
Medicine w a s  held a t  Hanford on June 8 and 9.  
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TECHNICAL AND OTHER SERVICES 

A repor t  on the development work in the area of model building using multi-  
var ia te  s ta t is t ical  techniques w a s  presented to OR personnel f rom other  General  
Elec t r ic  components on June 8 and 9, and to members  of the Office of Operations 
Analysis and Forecast ing,  AEC, on June 10. 

Fur ther  analysis designed to locate the optimum combination of preheat  and 
submerge t imes  in the canning cycle confirmed previous resul ts ,  and a three  
month t r i a l  run on one canning line a t  the estimated optimum cycle wi l l  be 
s t a r t ed  in the near  future. 

Work in connection with in - reac tor  cor ros ion  data has  developed in a con- 
tinuing program of analysis  jointly sponsored by HLO and IPD. 

Work on the input-autput simulation study and ten operations analysis programs 
continued during the month. One new operations analysis  program w a s  defined 
based on previous statistical work. In addition, s ta t is t ical  and mathematical  
analysis on 15 problems w a s  given within HLO and to other departments and 
operations.  

There  were 22  authorized projects  at month's end with total  authorized funds of 
$8, 515, 500. 
projects  w e r e  completed during the month. Two new projects  are awaiting AEC 
approval. 
completed and awaiting t ransmi t ta l  to AEC. 

The total es t imated cost  of these projects  is $8, 646, 500. 

Six project  proposals a r e  in preparat ion with an additional four 

No 

Project  work is proceeding generally as scheduled and within the limits of the 
authorized funds. 
Addition is ahead of the total project  schedule but the Contractor is behind his 
schedule which could affect the building ready-for-use date. Curren t  p rogres s  
is about a t  the scheduled ra te .  
Facility, Project  CA-749, is slightly behind schedule. Gunite placement of 
the heavy aggregate concrete w a s  s lower than anticipated due to equipment 
limitations caused by the weight of the aggregate and the density control of the 
placed mater ia l .  

Pro jec t  CA-744 for  the construction of the 306 Building 

The Contractor on the High Level Radiochemistry 

Activity for the Radiographic Testing Operation this month reached a r eco rd  
level reflecting the output of increased manpower and the r e su l t s  of the tube 
testing program. Eighteen thousand, two hundred and forty-three tes t s  w e r e  
made. 

Two significant classification developments occurred  during the month: 
(1) Hanford production data for periods subsequent to June 30, 1958 were 
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downgraded from Top Secre t  to Secret.. 
Serxet, to Confidential. 
classified Secre t .  
classified no higher than Confidential. 

(2)  The NPR w a s  downgraded f rom 
Actual plutonium output f rom the NPR wi l l  remain 

Essentially a l l  other  information on the NPR wi l l  be 

No new cases  of plutonium deposition were  confirmed during the month. The 
total number of deposition cases  which have occurred at  Hanford remained at  
229.  
deposition of plutonium. 

There a r e  161 employees current ly  employed who have a measurable  

An operator  a t  the 234-5 Building, with a previous s m a l l  plutonium deposition 
suffered a contaminated injury to the left index finger. 
wound, caused by a piece of plutonium metal,  in the Shielded Personnel  
Monitoring Station showed approximately 0. 058 /CLC Pu. 
of a sma l l  portion of flesh f rom the wound a rea ,  0. 002 p'c P u  remained. 
Prel iminary bioassay r e su l t s  plus the remaining radioactivity in the wound 
indicate a total maximum body deposition of l e s s  than 10 percent.  

Examination of the 

After surg ica l  removal 

, 

Four recently installed high-level radiation a l a rms  in the 231 Building were 
tested and accepted. 

SUPPORTING FUNCTIONS 

A summary  repor t  of findings in connection with the F Y  1959 physical inventory 
of uninstalled cataloged equipment in the custody of Hanford Laborator ies  w a s  
prepared.  
disclosed a shortage of only 24 i tems  valued at $5, 633 or six-tenths of one 
percent of missing equipment to the book balance. 
improvement over  the findings in the las t  inventory. 

A comparison of the inventory balance $9, 642, 342 (9, 717 i t ems)  

This indicates a significant 

Estimated needs during F Y  1960 for  attendance at pro€essimal societ ies  and 
off-site courses  have been submitted to Contract and Accounting. 
is expected in July. 

Authorization 

To give effect to the consolidation of c l e r i ca l  functions, 18 Financial Operation 
employees were t r ans fe r r ed  to Contract and Accounting effective June 29, 
however, they a r e  remaining in HLO until about July 20 in o rde r  to close out 
the f iscal  year  a t  which t ime they wil l  take over  new assignments in the 700 
Area.  

As of June 30th, the staff of the Hanford Laborator ies  totalled 1334 employees, 
including 656 exempt and 678 nonexempt. 
possessing technical degrees ,  including 349 B. S. a 119 M. S., and 112 Ph. D. 

There  were 580 exempt employees 

Laborator ies  personnel worked a total of 207,682 man-hours during the month 
with no disabling injuries.  Since September 1, 1956, a total of 6,482, 041 
man-hours have been completed wi th  no disabling injur ies .  

IZrlGlCICf 
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The medical t reatment  frequency for June w a s  2 .  02 compared with 1. 59 last. 
month. 

There were 6 securi ty  violations in the Laborator ies  in the month of June: 
bringing the total for  the year  to date to 22. 

Nine Ph. D. ' s  visited HAPO for  interviews during June. 
extended for HAPO with 2 acceptances during the month and 7 offers continuing 
open. One new Ph. D. chemist  reported on the roll .  For  the recrui t ing year  to 
date. there  have been 12  Ph.D. acceptances for HAPO. 

Eight offers were 

Four additional acceptances were received from Technical Graduates during the 
month, bringing the total  for the recrui t ing year  to 75 .  
received from experienced BS/ MS candidates and 17 experienced BS/MS 
employees were placed on the roll .  

Nine acceptances were 

There were 66 additions to the Training P rogram ro l l s  during June, including 
42 Technical Graduates,  11 members  of the Western Circuit  - Engineering 
Training Program,  8 college Juniors ,  and 5 high school teachers .  Four 
Technical Graduates were permanently placed in HAPO Departments, leaving 
77 Technical Graduates on the P rogram a t  month's end. 
Training Program,  including summer  employees, is now 101. 

Total force on the 

Thirty-nine requisit ions were filled during the month. 
new requisit ions and 5 cancellations, there  a r e  current ly  3 3  nonexempt openings, 
for which 2 1  candidates a r e  in process  and 5 t r ans fe r s  a r e  pending, with 7 
candidates yet to be procured. 

With the receipt  of 33  

Manager, 
Hanford Laboratories 

HM Parker :kss  



A .  FISSIONABU MATERIALS - ZQOO PROCM 

Corrosion Studies 

Nickel Plated Fael Elements. 
aluminm-clad fue l  elenents, which has Seen observed OE such ftlel elenents 
a f t e r  i r radiat ion under IP-X)7-A, has been simulated oat-of-reactor under 
laboratory conditions. !This was acccnqlished by making the iziekel plated 
aluninun piece the cathode iz an e lec t ro ly t ic  cpi1: using a p9 7 buffer a s  
the eleczrolyte.  After generating atomic hydrogen on the nickel p l a t e  for 
16 hours, b l i s t e r ing  and cracking occurred. 
seemed t o  increase w i t h  the amount of hydrogen evolved. There was a p o -  
nouncea tendency fo r  the b l i s t e r s  t o  form along edges, cracks, and piaholzs 
i n  the nickel p la te .  This b l i s t e r ing  was more severe on chemically glated 
samples than on the electroplated samples. 
pr ior  t o  tes t ing  increased the subsequent tendency t o  b i i s t e r  in the elec- 
t r o l y t i c  t e s t ,  The blis tered,  flaked laboratory specimens were remarkably 
similar t o  one area of reactor-exposed nickel plated fuel  element which has 
been examined ic the Radiometallurgy Laboratory. 

Flaking ani bl,ster.';;g of. the  n-zkel p ia te  on 

The extect cf S l i s t e r ing  

Thermal cycling of the p la tes  . 

Heme, hydrogen b l i s t e r ing  in-reactor, caused by a t m i c  hydrogen produced 
by corrosion, or by radiation-induced decomposition of water, i s  considemd 
a pr4ae  suspect as a cause fo r  the observed flaking of the nickel p la te .  
The e lec t ro ly t ic  test  w i l l  be fur ther  developed t o  gain fundamental under- 
standing of the problem and as a quali ty control test f o r  hnproved plat ing 
techniques. 

Loop Test i n  300 C Deionized Water. Aluminum saxiples of four al loys have 
been examined a f t e r  f ive  weeks exposure t o  evaluate the effectiveness of 
several autoclave pretreatments, The first exposure period s'uggests that 
two weeks of autoclave treatment a t  300 C is  better than one week, and 
a l s o  that  increasing the autoclave temperature t o  350 C i s  of l i t t l e  or  no 
valueo 
X-5001, c-810, C-823, and Alcoa-19227O) w i t h  a variety of autoclave pre- 
treatments and three different  flow ra tes  has shown the amount of oxide 
retained on the sample i s  dependent on all of these factors .  The associ- 
ation with al loy composition was surprisicg since in  general the most 
highly alloyed material more effect ively retained the corrosion product.. 
While there was a tendency f o r  corrosion rates t o  be s l i gh t ly  lower where 
the oxide i s  best retained, the benefit  of the additional corrosion 
product is  loinor. 
ac te r  of the bulk aluminum corrosion product formed i n  dynamic syst.ems. 

Examining the corrosion data from t h i s  t e s t  of four alloys (viz., 

This is  a further example of the non-protective char- 
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Loop Test in 250 C Deionized Water. 
ment rates on aluminum corrosion In the stl.lred autoclave, the  current test 
i n  the dynanic autoclave involves reeeshment a t  the rate of 9,4 ggh in-  
stead of the usual 2 gph. The test results a f t e r  one month involving-pre- 
autoclaved samples show about a 3C2$ increase in rate over those exposed a t  
low refresbment rates. 
rate would be e-ected with samples having no pretreatment. 

h view of the importance of refresh- 

A much greater percentage effect  from refreshment 

Reactor Decontamination Studies. 
process of the Turco Products Company, i s  of interest  in  reactor decoptam- 
ination. 
reactor loops. The chemistry of the process is obscure because the vendor 
has not made public the composition of his  solutions. 
stand the chemistry of the process, the analysis of 4501 solutions has been 
started. 

The Turco 4501 process, a proprietary 

This process has been used with reasonable success on several in- 

I n  order t o  under- 

The process consists of three steps s ta r t ing  with Turco 4501, followed by 
Turco 4502, and then n i t r i c  acid. Turco 4501 solution i s  said t o  contain 
potassium hydroxide, phenolic bodies, organic acid salts, and al iphat ic  
amines. The 4502 solution, contains sodium hydroxide, sodium carbonate, 
potassium permanganate and inhibitors. 

Turco 4501 has been separated into four fractions by steam d i s t i l l a t i on  
and extraction a t  controlled pH's. 
(pR 2) acid, and steam disti l led.  This d i s t i l l a t e  was neutralized t o  
pH 6, and again steam d i s t i l l ed .  
pH 2 and pH 6 was identified as phenol by boiling point (177-8 C )  and 
melting point of the bromine derivative (w+ C ) .  Phenol consti tutes 
about 4s of the Turco 4501. The fraction vola t i le  in  steam a t  pH 2 but 
not a?, pH 6 is  an acid with equivalent weight of about 95. 
carboxylic t i t r a t i o n  curve w i t h  a break a t  pH 6. The free acid is very 
soluble in water and has a very f a in t  acet ic  acid odor, suggesting l a c t i c  
acid. This acid consti tutes about of the Turco 4501 solution. 

The solution was f i rs t  made strongly 

The fracfion vola t i le  in steam a t  both 

It has a typical 

The residue from the original steam d i s t i l l a t i on  was made alkaline and 
extracted with chloroform. An amine was recovered, tentatively identified 
as  tr iethanol amine by i ts  extreme solubi l i ty  in water and the  melting point 
of the hydrochloride (177 C ) .  
2-3$ of the W c o  4501. 

The remaining fraction; which is  not vo la t i le  w i t h  steam at  any pH, 
contains potassium salts and may contain other ingredients. 

This extracted amine fraction constituted 

Radiometalluruy Laboratory Studies 

Density, metallography, and burnup analyses samples were obtained from a 
peripheral and center rod of a 1.w enriched uranium 7-rod cluster element 
w i t h  0.02O-inch thick Zr-2 cladding (RM-279) 
riched U, Zr-2 clad, 7-rod clusters,  that were i r radiated according t o  
aT-IP-214-A, were received. 

Four, 13'' long, l.@ en- 

No evidence of rupture w a s  found i n  the f irst  



Radis5ion Effects i n  S t r a e t x r a i  I k t e r i a l s .  A series of metals re)reseXing 
t he  eomron crys ta l  t y p s  was irradiased a t  Brcokhaven, & m f z a ,  and tke %!E? 
under rario;zs c ~ c s w e  conditrons. n e s e  metals xclzzde cogper, nkkel, 
titarium, ZFrcoCi'm, iron, rmlykdexim, ar.d type 3h7 atoirless s%eL LI Post- 
i r a d i a f i o n  aeasurements were i c i t i a t e d  a t  W L  and w i l l  3e e o q l e t e d  a t  
TAP@ t o  adv&?ce the theory of" neutron am-age t o  me%,sls. 
s k d i e s  of i r ra2iatcd zircorkm, t i tanizm, a d  molybdzrn were cozi;lete5 
duriag the aenth. Eo changes in  nAcrostruct4ire d x  t o  neiitron r a d i a t i m  
ha-se 3aer cbsert-ed a t  m a s i f f c a t l o w  t o  lOOOX, 
l a t z l ee  garmeter sr;1&fes wer2 cmpiete6 f o r  the "mixaa:3ted c m t r o l  speei- 
D ~ P Z I S  and for  moly5dec~n; i r radiated t o  
l a t x i z s  3aranetEz for  moljrbderzuin w8s C.025 per?enr nigher than :he tmisra6- 
ia ted v c d s  a f t e r  ac  e q c s u r e  t o  4.4 x io19 nvt. Tnesc r5sdts aye 13 ex- 
cellezlf a g r e a e n t  with those of ;?rioz investigations a6 W O O  Although the 
l i n e  broaCenfng increased cortfnuously with exposwe, %e extent of kroad- 
ar.ing was substant ia l ly  less than Chat measured i n  pr ior  studies. The 

. claf e r i a l s  ian.de.* invest igation were aiialyzed spectsopaphicsl ly  during t be  
montn. 25e p a i t y  cf the metals i s  99.9 percent o r  b e t x r  e x q t  for  ti- 
tan?= and "A" rrickel which a re  appmximately 9% pure. 

Metallographic 

X-ray l i n e  broa3ening &ic? 

x 108 an9 i . 5 ,  3; 1?= nvt. Tae 

Those vaices are considered a2proximate and w i l l  be impraved upoc 5y wet 
chemical analysis.  
over a 25-mozth p p i o d  and a similar unfrradiated t.&e were removed from 
the IGB facility. 
mehl , logra~nica l ly  t o  determine the e f fec ts  cf high seutros eqcsures at- 
elevated tmpemtures on Zircsloy-2 and t o  esfablfsh tes t ing  me+,hods for  
monitoring NPR tubing. 
transferred t o  the Radiaenetallurgy f a c i l i t y  for  fur ther  sectioning. One 
t e s t  piece which received half of the maximum eqosu re  was given a cursory 
examinatioc a t  1OX mgoif ieatfon.  
dark brass lus t e r .  ?%e inner sStrfa2e was smooth and had a du l l  born 
appearance 

A Zirealoy-2 tube which bas  been exposed t o  radiation 

n-ese tabes will be mechaslically tes ted azld examined 

The t e s t  pieces cut from the Irradiate6 tube were 

The outer surface vas smooth and had a 

Mechanical and Physical Properties of Materiais. 
and drawn Zirealcy-2 tubing are  being de te r shed  by x-ray d i f f rac t ion ,  
Preferred orientations are  being correlated with resu l t s  of tu3e bast  
tests t o  determine the relationship of texture t o  mechanical properffes. 

Preliminary investigations of extruded ~ i r c ~ o y - 2  (39 :1 extrusion r a t i o )  
have been made. Pole figures of (0002), (1611), ( l O i O ) ,  and (1012) planes 
of both cold drawn and annealed tubing have bee= dete,mined. 
ferred orientations of primary (0002) and secondary (1011) sliz pianes are  
?resent. 
para l le l  t o  the extrusion axis was found. B u r s t  t e s t  fa i lures  due to hoop 
s t resses  occurred a t  45' t o  the radius which correlated w i t h  %he high 

The textures of extruded 

Xighly pre- 

A texture consisting of (0002) planes xltn the fiOlg/ direction 
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density of basal >lanes observed a t  t h i s  orientatfcn.  
data have been gathered for  the cold drawn and annealed (1 hr  - 739 S j  
Zircalcy-2 tubing also.  
pregared a t  the U. S. Buresu cif Mines t o  supplemert t h i s  work. 
have also been g r q a r e d  w i t h  an anneal in  the al3ha plus beta range t o  
study this ef fec t  on texture. 
one hour and f'uroace cooling, prodwed excessive g r a i n  size. 
ing followed by o*A quenching produced a f ine  graiaed st,-uc"ue suitable 
for  x-ray diffract ion analysis. 

Izxerse pole figure 

A randomly oriented Zircalcy-2 specimen is being 
Specimens 

h e a l i n g  of Zircaloy-2 tube a t  1050 C for  
Beta ameal- 

The zreep properties 09 ZFr~alcy-2 are coxsiderably hproveci by small mounts 
of residual work. 
prove creep propefiies and the e f fec t  of recovery occ*xring ia the zest 
t q e r a t u r e  r a g e  is  not known. 
that Zircaloy-2 fabricaticn procedures can be specified for 2rocess %ubingo 
A ?ortion of the Zircaloy-2 stock supplied t o  BMH for  %he HAP0 Assistame 
Program Creep Testiag was r u t h e r  cold worked t o  15 ,  25, and 35 percent, 
and f l a t  specimens of the  25 a d  45 percent Illaterial are now being tes ted 
LG the vacuum creep uni ts  a t  stress leve ls  of 21,090, 18,000, and l3,OOC p s i  
ax15 400 Z (752 3'). 
the  $5 aercent cold worked specimens than f c r  the 25 gercent miter ia l ,  with 
i n i t i a l  elongations beiag lower for  tne 45 percent sampl2s t'han for  the 
25 percent. In addition t o  the  creep tests in  the vacmm uni ts ,  advantage 
i s  being taken of the ava i lab i l i ty  of four atmosphere creep wits t o  detsr- 
nine the e f fec t  of le02 zoatamfna+,ion in %he helium atmosphere on the Cree2 
properties of Zircaloy-2. S?milar conditions are being zlsed on the atmos- 
phere machines t o  those in  ths vacsm wits exceyt for  the carbon d2oxide 
coctent cf the atmosphere. 

The extent to which increasiag arno'ats cf cold work im- 

Tbese efzects are beiEg dete-mined in  order 

Results of 2000-hour tests show higher creep rates for 

lotch-bend and impact tests have been performed on Zir.:alzy-2 to correlate  
these two t n e s  of t e s t s  and %o determine i f  or?e i s  a mor2 sensit ive measure 
of texture ani3 notch sens i t iv i ty  than-the ot5er. 
temperature, specken orientation, and addltions of 220. ac3 500 FI2 are  
Seing investigated. All fssf work has been cowleted, and the results are  
bei@g analyzed. 
been observed. Eowever, an "analysis of variance" tes-? is being prformed 
t o  see whether a s',atistical correlation can be found. 

3 e  ef fec ts  of cold work, 

80 obvioris correla%ior between the two t-ypcs cf t e s t  has 

Zlectron and Optical Microscopy. .The study of the micros t rwtwe of clad- 
ding and fuel materials is a d i rec t  way of detecting sad ia t im  damage i n  
these materials. As yev iocs iy  reported, thir .  evaporated f'Lm of "rranim 
dioxide show straigh; lQlie tracks a f t e r  i r radiat ion t o  ar cxpcs-ar~ of only 
2 x 10l6 nvt. These i r radiat ions have bee repeated, a3d +,he resul+s nave 
been verified.  
r q o r t e d .  With a f i b  thickness of 100 8, an exgosure of 2 x 10'' n V t  
r%sLlts in a2proximatcly 24 fissions/=icron* 
the ranber of" trazks greater than 500 8 ir. len@;t,h p e r  nieson- were f c ~ .  
F r m  a purs31y gaoEetrica1 ionsideration of the length sf tracks in the 
100 .8 C,hicK film, onlj 22 Ssrcent, of the ?racks shoUd be greater than 
5CO 8, 
miczd f r o m  misrmcopin examis,atiosi 'sscmes X,/izicron*. 
gosd agreement w i t h  the 2 r ? i i x % e d  va i ix  

Film Y A ~ C ~ E ~ S S ~ S  were 100 ! rather that the 13  A reviously 

In the electron microscope 
9 

Consequently, t h s  t o t a l  num73er of tracks o r  f iss lor ,  events deter-  
This f i g r e  is in 



Thin f o i l s  of al-min'm and Zircalty-2 have been p - q a r e i i  5y mec-hazizal acd 
c h e i l c a l  thinRi3g tecb.iques t o  2;ernit. t r aasa iss l cn  e l e c t r 3 ~  r r ic rss -o~e  
exmfnatior, of the micrcst.rucVA.re Zxtinet ion con:Ozs as,$ tislccatim 
noveneats i n  the a l?minm f x i s  have 3eez obserued h r e z s l y  with thz slec- 
tron aicrsscc?e. 
pqarer5. .  Suck? f o i l s  are t o  3e irradiated azld ther re-exarihed to de+,er- 
XZE the  2imizlg e f f ec t  of defects caused by i s rad ia t ios .  
vi11 also be coateb with f iss ionable  na te r ia l ,  irra?irsod, s%rfppd of the 

fraFlpleDt damage 

Sat isfactory f o i l s  cf z i r c o n i n  have XJ: as ye+, bee3 

%hi l a r  fcPls 

for  Tissisr, * Y  A,ssiox?akle materials, and thec exa ined  i n  the n i ~ r o s e o p  

In-Beactor Keasz$ments ., A kzowleilge of the ersozs i n  s eqe raka re  mE?as&re- 
nent usiztg thermocouples i n  a Eeutron fl*m is essent ia l  Cor the qE;antita- 
t i v e  eralvation of the e f fxs s  of neratror- i r r a 2 s t i o n  or, materials.  5e- 
caesd such knowledge is lacking,, a program of in-reactor the-mozouple s t s -  
SFlity t.est.ing i s  i n  p=.o&-rss. 

The 300 C theneoeoqle s t a b i l i t y  capsule, cont.aining a enrmei-aiimel, a? 
iror-constantan, aqd a copper-ccnstanfan tLemczoqle  has recclived 3073 
h0zll.s of exposure i n  a "gettsred" helium atmosphere. Glecmfzal rcs i s ta rce  
between the cosper-constantan c c q l e  and the =%$a1 t,he--rr?osoxple wzll i n  the  
capscls has increased t o  s2pzoximately l30,OOO O ~ S .  Yrits eoilgle nov 
reg is te rs  a te-erature approxinately six degrees lower than  the other two  
daring steady state oFeration. 'This c'mage is  probably b e  t o  a seDaratiozl 
of the thersococple bead from the bottom of the w e l l .  
beer, caused by excessive oxidation of the c o a l e ,  which w i l l  lead t o  early 
failure. 
helium, 25 percent carbon dtoxfde mixture. 

It eould a lso  have 

m e  gas ataosphere i n  tke capsule has Zeen changed t o  a 75 perzent 

The creep capsule t h a t  has been received from Teck ica l  Industries Corpor- 
a t ion fo r  the p q o s e  of providing continuous creep measurement of a 
Zircaloy-2 specimen during i r rad ia t ion  is now awaiting a reac+,or shutdown 
fo r  charging. The capscle and i t s  instrumentation have been tested i n  the 
laboratory. The monitoring equipment f o r  s t r a i n  and ioad measurements was 
Drovided by Technical Industries.  Temperature con';rol has bees maintained 
t o  within 1 F w i t h  a one degree temperature dis t r ibut ion over the lengzh 
of the  sample in  laboratory tests. Tests on a s t r a i n  transducer and moni- 
tor ing system simi-lar t o  the one i n  the Cree? capsule has shown t h a t  the 
transducer performs w e l l  within the sensftivi3y and accuracy range claimed 
by the supplier. 
capsule indicate that tne  specimen w i l l  a t t a i n  a temperat;lre of 800 C 
when the capsule is i n  the peak flux zone of the reactor;  consecpently, 
the capsule w i l l  be inserted only as far as the center of the graphite 
r s f l ec to r  where the indicated specfmen temperature is 267 C (512 F) 
Supplementary power w i l l  then be supplied t o  the e l ec t r i ca l  heaters t o  
maintain temperature control.  

Heat t ransfer  calculations based on gamma heating for the 



Metallic Fuel Develqnuent 

Cluster Fuel Elements. Seven 7-rod c lus te r  fuel elements, fabricated 
fram 1.6 percent enriched uranium coextruded in  Zircaloy-2 cladding, 
a r e  operating sa t i s f ac to r i ly  at 125 kw/ft i n  the XER Loop 2 f a c i l i t y .  
Calculated core temperature for the  rods is  510 C. Clad thidmess on 
six elemenfs was 0.020-inch, the seventh element contained a OOO3O-inch 
cladding. 
of rods with variable clad thickness and have a goal exposure of 5000 MWD/T. 

These elements are  being i r radiated t o  compare the performance 

In-rsactor corrosion data fo r  uranim coextruded in  Zircaloy-2 is to  be 
obtained by purposely defecting, a t  temperature, fuel  elements a t  various 
levels  of exposure in  the EZ!R 3x3 loop f a c i l i t y .  Exposure levels  of 0, 
1000, and 2000 MWD/T are to be investigated. 
5Penents have reached an exposure of 900 MWDIT i n  the KW Reactor through- 
hole. 
300 MWD/T in a similar f a c i l i t y .  
elements have Seen fabricated and w i l l  be assembled in to  elements. These 
elemeEts will serve as the zero exposure elements as well. as Tor heater 
e l a e n t s  %hroughou+, this series of tests. 

Two 7-rod cluster  fke l  

hro other 7-rod c lus te r  fuel elements have reached an eqosu re  of 
Rods fo r  seven 7-rod c lus te r  fuel  

Post-irradiation examination of 7-rod c lus te r  fue l  elemezlts i r radiated in  
the KXE4 Loop 2 f a c i l i t y  i n  200 C coolant t o  an exposure of 1500 MWD/T was 
Yndee-aken t h i s  month. Calculated core temperature of these elements was 
510 e. Diameter neasurements taken show a 0.003-inch inaxhum foerease or 
a calculated volume increase of 1.1 percent ( R  = 10). 
incr2ase was 0.002 inch o r  a vohme increase of 0.8 percent. 
sxaaination revealed no aaero- or  micro-cracking as  was found i n  similar 
na t e r i a l  i r radiated t o  2200 W / T ,  Although grain boundaries were s t i l l  
v i s ib le ,  no evidence of recrystal l izat ion was found. 

The average diameter 
Metallographic 

Radiometallurgy examination of a 7-rod c lus te r  element with variable 
frterroir spacing i s  complete. Th i s  t e s t  was designed t o  measure d i f f e r -  
ences i n  i r radiat ion s t a b i l i t y  for  rods with spacings of 0.025 t o  0.055. 
A l l  rods were coextruded Zircaloy-2 clad urani*umu 
rod had the biggest diameter increase of any rod. 
however, was no lower than others.  No correlation was found between core 
de?zsity and diameter increase. 
sorresponded t o  "R" values of 3-10. Other rods had "I?" values near zero. 
A l l  rods were frse of scaly crud and showed no signs of uneven heat trans- 
f e r .  
perat-slre at- 275 maximirm.  

The most closely spaced 
The density of t h i s  rod, 

The diameter of the clcsely spacod rod 

ThE exposure a% N3.3 Loop 2 was 1250 , W j T  average v i t h  w a t x  t e m b  

The assmbly of natural  uranium fue l  into 7-rod clusters  f o r  an  i r r ad i -  
a t ion t e s t  i n  the KER f a c i l i t y  i s  nearly complete. Thz Zircaloy-2 clad 
rods were coextruded a t  ~vM3 5y FPD personnel, acd the closure, hest 
treatment, straightening, and assembly techniques used vere those de- 
veloped by Fuels Fabrication Development personnel, as described else- 
where i n  %his report .  
which were attached by resistance spot weldirg t o  t h e  hea5 generating 

I n i t i a l l y ,  suitcase handle t y p e  supports were used 



.. . . 

. I  

, - _ .  

A - 7  ;IFT-60846 

stt-face of the individual rods. However, diie t3 tge sniall c l e a r a x e  be- 
tween tne support and rod s-urface, there w a s  a poss ib i l i ty  f o r  generating 
hot spods under the supports. To remedy th i s ,  the supports were chaaged 
t o  a sol id  design attashed t o  tne spider i n  such a manner that they do not 
shield my heat generating surface. 

Tubular Fuel Eiements. 
area t o  mass r a t io s  w i t h  symmetrical coolant channels. A tube-tu3e 

Tubular fue l  elements can combine high surface 

element of coextrsrded uranirnn has received Reactor Safeguard approval 
a% tae ETR. 
July.  E i & t  t u h l a r  elements of tube-trrbe geometry and f(ER dbensioos 
were completed a t  the first of the month. 
and four are  uranium core. A l l  have electron beam welded end closures 
and recessed end rings to allow fo r  swelling. 
was used. End grooves were made Sy acid machinery w i t h  HG1. 
elemeats a re  scheduled t o  run in KER Loo? 1. 
12  watts/@ or  65 h / f t .  
40 f ee t  of tube i s  naw available.  

It w i l l  begin operation a t  high power level  (60 watts/@) i n  

Four are  a l loy <2$ Z r )  ccre, 

Vacuii Seta heat treatment 
Four of these 

Work on I P R  s ize  tube-tu3e elemeats began. About 
Power there would @e about 

Component Fabrication. Two dingot uranium bi l le ts ,  3-3j4 inches in  
diameter and seven inches in  length, have been monitored through the salt 
bath heating and quenching cycle t o  determine required heating times and 
quenching rates by water quenching and air cooling. Beating in chloride 
salt  required approxima+,efy nine minutes t o  reach the alpha-beta t rans-  
fo~?na t io~ ,  and aa average of 1 5  minutes t o  reach 730 C. 
quenched d i r ec t ly  i n  water had a center cooling rate of 11.66 C/sec a t  the 
beta-alpha transformation. "he second b i l l e t  was a i r  cooled, and the  center 
quenching rate was 0.65 C,/sec in the beta pr ior  t o  transformation. 
sizes are being compared f o r  these two  treatments and the i n i t i a l  condition. 

The first b i l l e t  

Grain 

A t o t a l  of nine coextruded uranium rods, 0.620 inch i n i t i a l  OD, 0.022 inch 
Zircaloy-2 w a l l ,  and approximately 20 feet long have been used in preparing 
7-rod cluster elements f o r  KER i r radiat ion.  The material was prepared from 
ingot uranium castings, t r i p l e  beta heat t reated before machining t o  b i l le t  
size,  and coextruded by FPD personnel a t  MMI.  The rods were extruded w i t h  
a 39:l extrusion r a t i o  a t  approxfmately 1160 F. The p a r t i a l  chemistry of 
the b i l le t s  was as follows: 
Fe, pp -49  min-108 m a x .  
Metallographic spechaens were taken from the front ,  center, and rear of 
each extrusion after swaging from 0.620 inch OD t o  0.593 inch OD. Numerous 
core defects were observed in each rod. These were s m a l l  voids, cracks, 
networks of cracks and voids extending in a s t r inger ,  and c lus te rs  of oxide 
and carbide inclusions forming s t r ingers .  From t h e i r  appearance it i s  be- 
l ieved that most of these defects originated i n  the cast  b i l l e t  as shrink- 
age cracks and voids and agglomeration of inclusions. It is not unlikely 
that these were aggravated by the severe quenching during beta heat t r e a t -  
ment of the b i l l e t s .  The fue l  rods were screened f o r  the more serious of 
these defects and rejected as described la ter .  
individual fue l  rods w a s  performed following the heading ste?, described 
i n  another section of t h i s  report, without removing the copper p l a t e  or 
lubricant from the surface of the element. The treatment consisted of 

C, ppm-325 min-451 m a x ;  N2-ppm, 31 min-53 m u ;  
The density ranged from 18.93 t o  18.98 gm/cc. 

Beta heat treatmest of 



hanging the rod ver t ica l ly  from the extrusion stem fomed in heading, 
heatiag In chloride salt fo r  f ive  minutes at  730 C,  t ransferring t o  
600 C chloride salt for  f ive  minutes, and air cooling while ro l l ing  
the rod on concrete. The crystallographic orientation i s  being de- 
termined f o r  a number of these rods i n  the following conditions: 
extruded, after s iz ing by swaging, after upsetting the heading die, 
and after beta heat treatment. After beta heat treatment, the  fuel 
rods were bowed, ranging from a f e w  thousandths t o  a maximum of azprox- 
kiiately 0.050 inch t o t a l  indicated m o u t  (TIR) a They were straightened 
t o  O.OO3 TIR after cleaning by supporting between U-blocks and tapging 
v t th  a wooden m a l l e t .  Each fue l  rod was tested for  core or bond defects 
following beta heat treatment using an ultrasonic tes t .  Several sections 
showing iadications of defects were examined metallographicallyo Several 
severe core defects were identified in t h i s  manner so a l l  elements having 
Indieations on t h i s  test were rejected. 
were rajected on t h i s  basis. 
one group of 36 rods t o  determine the projection weld integri ty  and sub- 
sequent uietallographic examination of the Zircaloy-2 clad of one of tbe 
elements indicated that the hydrogen content of the clad had been in- 
creased t o  approxlslately 100 ppm. The remaining rods were outgassed 
18.5 hours in vacuum a t  600 C. 
sample indicated that the hydrogen had been reduced t o  approximately 
5C p p .  
i n  which an autoclave rupture occurred. From these examinations it 
agpsars that each rod making xp the cluster  elements contains approxi- 
mately 50 ppm hydrogen in the Zircaloy-2 clad. 

as- 

A t o t a l  of s ix  elements of 112 
A rupture occurred during au%oclsvfng of 

Metallographic sections of the  test  

The cladding of a t  least one rod was examined for  each group 

Ar. cxtr=rsior? press for  use i n  coextrusion studies has been set up 5y 
adapting one of the UO-ton hydraulic presses in the 306 31dg. 
emposi te  Zircaloy-2 uranium b i l le t s  have been sa t i s fac tor i l2  extruded 
w i t h  the press w i t h  extrusion reduction ra t ios  ef 13.5 t o  lo 
i s  designed t o  back extrude rod ver t ica l ly  up into a steel babe guide. 
The extrusion is then hung from an overhead crane while cooling t o  a id  
i?l straightening the extrusion. 

Two 

Tkis press 

Zircaloy-2 clad uranium rods 0.593 inch in  d i a e t e r  have been drawn 
successfully on the  seven-ton draw bench. 
vapor-blasting, plat ing w i t h  half a m i l  of copper, and labr icat ing w i t h  
"Steel Skin" (sodium stearate acd naolybdenm disulf  ide) during the 
cirsw-hg operations. 
surface and w a s  round t o  w i t h i n  0.25 nil.. 
was 1.25 m i l s *  
one that may hold promise fo r  5abe sizing. 

The procedure consisted of 

No seizing occ-ured. The rod had a very smoth  
Spring back or- the  f i o a l  draw 

This appears t o  be ar, excellent rod sizing technique and 

Closlrg and Joining. 
0.625 inch diameter, 0,030 inch w a l l  Pael rods in the as-coextr7idcd 

Additional pressure t e s t i cg  of end closures on 
- 

condition groduced the following tentat ive conclusions: 

1. 

1 2 4 0  I 

?he ixternal pressure zlecessary 300 C t o  burst the 
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2. The longitadinal engineering stress i n  tns jack2t a t  
f a i lu re  i n  these j@? C tests generally e x c ~ e 2 s  ~ 0 , 0 0 0  ?si .  

3 .  I n  noae of sevez closures i n  which the jacket w a s  nosed 
over an end cap by swagkg pr ior  t o  welding d id  the boxd 
between the uranium and Zirealoy-2 f a i l .  

4. Two of t he  sevec closures produced ky welding the jacket 
t o  tho end cap withox5 swaging Sailed as a res-at of 
breaking the bond between the  cranium and the Zircaloy-2. 
13 such cases tne 5angential (hoop) stzess,  equal t o  twice 
the  longitudinal stress, bPcomes e f fec t ive  a25 reduces the 
rqturs pressure 

5 .  Failure of the U-Zr-2 bond poba’c,ly is  a resu l t  of heating 
the bond during welding a d  eoirld, therefore ,  >e corrected 
by deeBer counterboring of the uran im thus ma!cing the weld 
a greater  distance frm the  Zr-2-3 bond.. 

The end closzre process developed by Fuels Fabrizafion Developnent w a s  
aFplied t o  112 one-foot long natural  uranium fue l  ro&s clad with 0.020 
inch thick Zfrcaloy-2. 
rod end t o  f o m  the  cladding over s o s t  of the end of the rod. Following 
t h i s  s tep a resistance r ing  t-ype projection weld i s  made between the  rod 
end and the  cap. 
tes ted,  then a second frrsion weld is placed in  series with the f irst  
weld. The double closure tests greater t h a n  10,000 pounds under t ens i l e  
load. There were three weld f a i lu re s  i n  the r ing  type resistance welds 
i n  224 welds f o r  a failure rate of 1.34 pereenf. Wtth improved instru-  
mentation more reliable results are expected, A higher r e j ec t  r a t e  w a s  
encountered i n  fusioc welding due t o  d i f f i cu l ty  i n  bridging a t  the start 
of the weld. Twenty-seven percent of the fusion welds were rejected due 
t o  excessive penetration. 
which i s  expected t o  reduce the r e j ec t  rate through +,he fusion welding 
s ta t ion  t o  less than three percent. 

This process consis ts  of semi-ex5rusion of each 

After projection welding the closure i s  autoclave 

A modified welding procedure i s  heing developed 

Equipment has been developed which w i l l  s a t i s f ac to r i ly  hot head 0.593 
inch diameter eoaxtruded fue l  rods clad w i t h  0.020 inch of Zirealoy-2. 
Twelve-inch lengths have been hot headed at  a rate of approximhtely 
eight  rods per hour. To da$e 115 rods have been successfully hot headed 
w i t h  t h i s  equipment. The hot heading provides a thicker  Zlrcaloy-2 
section a t  the  ends of the  rod. This is  required f o r  one form of welded 
end closure. The hot heading equipment is  resistance heated and oper- 
ated a t  an average temperature of 550 C .  Both ends of the fue l  rods a re  
formed simultaneously with a forming d i e  i n  each end of the container. 
The rods are prepared f o r  hot heading by swaging t o  approximately 0.010 
inch mder the desired finished s ize .  This p e m i t s  t.he rods t o  be i n -  
serted in to  the  container w i t h  ease and the rods are upset t o  the desired 
s ize  in  the forming operation. A f t e r  swaging the rods a re  cut t o  length, 
cleaned, and 0.0005 inch of copper i s  plated over the ent i re  rod. The 
copper p l a t e  prevents the rods from seizing t o  the  steel container and 



grotects  the Zircaloy cla& from the atmosphere while a t  =levatad tem- 
gerasures. 
0,' lubricant.  
container f o r  forming. 
t o  three feet i s  beilzg fabricated and should be completed and ready for  
use within two weeks. 

Pr ior  t o  hot heading the rods are coated wi th  a thin layer 
The rods are prehea+,ed t o  620 C and bserted in  the 

Equipment for  hot heading rods vi5h lengths us 

Allied Fuel St72dies. 
end caps, l a rge  displacement incompati3ilities are sncoun+,sred during 
reactor werat ion.  
cycling i n  tne jacket near the end cap. 
cating these mechanical conditions is being cieveloped. A s a t e r i a l  wi th  
a large coefficient of thermal expansion was reqfiired, and a suitable 
75 w/o Mn-25 w/o 1: al loy has been f o u d .  
obtained bonds between Mn-1Bi alloy and Zircaloy-2, h - M i  a l l o y  and coFper, 
M n - N i  alloy ana nickel plated Zircaloy-2, and copper t o  Zircaloy-2. 
Co?per glated Zircaloy-2 was a l so  bonded t o  410 s ta in less  steel. 
bonds vere obtained a t  715 C, under 5000 p s i  pressar?, in  vacuwn and 
w i t h  15 minutes holding tines. 

'Em al loy fue l  samples of m-98 w/o f u l l y  enriched uranium are Seing 
examined in  the Radiometallurgy f a c i l i t y  after at ta ining calculated 
exposures of 2 and 2-1/2 a/o 3.U. a t  the KFR. 
t o  date indicates that t h i s  fuel  material is  s t i l l  dimensionally stable 
under the  conditions a t  which it attained these high burnups, 

In fuel elements w i t h  bonded jackets snd unbonded 

These incompatibilities can cause localized s t ra in  
An ex-reactor test  for  dupli- 

Bonding tests on coupons have 

All 

The cursory examination 

A mockxp of the ?lamed 7-rod cluster  fuel  element fail-xe e w e r b e n t s  in  
the 3x3 fue l  tes t ing  f a c i l i t y  has been operated successPally i n  ELMO 
#4 ex-reactor logs a t  3OG C an3 1450 ps i .  Tke fuel  corrosion and rod 
damage followed the patterri as established i n  autoclave tests OS control 
;piecesg but the hydraulic r u p t u i n g  mechanism did not worlc as  well as 
desired. 
Eeehanism. 

The test w i l l  be run again w i t h  an improved hydralalic rupturing 

Corrosion rate determination of defected fcel rod specbens i s  continuing. 
I n  a recent test a fuel rod specimen that !md been beta treated, water 
quenched, and aged at  475 C for  350 hours produced a corrosion rate dras- 
t i c a l l y  reduced from that of unaged specimen. Tine corrosion rate w a s  a lso 
less t:w t'hat of beta treated and isothermally treated specimen (quenched 
TO ~ C C  C from beta and held ten s inutes ) .  This o3servatioD gives a clue 
t o  some mornalous behaviors rioted w i t h  beta $rested water quenched spec- 
-he3s i n  ELMO #l loop t es t ing  and may show the way t o  a heat treatment 
which 2s simpler and mors effect ive than the isothermal treatment, which 
t o  date has given the '@est resalts. 

The failure of a defected coextrudsd fcel x d  specimen was o3served in 
a viafiow?d autoclave at  BMI t h i s  mcn+,h. This tes t ,  and others wblich 
are being filmed, reveals that rupturing a t  inter t ional  dqfects does 

explosive violence as many have fsared bit i s  rather very 
and ocmrs a r  a slow, steady ,-ate, 
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I n  s-qFort  of Hanford's fael element dcvelo~mmt P G T X ~  a szr ies  of EX- 
2er4aents t o  abtain da:a on thz d q e n t m c o  cf S a 3  -2-anim s w l l i n g  
upon claddfag and xraniuz tmperat=t-es claddizlq thicXness, and ex- 
posure is  being amdunted. F w r  eqermental asse&lies, rontaining 
Zircaloy-2 claci uras,f-m f u e l  rods and irradiates i n  thc i f 3  and El? as 
a c u r s o ~ j  investigation or" the  ef fec t  of %be above parmeters  on swelling, 
have been returned t o  Hanford €or oxaminar;ion iz J C y J ,  
assPmblies t c  extend the coverage of the tempe;-atn.re, exposure, aad clad- 
ding r e s t r a in t  psameters are gC percent fabricat?&., 
being grepaxd f o r  i r rad ia t ion  13 t'ae E39 are s a f l a r  t o  thcse j v s t  "5- 

twned tc  Eanford. 
t eqera ture ,  eqosz re ,  and cladding upon %el  rad swelling, a series of 
NaK z a p d e  e q e r b e n t s  5ave been designed for fr-adfation in process 
tubes of Ranford reac+Yors. Assembly of the c a p u l c s  i s  25 perzzent corn- 
Flete .  It i s  glanned t o  $eqitA i r rad ia t ions  i n  FTaly or August.. 

Tex Pore 

%ese asseablies, 

'ia attemgt a s t a t i s t i c a l  analysis of" t h z  ef foc t  of 

A new m e t a l  foxzing machine, the DynaDak, w&s ins ta l led  i n  the 326 Build- 
ing fo r  experimental extrusion and forging of Piel elsment coqonents. 
The machine has a s t a t i c  capacity of i O G  tons a d  a ?ynamio sasaci ty  of 
m a r l y  2,030,009 f t  Ibs. 
cate the m e t a l  flow ~mrlsr the  higb f o m i n g  rates i s  essent ia l ly  stzeam- 
liried and coextsusion is possi5le. Closed die  forgizig of GO9 powiier i n  
alzlm:mn and s ta in less  steel sheaths showed ciensificatlon of the green 
oxide -xp t o  85 percent of theoret ical  density, a vaLue considerably 
greater thaa obtainable by other compacting methads 

Tke f e w  extrusions and soextrusions made indi- 

A design, developent,  and research cc r t r ac t  fcr t i e  induction heat treat- 
ing of xranilrm i s  being prepared. This w i l l  be a tkee-phase contract  t o  
cover basic heat t r ea t ing  studies on sbort sDeci;nens of soextruded 
Zircaloy-2 clad uranium tube, methods of" heat %reatin6 f u l l  length fue l  
element tubes, and the design and construction of equipment capable of 
heat t rea t ing  and s t re tch  straightening full length tcbular fuel  elements. 
A coopera2ive heat t r ea t ing  program w i t h  FPD i s  under way a t  the AJax- 
Magnethermic Corporation. This program involves the induction heat tfeat- 
ment of coextruded Zircaloy-2 c lae  uranium rod sections. Various condi- 
t ions  of time a t  temperature, delay time between the temperature peak and 
quenching, an8 cooling rates have been investigated. Four conditions of 
water spray quench and three conditions of a i r  quench were investigated. 
Water spray quench conditions Lnvolved presswes cf 10 aazd 80 psig and 
temperatures of 28 and 80 C. The a i r  cool conditions invoived compressed 
a i r  a t  pressures of 10 and 70 psig and a normal air cool at, 28 C. 
process provides a r e l a t ive ly  s b p l e  method of heat t r ea t ing  long urani-un 
rod and i s  readi ly  adaptable t o  automation. 
available 

Metallurgical Develoment. Nine Zircahoy-2 clad uraniwm tubular cores 
were taken t o  BMI fo r  pressure bonding in  Battelle's high pressure gas 
autoclave. The specimens comisted of three cas t  bonded fue l  geometries, 
t w o  elements w i t h  the uranium core i n  the as-cast condition, two elements 
w i t h  M I  extruded uranium cores, and two elarrents w i t h  as-cast cores 
which had been subjected t o  a s ingle  beta treatment a t  730 C, followed 

This 

Texture data are not yet  

1 2 4 8 1 0 1  



2. 

by a water quench and an alpha anneal a t  640 C, followed by an a i r  cool. 
Cores were bright etched and electron beam closures were made. 
specbetls were pressure bonded i n  two batches, each at 10,000 psig 
helium pressure and 840 G (1550 F) for four hours. 
when the elements were pressure checked after the bonding cycle. 
lographic examination of these samples has not been completed. 

The 

No leaks appeared 
Metal- 

Tacilities and Equipment. Remote measurement of i r radiated fuel  rods is  
required In reactor basin ?acili%ies and radiometallurgy f a c i l i t i e s .  
Special problems arise in measuring the diameters of i r r a d a f z l e l  ele- 
ments which are t o  be recharged in-reactor. 
s t r a in  gages has been developed which w i l l  measure the diameters of the 
outer rods of c lus te r  fue l  eleaents without having t o  disassemble the 
cluster element. The gage has an accuracy of 0.1 m i l  and a range of 20 
m i l s .  
steels were used In the gage fabrication. 
machined for use i n  the Radiometallurgy f a c i l i t y  and the ETR basin. 

A c l i p  gage using SR-4 

Higher ranges of measurement could be obtained if  sgecial  hardened 
Two gages are now being 

The effect of i r radiat ion upon the accuracy of s t ra in  measurement w i l l  
be determined by making measurements on irradiated swelling samples in  
a Radiometallurgy c e l l .  

Gamma heating in W O ' s  6x9 ETR fue l  tes t ing  f a c i l i t y  has been measured 
as the first experiment in the f a c i l i t y .  An instrumented s ta in less  steel 
slug was operated i n  the 6x9 (reactor core), and a gamma heating value of 
about 20 watts/grlsm a t  fiu3.l ETR power was obtained. 

The relocation of tes t ing  f a c i l i t i e s  in 3 0 3 4  Building is  EOW nearly 
complete. 
way, lagging the steam l ines ,  and ins ta l l ing  some e l ec t r i ca l  ou t le t s .  
When completed, t h i s  tes t ing  center w i l l  include f a c i l i t i e s  for  p e r f o n -  
ing the following routine tests: sonic orizntation test ,  leak vulner- 
abi l i ty  (water autoclave) tests, OD and I D  f r o s t  tes t ,  ultrasonic bond 
test, vectorscope test, dimension checks, Dy-check test ,  autoradiographs, 
macro- and micro-visual surface examination, destructive removal of 
jacket by chisel  test and/or lathe turning, and weld and end ca;, radio- 
graghy . 

A f e w  minor items remain t o  be done, such as laying a drive- 

?EACTOR PROCRAM 

Coolant Systems Development - 
Nickel-Plated Fuel Elements. 
f u e l  element cans a t  165 C and 120 C in  process water i s  continuing. 

Out-of-reactor tes t ing  of nickel-plated 

Examinatioxi of the pieces a t  120 C after 1 2  weeks exposure indicates 
excellent corrosion resistance. No evidence of loca l  attack a t  defected 
spots w a s  noted. The test  a t  165 C a f t e r  four weeks exposure showed 
very good corrosion resistance w i t h  very l i t t l e  penetration a t  the de- 
fected spots. However, bo i le r  type scale formation was very evident on ', 
the surfaces of several of the  t e s t  pieces. 
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T e q x r a t x e  Variation 2n TIOW ChacT-els. The charg? ILI E?-2 iacludes 
thermocouples t o  measwo w a ~ t r  t e q e r a t u e s  If the 3Fff~?e~lt .  flow 
chan~e l s  after p a s s k g  over seven aligned ncn-wire-Ta?pe&, 1 5& enrirhed 
T-rcd c lus te rs"  
22 C; the inner flow channels average 10 C ho%% thar: the outer. W i n g  
a week of operation a t  low temprature  (out le t  belosr 120 z 9  ne:essitafed 
by a pinhole veld leak in the piping),  t h i s  texcperatcc spread w a s  the 
sama as a t  260 z outliOt. 

These indicate a spread of water zezpra%mes of about 

In-seastor Corrosion of Aluminum. 
a lmixm-c lad  h e - a l l o y  slugs. 
c-810 al loy (X-8391 vi% O . l $  T i  added). 
charge is t c  zondition the loo;, for  a f e w  wzeks a5 hi@ temperat-;-e 
following decontanination acd tube replacenento 
be a four-morth corrosion tes t  of aluminilm clad elmeats i o r  vhicfi it i s  
ssse35ial that the water quality 5e under care5.d cclzt.rol. Several Fn- 
stances cf high loop ac t iv i ty  have occurred, agqaresrtly $he r % s - d t  of 
slcxghing off of radioactive c x d .  This charge i s  alsc the first in- 
reactar exgoswe of s l q s  clad in  6-810. Out-of-rzectm t o s t s  have i n -  
dicate3 that +,his new a i l o y  i s  more resfstmt tr: nfergrazular  atfack 
than X-80@1., Qerazion i s  a t  about 210 Cp 23 4.5 E 3- PC~L. 

O&-of-Seactor Zorrosion of Aluminum. 
and X - m O l  alloy clad Doe sl-lgs charged into ELMO-6 were discharged 
after fo7.r weeks operatio3 a t  300 14, p9 4.5. 
alloys were i n  good condition. No a3mormal corrosion was noted on the 
weld areas or  surfaces of the slugs. These sl-ags w i l i  be defected and 
exyosed t o  LOO C steam t o  h p l i z a t e  the ruyture condi+,ions wbich could 
ex is t  i n  the next  KER-3 t e s t .  
ture w i l l  be operating a t  LC13 C. 
the severity of a KEX-3 r!,pture. 
ELMO-6 and w i l l  also be exgosed t o  400 C steam t o  detemi=?e the pro- 
tect ive nature of the corrosion Froduct formed a t  300 C. 

KE3-3 w a s  charge6 b y  23 w l t h  XI 
Five were clad ir-. X-83Cl  an2 15 wftk 

The pzIxi2ai  pu?pcse of tnls 

T=he l a x %  cnarge will 

The e-819 al loy clad Doe slugs 

Both the X-8001 and c-810 

I n  t h i s  tes t  ',he a l u n i n - a  metal tempera- 
This rugkure test. w i l l  help oredict  
Coupons of X-8001 were remove6 from 

Fret t ing Corrosiori of Zr-2. 
during the month. 
wound with Zirealoy-2 wire fixed a t  one end but ir?e t o  move a t  the other 
end. 
abo;lt 25 e s o  
Zr-2. The compocents were etched 2r ior  t o  assem3ly. L.on discharge, 
f o u  areas of wear is the form of grooves were noted i n  the tube. 
timation of the depth of these grooves was one t o  f ive m i l s .  Some white 
oxide was present at  these grooves. 
the wire wrapping and wear on the Zr-2 w i r e  was also one t o  f ive  m i l s  a t  
t h i s  point. 
test  section, the wire was worn down about x) m i l s .  
ination i s  being =de on the tube. 
and consisted of a 1/2 inch Zr-2 process tube witt.1 Zs-2 vir, 0s used ~ C F  

ribs and 1/4 inch Z r - 2  rods used for  slugs. 
pr ior  t o  as~el~13i.y. 
for six days a t  ~ 5 0  fps.  

Two f r e t t i ng  tests were performed in  ELMO-7 
One tes t  consisted of a Zircaloy-2 tube sp i ra l ly  

The assembly was exposed t o  300 C pX 6 t o  7 water for  two weeks a t  
No  pre-treatment except etchire had be=n performed on the 

Es- 

The groove areas were d i rec t ly  below 

Where the Zr-2 w i r e  contacted the type 304 stainless steel 
Metallographic exam- 

Another assembly vas eqosed  i n  ELNO-7 

All pieces agalc were etched 
The specimens were exposed t o  3 ~ 3  e pa 6 t o  7 water 

On exara3nation it was noted tbt the w i r e s  



were missing and probably had fretted away a t  the contact points. 
%ube and "slags" had fretted from 5 t o  50 m i l s  wherever contact had been 
ma6e w t t h  each other and w i t h  the wires. 
where the slugs had vibrated against the process tube. 
positioned i n  the test section w i t h  304 stainless steel spacers t o  cause 
all of the fiow t o  pass over the "slugs". Where the 304 stainless  steel 
and the Zr-2 tube made contact, f r e t t i ng  occurred on both materials. In 
addition, cracking was observed in  the tube in t h i s  region. Both the 
tube and one "sl.lgfl are undergoing metallographic examination 

The 

The' 5 0 - m i l  penetration occurred 
The tube had been 

Rqture  Testinq. 
eqosure ,  was made with a coextruded uranium and Bircaloy-2 file1 rod in  
the as-extruded condition. T e s t  conditions were 300 C, 1650 p s i ,  power 
rate 30 kw/ft, and 20 f'ps velocity. 
series of tests is  that very l i t t l e  difference exists between the rupture 
rate of heated ( internal ly)  and unheated rods. The cranium oxide release 
ra ta  during %he last exposure was 0.72 gram/minute per defect. The maxi- 
a m  diameter of the rod was increased t o  0.79 inch from an original  0.59 
inzh. 

A fourth half-hour run, making a t o t a l  of two hours 

The general conclusioc from th is  

The projection element for  ETR rupture tes t ing  was exposed for  an addi- 
t iona l  hour, f o r  a t o t a l  exposure of 2-1/2 hours a t  300 C. 
the end-cap had caused considerable swelling, w i t h  the m a x i m u m  diameter 
hereased t o  0.87 inch from ax or iginal  0.59 inch. A f t e r  a t o t a l  of three 
 GUS exposure a t  300 C, two coextr-dded rods beta-heat-treated followed by 
isothermal treatment exhi3ited almost negligible swelling along the  i n i t i a l  
0.030 inch s l i t  defect. 

RLlpturing a t  

Long-Term Effects of Decontamination. 
started i n  CEP-1 a t  simulated HPR operating conditions. Long-term corro- 

A six-month operating test  has been 

sion 2f iects  from repeated decontaminations of t h i s  all-stainless stePl 
ioo;? w i t h  Turco-4501, Turco-4502, and HNO3 are being evaluated, 
w a s  a lso clharged w i t h  304 s ta in less  steel coupons stressed t o  106 of 
yield snd Zr-2 coupons stressed t o  5 6  of yield, t o  determin- e the e f fec t  
of these repeated decontaminations on stress corrcsion. 

The loop 

fX?-4 loop ins ta l la t ion  incorporating mixed carbon and stainless steel is 
expected t o  be completed by Ju ly  1 5 ,  1959. 
mder simulated .WR conditions for  s ix  months t o  stu2y the long-term 
corrosicn e f fec ts  from repeated decontaminations of a mixed car'3on steel- 
s t a i a e s s  steel system wi th  Turso-4501, Turco-&502, and Turco-4512 * 

This loo? will Se operated 

Corrosion Evaluation of Decontaminants 
aluminum a l loy  coupons was charged i r t o  KEFt Loop 3 t o  dztermine whether 

A coupon holder containing c-810 

there i s  a significant change i n  corrosion rate following a loop decon- 
3amization. The holder is located a t  the domstreazn end of the fue l  
elmenf, charge. 
Zr-2 cowons pre-treated in  Turco-4512 decontamination solution and non- 
t reated control coupons were charged into KER Loop 2. 
det,emine whether large corrosion product f i l m  build-uj? w i l l  cczur  on 
csrhoc s t ee l  after T-uco-4512 treatment during in-reactor %posure. 

Five coupon holders containing A - 2 1 2  carbon steel and 

This tes t  i s  t o  

Out- 
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of-reactor tests indicate that  f i l n  buiid-xp is  '-7 % z z s  larger  '32 
eo~yoos  t reated w i t n  the Wco-4512 ( inhibited H??C4+) so:.sion t m ~  
on aon-treated coupons. 

F i b  weights ar~d ~'Lforxn corrosion of zarbon stsel coqocs  Fre-trea$ec? 
i ? z  Taco-4512 decontamination solution and exTssed in 300 Z j  $2 1C water 
agree with Frev2o.s t e s t s .  The film weights of the grp-treabed coapme 
were 1.7 times heavier than values measured f o r  polished :o"qc3s. 
geretrations are 5.05 m i l  for  the polished eoupo3s acd c.98 mil for  the 
p r e t r e a t e d  co9qonso 
etched Zr-2 couporms which were processed i n , t h e  'Z-arcc-~SgE decontaninatioc 
soh t ions .  No differences :n w e i g h t  gains o r  surfsee aDpearanzse w e r ~  
f o u d  betweon the etched a,ad non-etched sol;pocso 
i,?g decreasing weights with increased eqosure .  
650, and &5 h r x s  tke weight gains were 15.5,  12.k, a& lC.8 sg/bi': 

54 tLa1  

Also ir,r=ludad i r t  Ynis test are efcbel and non- 

Tksc  zoupons a re  show- 
A t  discharges after3 325? 

reSFeCffVt?ly a 

St x c t x r a l  Materials 3oveiopnect 

Zircaicy Psess*ure 3bmP;. 
fai2are with inte,xal Fressyre a t  elevated temperatures, as  par t  of a 
Frograa t o  study the tezlsile properties and failure mechanisms of t h i s  
tzbing. 
35@ C and 10,OOC psig internal pressure. 
cula+,ad t o  be 57,300 p s i p  with 3.8$ u i f o n n  elongation and 8 . q  localized 
elongatioB of the d ime ta r .  
sontimed fo r  about six inches, then turned both righz and l e f t ,  transverse 
t o  the ax is  cf tine tube, and continued about half way around the circumfer- 
ence a t  Se%h ends of the or iginal  crack. 
t o  be shear since the fractured s*urfaces were inclined approximately 1 5  
degrees t o  the direction of principal 'stress. 
discussed i n  the May 1959 monthly report was observed on the inside surface 
of the tube botn before and after tes t ing,  suggesting that the failu-e had 
a mechanical rather than a crystallographic origin.  

Zircaloy-2 pressws tubing i s  being tested t o  

h NPR t n e  process tube w i t h  20 percept cold work was burst  at  
The u n i t  hoorj stress was cal-  

The tube failed 13 a longitudinal s p l i t  which 

The failure merhanism appeared 

The parallelogram pattern 

- 

CreeB Testing of Zircaloy-2. 
has been shipped t o  Battelle Memorial Ins t i tu te ,  a d  t es t ing  i s  under wayo 

A new l o t  of amealed Zircaloy-2 material 

Strain gage modifications have been completed f a r  an in-reactor creep 
capsule. Shop diff icul t ies  are s t i l l  being encountered i n  fabricating 
a r s l fab le  capsule heater. 
creey capsule has been received and tested. 
tfons, the bellows i s  acee2table. It i s  expected that t h i s  creep capsule 
w i l l  be shaken down and ready t o  start in-reactor creep tests ear ly  i n  

One of the modified bellows f o r  the in-reactor 
Although not  t o  specffica- 

FY-1960 0 

Nonmetallic Materials Development 

Prraaiation of Candidate W R  Graphites. Recent revisions i n  the schedule 
for  of f - s i te  i r radiat ion of candidate W R  graphites have been m a d e  t o  
include the following factors:  



. . -  . -  

1. 

2. 

3. 

A-16 KU-60846 

Exposure accumulation in  the ETR f a c i l i t i e s  w i l l  not be 
a t  the ra tes  originally predicted due t o  low power levels 
and operating efficiencies.  Consequently, the time for  
each EXR irradiation has been extended. Also, the sample 
arrangement has been redesigned t o  accamodate more samples. 

Processing variables which might improve the dimensional 
s t ab i l i t y  of graphites under irradiation were selected 
during recent discussions with carbon manufacturere. 
Samples which represent reduced grain sizes and increased 
graphitization temperatures were prepared by the manu- 
facturers and are  incorporated in  the revised irradiation 
schedule. 

Irradiations of IWR candidate graphite samples are being 
scheduled Into the G&"R by A u g u s t  3, i n  order t o  compensate 
for  lost space and irradiation time i n  t h e  MlR (e.g., L-42) 
and the ETR. 



.- 

wnere the statistical errors  cf the mean value were c~angxa3. fro= the 
s w l e  variance. 
f lzifial  expansion wlrich hias been noted upon higk tmpra%xre irradiation 
of graphite arises from a thermal annealing of a c q r e s s i o n  SCC,, 

2-2'2A ktermediate Te=erat*ns Graphite I r radiat ion,  %e graphQte test 
assembly located ic 1573-DR has not functioDe9 p r ~ r 1 y  since it w a s  ic- 
stalled '3n April 27, and sc far the cause of %he fail-=e has not been 
E o m d ,  

These data tend t o  suppor~ the hy-pthesis that  'The 

A new asseably con%aisiag CSP graphite i s  t o  replace the defective one 
&iring the next shu*down period as authorized by E- IP-22Aj  Sqplement D, 
w-60453 0 

Stored Energy AFparatus, A test  of the stored energy caiorimeter w i t h  i t s  
LBW shield heater showed sat isfactory m a n u a l  operation f o  about 1290 C. 
Aboat 75 cal/min of power t o  the unirradiated graphite specimen was needed 
t o  h015 t h i s  temerature. 
the eDds of the calorimeter, Calibration of the apparatus is  i n  progress 
w i t h  materials of known h$at capacity, such as coFper and beta-brass. 

Hdch of t h i s  heat loss i s  believed t o  be throagh 

Thermocouple Development. 
tne iron-constantan, poneelain insulated reactor thermocouple s t r ingers .  
This is  being conducted to provide a basis fo r  camparison w i t h  thermo- 
coia3les of Drives-Farris alloys 242133 (6eminols) whfeh are currently i n -  
stalled or  sched=iLed fo r  ins ta l la t ion  in  most reactor stringers.  

A survey i s  being ma6e of %he performance of 

Thermal EyCraul i c  s Sbidies 

Equipment Progects 
wnieh w a s  ins ta l led  i n  189-~ t o  provide additional heat generating capacity 
i n  the  Heat Transfer Laboratory w a s  operated a t  powers up to 2700 kw 
during s tar tup tests. Various minor adjustments of the controls and 
instruments were found t o  be necessary before the acceptance tests caa be 
completed LJ 

The project t o  modify the sigh Pressure Heat Transfer Apparatus for  higher 
flow and heat generating capacit ies and t o  allow t r a n s i e n t  type experi- 
ments (Project CGM-834) continued on schedule. The 259 gpm pump was ic- 
s ta l led  and run successfully during s tar tup tests. The e l ec t r i ca l  bus 
work was modified t o  increase i t s  capacity t o  32,000 amperes. A bus in- 
t e r t i e  w a s  finished that provided for  operation of the apparatus w i t h  

The s i l icon rectifying ecpipment (BroJect ca-661) 
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either the mota-generators o r  the  s i l icon rectifiers as an e lec t r i ca l  
source f o r  heat generation. 
elcperimentation w i t h  short test sections simulating W R  fuel elements 
lmaer prototypical reactor operating conditions. 

These modifications are suff ic ient  t o  allow 

3ydraldic Studies. 
pressure drop and f l o w  s p l i t  characteristics of C-II s ize  self-supported 

Flow experiments were conducted t o  determine the 

9 SC E fuel elements i n  a ribless BDF process tube. 
is  a fuel element model having specified dimensions as shown on HAP0 
drawing H-3-7350, "Canned Virgin Uranium Fmlel Elements." %-e nominal 
camed dimensions are 1.460 inch OD by 0.375 b c h  B3.1 These fue l  elements 
exbibit a pressure d r q  character is t ic  only about f ive percent greater than 
fo r  the same nominal s ize  fie1 element {not self-supportj ic a ribbed EDF 
tube, 
e lemnts .  

(The designation C - I 1  

The annulus-to-hole flow r a t i o  was 1.33 for  the self-supported fue l  
T5e data and results of these experfments are presented i n  

ar-60566 

Data were recorded which show the pressure drop across a ';-rod bundle of 
C.?O4 inch OD rods f o r  two cases: 1) with no wire wragping, and 2) wire 
cayp ing  of the six peripheral rods on a two-iach pitch.  
that the pressure drop is  about 12.5 times as great for  the two-inch pi tch 
wrapped case as fo r  the non-wrapped bundle. This compares w i t h  a pressure 
dray r a t i o  ( i . e  e ,  A E' wrapped/A P non-wrapped) of about 8.5 for  the 
0.7& inch OD rod bundle and the two-inch p i tch  wrapping as reported i n  
m-59333 0 

Those data show 

The mozkup of the  KEFt process tube :n the hydraulics laboratory w a s  modi- 
f ied with the replacement of the M-257 aluminum tube wi th  one of equal 
,dbensicns composed of Type 316 stainless steel. 

Mfseellsnsous. Modification of the low pressure apparatas t o  allow use 
of short tes t  sections for  special  heat t ransfer  studies of present Hanford 
reactor fuel elements was 75 percent complete. Test sections were con- 
structed t o  determine heat geners%ion rates associated with subcooled 
burnout and t o  study effects of eccentric placement of the f m l  Plemect 
in the process tube. 
process tube. 

These studies w i l l  be aided w i t h  the use of" a glass 

3ias were reviewed and orders placed t o  prock-e materials f o r  a X)-foot 
e le2 t r ica l ly  heated mockup of the W R  7-rcd Fdei e1menza 
znaterials were found that would allow the simulation of c o s i r , ~  heat gen- 
matLon within the test  section, 
hydraulic heads was i n l t i a t ed  in  on-si%e f a c i l i t i e s .  

Appropiate 

Fabricatior. of the prccess tube and 

Xechanfcal Equipment Develowent 

Crqanlc Cooling System Gomonents. 
hours &ring  the month a t  temperatures betveen 275 and 300 C and press-xes 
bs+,veen 250 and 300 psig.  
s l d ~  stream wnich resulted fr. the organic leaking out through the cooling 
vst~r s y s t e ~ ~  ' 3 e  amp bearings, which a re  orgacic lubrlcafed, w e r e  

The MWS-1 f a c i l i t y  operated for q 6  

"he main pump deveLogcd a leak i n  the coolant 

D ECLASS 1 FIE D 
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insysccYe3. and foucd t o  be i n  good warking order a f t . e r  agroximateiy 500C 
h o u s  of operation. 

The g r e s s u i z e d  f i r e  t e s t  using monoisopropylated terphenyl Pnlicates 
that a small leak w i l l  not support combustion altno.clg2.l. a la rge  l e u  w i l l .  
The f l u i d  i s  less com'Susti5le than MIpIj and i s  extinguished eas i ly  w i t h  
a small amount cf water. 

Reactor Technology Development 

Attemation Measurements. 
ferrophosphorus concrete and ordinary concrete i s  i n  progress. 
tes t  cn the neutron attenuation through iron i s  keing analyzedi. 

A summary report  03 the shielding properties of 
The second 

Two new sets of tes t  slabs were fabricated: 1) using a barite mixture and 
2) using a s e q e n t i n e  mixture. The serpentine concrete i s  scheduled t o  be 
placed i n  the  tes t  w e l l  atop the DR Reactor for the f i rs t  i r rad ia t ion  a t  
month-end. The aeutron collimator f o r  the DR w e l l s  i s  under cons tnc t ion .  

Foil countir?g has been completed on the firs% f o i l  loading of the NPR 
boron steel thermai shield tes t .  Analysis of the resuLts is -mder wsy. 

Shielding Ins t rments .  
correctly.  
conversion blocking osc i l l a to r  which was f i r i n g  i n  the wrocg time sequence 
or  not f i r i n g  a t  a l l .  

The 100-charinel analyzer i s  again running 
The primary d i f f i c u l t y  originated i n  the binary-to-decimal 

F'ABRLCATPON DEVELOPMENT - SPECIAL ALUMIllQM-PLWOH~ FUEL! ELEMEx'llS 

An additional 69 b i l l e t s  have been cas t  fo r  the  eqerimental  fabr icat ion 
of fuel elements f o r  SRP i r radiat ion.  
fabrication have been within f ive  percent of the nominal fue l  composition. 
The boron pickup (10 - 100 ppm) on these alloys,  which was reported l a s t  
month, continued t o  occw in  the  al loys cast t h i s  month. Since the boron 
pickrrp coincided w i t h  the  use of clay-graphite induction melting crucibles,  
samples of the r a w  materials used in  the crucibles have been obtained from 
the manufacturer i n  order t o  determine t h e  source o r  the  boron. These 
samples have not been analyzed t o  date. 

All analyses on the en t i r e  fue l  

An average of 12 b i l le t s  per  day have been extruded, B i l l e t  soak time 
and b i l l e t  furnace capaci t ies  are l imi t ing  factors  i n  t h i s  extrusion ra te .  
Surface condition of extrusions has been improved by minimizing the =out 
of oil-dag on the  die. This causes noticeable die pickup, and cleaning in  
a caustic solution is required after extrusion. Two hundred twenty-eight 
transplutonic elements have been extruded t o  date. 

Final inspection of the fue l  rods showed inclusions of a foreign a l loy  
material i n  the 8001 a l loy  jacket,  This  nraterial was analyzed t o  be high 
in t i n  and lead, and w a s  picked up from rod straightener guides. A n i t r i c ,  
hydrofluoric and chromic acid etch was used t o  select ively remove the  in- 
clusiocs.  Even wi th  the chromic acid inhibi tor  present, the base metal was 

' t  



etched a t  a rate of four m i l  per hour. 
acceptable rods is  1 5  minutes. 

The maximum etch time fo r  

Ei-Qne good elements were shipped dur ing  the month fo r  a t o t a l  
of 114 t o  date. 
complete t h i s  work. 

Thirty-six additional elements are required t o  

B. WEAPONS - 3000 PROGRAM 

Research and development in the f i e l d  of plutonium metallurgy continued 
in support of the Elanford 234-5 Building Operations and weapons develop- 
ment programs of the  University of California Radiation Laboratory (Project 
Whitney). 
t r ibut ions l i s t s  appropriate t o  weapons development work. 

Details of these a c t i v i t i e s  are reported separately via dis-  
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C. 

T l c t o n i m  Fueis ikvelcpment 

Basic Stui ies  
comimed, and data are available a t  one hour $old times atmss the 
U O ~ - P ; L O ~  coqos i t i on  lfmits. 
depecdent on pressed densi t ies  w i t h  densification occurring v e ~  rayidly 
a t  higher pressing pressures. The following table  i l l u s t r a t e s  the 
effect. of oce hour a t  temperature on final densit.y fo r  pure plutoni-ai 
dioxide pressed t o  both 40 and 60 percent of theoretical  density. 

Sinteraki l i ty  experiments io the system G O ~ - P J C ~  have 

Sintered densit ies agpear t o  ba lcarkedly 

T€Ep. 

1100 
1290 
1300 
1400 
1500 
1600 

40$ TD 

73.6 -- 
78.6 -- 
81.8 96.9 
86.3 95.7 
87.6 89.7 
92.9 -- 

M~etallograshic examination of U02 c a p a c t s  bearing up t o  10 w/o Pu02 
and siatered a t  temperatures up t o  1600 c revealed the  porosity pattern 
and denslfication occurring a t  elevated temperatures. Etching indl- 
ea%ed a large m o m t  of porosity t o  be alof,g grain boundaries and a 
decrease i n  the t o t a l  number of pores a t  higher temperatures. 
attenrgted, both metallographicaily and by x-ray diffraet ioa,  tc obtain 
information on the time and temperature de2endence c;f sol id  solution 
fozmation during sintering. A t  magnifications up t o  5OOX, a second 
Fkase on samples sintered a t  low temperatures could Lot be detected be- 
cause of %he extreme porosity. 
a t  the bigher tanperatures show a minimum of porosity; however, the single 
phase forsation i s  complete. 
Wp10 w/o Pu02 heated fo r  eight hours a t  lx>O C gave very shaq yeaks 
with no evidence of two phases a t  low angle refelcrions.  Latt ice par- 
a e t e r  calculations nay, hawever, show sol id  sclution f o r m t i o n  t o  be 
incmplete 

It was 

On the other hand, those samplesslntered 

Diffraction patterns of VG2-2 w/o Pu02 m d  

!Ihe first resulfs of a s inter ing study i n  whic2 as-received ceramic 
grade Spencer W e  was ccaapared to PWR grade hEW U02 bal l  zlilled 48 ho'srs 
show the former t o  have a higher s in te rab i l i ty .  When both powders are 
pressed a t  25 t s i  and sintered in helium, the Spencer zaterial shows a 
higher density a t  each temperature and time. A conqarison of the sintered 
densit ies of th%s% oxides show the  Spencer material t o  be higher a t  
shorter s inter ing times and lower teqerakres .  They both .have equiva- 
Len5 d=asities (9% TD] when sintered f ive  hours a t  1500 C faz heli-m. 
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!€%e preliminary hydrogen s inter ing data show Spencer U02 t o  have a 
higher density a t  all sinter ing times and temperatures. 
density of 98qb theoret ical  was achieved by sinter ing t'ne Spencer 
saterid 6,7 hours a t  1600 C.  

An ultimate 

Fabrication Studies. 
Zirraloy clad and w i r e  wrapped dunmy element that had been fabrhated 
by swage s i z h g  and thennally cycled 1650 times i n  the U o  loop a t  a 
pressure of 1530 ps ig  and B heating and cooling rate of 50 F per minute. 
The cladding s p l i t  longitudinally from core swelling, and the element 
%-as b&y distor'hd. The element took a peAmaneat set Ygollcwing the 
contouz of the w i l e  wrap which w a s  s t i l l  in tac t .  Ara over-all  length 
measw-ement of the element was made, and it had increased about 3/4 
of aa inch. A one-inch gap was provided between the end of the  core 
and can t o  accanmodate the d i f f e ren t i a l  thermal expatxsiora of the core. 
After thermal cycling, there was a four-inch gap on oae e3d and an 
8-1/2 inch g a p  on the  other end of the element indicating +,hat gross 
t h e r m l  ratcheting had occurred. 
increased considerably in  some areas; however, the d m s i t y  of t he  rod 
i n  these eqanded regions did not change frcm the fheore2ieal. 
examination of the Zircaloy showed that fhe fractures  in  progress a re  
emanating from $he inside suzface of the tube. It is di f f icu l t  t o  hy- 
pothesize a mechanism which fully explains w h a t  occurred; however, it 
appears t h a t  the Zircaloy tube is gripping tire rod aDd preventing d i f -  
f e ren t i a l  slippage between the two upon heating. The fxbe p las t i ca l ly  
deform and lengthens with the rod, and a t  the same time, the rod i s  
xpset Sy the r e s t r a in t  of the  tubing. 
action of the tubicg is probably intermittent,  and upsetting occurs 
between points of seizlrre. On cooling, the  core contracts =ore than 
the tubing, and t h i s  is  repeated on subsequent cycles" The wire wrap 
and the pz2ssure of the coolant may further coq l i caze  the ratcheting 
e f  f act  a 

Ebwnination is i n  progress on the f u l l  lsngth 

The diameter of the  aluainm rod had 

An 

This o c n r s  because t h e  gri?ping 

It is f e l t  t na t  the rate of heating and c o o i b g  plays an b p o r t a t t  
par+, 'in t h i s  mechanism. Reating and cooling ra tes  of %e coolant 
streain i n  the BRm w i l l  be of the order of 4 F per minute, so from 
t h i s  point of view, the thermal cycling test  of ",e elenent which 
faileG was mucfi too severe and perhaps unrea l i s t ic  frm an evaluation 
stacdFoint. 
aqd C,hroe feet long are being t h e a a l l y  cycled i n  an autoclave .tLader 
conditions which more closely duplicant anticipated PFl!El conditions, 
i.e. heating and cooling rates of the order of 4 F per a lnute  and a 
press-me of 1300 psig.  No discernable changes have occurred in  these 
e lmen t s  after being subjected t o  20 cycles. 
timed. It is  estircated that an Al-Pu element w i l l  receive aboiJt 15 -  
x) ccrmplete thernal cycles during i t s  residence t h e  12 the PRTR. 
Additional tests ori f a l l  le3gth elements w i l l  be condaeted m d e r  PR'ICR 
conditions in  the Elmo loo?. 

Elenzsnts fabricated by the same process which are two 

These tests w i l l  Se con- 
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A Msrk 1-3 19-rc3. dummy c la s t e r  with 1200 hours i.r %ne U s - 7  hy&raUlc 
tes t   loo^ has just been reeefvad. 
less steel  s iad and two Zirzaloy c l a d d 1 a i a ~ ~  c o z d  rcds, It. cczt%aizer? 
%he f i rs t  t w c  Zircaloy-2 t;r$es Teceived Sy PM0. 

This clus+,er vas zadP 22 of 17 s%ain- 

The test conditions w e r e :  

261 hrs,  steady state a t  580 F 1900 p s i  120 g p ~ ,  
277 hrs; 45 thsrmal cycles 300-580 F lgC-3 zs i  1% gpm f i c w ,  
470 hrs, 5c! thermal c p l e s  300-527 P 1530 psi 1'20 flow, 
139 hrs, steaey state a t  527 F 1530 pilx! gpn ?Lou, 

52 hrs, steady stat.e a t  572 F lgoG p s i  23 g p ~  f l s w .  

A p r e l h i n a r y  examinatiorr of the c lus te r  shcwed it held up w e l l  -.mder %be 
conditions with the  exce-gtion of a s l igh t  1/8" Scw over the ?\ill length 
of th,o c luster .  This w a s  caused by the  lecgthzniag of the Zircalcy rcd 
an one side which, beiag resSrained between the  t w c  elsd 3rackets, caused 
the element t o  bow. 
fmately 6-10 F/loin, which may account for  i t s  be t te r  prfo-llmance mder  
thermal cycling, 

Heating and cooling rates for t h i s  test  were aF&rox- 

Fourteen Ai-1.8 w/o Pu b i l l e t s  were made fo r  the PIE€? fuel  fsbrization 
using the zlutonium oxide-aluminum-cryolite reductfor prccess. 
results of the first reduction showed the al loy t o  coctain 1 .7  w/. P.I 
ana the fly= t o  contain 0.12 w/o Bu. %e Pu loss  t o  the flux was one 
percent of the t o t a l  PA charge; the flw t o  al loy r a t i o  was 1:5. 
subsecpeot reductions the r a t i o  was reduced t o  l : l 3  and 1:a. 

The 

In two 

Three different  core materials =re used fo r  injection casting studies: 
1) U - 5  w/o Z r  injection cast  into Z r ,  2) ~ 1 - 5  w/o ~ r ,  2 w/o ?e injection 
cast in to  0.008 inch w a l l  304 stainless, and 3) A l - 1  w / c  N i  i n  0.008 inch 
stainless. F i f ty  pounds of zr-16 w/o Fe were requested fo r  injec3ion 
casting capabili ty studies. 

Aluminum 1 2  W/O S i  was injection cast  in to  a O.C3G inch wall Z r  tube 
which had 1/8 inch wide reductions i~ the tube. The reductions were 
"necked into" the tube with a modified tube cu t te r  before the casting 
w a s  made. 
inch at  six-inch intervals along the  leng',h of the '-,.dxo 
of t h i s  casting revealed that the core was broken apart  near one of the  
res t r ic t ions  leaving a 1/4 inch long void 12  inches from one end. Thermal 
cycling tests are planned for  t h i s  prototypic element t o  determine i f  the  
design has merit fo r  a l leviat ing the problem of d i f fe ren t ia l  thernal 
expansion 

The outside diameter of the tube was reduced 0.040 t o  0.060 
The radiograph 

Another design which wfll be thermal cycled in Al-1 w/o N i  a l loy in- 
jection cast in to  0.008 inch w a l l  304 SS tubing, 
Novexcber 1958, a similar combination was furnace cycled f ive  times t o  
b50 C with no apparent longitudinal separation of the  core and clad. 
T'nese tests were conducted on short lengths (9  and 12 iaches) with no 
end caps in the tubing so the results were not conclusive. 

A s  reported i n  

Additional 
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thermal cyclic autoclave tests are planned f o r  ful l  s ize  (@-inch long) 
s l e a e n t s  with end caps. 
0.008 h c h  stainless tubing i s  th in  (0.00015 inch) and i s  Sroken on the 
stainless side dwing cooling; however, the th in  reaction layer  remaining 
on the periphery of the  simulated aluminum fuel rod 2s hard, very smooth, 
and more corrosion res i s tan t  than the core alloy. 
such fuel aleaents with no end clearance at  the  end caps m y  be superior 
to  Zr clad elements i n  withstanding the stresses imposed by a i f f ,  orent ia l  
expansior; during reactor thermal cycling. 
cedures has begun fo r  end cap closures on 0.005 ar,d 0.008 stainless 
steel tubing. 

The bond formed when aluminum is cast into 

It is believed that 

Develcpment of welding pro: 

Two zlnsuccessfiil attempts were made t o  iojection cast  1100 al loy aluminrrm 
h t o  @-inch long 8001 al loy aluminum tubing (0.030 inch w a l l )  
psoSlems presented 13 making 89-inch long injection cast  fue l  eluoents 
in which the melting point of the core a l l cy  is near that of the cladding 
are not insurmountable, but more time w i l l  be required t o  solve the 
problems, which become mors serious when plutonium is added t o  the al loy.  
Ab12 w/o Si was injection cast  i a to  8001 aluminum tubiiig (OmO3G inch wall) 
@&th a resul tant  density of 9‘7$ i n  an 87-inch length. 
not 5oaded t o  the aluminum tabing; however, the core was apparently i n  
intimate contact 

The 

The A1Si nore was 

AE al-iani3um-5 w/o Zr alloy -as injection cast  into an etched 0.020 inzh 
w a l l  Zr tube, md the bonding layer  -as examined a t  50QX. A somewhat 
thicker Ai-Zr reaction layer r2sulted, but the layer  -as cracked aild 
separated from the  tube i n  some of the transverse sections which were 
exsmLqed. It appears that th in  bonds, as obtained fill1 length w i t h  1100 
al loy aluminum cast into 89-inch long Zr tubing,, ar= stmngsr  a t  room 
temperature than The thicker bond obtained w i t h  t h i s  ope eqerimezt  wi th  
an Al-Zr alloy. 

Lk &m?fnm-l w/o Ni alloy w a s  cast in to  a O.C3O inch vall Zr tube tha t  
had been vacuum outgassed for  six hours a t  8C10 C aod O o 5  micros,, 
k i e e t i o n  casting, which was made with 35 microm gre-evacuation of the 
tube, 6% C alwninm and 75 p i g ,  was 95$ of theoret ical  density, as 
i e t m f n e d  by w e i g h t  and length measurementsJ Frsvious castings i n  as- 
received bdbing resulted ia 9% m a x 4 a u m  density. Byd.rof;et? sxtrac+,ion 
analyses of the tabiag before a d  aztsr furnace annealirg w i l l  be re- 
qzested when a group of five tubes has Seer %ested. 

This 

Steel t-ibes have been loaded w i t h  U 2 O 3  and swaged in the rotary two-die 
machine. Since th i s  maehixie must be fed by hand, a r e d x t i o n  i n  diameter 
of 2a .was the greatest effected. This resulted i n  a calculated density 
of &I$ ‘;heoretical density. ~n investigation i s  ecntinuing or?. pcssi%le 
nethcds of closing swaged U02-Pu82 rcds without mdue decontamxa:ion 
sroce3ures. The swage feeding mechanism has beer, xzqleted and will 3e 
i n s t a l l % d  as  so03 as She swaging f a c i l i t y  is the Pilot, ?lag% i s  accepted. 
-m wedge adJusting necnanisa is  also read-j f o r  ins ta l la t ion ,  rn 
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Flattened tubes were loaded w i t h  fused alumiina. 
16 hours a t  250 C and pinched of f .  
i n  two passes. 
given another 25$ reduction. 

the p la te .  
5e ing modified . 

These were evacmted f o r  
T3e p la tes  weze gzven a 25$ reduction 

The f i n a l  measured density w a s  i n  excess of 
After annealing for one hour a t  790 C, the p la tes  were 

Most of the p la te  f a i lu re s  have been found a t  %he t r a i l i n g  end of 
To a l l ev ia t e  t h i s  problem, the can and end closure design is 

SVJdy of plutonium-bearing fuel elements fo r  future  loadings i n  the ZRT3 
is continuing. Ehphasis i s  being given t o  C O S t J  geomet-ry, f a b i z a t i o n ,  
and fuel  and cladding materials. 
eq lo red .  Other work i s  being done on cheaper 19-rod end bracket designs. 

Five Al-5 w/o Pu S i l l e t s  were cas t  and extruded t o  0.505-inch diameter rod 
t o  eanplete the c r i t i c a l  mass experimental fuel elements for  Physics and 
Instrument Research. 
w i l l  be shiFped the first week in  July. 

Several 7-rod c lus te r  designs have been 

The last of the 220 Zircaloy clad elemests reqt i red 

Dies and a cold weld press have been fabricated fo r  c a n i n g  Pu-containing 
f o i l s .  ' he  equipment i s  being ins ta l led  fo r  the fabrication of PcllR t e s t  
fo3lJ.s as w e l l  as f o r  o f f - s i t e  f o i l  requests. Pd-Al rod is being extruded 
and Zircaloy tubes are  being prepared f o r  loading of the 240 PCTR test. 
elements 

Fuel Evaluation. 
were charged in the MTR on June 8, 1959, for  i r radiat ion during MI% Cycles 
la3 and 124, and w i l l  be discharged about Ju ly  2'7, 1959. 

Two, high-density, UOpPu@2 capsules (a-14-19, 20) 

Sixteen Al-5 t o  20 w/o Pu al loy capsules (GEH-14-5 through 12 and GEX-14-42 
thro'gh 49) have been approved f o r  MllR i r radiat ion and a re  scheduled fo r  
charging i n  MPR Cycle 124 on July 6, 1959. 

Four irradiated,  high-burnup Al-Pu and Al-Si-Pu a l loy  capsules (GEH-14-23, 
24, 25, 26) have been dejacketed and are being examined in  the Radio- 
metallurgy Laboratory. 

Radiometallurgical examination of the unbonded, four-rod, Al-Pu alloy 
cluster  (1p-186~) i r radiated in  the KER-3 Loop is  continuing. Replicas 
of fractured fue l  rod surfaces have been prepared and s';bm:',tted for ex- 
aminations. Samples of the two fuel rod al loys a re  currently being studied 
by x-ray techniques. 

The ?-rod, Al-Pu a l loy  c lus te r  f o r  i r rad ia t ion  in the KXR-1 Loop during 
the next scheduled charge (IP-25OA) has been completed and is  currently 
being shipped t o  the reactor f a c i l i t y .  
28 inches long and was assembled with quick-disconnect type end f i t t i n g s .  

The prototype c lus te r  I s  about 

The three-foot long nineteen-rod Zircaloy clad AI.-Pu c lus te r  has been 
completed and sent t o  the ETR fo r  i r radiat ion.  
t o  be tes ted i n  the ETR c r i t i c a l  f a c i l i t y  was a l s o  sent  a t  the same time. 
This element contains an Al-0.5 w/o Pu al loy fuel miterial which, when 

An exact duplicate c lus te r  
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exposed in the 6x9 loop f ac i l i t y ,  will generate the maximum specific 
power expected i n  a 19-rod cluster  operating in  the PRTR. 
core temperatures of 450 C and surface heat fluxes up t o  302,000 BTU/ 
h r - d  are expected. This cluster  was fabricated by the anticipated 
PBTR fuel  fabrication process, which is  t o  inser t  undersized rods into as- 
received Zircaloy tubing and sizing the sealed tube onto the core by 

Maximum 

swaging. 

S i x  Ar02 impregnated graphite capsules clad in Zircaloy have been sent 
t o  the Ml'R for  irradiation. 
operate with maximum calculated core temperatures of 345) 525, and 780 C. 
They w i l l  be irradiated t o  25 and 50 percent burnup of the plutonium atoms 
and returned t o  HAP0 fo r  examination. 

The two-inch long graphite cores w i l l  

U@ Fuel Development 

PRT€t he1 Elemects. Nine hundred pounds of U02 for  swaging PFEfR fuel  rods 
were prepared t h i s  month by ball  milling, pressing w i t h  the 300-tOn press, 
sintering, crushing, screening, and outgassing. 

The f i r s t  o f f - s i te  order of PRTR 19-rod cluster  end caps, onough for  forty 
fuel elements, has Seen received. 
imately 430 f ee t  of 0.60 diameter Zfrcaloy-2 rod fo r  $4,895.88. 

This order was fabricated from approx- 

Design of a segmented nested tubular fuel  element is in Drogress. This 
design w i l l  separate the Mark 11-C element into four separate fuel  sections. 
I? necessary, a fuel  element may be discharged, a section replaced remotely, 
an6 be recharged into reactor. 
easi ly  disassembled f o r  ease of transportation and chemical processdng. 

On f i n a l  discharge, the element can be 

Fabrication Development. 
weld samples m a d e  by magnetic force but t  welding have been evaluated by 
helium leak test, hydrostatic testing, t ens i le  testing, autoclaving, and 
microsecti~n examination. The test resu l t s  were encouraging, demonstrating 
the excellent quali ty of t h i s  type of weld. Micro-examinatioc showed the 
narrow heat affected zone with the weld metal consisting of a f ine frag- 
nented grain structure. 
during the weld cycle producing upset, material both internally and exter- 
nally. 
t ransi t ional  increase in cross section from the t h i n  tube w a l l  t o  the 
thick cap. 
h i n g  q s r a t i o n .  
integri ty  Zircaloy-2 clad fuel  element closures. C q l e t e  welded jo in ts  
can be produced without a p-oteetiva atdosphere i n  1/60 second of weld t h e .  

The preliminary Zfrraloy-2 clad fuei  element 

The heated weld area collapses under pressure 

The internal Wset m e t a l  reizlforces the w e l d  area and provides a 

The external upset m e t a l  must be removed by a subsequent mach- 
Magnetic-force resistance but t  welding w i l l  prodace high 

The Geniseo-Savage vibration system was received and pct into operation, 
Stnt9red and fusee U02 powders were compacted i n  eight-foot tabes t o  84 
and 86 gercent, respectively, of the theoretical  W02 density. Par t ic le  
s lze  ecmpositions available were not t,hcse which compact 50 the highest 

I 2 ~ r 8 2  I b 
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densi t ies ,  The sintered 
par t ic les  and 40 Fercent 
t ion was: 

Sintered UG2 normally used for  swaging (-20 +lo0 mesh) was c-acted t o  
7% TD in 0.750" OD x 0,035" d l  tubes and then swaged t o  0.563'~ ODo 
Final swaged densi t ies  a re  being determined w i t h  the gamma absorptometer. 

The pa r t i c l e  s ize  d i s t r i h t i o n  of" swaged 94632 rods was measwed t o  determine 
what percentage of the  W02 i n  r e j ec t  rsds could be reused 2rovided a satis- 
factory method of recovery is  devised. 
U5?2 powder before swaging are  presently -20 +i30 as defined by PjLer mesh 
screen sizes.  
side t h i s  range, indicating that nearly a l l  of the swage& powder was 
acceptable, as far as pa r t i c l e  s ize  was concerneds fo r  reswaging. 

Par t ic le  s ize  specifications for  

After swaging, only one percent of the UOg powder f e l l  out- 

The effect  ef swaging on varfous types cf cladding is being evaluated. 
During the past  month 70 percent cross sectional area reductions were 
sa t i s fac tor i ly  achieved when swaging 0.700 OD x 0.015 wall Inconel X and 
0.678 x 0.OEf.l w a l l  M-2574 aluminum tubing (SAP). 
indicate tha t  these materials can be used as cladding fo r  swaged UO2 fuel  
elements 

These eqeriments 

Zyglo-Pentrex tes t ing  of Zircaloy-2 tubes pr ior  t o  swaging has proven 
capable of detecting defects as s m a l l  as 0.001 b c h  i n  depth. 
graphic examination of cross sections of those defects has shown that a l l  
Zyglo indications are def ini te  cracks fn  the m e t a l  surface. 

Metallo- 

Defects present i n  the as-received tubing may be propagated during the 
subsequent swaging and straightening operations, and it is, therefore, 
desirable t o  swage only tubes f r ee  from Zyglo indications. Therefore, 
the 1676 tubes on-site, but not yet consigned t o  CETlO, were Zyglo-Pentrex 
tes ted on the external surface. 
showed Zyglo defect indications. The indications were categorized as 
e i ther  "pit" indications or  Ifline" indications, It is f e l t  that, i n  
general, the  l i n e  indications a re  more serious defects than the g i t  indi- 
cations. Those tubes containing only p i t  indications are  t o  be surface 
conditioned by centerless grinding w i t h  the expectatlon that the majority 
of them can be reclaimed. The tubes containing l i n e  indications w i l l  a lso 
be centerless ground, but the reclamation rate is  expected t o  be quite 
small. 

Approximately 62 percent of these tubes 

Methods of inspecting the internal  surface of the Zfrcaloy-2 tubes are 
being investigated by the Testing Methods Operation. 
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Fuel Elvaluation. 
r q t u r e d  after reinser t ion in  the EXTI was examine8 i n  the MTR hot c e l l .  
A longitudinal failure i z ~  the  outer cladding wall of the fue l  tGbe was 
the obvious rupture. This failure may have been caused by r e s t r i c t ion  
of the outer cladding coolant annulus by one o r  more thermocouples. 
resfrictlon caused high local temperatures and resulted in cladding burn- 
through. 

The three-foot long U02 rod and tube element, which 

The 

There were no other evident defects on the fuel element. 

The post- imadiat ion examination of a cored and sintered U02 fue l  element 
revealed a failure i n  the Zircaloy-2 end cap. The fuel element, 1_.44" OD 
and 8'' long contained natural  U02 sintered cmpacts w i t h  a 0,250" hole in  
the center. The folloviag observations have been made: 

1. Failure occurred a t  end cap nearest peak thermal flux. 
The end cap was distor ted,  w i t h  a b r i t t l e  fracture,  
causing the failure. 

2. The 0.25'' hole which ran the fu l l  length of the U02 w a s  
p a r t i a l l y  f i l led.  

3. Extremely la rge  r ad ia l ly  oriented columnar grains run 
t o  within 0.25" of Zircaloy-2 cladding. 

A series of swaged U02 capsules continued t o  accumulate exposuze in  the 
ME3 and GllIi. The maximum exposure t o  date i s  approximatelg 8700 m / T .  

A four-rod c lus te r  containing arc-fused natural  U02, Tibratory compacted 
t o  78 percent of the theoret ical  density was discharged after a successful 
i r rad ia t ion  of three cycles in  the  MTR t o  approximately 900 MWD/T. 

A sintered U02 fue l  element containing 2.35 w/o W-235 znriched UO2 f a i l ed  
during s tar tup of the MTR. The cause has cct been determined. The s ta in-  
less steel clad fue l  elemefit, 1.44" OD and 9" long, coctained high density 
s intered U02 cylinders wifh a 1/4" hole in the center. The element was t o  
be i r rad ia ted  w i t h  surface heat f laxes  near 1 000,000 STU/hr/ft2 

Two, eighteen-inch long, "-rod c lus te r  elements of U02 swaged in  Zircaloy-2 
cladding, discharge2 fmm a KEIi loop as being Fossible ruptures, were 
tested f o r  f i s s ion  gas release. 
the Radiometallurgy Building basin i n  a special  contaicer. 
was sealed in  the container, water w a s  forced aut 5y CO;2 gas which w a s  then 
allowed t o  occupy the chamber w i t h  the self-heating element fo r  a sui table  
time. The test chamber w a s  then evacuated t o  l e s s  t h a n  atmospheric press'ure 
and the collected gas analyzed f o r  fissior? gases. 
found which indicates t h a t  nei ther  fue l  element w a s  ruFtWed. 

The elements were individually tested in  
After an element 

No f i ss ion  gases were 

F a c i l i t i e s .  
U02- 
300-ton press, the j a w  crushing oDeration has keen eliminated, as the 
hamemill i s  capable of pulverizing tablets of t h i s  gecmet-ry. 

A hammemill was placed in  operation f o r  pulverizing s intered 
By using three-inch diameter, one-inch thick tablets pressed i n  the 



A rc ta t ing  screener w i t h  automatic feeder w a s  place2 iz o;3eraticn f o r  
sereenlng puiverized IJ02 from the hamnerm~ll. 
capacity of aFproximateiy 200 pounds of feed Fer bar. 

The screenes bas a 

A somd-controlled feedirrg device fo r  the continixas bal l  m i l l  was pro- 
viZsd by Cnemical Research Operation. 
a constant UOg charge in  t h e  bal l  m a i l l ,  thus making pcssible ocC,iroum 
opera5ior: and eliminating excessive aluminum oxide conta ina t ion  of +,he 
Wo cat?sed by operating %he mill i n  an underloaded cmi i t i on .  

n e  device sEtomatioally maintains  

Tvo more gfezes of equiyment were put +in service t h i s  month for faSri-  
mati03 of PRTR fue l  elements. The first i s  a t u x & .  la the  whizh was 
excessed 5y F'PD and is being used t o  drill and bore swaged rods pr ior  
t o  welding. 
b e l t  sander) which Fs 3eing used t o  buff tne surface of swaged rods, 
Van-c-lite f t n i s h e r  retuces %he time requi-e& f o r  b S f i n g  by aboAt %vc- 
th i rds  a d  5 r t h e r  time saving w i l l  be made when a rictctrized drive i s  
fabricsted 

The second gie:e of equtpment i s  a Van-o-lite f i n t s h e r  ';a 
The 

A Sutton No. 35 (stationary spindle) swaging machine has been received 
snd i s  being ins ta l led  i n  the basement of" the 325 Suildiog. This machiaae 
i s  equipped with a slow rotat ing head so that the work may be fed without 
rotat ing and s t i l l  not produce f ins .  
separate sets of adjusting cams fo r  controll ing the stroke of the dies 
aad the stroke of the hammer 'aloeks. 
capacity t o  swage a t  l e a s t  one 'inch diameter fuel  rods. The machine w i l l  
be used f o r  R&D studies, par t icular ly  hot swaging, and w i l l  a lso  serve as 
a backup machine f o r  swaging PRTR fue i  rods i n  case of malfunctioning of 
presen$ equipnent 

This swager i s  also equisped with 

The machine w i l l  provide adequate 

Corrosion Studies 

Allowable Zirconium Concentration in 9nO1-HF Etch Bath. Recent data 
showed that 812 excess of zirconium i n  the etch bath caused staining of 
autoclaved Zircaloy surfaces, and hence, a t e s t  was initiated t o  determine 
the allowable zirconium concentration 2r.1 the etch bath. Preliminary re- 
su l t s  show tha t  a zirconium concentration of 11.75 g/l w i l l  cause s ta i r fng  
of PRTR fuel elements i f  t ransfer  times between the etch bath and the 
alumintm n i t r a t e  "stop bath" approach 39 seconds, No staining was de- 
tected on rods processed w i t h  t ransfer  times l e s s  than 10 seconds, o r  0x1 
rods processed through an etch bath containing 9 g/l  zirconium and 30- 
second t ransfer  times e 

Etching and Autoclaving of FRTR Rod Clusters and Fi t t ings .  
complex end-fit t ings fo r  the PRTR rod c lus te rs  are being etched in the  new 

The highly 

etch f a c i l i t y .  
t ion  in the stop bath. No signs of acid staining have been found on the 
autoclaved films. Formerly, etching these f i t t i n g s  in laboratory eqcip- 
ment had required ultrasonic rinsing t o  prevent acid stains. 

A normal etching procedure is being used with added agita- 



Zircaioy. A Vaton  Pump was tested f o r  use i n  the EW3-m etch bath re- 
zirsifiation system. Under nominal operating conditions, the pump should 
operate sa t i s f ac to r i ly  acd should require no replacement of par t s  f o r  a 
period of 9 t o  12 months. 
operation (100 hours with water and 200 hours with a standard KNO3-HF etch 
solution) was a crack i n  the Kel-F l i n e r  which did not a f fec t  +he pump's 
opera3ion. 

The only detectable wear a f t e r  300 hours of 

Rupture Testizw of Simulated Al-Su F'uel Elements. Two pre-defected, sol id  
2s type aluminum core rods with swaged-on Zircaloy-2 cladding vere operated 
at  333 C in p3 9.0 -water for 30 hours. 
s i m i f i c a n t  smiling or  alumimm oxide deposit had b u i l t  up. 

Post-inspection revealed t h a t  no 

Structural  Materials Development 

P R n  Jacket Tubing. 
exambed on the  outside surface by the Zyglo fluorescent dye penetrant test 
fcr  cracks or surface flaws. 
itch OD tubing for  swaged oxide elements and !+8$ of the 112-inch OD Pu Puel 
tubing rwealed BO outside-surface flaws under Zyglo examination. 
tubes wherein flaw indications were observed w i l l  be etched and/or surface 
conditioned and retested t o  determine whether the f l a w s  a re  rea l  o r  a t t r ibu-  
table  t o  surface scratches, grinding marks or  gall ing.  
been split open fo r  interrial surface examination, and a s t a t i s t i c a l  sampling 
of the total l o t  is under way. 
cated by dye penetrant a re  t o  be sxamined me+,allographically. 

A l l  fue l  jacket Zircaloy tubing on-site has been 

O f  the 2707 tubes on hand, 3%$ of the 3/L- 

The 

A few tubes have 

Samples of tubes in which flaws were indi- 

PRTR Process Tubes. N-hety-five Zfrcaloy-2 process tubes, sleeting a l l  
contracz Qeci f ica t ions ,  have been received. This completes the current 
process tcbe order with Tube Reducing Corporation, and a topical report 
covering the fabrication of these tubes i s  in  preTaratfon. 

B u r s t  Testihg P E R  Process Tubes. 
tube burst t e s t  data accumulated t o  date has suggested tha t  a substantial  
systematic e r ro r  may be present. 
may increase 5y as much as 60$ during a t e s t ,  a considerable amount of 
cool water used t o  pressurize the t e s t  specimen is pumped ia to  the system 
pr ior  t o  actual f racture  of the specimen. 
nitude of the  e r ro r  introduced in  t h i s  m e r  a PRTR process tube was 
testpd w i t h  a thermocouyle ?laced inside a t  the center of the tube. 
resalts of this  t e s t  revealed that +,he water temperature dropped &I C 
before f racture  occurred af+,er the diameter had increased Sy 60$* 
water temperature drop i n  the l a s t  30 seconds of the t e s t  was 6~ C which 
indicates that most of the  temperature drop occurs ju s t  prior t o  fa i lure .  

An malys i s  of the Zircalcy pressure 

Since the diameter of an annealed tube 

In an e f fo r t  t o  assess the mag- 

The 

The 

A prehest-c,!mnber was fabricated t o  provide a reservoir of hot water be- 
tween the pmq a d  the specimen. 
had k e n  extruded, *.e reduced about 46, and vacuum amealed) using the 
preheates acd an internal  thermocouple, The water zezperatuz! rose  from 
300 S t o  jc8 C during ths first +;uo minutes of the t e s t ,  then dropped t o  

A test was run 02 a PRE? tube (wnich 
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285 C awing  the next 5-1/2 minutes at  which t h e  
The t o t a l  internal  pressure fo r  t h i s  tube section 

the tube fractured. 
which had a 0.135 inzh 

minimum w a l l  went t o  3500 psig then dropped t o  330C psig ju s t  p r ior  t o  
fracture.  
meets the specified minimum wall thickness of 0.146 inca. 
stress was calculated t o  be 4 2 , m .  
similar tubes burst without the  greheater was 50,003 ps i .  
tubes w i t h  the same fabrica%ion history w i l l  be tested t o  ver i fy  t h i s  
result 

The la t ter  figure calc-aated t o  3600 psig fo r  a *be which 
Ths uni t  hoop 

Several more 
An average hoop stress of three other 

A tapered section of a P m  process tube was tes ted a t  300 C. 
of the tube increased 49,5$ before it fa i led  a t  a t o t a l  pressure of 4600 
p s i  and a wit stress of 49,500 ps i .  
thinner wall section of the tube adjacent t o  the tapered section. 

The diameter 

The fa i lure  occurred i n  the annealed 

Yew h e 1  CladdinR and Process Tubing Materials 

An eqerimental  heat of an "optimized" Fe-Al-U base al loy i s  being prepared 
by the Metallurgical Products Department, General Electr ic  Company, for  use 
h exploratory W O  tests of i t s  su i t ab i l i t y  a s  a fuel cladding material. 

Available information on nickel-base super alloys for  use i n  high t q e r a -  
ture loops i s  being assembled. 

Radiometallurm Laboratory Studies 

Two eighteen-inch long, 7-rod clusters ,  Zr-2 clad, swaged, natural U02 that 
were suspected of f a i l i n g  i n  the KER Loop f a c i l i t y  were examined f o r  failure 
by placing them i n  a vacuum chamber, evacuating t o  approximately 100 microns 
pressure and sampling the gas. 
Replicas of the fractured surfaces of Pu-AI. and Pu-Si-& al loy samples were 
obtained f o r  electron microscopy. 
exposure of 2600 W / T  as par t  of the uranium swelling program and had been 
annealed a t  880 C fo r  100 hours, was replicated t o  study the observed 
deposition of some material a t  the grain boundaries. "he results and con- 
clusions from these radiometallurgy studies w i l l  be reported i n  connection 
w i t h  the respective development programs of Ceramic Fuels, Plutonium Metal- 
lurgy, and Physical Metallurgy Operations. 

No evidence of a f i ss ion  leak was found. 

A uranium sample which had received an 

Thermal Bydraulics Studies 

Thermal Hudraulic Studies Associated with the PRTR. 
iments were performed t o  define the heat flux a t  which boilfnn burnout 

Eeat t ransfer  exper- 

could be expected for  the Mark 11 (concentric tubular) fue l  eiement. In 
an e lec t r i ca l ly  heated test  section run a t  pressures and flow veloci t ies  
typical of reactor design conditions, boil ing burnout w a s  experienced w i t h  
a heat flux of 1,568,000 BTU/hr-f t2  a t  an out le t  temperature ju s t  s l igh t ly  
less than saturation. 
maximum heat f lux  of 400,000 BTU/hr-ft2.  

This campares favorably w i t h  the design value for  

UNCLASSIFBD 
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The test section consisted of two conceotric 3astel lcy C tubes w i t h  water 
flowisg In  the 0.150 inch annulus Setween the tubes. 
subgected t o  resistance heating with the inside surface of the outer tuke 
having a heat f l u  1.75 times that of the outside surface of the inner tube. 
Themucouples were attached t o  the outside surface of the outer tube, acd 
the i r  readings were used t o  calculate the surface teqera$ure  of the inside 
surf ace. 

Both tubes were 

Boiling burnout conditions were approached by holding the pressure, velocity, 
and out ie t  water temperature constant while increasing the power input t o  
the two beated surfaces. 
outer tube was a t  a steady state temperature of 178C F before burnout was 
reached and then experienced a iarge excursion as film boiling began. 
test section physically fa i led  a t  burnout when a s m a l l  hole was formed as 
the outer element melted from the outside inward over a small area. A second 
ident ical  test section was ins ta l led  in the  apparatus f o r  fur ther  experi- 
mentation. 

The temperature of the outside surface of tbe 

The 

Fabricatioc of the  ?ul1 scale e l ec t r i ca l ly  heated moclnrp of the Mark Z 
19-rod c lus te r  fuel element was c-leted. 
test section in the  high pressure heat t ransfer  apparatus a s  soon as work 
with the Mark II test section was finished. 

Plans  were made t o  i n s t a l l  the 

Mecharrical Equipment Development 

Design Test P9-1 - Discharge Operation Mockq. 
of the  PR!El PJeling Vehicle In the 314 Building were completed. 

Drawings fo r  ins ta l la t ion  
Fabrica- 

t ion of t e s t  c q o n e n t s  con%imied d-iring the mon+,h. 

Deslgn Tes% PR-10 - Primary L G O ~  Mockue. 
operated f o r  405 hours (328 hours a t  operating conditions) during the mpnth. 
The seal leakage a t  the  en& of the month w a s  approximately 0.05 gallcn per 
day. Total lsakage collected from the 14-inch gate valve during the above 
operation was 0.26 gallon. 

The Single me Prototype Mockup was operated f o r  487 hours with the rented 
constant speed motor. 
Oo04 gallon per day, 

The PRTR 3rimry process pump was 

Seal leakage a t  the end of the month was less than 

PR-M - Calandria Characterist ics.  The calandria mockq was pulsed a t  
various frqtreocies  using a'disFlacernent bellows of approxhately 300 
cubic inches acting on the atinosphere of tne storage tank. 
deviation of +,he moderator leve l  recorded was S,10 inches, with a 1-1/4 
inch valve a t  the top of the calandria opera t o  s h u l a t e  the gasometer 
connection. 
deviation was m.37 incn, and w i t 2  the top of the ealandria completely 
closed, the deviation was barely 2erceptibI.e. 
soadftions, the seasure3 deviations were maximurn between GC axad 60 cycl2s 

The maximum 

With the top of the caiandria 3pen t o  atmosphere, the maximum 

TJndFr the abcve s t a t e s  

per min?lte. 
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Pzther tests a re  plamed t o  f ind the nost  d s i z a k l e  s ize  gasometer 
connection and t o  determine the i n f l u e x e  of water level  i n  the st;orage 
t a sk  on the c r i t i c a l  frequency of the moderator. 

w.-b - shim Control ~ ~ c k u p .  
20 kawings and one specification, has been a$proved and trarsmitted t o  
the AEC for  procuremen+,. 
gear assembly has f a i l ed  from lack of lubrication. 
being cleaned and repacked with a special  nuclear radiation res i s tan t  
grease f o r  high speea application. Another assembiy was sent out fo r  a 
baked rcolybdenum disulf ide treatment as  recommended by the Plan t  Lubri- 
cation spec ia l i s t  e 

"ne shim control bid package, consisting of 

The first prototype shim cosatrcl inotor-planetary 
The camponents a re  

The second prototype shin control i s  75 percent c r n l e t e .  
of additional motor assemblies, scheduled fo r  delivery Clay 13) w i l l  
determice the completion date of t h i s  prototype. 

Tbe proposed ball  bearings f o r  the shin assemblies were operated withwdt 
lubricant a t  400 rpm ir; a 600 F moist nitrogen atmosphere fo r  54C hours 
without fa i lure .  Tests w i l l  continue on several a l te rna te  tmes t o  Ce- 
t emine  acceptabili ty.  

The procurement 

PR-50 - Reactor Piping Seal Testinq. 
instal led in  the sizigle tube mockup. 
being provided with high in tegr i ty  ~ h r ~ u d  closures t o  determine minute 
leaks.  
copper gasket a f t e r  tests showed that the temperatare plus the bolt-?rp 
forces extruded the asbestos f i l l e r .  

A Zircaloy-2 PRTR process tube was 
Prototype water and gas seals  are 

The process tube t o  r ing flange gas seal was &hanged t o  a sol id  

PR-51 - Reactor Piping S t r u c k r e  Integri ty .  The f1e-e cycling f a c i l i t y  
was modified t o  p e m i t  f lexing an out le t  nozzle while operating a t  535 F 
and 1250 ps i .  Hew hold-down devices a re  being evaluated. 
type hold-dawns using 3/8 inch bo l t s  were cycled 820-3 cycles without sig- 
Dificant seal leakage. 

Two dog-leg 

PR-52 - Process Tube Thermocycling and Pressure Testinq. 
type Zircaloy-2 process tube i s  instal led.  A prototype UO2, 19-rod fuel 

The PRTR proto- 

element w i l l  be ins ta l led  about July 1. 
corrosion, and o r i f i ce  sizing w i l l  commence thereaf ter .  

Tests- on pressure-drop, vibration, 

S3ecial Tools. 
being conducted. 
cated t o  achieve the necessary high torque in  the l imited space available. 

PR-60 RTD Tes t .  
prototype loop. 
checked out. 

A study of possible tools  f o r  the out le t  junper piping i s  
Several promising s ty les  are  being designed and fabr i -  

The t e s t  loop has been completed and ins ta l led  in  the 
The cal ibrat ion instrumentation has arrived and i s  being 

PR-70 - H e l i u m  Compressor Test. 
operating on a i r .  
u n t i l  water cooling of the cylinder heads wag star ted;  information available 

The Corblin l o w  pressure compressor i s  
The o i l  temperature was too high following s tar tup 
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indicated water cooling was optional and probably unnecessary. 
bigh pressure campressor was s ta r ted  buC, w i l l  not be run extensively un t i l  
oil leaks and the belt guard supports are corrected. 

PR-80 - A i r  Cooling Duct Test. 
is cmplete ,  and flow tests have s tar ted.  
is  working w e l l .  

Slcor?el "X" L i f e  Tes t .  
lieved a t  165C F f o r  24 hours followed by agdng a t  1300 F for  20 hours) 
q e r a t e d  f o r  230 hours a t  l l 5 O  F and 4500 p s i  without incidetlt. It was 
the= gperated fo r  340 hours a t  1150 F and 5500 t o  6OCO p s i  before it fa i led .  
Re2lacemsnt l o o y  w i l l  be f u l l y  heat t reated.  

The Hofer 

The ins ta l la t ion  of the a i r  cooling duct 
The "zipper" type sheet seal  

The stress reliered Inconel "X" loop ( s t r e s s  re- 

Gas Loop Jumper. 
comoluted core was bu i l t ,  and e lec t r i c  heaters a re  being instal led.  
jmper  w i l l  be cycled 2.5 inches, t o  simulate the reactor process tube 
expaasion, a t  1500 F and 500 p i .  

A furnace fo r  tes t ing  th2 2-1/2 inch braded jumper w i t h  
The 

Reactor Technology Development 

PRTR & s t m e n t a t i o n .  
'hard aspeared sat isfactory on all tests completed t o  date. Additional 
pPablans developed a t  the cable connector a f t e r  vibration checks were com- 
gleted on these units. An acceptable ccnnector of different  design i s  
probable for  t h i s  Cetector without additional development time. Detectcrs 
Srom ArC,hw Ruge have arrived for  f i n a l  evaluation. 

Resistance temperature detectors from Charles Engel- 

Tke f i r s t  prototype of the thermistor temperature probe for  the Fuel p a -  
ination Fac i l i t y  shows i n s t a b i l i t y  due t o  c i r cu la t i rg  ais c;rrrents around 
%he thermistor. A second design prototype i s  being fa3ricated in  the op- 
t i c a l  shop. 

Reactor Safeguards. Battelle Memorial In s t i t u t e  has completed the analysis 
of possible loss-of-coolant incidents. The f i n a l  report cf these analyses 
is 4~ preparation and w i l l  be issued in  July.  In all of the cases studied 
it was found that automatic injection of l ight  water into the primary 
coolant system whes, the pressure has decayed t o  100 ps i  would prevent fuel  
element melting. 

Control of Tests i n  the BRTR. 
tests in the P39Ro This procedure provides fo r  analysis of t e s t  proposals 
t o  insure that the t e s t s  a re  safe, compatible w i t h  reactor f a c i l i t i e s ,  and 
e f f i c i en t ly  scheduled. 

A procedure was written for  the control of 

It i s  now under management review. 

Reactor AcalogLe Study, 
ac+Yivity fcr the various t ransient  eases t c  be studied on the analogue 
coqcTer were prepared. 

Final compilation of data md shazts of h p u t  re- 

T3.e generator eases t o  5e s k d i e d  are:  

(3) Star t ing subcri t ical  with a l l  shim controls cuz., the moderator 
level i s  fncrsased at $25  axh hum possi5le ra te .  



(b) Star t ing s ihe r i t i ca l ,  the moderator leve l  is  increased 
a t  maxbm possible ra te  aIzd shin: controls renovec a t  
maxim= possible ra te .  

( e )  Star t iag  a t  about 10 pllrd, t'ne moderator ;eve1 is increase2 
a t  naximm possible r a t e  and shim coctrols rem.cved st 
maxisna2 possible ra te .  

i d )  Star t ing a t  a3mt 79 MUj the moderator level is increased 
at  the m a x h m  2ossible rate and the shim m z t r o l s  are 
removed at maximum possible ra te .  

(e )  Introdiice various a r b i t r a r i l y  selected sanp reac t iv i ty  
chnge  s a 

Each case k - i l l  inciude runs with no scramp scran; at vacqbg power level, 
and s c r a  a t  varying reactor period. Reactor enrichment level, 702 
thermal con&Lctivity, and UOg Doppler coefficient w i l l  a l s o  be varied. 
It is e q e c t e d  that the cmpdter runs w i l l  begin about J-iLy 1, 1959. 

Fiaal PRTF, Hazards Rqort . .  
and updating of the descriptive sections of the report is i n  gmgress. 
Requests fo r  writ ten material from otner cooperating components were issued. 
Acalyses of various mechanical f a i lu re s  of the prima-ry and secondary coolant 
system w e r e  perfonzed. 

An outl ine of the f i n a l  regort was pepared,  

Hazard Studies fcr Various Mechanical Failures ir: the PRTR. (1) The pres- 
sure build-up in  the space between the top biological and f loa t ing  shields 
following a complete rupture of the 14" header was calculated. Due t o  the 
42 sq-f t  vent l i n e  made available,  the maximum pressure build-up w i l l  not 
exceed 13.7 psig. 
discharged from the 14" l i n e  a f t e r  a rupture. Since the system i s  able t o  
withstand 18 psig without serious damage t o  the reactor, the vent provided 
agpears adequate. 

This value is  based on a maximum flow of 4700 lb/sec 

(2) The maximum pressure experienced by the shrcud tube was calculated 
a f t e r  a process tube rupture. The break was assumed t o  occur a t  the base 
of the fuel element in order t o  estimate the m a x i n u n  pressure build-up. 
The leaking steam-water mixture must then pass through the maximum length 
of process tube-shroud tube annulus before entering the one-inch space be- 
tween the tube sheet and top biological shield and f ina l ly  vecting t o  a t -  
mosphere. The maxirmrm pressure a t  the break is  calculated t o  be 70G psia,  
and the f l o w  i s  100 lb/sec. 
1.32" diameter in order t o  produce t h i s  worst case. Since tSe shro-ad tube 
;r i l l  not be able t o  withstand pressures greater than 180 psia,  it w i l l  
burst. 
hole s i z e  i s  0.806" diameter. 

The hole s ize  must be equal t o  or  greater than 

To maintain shroud tube annulus pressures below 180 psia  the c r i t i c a l  
The maxhm flow i s  18.75 lb/sec. 

After the shrocd tube bursts, the steam-water mixture w i l l  exhaust into 
the calandria and out the two 10" vent l i nes  provided. 
missible pressure in  the calandria t o  avoid rupture was taken as 

The caximm per- 



U.7 psia.  The maximvm flow possible without f a i lu re  was calculated a s  
22,5 lb/sec per vent line. Therefore with the two vent l ines ,  the maximum 
Cow f r m  the  calandria is 45 lb/sec without exceeding U.7 psia.  How- 
ever, if two additional gas l i n e s  were equipped with pop-off valves the 
maximum flow would be increased t o  90 lb/sec. 
process tube rupture of area equivalent t o  a 2.10" diameter hole. 

This flow corresponds t o  a 

These results indicate that fo r  process tube ruptures less than  about 
2.10" diameter, the calandria w i l l  not f a i l  provided four gas l i n -  0s are  
vented. 

(3) 
one of the %wo primary coolant pumps were determined. Assuming the im- 
paired pam3, i s  brought t o  a complete stop instant ly ,  the flow w i l l  decay 
t o  the new steady-state f low 78.5 percent of the or iginal  in about 0.x) 
second. Although total bulk boiling wlll not occur, bulk boiling i n  the 
hot tes t  channels w l l l  occur over about 1-13  fee t  of the act ive fuel  length. 
The l a t t e r  resu l t  assumes the reactor is  not scrammed. The e x i t  quali ty 
is  less than 0.2 percent, and the flow is  not reduced below 75 percent of 
the normal flow with two pumps in  l i n e  a s  a resu l t  of two-phase flow. 
Since the heat f lux a t  the point of boiling i s  aboat 157,000 B/hr - f t2 ,  
danger of burnout is nearly non-existent. 
a t  no time a f t e r  a pump seizure i s  the reactor placed i n  jeopardy. 
bulk and considerable subcooled boiling w i l l  occur, but the estimated heat 
fluxes w i l l  be w e l l  below calculated burnout limits. 

The f l o w  decay and equilibrium conditions following complete loss  of 

The r e su l t s  thcs indicate tha t  
Some 

Steam Loop Fuel Element. 
loop of the PRTR has been designed. 
the form of a 8-isaf clover w i t h  n ine  in t e rna l  coolant zhamels. The 
coolant w i l l  enter through eight tubes arranged in  a c i rd le  and return 
through a single central  tube. 

A fue l  element fo r  use in  the proposed steam 
The fue l  w i l l  have a core of U02 i n  

The fue l  element operating a t  600 KW per tube and a t  nominal 1000 F coolant 
t e q e r a t u r e  w i l l  experience U02 temperatures rangin from 4250 P t o  1630 F. 

average is  464,000 B/hr ft2* Heat losses  t o  the moderator w i l l  not exceed 
6.O$ of the total heat generated. 

The calculated maximum heat f lux is 624,000 B/h r  f t  5 vhile the over-all  

PRTR Physics Evaluation. 
FORTRAIJ version of the SM6 reactor code on the %EM-709. The first  em- 

Two separate attempts were made t o  recompile the 

p i la t ion  was carried out with the program parti t ioned ic f ive  par ts .  
has the advantage that the memory requirements are  minimal, allowing an 
increase in problem dimensions if desired. A second compilation was com- 
pleted with the program i n  a single block. To eliminate d i f f i c u l t i e s  re- 
sul t ing from t h i s  approach, the input-output, SAP subroutines which were 
wi th  the or iginal  version are  Seing re91aeed 3y equivalent F m W  s ta te -  
nents a 

%is 

Preparation of graphs of the radial  neutron flux and power dis t r i3ut ions 
obtained from previous three-group PRTR calculations is now mder way. 
Correlaticn of t h i s  infomation w i t h  reactor loading patterns w i l l  complete 
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the one-dimensional analysis of the reactor.  

A comFlete analysis of the reac t iv i ty  e f fec t  cf shim rods i n  various 
p s i t i o n s  i n  the PRTR core has been in i t ia ted .  A r a l y t i c  methods for 
2reating gray rod systems a re  now being studied. 

Re2ort Hw-60845, Gamma Heating in  PRTR Gas Loop, has been completed 
asd distributed. 
5eqera ture  a l loy l i n e r s  was fomd t o  be one was$ per gram. 

Heating from di rec t  and c q t u r e  gammas i n  the high 

Design Development 

Phase I PRTR Construction Status.  
Fiaal  inspection w a s  made oc June 29, 1959. 

The Phase I contract i s  106 compiete. 

Fhase I1 PRW. Construction Status. 
F ina l  inspection was made on June 24, 1959. 

The Phase I1 contract i s  106 comslete. 

The ?hase 11-A PRTR contract i s  approximately 844 coflFlete versus lOO$ 
scheaded. The pump site remained flooded during tine month. Pa r t i a l  
backfi l l ing was comslete by bulldozing material irito t n e  flooded area. 

Phase I11 PRTR Construction Status. The contractor i s  continuing t o  
subnit detai led approval information on eqiilpment and fa5ricated items. 

!he prime coat fo r  the chemical res i s tan t  paint is about 254 cumpleted i n  
Cells A and B, and surface preparation f o r  priming i s  approximately 754 
completed. A design change was issued t o  hc lude  a chemical r e s i s t an t  
coating l o r  3 c e l l .  Erection of s t ruc tura l  steel was s ta r ted  in  A c e l l  
a d  the gasometer and deaerator have been set in  position. 

Design Analysis. 
PRTR grimary cooling system is  being prepared. 
mitted t o  the Blaw-Knox Company, the M. W. Kellogg Company, and the Elec t r ic  
Boat Division of General Dynamics Corporation fo r  proposals. 

A contract fo r  performing piping stress analyses f o r  the 
This contract is  t o  be sub- 

Flow, pressure, and temperature relationships were developed f o r  a 709 
computer program f o r  calculation of t ransients  following various ex- 
cursions and f a i lu re  of components i n  the PRTR. 
problem is in progress. 

Programming of the 

Preliminary results f r m  moderator leve l  osc i l la t ion  tests being perfomed 
oh the calandria mockup i n  1 8 9 - ~  Building appear t o  confirm predictions of 
low system damping and associated high sens i t i v i ty  t o  excit ing forces 
Imposed a t  the system's na tu ra l  frequency. 
of about 0.07 inch i n  terms of moderator leve l  produced an actual moderator 
leve l  osc i l la t ion  of about 0.7 inch a t  the mtural frequency. However, 
changing the input force frequency by a s  l i t t l e  as 10 percent v i r tua l ly  
eliminated a l l  moderator osc i l la t ion .  
system are  required Bs a r e su l t  of these experiments, unless, however, 
reactor operation shows that there a re  excit ing forces present which have 

AQ input pressure osc i l la t ion  

No changes in  the PRTR l eve l  control 
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the same osc i l la t ion  frequency as tb@ gas ba.lance system. If such 
occurred, it would be necessary t o  change the n a t u r a l  frequency of 
e i the r  the gas balance system or  the source of the excitation. 

Reactor and Process Pipinq. 
f o r  Phase PI1 moderator, ref lector ,  and boi le r  feed pumps, miscellaneous 
valves and s t ra iners ,  pressurizerp steam generator accessories and small 
heat exchanger expansion jo in t s  were reviewed. 

Thirteen sets of design data and information 

A second sample of steam generator tube-to-tube sheet welding received 
fram Yaba 3eat "Ilraasfer Division was sectioned and examined fcr defects. 
Metallograghie examination showed good coverage of the jofn%s w i t h  RO 
shrinkage holes or  porosity. 
three percent expansioE vice two percent specified and the vendor w a s  
not i f ied of the departure from the specification. 
three percent expansion, there was no apparent difference between micro- 
structure i n  ro l led  and unrolled sections of the tube. 
check of the face of one-half the sample (12 tubes) showed four  pinholes 
acd micro-cracks in and near the welded jo in ts  of three tubes, 

The tube ro l l ing  process on t h i s  sample gave 

Rowever, even w i t h  the 

A fluorescent dye 

Core Components.. The-bottom shield gas seal fias been received on site. 
With the receipt  of this i t e m ,  all GE procured saterial necessary t o  allow 
the Phase III contractor t o  proceed with the ins ta l la t ion  of the side bio- 
log ica l  shield has been received. Fabrication of the calandria and shields 
has fallen approximately three weeks behind schedule so that ,  even assuming 
no s t r ike  in  the Consolidated Western S tee l  plant ,  the fabricator  w i l l  not 
Eeet 5he July 24 delivery date. 
a t  t h i s  time. 

A late August delivery appears quite l i ke ly  

Shielding. 
the specified length by a small f ract ion of an inch. 
rswork of these items is under consideration. 

A number of the thermal shield blocks have been cast  short of 
Accertance and/or 

A grspcsal from the Phase 111 contractor t o  i n s t a l l  a permanent 1/4-inch 
s t ee l  outer she l l  on the side biological shield for  a sum of $2700 has 
beec acceFted. 

D 0 Recove Tests of the inf la table  seals  f o r  the thermal bar r ie r  have 

,The offeets  of t h i s  seal pressure (which is much greater than w a s  an t i c i -  
pated) cn the  thermal bar r ie r  s t ructure  are  Seing inves,igatedo 

+ iselosed that an internal  pressure of 15 psig i s  required to ef fec t  a seal.  

Fuel Eandler. 
major subassemblies, including the cask sections and the bridge and 
carriage structures.  Transformer capacity was increased for  the variable 
speed drive motors. Final ap;?roved p r in t s  bave been received from the 
Willamette Iron and Steel  C o ~ a n y .  

Fabrication work on the fuel handler is progressi3.g on 

bstr=Mer,tation and Control, A design change enem9assir.g a general re- 
v t s ion  of the ?RTR safety and contaf,ment systems i s  Seirg processed. 
ehacge Lxludes the i n s t f t u t i o i  of three-channel coincident trip systems 

The 
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fx a n-nber of the sore  c r i t i c a l  variables i n  these s y s t m s  aad the 
e l h i n a t i o n  of several non-essential t r i p  varia5lss.  The changes 
bring the reactor safety and containment s y s t m  into conformance wi th  
reconmendations of ACRS, the  GE-APED technical audit  group, and the 
Reactor Technology Developent Operatioo. 

The P I E R  dump valves have Seen received. mening time of %he valves 
dzring azceF0ance tests (tine from cu t t i rg  of solenoid curre32 uti1 
valves were completely open) was consistently l e s s  t b  5 0 ~  pili i-  
seconds. 
used in  the safety c i r cu i t  gave an  average opening time, on X actuatioc, 
of ore cycle AC current (0.015 sec) The opening tine of both valves acd 
the relays i s  considerably shorter than %he design. requirements, and 
rssponse time of the system w i l l  be correspondingly shortened. 

Also, tests of Allen Bradley Bulletin 290 rslays of the type 

The b id  assembly for  the reactor dry gas noist-dre detection system was 
a2Froved and placed f o r  bid. 

The PRTR autcmaC,ic control ler  design was reviewed in considerable detai l  
w i t h  Mimeapolis-Hoceywell engineers frm the v i e q o i r t  of w h a t  would 
happer. i f  various components of the system failed. 
sioa was  that, while it is  possible t o  postulate some failures which 
could c a l l  fo r  an increase in  reactor power level,  the probabili ty of 
these failures should be quite low and tne reactor is w e l l  prot,ected 
fzom damage by an adequate number of high level safeC,y t r i p  c i rcu i t s .  
It is planned t o  have a similar review made by AMP i n  the near  future.  

The general conch-  

Fuel Element -ination Faci l i ty .  
dimensions of the fue l  examination f a c i l i t y  pi+, showed tha% the openings 
for  the cast iron w a l l  blocks are within specificatiocs.  The openings 
for  the f i l l e r  blocks and the location of the bol t  holes fo r  attaching 
the wall blocks ucle not within specifications, however, and require t h a t  
drawings be changed t o  agree w i t h  the  as-bililt concrete dimensions. 

A check made 09 the c r i t i c a l  w a l l  

The contract for  construction of the cast iron and steel shielding was 
awarded t o  the Mosler Safe Coqany w i t h  a bid of $124,000. 

A grototype of the movable duct t o  be used with the primary manipulator 
has 'been c q l e t e c ? .  
of the design. 

Preliminary tests have confimed the f eas ib i l i t y  

Work orders were issued t o  complete the fabrication and tes t ing  of the 
profilaneter and 5X viewer t o  be ins ta l led  in the examination f a c i l i t y .  

The preliminary design of t h e  primary manipulator has been campleted. 
The detailed design is scheduled fo r  approval in approximately two months. 

Load-Oat Equipment and Transport Mechanism. 
Load-Out Criteria and Transport Mechanism has been approved and issued. 

The design c r i t e r i a  f o r  the 



PR% Steam Loop (Project CAH-841). 
fo r  comment. 

The scope description was distributed 
Drafts of three sections of the design c r i t e r i a  have tleen 

p r e p r e d  and reviewed. 

A "reference" internally cooled fuel element has been scoped. 
element is based on scaling down the  element i n  the supercr i t ical  pessure 
power reactor study t o  a s ize  compatible w i t h  the loop test section. 
element has approximately the same U02 tenrperature (4000 F), heat flux 
(600,000 BTU/hr-f t2) ,  and tube s ize  (3/8-inch OD) as the fuel element in 
the reactor study. This element should operate a t  about 600 KW power i n  
the loop tes t  section. 

Estimates cf heat loss t o  the test  section sleeve show that independent 
coolant circulation w i l l  be required t o  handle the heat load. 
and percolater type cooling system was devised for  cooling fuel  elements 
during discharge. 

'This 

!The 

A reservoir 

Plrrtonfm Fabrication P i lo t  Plant 

Phase PI Construction. Completion of work under Phase I1 i s  estimated a t  
99.5s. 
building, and the contractor has prosecuted work on the  punch l i s t  f a i r l y  
energetically. 
before JUIJ 1 5  - about 60 days late. 

Preliminary punch l is ts  have been preDared f o r  a3out half the 

It is  believed that t h i s  phase of the work w i l l  be complete 

Wring the preliminary inspection of the exhaust f i l t e r  rooms, it was 
f o u d  that, owing t o  deficiencies in  both design and construction, the 
strslctvral steel gril les on which the building exhaust f i l t e r  banks r e s t  
are  not seaied t o  their  seats in  the building construction, and thus a 
large leak by-passing the f i l t e rs  ex is t s .  Field studies to rec t i fy  t h i s  
condition are  in  progress. 

Se-rere cracking of the  jo in t  between exLverior w a l l  concrete block panels 
and the poured concrete building frane has been 05ssrv&. 
detemined that +,his jo in t  was  lot made i n  accordance w i t h  the plans and 
spoeifications. Sealing the jo in t  wi th  vicyl tape is  presently cocsidered 
fo be the only feasible way out of t h i s  difficulty, w i t h  project schedules 
in aiCdo 

It has been 

Phase 111 Const rx t ionU 
is estimated a'; 62% eompar?d w i t h  70$ scheduled, The painters '  s t r ike  
was se?Aled and the men retvrred t o  work J.me 1, but interference between 
traaes resulted from the upset i n  schedule caused by the strike. 
f i t i o n  for  painters Setween the  Phase I3 and Phase III zontractors and 
between 308 acd 3G9 BuildiGg was keen during the month also,  w i t h  some 
adverse ef fec t  OP schedules. 
secsing elements has prevented tes t ing  a d  a c c e p t m e  of several hoods 
oth2tarise p-aet lcal ly  completed" 

Completion of work mder the Phase I11 contract 

ComFe- 

Delayel delivery cf the hood f i r e  alarm 
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TSe 30 kw vacuum melting furnace assenisly i s  nearly c c 2 l e t e ;  a factcry 
represezitative has been scheduled t o  assist wi5h tes t ing  the eqzipnent 
Ju ly  7. 
The swage a s s a b l y  i s  t o  be accepted, withminor excsptiozs, 3uly 2, and 
i a s t a l l a t ion  of feed mecha3isms by plant forces w i l l  &art a t  once. 
L i t t l e  arcgress has been made on the drawbench i c s t a l l a t i o 3  since it i s  
not high on the p r i o r i t y  l i s t .  
complete; correction of several minor vendor e r rors  has caused some l o s s  
of time oil t h i s  uni t .  
decontamination system is nearly c q l e t e .  Modifications sc the  x-ray 
.room t o  enable ins ta l la t ion  of the equipcent have bee:: cclopleted, the 
equi2ment has been conditioned by the vendor's rq re sen ta t ive ,  and i s  
rea&j f o r  i n s t a l l a t ion  of the tube crane, shipped frm Los Angels  on 
3une 30. 

'The S i l l e t  l a the  assa>lj. is  ccGlplete and rcazy f c r  t es t ing .  

The autoclave in s t a l l a t ion  i s  nearly 

Ins ta l la t ion  of the u t i l i t y  hcods and the Zegrease- 

T k i s  report  i n  detail w i l l  serve t o  indicate that the Phase 111 contractor 
i s  a t  present making good p o g r e s s  on a l l  p a r t s  of' h i s  zonstruction job. 

Negotiations w i t h  the Phase I11 contractor t o  attemF-l t o  recover some of 
+,he time l o s t  by the Phase I1 Contractor, through the use of evening 
sh i f t s ,  premfum time, and thz l i ke ,  were teminated unsuccessfully. 

Procurement. 
structed by Clearing Machine Company, i s  slipping behind schedule. Pur- 

The 200-ton compacting press f o r  the oxide l i n e ,  being con- 
- .  

chasing l iedson i s  obtaining the facts on whiih t o  base a decisior. whether 
t o  accept a l a t e  Ju ly  delivery from Clearing o r  t o  order the press shipped 
a t  once f o r  coqle'cion by Minor Constructioa. 
cac set the press a t  once when it arrives on si te.  

The Phase I11 contractor 

The oxide l i n e  f inishing hoods, scheduled for  shipnent the week 3f June 22 
from Van Vetter Canpany, were not shipped. The reason has s t i l l  not been 
advanced. These hoods cannot be set i n  their  f i n a l  Fosition u n t i l  the  
s iz te r ing  furnaces arr ive,  so the Phase 1x1 contractor i s  not being held 
up Sy t h i s  vendor. The internal  grinder has been shipped. It w i l l  be set . 

up md tested using uranium oxide sintered shapes p r io r  t o  i t s  i n s t a l l a t ion  
i n  the oxide l i n e  hood. 

Work i s  progressing on schedule on the s in te r ing  furnaces. 
procurement on the project  i s  on schedule. 

The remaining 

Project Schedules. 
and the  swage and hood accepted from the Phase I11 Contractor, w i t h  the 
exception of t he  hood leakage test, July 2. Work by GE forces w i l l  commence 
Ju ly  6 on in s t a l l a t ion  of feed mechanisms and the l i k e .  
t r ac to r  w i l l  re turn at  a mutually convenient later date f o r  the hood leak- 
age test. 

Room 132 w i l l  be accepted from the Phase I1 contrac+uor, 

The Phase I11 con- 

The service wing has been accepted from the Phase I1 contractor, the f loors  
have been cleaned and waxed by maintenance personnel, and a pa r t  of the 
of f ice  furni ture  is  t o  be moved i n  Ju ly  2. Sane of the operating staff 
w i l l  move t o  the building the week of Ju ly  6. 
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The beneficial  use date fo r  the building, as defmned in February 1958, 
has been rescheduled f o r  about A u g u s t  15 .  

PR!rR operations Planninq 

PRTB Technical Manual e 

t o  include a description of the modified top and bottom shield coolant 
system design. Copies of the revised chapter will be issued t o  Technical 
Manual copyholders t h i s  week. 

Chapter 18, Shield Coolant Systems , was revised 

Pre-Startup Act ivi t ies .  
preparation of the  reactor operation section of the f i n a l  PR'Y!R hazards 
report, preparation of a l i s t  of operating procedures for  the reactor 
and standardization of the  form f o r  the  procedures. Discussions were 
held with interested groups concerning the f b c t i o n a l  tests t o  be per- 
formed following the contractor 's  acceptance tes t ing.  Preparation of 
the tes t  outlines i s  under way. 

Major a c t i v i t i e s  during the  month include 

A survey of each PRTR component was completed on June 15. 
t h i s  study was t o  determine the areas where high leve l  radiation fields 
may be expected. 
changes and special operating and maintenance procedures were recommended. 

The purpose of 

A s  a result of t h i s  analysis, a number of minor design 

Preparation of the PRTR Engineering Assistant t ra ining program is essen- 
t i a l l y  eamplste. A l l  lecture outlines,  tests, and other t ra ining material 
will be ready July 15. 

An ident i f icat ion system- fo r  PRTR valves was selected and reviewed w i t h  
FPD maintenance personnel. 
Appropriate numbers w i l l  ident i fy  valves on PRTR As-Bu i l t  drawings. 

A l l  valves w i l l  have m e t a l  tags attached. 

Design information received during the month was reviewed fo r  accept- 
a b i l i t y  from the operations point of view. 

FRTR Operations Handbook. The i n i t i a l  rough draft of the  PRTR Operations 
Handbook WEAS finished and i s  being reviewed for  completeness and accuracy 
of information. 
important PRTR construction and operating data. 

This Rpcket-size handbook is  a compilation of the  more 

Construction and Procurement Liaison. 
all equipment supplied by the Phase I and I1 contractors. 
Blue Pr in t  F i l e  w i l l  be maintained i n  the 309 Building. 

BPF data are being compiled for  
A complete 

Shop equipment requisit ions have been forwarded for  processing. 
purchase of $14,000 worth of equipment i s  proposed, w i t h  additional items 
costing $3500 t o  be purchased later. 

A t  present, 

Dfscussions were held w i t h  manufacturer's representatives t o  resolve 
problems concerned with lubricating and cooling the shaft sea ls  of the 
boi ler  feed pumps, moderator pi-rmps, a d  reflector pumps+ A sat isfactory 
solution was obtained. 
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Aczeptance tests of %he diesel-;owered deez w e l l  F-JIJQ~ the diesel-gencat.or 
set and associated switchgear were witnessed. Also, 52sts of +,?E water 
c X l l e r s ,  a i r  compresscrs, service area heating and vent i la t ing system: 
an6 hold-up tank p q s  were completed, 

Plans t o  receivc the first heavy water shipment, including temForary 
storage in  Central Stores, were formulated. The plans are  being reviewed 
w i t h  m Security. 

PFtTR Staff iae .  
Assistants have been chosen. 
r fc ians  report t o  PRTSI on September 1, 1959. 

Fift.y percent of the non-exemgt Techiiicians and Ehgfneering 
It is  tentat ively Flamed 33 have the Tech- 

PXE4 Data Processing. 
sys+,em sui table  f o r  the PRTR have 'seen outlined, including the recomenda- 
t i o n  that. a general S q o s e  d ig i t a l  c o q u t e r  and associated data acquisition 
systen: be obtained. This ccanputer would be used i n  cooimctlon w i t h  the  
axtsmatic reactor control system. 

Tce geoeral scope requirements fo r  a data processing 

2. BASIC SWELLIXG STUDIES 

Irradiation Program 

A capsule design has been completed f o r  the i r radiat ion of metallographic 
specimens i n  the  EZR at  constant temperature. The capsule i s  designed t o  
accommodate 50 percent unrestrained swelling of the specimen. The heating 
elemect i s  instal led in the NaK close t o  the specimen so that good heat 
t r m s f e r  between the heater and the specimen i s  achieved. The heat losses 
t o  the cooling water are low w i t h  a design of t h i s  type thus reducing the 
power requirement glaced on the heaters. A temperature controlled capsule 
has been assem3led u t i l i z ing  oae centimeter natural uranium spheres, and 
spheres of enriched uranium are being machined fo r  the assembly of another 
capsule t o  determine the effect of burnup rate on unrestrained swellisg. 
b s t r m e n t a t i o n  fo r  the temperature monitored capsule has 3een assembled 
and tes ted and found to operate sa t i s fac tor i ly  under the iaboratory condi- 
t ions.  About f ive  pounds of enriched uranium have been sent t o  Tamescal 
Metallurgical Corporation where they are presectly remelting tho material 
i n  an attempt t o  improve i t s  puri ty  by their 'e leetron beam melting process. 

Siredated Swelling Exp eriments 

A knowledge of the mobili t ies of rare gas f i ss ion  products through uzanium 
is important-in understanding the mechanisms of pore fowation.  Diffusion 
of rare gases i n  uranium is, therefore, being studied. I n  these studies 
rare gases are introduced in to  the uranium surface by means of e l ec t r i ca l  
glow discharge (sputtering).  The amount of rare gas tat is deposited in 
the -uranium surface under various experimental conditions i s  being deter- 
miaed. 
of the gas deposited in  the surface t o  be evolved. Large quantit ies of 
helium were shown t o  be deposited in the uranium surface by a glow dis- 
charge. 

Keating the uranium t o  a suff ic ient ly  high temperahre causes most 

A mass spectrometer type helium leak detector was used t o  measure 



tke r a t e  of helium evolutioc. 

Similar experiments were performed using xenon. 
cording xenon detector was available, the evolved gas was collected in  
gas sampling tubes and submitted t o  the mass spectrometer laboratory fo r  
analysis. Results of t h i s  analysis indicated that some xenon had been 
deposited and released on heating. The several experSLmental d i f f i cu l t i e s  
that contributed t o  inconsistencies in the apparent gas analysis have been 
corrected, and the  exgeriment is being repeated. I n  an e f fo r t  t o  deter- 
mine whether or not ra re  gas deposited in  a uranium surface w i l l  diffuse 
+at0 the volume, the gas is t o  be deposited on the inner surface of uranium 
cylinders a t  various t w e r a t u r e s .  A f t e r  a diffusion anneal, the surface 
layers vill be removed, and the remaining material w i l l  be heated t o  a 
high enough temperature t o  cause evolution of contained gases. 
w i l l  then be analyzed t o  determine the ra re  gas content. 
for t h i s  study are being fabricated.  

As no continuously re- 

These gases 
Uranium cylinders 

Mechanisms and Theory 

Optical and electron microscopy a re  being used as  a d i rec t  means fo r  de- 
termining the s ize  and dis t r ibut ion of pores i n  i r radiated uranium. Sta- 
t i s t i c a l  analysis by operations research personnel b s  revealed that a 
d is tor t ion  of pores must a r i s e  during the specimen preparation steps, i n  
that the number of pores on the specimen surface w i t h  given depth t o  
diameter r a t io s  does not agree with the number calculated en the basis of 
3 random section through spherical pores of various diameters. A specimen 
of i r radiated uranium having extensive gas porosity has been golished, and 
repl icas  are 3eing prepared of the specimen surface in  the as-polished, 
l i g h t l y  etched, and heavily etched s ta tes .  S t a t f s t i c a l  analysis of the 
observed pore diameter t o  depth r a t io s  should disclose the extent and 
nature of pore d is tor t ion  associated w i t h  etching. 
iated with the replication of pores sectioned a t  various positions above 
and 3elow their centers is  being studied in  pseudo specimens. 
spheres 0.4 micron i n  diameter were dispersed in  an epoxy resin.  
so l id i f ica t ion  these disgarsions were polished. 
on the polished surface were dissolved i n  acetone, and the surface of the 
pseudo specimen was replicatad.  
a re  being analyzed s t a t i s t i c a l l y .  

The dis tor t ion assoc- 

Polystyrene 
After 

The polystyrene spheres 

Electron micrographs of these rspl icas  

Although the microscopic measurements of pore vol’me f r a c t i m  would 
appear t o  3e i n  e r ror  due t o  the above mentioned dis tor t ions,  an estimate 
of pore volume fract ion has been made for  uranium irradiated t o  0.25 a/o 
bunup.  
of the actual pores 9 s  occurred, the pore volume fract ion is given by the 
relationship 2’7r 

which the pores a re  measured, and r i  i s  the calculated radius of tfie -th 
pore. The calculated radius i s  determined from the maximum asparent 
diameter of the pore if it i s  sectioned above i t s  e n t e r  and i s  de5ermined 
from the apparent diameter and i t s  deDth if it i s  sectioned below i t s  
eecter.  

On the assumption that the pores a re  spherical and that no dis tor t ion 

r i  , where A is the area of the specimen surface on 
3 

For a specimen which exhibited a 7.8 percent decrease i n  density 
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af%er i r radiat ion and annealing, the equation predicts a 7.0 gercent 
change in  density f o r  a s m a l l  rsgion near the specimen gerizhery (LOW 
teml;erature of i r radiat ion,  high burnup), whereas a 4 7 p r e e n t  decrease 
in density i s  predicted fo r  a region in the center of the specimen (hi@- 
temperature of i r radiat ion,  lower burnu?). It should 3e eqhas izod  that 
tn2 density change observed is  obtained by water displacement an6 inclu6es 
the e f fec t  of cracks as well a s  the pores. If the void fract ion i s  cal-  
cidated frcun the apparent radii by an a l te rna te  reiationship 5 a x "id 

the ;?redfeted density changes a re  8.7 and 5.7 percent, rospectively. 
Since the %wo estimates give essent ia l ly  the same r e s u l t s  m d  similar 
pezisiola estimatesp f 2 = bo$, the l a t t e r  method which is considerably 
simsler,. may prove adva=l+,ageous. 

, 
6A 

These methods w i l l  be tested on wider ranges of experimetz3al conditions 
sffordad 'cy two specimens, i r radiated t o  burmaps of 0.25 w.d Oo40$, -diich 
have bees annealed a t  700 C fo r  100 hours. 

Gra?hite Studies 

FRTR Pressurized Gas-Cooled Loop Fac i l i t y  (CAH-8221. 
gas loop design c r i t e r i a  was issued in June pr ior  t o  bid opening. 
addendum changed the loop in-reactor sect ioc location from channel 1946 t o  
1542, redefined materials f o r  use in the loop, and revised requireaents 
fo r  the loop in  acqordance w i t h  more refined calculations of pressure drop 
and thermal analyses completed since issuance of the original c r i t e r i a .  

An addendum t o  the 
The 

A pre-bid conference was held June 4, fo r  the conveniecce of interested 
bidders on the design and fabrication of the "Phase A" (out-of-reactor) 
portions of the loop equipment. 
June 15, and are  currently being evaluated. The apDarent low bidder i s  
Struthers Wells Campany, with a bid of $385,000. 
was approximately $400,000. 

An order fo r  the three main blowers i n  the gas loop was placed June 8 w i t h  
Bristol-Siddeley Engines, Ltd., Coventry, England. 
gas-lubricated bearings and w i l l  deliver 7500 lb/hr of CC2 a t  50C ps i .  

Bids f o r  the Phase A work were opened 

The f a i r  cost estimate 

Each blower features 

Graphite Oxidation Studies. 
oxidized by a flowing stream of carbon dioxide in  graphite-weight-loss 
equipment. The graphite cylinders were two inches long and 0.42 inch i n  
diameter, wfth major axes pa ra l l e l  t o  the whole bar extrusion direction. 
During 576 hours of oxidation t o  a t o t a l  w e i g h t  loss of 1.8 percentg the 
following weight loss  rates were observed: 
2.05 x 10-5 m/gm hr a t  So0 C, and 7.90 x 10-5 gm/gm hr a t  850 C. 
second sample was oxidized fo r  256 hours t o  a t o t a l  weight loss  of 0.53 
percent. 2.28 x lC-5 @/gm h r  a t  
800 C and 6.71 x 10-5 g m / p  hr a t  850 C. 

Two so l id  cylinders of CSF graphite were 

4.82 x 10-6 ,@/e hr a t  750 6 ,  
The 

The weight loss  ra tes  observed were: 
Slurface t o  volume r a t i o  as  a 
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variable in graphite oxidation is being investigated. Xcllow CSF graphite 
cylinders which have approximately three times the svlrface t o  volume r a t i o  
of sol id  cylinders were prepared and are being oxidized. 

Permeability of Graphite. 
various graph;ltes has been designed and is being fabricated. A modifi- 
cation of the Poiseuille equation for the flow of gases in  porous media 
developed by Satherly w i l l  give a measure of 

is: 

the length of the sample, Vo is the  volume of the systesl,  A is  the area of 
the exposed face, t is the  time, e Po is  the d i f f e ren t i a l  pressure a t  time 
zdroy an9 4 P  is the df f fe ren t ia l  pressure a t  time t o  
established i n  the fixed-volume system, the pressure w i l l  be read a t  various 
t i s e  intervals .  
a re  being produced both here and in the United Kingdom. 

Equipment for measuring the penneabflity of 

emeab i l i t y  as an admittance 
faetor  that has the  dinensions of m l  cm-lmin '  E The equation t o  be used 

Fo = "0 I n  G O o  Fo is the admittance factor  fo r  s l i p  flow, L is x€ w 

Once flow has been 

This method w i l l  be applied t o  impenreable graphites that 

Surface Arsa Std ies .  
and density of graphite is prqbably due t o  surface 3henomena9 i oe , : ,  s-=face 
area and pore s ize  dis t r ibut ion.  
+,ermine changes in  surface area resulting from in-reactor oxidation. %wo 
control samples were encapsulated in  quartz containers filled w i t h  helium. 
Two similar Kie-graphite samples w i l l  be exposed t o  an atmosphere contain- 
ing earbola dioxide. 

The inverse relationship between r a t e  of oxidation 

An experiment 'has been prepared t o  de- 

The experiment w i l l  be charged snto the reactor during 
JLy 0 

P m a  k r a d i a t i o c  Fac i l i ty .  Construction work on a cokalt-60 gamna irrad- 
ia%m f a c i l i t y  has been compieted, and a 15,000 c ' x i e  source of cobalt-60 
has Seen received from Oak Ridge Rational Laboratozgr. 
be placed OE a three-inch radius in an underwater so*nce holder. 
swuce 'Pgs been calibrated with ferrous su l fa te  and eerie su l fa te  chemical 
dcsiaeters,  the f a c i l i t y  w i l l  be e!lzrployed in i2 i a l ly  ta evaluate the ef fec t  
of gamm radiation on the carbon dLoxide-graphite reaction. 

The cobalt rods w i l l  
After the 

Radiornetallurgical Examinations 

Zxa,=ination of H-388 Ja i lure  5148 -KE !RM-299). 
susf~cZed hot s;ot area was e x a n i n d o  
F,C evidence of' ictergranular corrosion w a s  foundo 

A piece cr" zanwall frm a 
Tbe bonding a t  this spot was good, arid 

Model 111 W i p u l a t o r s .  
lat.ors has bem ecmpleted. 
f o z t k  f sgare) manipulator w i l l  b% disassembled f o r  p r e p r a t i c n  of "AS Built" 
"kawings. 
Wi% 
rod, 

Modification of the  Model III master slave manipu- 
Three manipulators have been instal led,  and the  

A 3ew se t  cf manipulator jaws was fabricated and tes ted suczess2Llly. 
aev saws one ~l?a~ip-.b,tcr was w e d  50 l i f t  an &-r;olz-,d, row-fcot  lo?ag 

I 2 1.1. 8 2 3 b 
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k t a i l o q r a r h y  Laboratories 

Z?ie sample SreTared f o r  x-ray examination last  nonth containing the nost 
b r i t t l e  layer  formed between uranim and AlSi has proven t o  be a so l id  
sol'ation of two o r  more compounds, both w i t h  sispla eu5ic structure.  It 
i s  known t h a t  under different conditions of heat and tine Y&f3 
woiild have been formed from the  same conssituents. It is probable tha the 
k r i t t l e  layer  under s tudy*is  a mutual so l id  solution of JSi3  and V U ? ;  how- 
ever, idsn t i f ica t ion  cannot yet be considered posi t ive.  

and "2 
< 

Ai: eqcipment has arrived and the necessa-y arrangemnts have been made for  
%fie ins ta l la t ion  of a new electron microscope in  the 326 Building Metallographjr 
Laboratory 

Sa@..es Processed Dtlrin.g the Month 

Total samples processed: 3 4  

Ph0top;raphs 

Mizrogzaphs 341. 
Macrographs 2 

398 

Manager, Reactor and Fuels Research 
and Development 
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PHYSICS AT!D I M S m i T  RESEARCH AND DEVELOPMENT OPERATION 

MONTHLY REPORT 

FISSI3NABIE MAmRIALS - 2000 PROGRAM 

F?,AC TOR 

SFu3IES RELATED T3 PRF,SENT PRODIETIST REACTORS 

Zsr,t i:c Petltror- 'Iemperatxe Stxdy 

~r-5 ra+i: cf tkie fiseioz pro&Ax ac t iv i ty  of ~ $ 3 9  t o  that of $35 i s  a senei- 
T'W ir.diist,:r cf the effect ive neut,r;rL temperature ir, the regi3c betveen Lr3O'K 
acd 105'3% 
+ i x  L f  the temperature. 
rosn?eC,e~r wctild be of great wJue.  The neutron temperatwe i n  t h i s  l o v  tem2era- 
t i r e  range is of in-kerest i n  the detemination of the cross sezt ioc f o r  the 
r s t k r m a l i z a t i m  cf ncurrone dhich have migrated between twa tenperature zanet. 

A t  temperatures below 4W°K, the r a t i o  is a slowly varying f%2-  
Therefore, at  l o v  temperatwes a more sensit ive "ther- 

The Lrcss sectior, for  the lutecium isotape of mass 176, as reported i n  BNL-325, 
makes t h i s  iscz pe idea l ly  sui ted fo r  t h i s  purpose. Several resonances a re  re- 
p x t e d  f o r  L ~ l 7 ~ .  Among them i s  one at  0.14 ev which has an isotopic peak crcsE 
s e c t i m  cf rJi4,300 barns. 

Prelixicary calculations shov that  t e radioact ivi ty  of Lu177 which i s  prc- 
a x e d  by nel;itron i r rad ia t ion  of I , L & ~ ~  shauld be very sensit ive t o  a Muwelliar, 
die-cribatfon of neutron energies. Moreover, there are only two natural  occur- 
ring isotcpes of lutecium, both of which can be made radioactive by neutron 
i r radiat ion.  If the other isotope (Lul75) has a cross sectiori which var ies  
sppr3ximately as "1/vt' it would be ,possible t o  obtaic with a single f o i l ,  a 
rati; similar t o  the one abtained i n  the m239 and U255 experiments, i . e .  
Ap>77/A~;li76n. 
iLteziunl cxide W&E obtained. 

Tc fur ther  investigate this poss ib i l i ty  a quantity of 

For t h e  preliminary experiments, f;ils were made by paciraging the L-0 

life sf Lu176my b)  the half l i f e  cf Lu177, c )  whether any impurities were 
p r s e n f  i n  su f f i c i e s t  quant i t ies  ts hamper the analysis, and d) the amount ;f 
lutecium tha t  could be contained i n  a f o i l  before observable self-shielding 
WC~U3.d occur. 

i n  
,al*in;inum containers. Experiments were conducted which determined a)  t 2 e half 

The half l i ves  a re  found t o  be 6.77 f 0.07 days and 3.75 f 0.02 hours fo r  
L~177 and Ld17Gm, respectively. The 6.77 day half l i f e  was determined by 
folloking the decay of the 208 kev gama ray which i s  known t o  occur i n  the 
decay cf Lu177. The gamma rays i n  the energy region between 10 and 165 kev 
ae2ayei w i t h  a half l i f e  of 6.53 P 0.04 days. 
cen5 cmfidence interval . )  
present. 

(Errors quoted are fo r  70 per- 

In order t o  be sure, the low energy region must be analyzed i n  more 
These fac t s  indicate thak a contaminant might be 
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detail. 
zf elcergy between 10 and 165 kev. 

The 3.75 hour decay was determined by following the decay of gamma rays 

T= determine the e f f ec t s  caused by self-shielding, f o i l s  containing various 
quantities of Lu;lO were i r rad ia ted  on the f o i l  ro ta tor  in the PCTR. 

-as cfterained f a r  a time t = 0 which was a r b i t r a r i l y  chosen t o  be a t  the end 
of the i r radiat ion.  Tentative results me listed i n  Table I. 

The gama- 
ray ac t iv i ty  of eaJh isotope and the r a t i o  of the 3.75 hour t o  6 *  day a- ntivity 

3 w t .  of LU20 

1.23 
2.70 

(Mq i n  1/2" D i a .  Foi l )  

5.45 
8.0 
9 - 2  
ll.l 
15.9 
20.8 
W.8 

190.5 

3.01 
2.77 
2.77 
2*73 
2.76 
2- 78 
2.02 
2.69 
2.51 
1- 77 

The Ap'" part of the AL276m/A~$77 r a t i o  remained constant vhi le  
varied t o  cause the changes i n  the r a t i o  l i s t e d  i n  Table I. 

s a m n e ~  ahat the decay schemes of the Lu isatapes a re  assigned tcb shs proper 
s, it is  apparent that ~ ~ 1 7 5  i s  causing '*self-shielangt l  instead of 

LU cross sect ioc has Seec aesigned incorrectly o r  b) the  Ld?5 C r i 3 S  seztisz 
has r e s c y e  which are  shielding the  f o i l s  more effec3ively than t,hote 2f 

fiec3y schems of QJ are incorrect ly  assigned. The alsernatives have nsT beer, 
zmpletzly eval-ated but a* th i s  time alterna+,fve 2 )  seems the l e a s t  prc'ca3le 
~ 3 .  a)  the mest pro3able. 

If x e  

-% LA*. . Thia poses %he following: Either a)  the 0.14 ev resomaces ir, ths 

Ld? cr38s secticzl, 3r c )  the c rPgind  assumptio~ is v'r3ng acd the 

Tre t rmecta t ior  

B e  ssack ef f luez t  gas m n i t o r ,  used fo r  inves t iga t im cf stack gas gamm 
snergies, i s  3ack ir, operstion a t  100-F. 
for about me veek becatlse of air flow problems. 
trluns have been obtained with no c lear ly  discernible phcCU0 saks reSll;+%ng. 
3- g e n e r a  u&e, the equipment i s  adjusted t o  count the I13f 36L Kev phctzpeak. 
1: is hoped that data concerxing 1131 illcrease can be o'btaired ir, *he w e n t  ;f 

The ins t rmen t  was cut, 3f 8eT"rice 
Several gamma energy spec- 

a. a 2 g  rupture. 

Thermal NeGtron Flux Specfrtlm Near a Temperature Discontiriuify 



The mnuserizt  fcr a paper t c  be submitted t o  N u c l s r  Sciecze and EnqiceeF- - fng has been completed. 

The analytical solution f c r  the generalized pmblem including a. net  neutrsn 
flow a=mss the interface has been o5tained. 
program has beer, written and i s  now being debugged. 

A modificaticn of %he SYZYGY 

3. Experiment 

The analysis of data has been cmpleted on the experimental invest igat im 
of neutron exchange acrcss a temperature discont imity in graphite. 
tests cf the applicabili ty of the plane diffusion model described last 
mcrth were suecessfjl. within the errors  of the measurements. 
values of the relaxaticn lengt3 for r,eu*ron exchange are tabulated i n  t he  
table below. 
the .mser fa ln tks  i n  experinen5aUy &served quantities used i n  the acslysis. 

Tke 

The final 

Th.e m-certair;.t,ies quoted are  based upor, maximtm estimates cf 

Temperatare 6 

Regim Region Relaxation 
one Twc b n g t h  
"K % (cm. ) 

Uncerbainty 
112 

RelaXatiOE 
Length 

loa 285 21 f 2.5 

491. 320 11.4 1.3 

€66 350 70 5 t 0.8 

A smple te  report of this wrk will appear i n  the Agril-May-June Nuclear 
Physics Quarterly Report. 

STUDIES RELATED TO FUT?JRE PRODETION REACTORS 

Lar.tice Wasurements for Large Dimeter Fuel Elements 

Tl?e f"al;3dng material buckling measurements for  2 .5- i~ch  tube a d  +,ube 
ani i.92-inch sz l id  fuel  eleaents have been completed this month. 

Volume Ratics Buckling Fie1 Lattice 
Spacing (10-6 crn-2) Al /U HpO/U C/U Elsmsnt 

1.92 10 318 W + 123 0.264 -- 35 * 60 

2.5 x 2.0 with 12 318 W e t  - 72 0.457 1.089 4e. 70 
1-66 x 1.1 
2.5 x 2.0 with 12 318 Dry + U6* 0.487 -- 48- 70 
1.66 x 1.1 

9 'I3 be taken again because of bad f i t .  
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The aer ies  of buckling measurements for  1.92-inch sol id  Plel dements is 2 m -  
ple*e. 

The bucuing values quoted in Table I1 are tentat ive based on an estima3ed 
side e x t r a p l a t i o n  length, X, of 1.66 icches and a fmnt-to-rear ex+,rapola- 
t i on  1em.h of 1.03 inches. 
the analysis of horizontal trsverses.  

k a l y s i s  of hcrlzontal traverses is s t i l l  i n  prgqress. 

Final bucklings will be reported after completing 

An snalysis  of €en frant-to-rear harizontal  traverses bas been made. 
traverses were taken in exponential p i les  with various fuel elements md la t -  
t i c e  apacings. 
the  analysis is  1.03 inches Y f t h  EU= average dev ia t im  of 0.05 imhes.  It 
%ppsrs that the front-tc-rear extrapolatioc distance i s  const.ant so thht 
leC)3 inches 

The 

The average front-ts-rear extrapolation as determined from 

be used f z r  all of the pi les .  

PCm Measurements of k, a;d f i n  the PCTR has beec ccrrplezed f c r  3x1 enriched 
arsniirir .Auar,er i n  a 7-inck grapkltz l a t t i c e .  The i s t t i c e  was water-csoled. 
Each s9 %e seven mds i n  the c lus te r  =re 0.925 inzh ic diame+,er. 
n e m  -as 1.007$ by weight U-235. 

The enrizh- 

PreiirLriary valt;ss of t.he ia t t ice  parmeters hasre been cd.euls t .ed frm t h e  
sxperimntal  data. They are: 

k, = 1.064 

= 0.013 grapbii t e 

DECLASSIFIED 



neasdremezts have been made. 

IC the D cs3cqdatioos, a capar i son  was made between the method propwed by 
Selengut (Nuclear physics Reaearch Quarterly Repor4, January-Weh 1959 , 
t:: be issued) an8 the formulations: 
iGr + Ea). and Ea are  the flux and volume weighted transport and ab- 
x rp t fon  cross sections, respectively. 
Relative t o  (I), the values obeained by Selengut's formula were as much ais 
IL$ lxo 
Esr the small rsd and about 0. f i  l o w  fcr the large rod. 

Ir; the L2 calculati2n6, a comparisorL was made cf the following formulas: 

(1) D = l / 3  C t r  and (2) D = l / 3  

Simple diffusion theary was assumed. 

Relative t o  (23, the Selengat formula values were about 0.2% high 

2 L2 = x i  f i  Li , 
'2 

ani (4) L" = DEfp/Zs a the fourth formuLa, is calculated by 

f1-s 6.3 tke bcxd,ary cf +,he fieferogereous c e l l .  
(L) wer5 cmsisteni;ly low for a2.L cases &en compared with each cf the other 
m s t k ~ b ,  the rspect;€ve grea+,est percentage differences being 3.1, 4.5> am3 
1.9 These Uif'erorxes xzurred ir each instance for  the case of a 1.66 inch 
rzd fi a 6 5/16 inch l a t t i c e  spacing. 

Selengut's f a m a  a$ ga eF is founh f r g m  the ra te  and the caledafed 
The values calculated by 

P-yai.-,s pldvifng for  the P i  Scale FCTR has continued during the past month. 
A t e n t a t i w  laycirt of %he reaz+,or i t s e l f  is p r t i a l l y  cmpleted. 

It. is r;ct clear a t  the present time -&ether or not amall source theory can be 
emplcyed stlzcessfdly i n  izzterpreting F U  Scale PCTR experiments designed t o  
:t;taic mcderator temperatwe cDefficients. 
perimerz5s ell be designed is tc  the reactor if  t h i s  proves t o  be compatible 
with other requirements. 

The capacity t o  perform such ex- 

Imprmea Wthcik of Reaztsr Parameter @alc-A.ations 

As 9 preliminary tG a combixed theoretiaal  and experimental attack on the 
pr2blem of t.emperature coefficients, csding ha6 begun cn a program t o  geoerate 
6, T;t.xiear daka tape. Thid tape will be a compilation of both microszopic 
sr,d max5szcpi2 cr:ss sec%ions i n  a form which can be readily used by reactor 
: z3es0 

~~~E-thermaJ,-a~utron-p;rorrp-diffusioI: Program 

The mmcafied version of P3$ a three-group (me thermal group) code, was 
ccnpiled and a t e s t  case was run. The FORTRAN deck, received in May from 
ANPD, was used. 

The FORDUN modifications of F3 t 3  handle two thermal groups are  e s s e n t i d l y  
~ m p l e t e ,  but some checking must be done before cornpilatian is attempted. 

Information was received from AmPD about F,. 
included and a scwce deck ie in the mail. 

A l i s t i n g  of the prc4gram was 
Fn w i l l  have t o  be modified befme 

it. 3% be used at. Hanford, because it uses sp&ial subroutines which are  avail-  

I 2 ~ 1 G 2 I r C  
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able mly  cn the I B M  704. 

Scint i l la t ion Counter with Wform Efficiency 

Basurements of flux distributions fo r  l a t t i c e  parameter determinations can be 
simplified by using f o i l s  which cover the fuel cross seetian rather than tak-  
ing point-to-point traverses with small  f o i l s  o r  pins. 
sc in t i l l a t ion  counter t o  detect ail of the foil ac t iv i ty  s?ith uniform efficiency, 
which is  not usua,lly the case f o r  f a i r l y  large foils (1" t o  2'') on reasmable 
s ize  c r y s t a l s  (3" t o  5" diameter). 

This requires the 

AE en&irfsd apprcazk has been taken t o  the problem cf prcducirig a scinC,Lh- 
t f x  counter with uniform efficiency over the central  regicn (1'' 33 2Iq diameter; 
cf fne crystal. 
In O r d e r  t r ,  provide g x d  resoluticn. 
r a a a  vlth cesi-a ,  x b a l t g  and smerio-ium saurces +Jo cletermine the uqe&urbcd 
vaPfat:',:n %n sensi t ivi ty .  
% l e d  between the source and c r y s t a l  t o  depress the response i n  the center of the 
e r p t a l .  
ic?eracticn i n  the aluminum effectively prevent t h e  interacting phcton frDm b e h g  
ietected. 
set CS absorber dish fcr each source which provide f lat  response I t s  t 1% c r  
betfer)  over a t  l e a s t  1 1/2" diameter and up t c  2" i n  one case. 
+,hen srocceesfd fo r  the iarge 2" x 5" crystal  and *he studies are  being 5xt;ended 

A iarge rry3taL (2" x 5") was borr2wed for  prdimiriary azadies 
Then the crystal  was "seamed" along a 

Aluminan absorber disks of ~ L O ? L S  rad i i  were +,hen 

Amplifier bias was aLways set just below the pnatopeak sc that all 

This approach has resulted i n  the empirical selecticn 2f a different 

The metkcd is 

tb2  0;IZ. m 1/3" x 5" crysta l .  

Automatie PCTR Da*& Rec,ardilzg System 

Wzrmaticn soncersicg an su tmaf ie  data recording sysfem f c r  ?he p r s e n f  
ETR f a  being gathered preparakory %o submitting an appropriafim reque3+. 
Presecs +,hcught,a call f m  a panwe p rcpxa l .  
3e recorded cn a t - p w r i t t z n  page m d  oc punched cape. 

The basic experirnentd 4 h . m  r&TL 
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A* the reqzs t  of +&e PZrrtonium Metallurgy Operation, nwlear  aafe*y in shipping 
PCl-AJ. a l l o y  rod3 (7.354 Pu> together with enriched u r a i u m  (1.25% - 1.725% 
@35), a amal l  qan t i ty  (185 grams) of himy em5ched uranium turnings, and 
i r radiated bismdth and c o b d t  was reviewed. 
emiched 0x1s together with imadis ted  cobalf and bismuth have been made 
f2m EFAPO. llhe AEC-HOO desired to ship t?le Pu-U U c y  rods (4.3 Kg PJ) t;- 
getker -with the other materhls t o  save shippillg coats. NccPaar safety i n  the 
s x p ~ e ~ t  09 this type PJ-U fuel by itself' was previwsly rwiewe3 i n  A p 5 L  
and reported in HW-60233 B. 
safe provided each 3ype mterial was packaged and a r r a q e d  in an array safe by 
itself and %hat the Pu-U f'ud waa stored in the opposite en9 ~ 1 9  the 2a.r f r m  
the 7~ani-a~ wi+h the irradiated cobalt and bismuth i n  the middle. 
sii@tly enriched fuel  w13s packaged and stored in a~ array Saf? 921- the 1.725% 
U232 enrirhed f'ue.1. !The highly enriched f'uel 
2 3.C fee? frxn tlhs s l ign t iy  enriched urazian. 

Previolls shiFoner+,s of slighz2.y 

It was determined that this shipment. muld be 

me 

t o  be &:r& at a &id*m;? 

DECLASSIFIED 



Lattice Spacing 
(Inches) 

1.0 

1.1 2. n 6.46 

The 0.300-inch-diameter fuel  elements are currently being swaged down t o  a 
diameter of 0.17 inch. 
elements i n  order t o  determine the m i n i m  c r i t i c a l  mass fo r  this diameter 
and t o  be t t e r  evaluate minimal c r i t i c a l  mass fo r  the 3.063% enriched uranium 
as well as t o  es tabl ish the m a x i m u m  buckling. 

Cr i t i ca l  approach measurements will be made with these 

Exponential p i l e  measurements were made i n  l a t t i c e s  with various fuel  load- 
ing r ad i i  i n  order t o  examine the variation i n  extrapolation length with p i l e  
s ize .  The fuel  rods were 0.300 inch 
i n  diameter and 32 inches i n  length encased i n  1/32-inch wall l uc i t e  tubing. 
The folloving table  shars the r e su l t s  of the measurements which were made at  
the different loading radii together with the values of the extrapolatiorz 
lengths used: 

The l a t t i c e  spacing was 0.600 inch. 

BUCKLING OF 3.06346 ENRICHED URANIUM 
(0.600 inch l a t t i c e  spacing, 0.300 inch diameter fue l )  

b U  (4 
Eff .  (Relaa t ion  (m) Buckl ng a t  h. (cm) 

H30/U No. Rods Radius (cm) Length) (10-6 cm-2) 
(by volume) 

3* w 253 12.73 43 78 14,928 a t  6.62 15,124 a t  6.50 

U.29 18.51 15,096 at 6.62 15,124 a t  6.61 3.41 199 

3-u 151 9.83 12.94 15,393 at 6.62 15,124 at  6.72 

3.Q 123. 8.80 10.72 15,617 at 6.62 15,124 at  6.78 

By decreasing the value of extrapolation length as the radius increases the value 
of the buckling can be maintained. This change is  i n  the same direction as pre- 
dicted by theory 
f lec tor  savings t o  decrease with loading radius (about -0.02 cm/cm) i n  the range 
of R between 15-30 cm. 
for  the range of 9-13 cm. 

Calculations by J. Chernick at BNL have indicated the re-  

The above d a t a  give a decrease of about -0.07 cm/cm 

Experiments with Homogeneous Systems 

A measurement of Q has been performed i n  the FCTR for  a homogeneous mixture of 
1.006$-enriched U03 and He0 with an H/U atomic r a t i o  of 5.1. 
the experiment were: 

The purposes of 

1. To determine the magnitude of a systematic error  i n  the measured value of 
k, due t o  the presence of the aluminum w a l l s  of the cans used for  contain- 
ing the mixture, 
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2. To detsrmine the r a t io  of the fast and slow adjoint f l i i e s  i n  the mixtwe 

as a function of reactor loading, 

3. To obtain the maximum value of & for  the enrichment of t h i s  mixture. 
(The maximum k, occurs a t  an H/U % 5 . )  

The data f o r  calculating the desiredgarameters have been obtained, and t he i r  
a;calysis I s  i n  progress. 

Consultation 

A t  the request of the Programing Operation (HLO) the nuclear sFfe+,y zf a 
s l ab type  dissolver was evaluated for  processing fuels with a IF35 emfAmer~t - 5.#.  
comparherts i n  a single layer. Nuclear safety c r i t e r i a  as a fmcL,ioa r,f :en- 
Pa;rtmeEt cmss  aection and spacing between compartments were give= s~ 5b-b the 
feas ib i l i ty  of %his type dissolver could be evaluated. 

This dissalver cansists of a nqmber of rectangular-emsa sec$isn 

Neutrm Age &sswm$nts  

.me f i r d  eqe r inen ta l  values fo r  the ages of 0.966 MeV neutrocs i n  witper m d  
kerssece have been derived. In  the following table these values are compared 
with the results of mcments-me+,hods calcula+,ions of the age which were received 
f rg2  Golistein. Tk;e ca l caa t ed  values have been corrected where necessary. 

Mcderator 

Measured Age 

Cakdated Age 

M f f erecc e 

standard deviation c 

Water - Kerosene 

14.17 i 0.22 cm 2 14.18 2 0.21 an2 

13.90 f 0.14 13.94 2 (2 .08)  

0.27 2 0.26 0.24 k (0.22) 

+,ke calcalation i n  kerosene i s  a lmer i i m t t .  

A paper r s p o r t i r i  tne experiment has been writtec. 

Mass Spestrometer for  P h t x i u m  AndLyses 

Wcrk has been resumed t m d  ccrrecting d i f f icu l t ies  previously encolm-krid 
i n  the ,;perati;u; of the i m  source vacuun lcclr of the mass spectromer.5.r f;.r 
This program. 
resulted i n  srncsoth operation of the lock, bu* f i n a l  evaluation of it: per- 
fimnance cannot be made un t i l  the en+,ire source i s  assembled and operated 
m e r  a period of fime. 
r i ca%im of a klnrar-tc-glass s e a .  

Modifications mde i n  the pumping leads of the v&clAm 1 x k  have 

Assembly of the ion source awaits the SxcoJs f l i l  fab- 

Crizical WSS Thesry 

The przgrsm 'wrftter, t o  integrste the reactcjr kinetics equations wf+,h N grxpc' 
3f' delayed nelitrons a d  time depeIident react ivi ty  has been emqiled and P I  
f c r  two differect  cases. The preliminary resu l t s  indicate that an unreasm- 
&Cy large nmber Df time steps a re  required i n  order ts obtain satisfacmry 
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aczL-acy. 
of t i ne  ircremel;ts necessary has been found and thz program is being modified 
tu t h i s  method. 

k improve& method cf approximation which greatly decreases C?e number 

NE'JTRQN CROSS SECTION PROGRAM 

h2" Fission Cross Section 

Cross-seetfoo messtlremente ia tne 0.i-20 ev region are e s seE%iUy  complete. 
I r reg-aar i t i s s  i n  the fissim f o i l s  have prevented an accurafie shape analysis 
tC deternine i f  the asymmetries i n  the 0.26 ev reeonancs cbserred i n  earlier 
Hanfwd Ee;4s-ze?nerz9s are real .  
f'zile m9 ir_ t k e  &iP.f"rh.nted spe2tromeser beam are  made, t i e  magnitude cf the 
cit.s.a~re9 cress s ~ c t i x  is abmz 6.6 perceEt lower t b m  the aa r i i e r  measixemem. 

When earrectfons f o r  ncn-miformity i n  the 

The t s r ? e  r e b x % x f  rrpcrted esz l ie r  ir, the 1-3 cv regian m r e  apparen3ly due 
5 3  seccmi , x i F y  :xi,%aabatioa cf the dLffracte8 bem obtained f r 3 m  +,he tie 

RAE m+,h tbe LOT3 @are and t i e  11% plaiie -&fh ar, i n a m  filtoer 
S k - w  ar. essenzially flat 2rx5 secslor_ wit5 the exceptfan of a 30-barn rcsanance 
at, i.6 ev. P-e sxzatsnee of tkis rescnanze could explain $he unexpectedly large 
cr:ss s=c$ifcn cbserved fa tPLs region and the asymetqy i n  the 0.26 ev r e s m a x e .  

Sevea resonaxes were o'bsenzed in the 4-2C ev region using the be 1154 plane. 
m-e pr%lim4kary m L w 8  of E, and cro F along with the resolution f ' i i c t i m  width 
are givci  ir t h e  table belw. All the resonances except thcse marked with (Jt) 
were obaer;ed TC be as wide aa  the r e soh t ion  h e t i o n  and hence no shape analysis 
c c d d  Se mae. Thoee resoranees mrked (*I a re  apparently unresolved multiple 
reeo~mces. 

Fime. 

*r 

4.3@ 
4.65 
6. @O* 
6.90 
6.60 
9. Go* 
15 * oo* 

$ Resolution 

3-78 

4.82 
5.44 

7.08 

Slow Neutron Scattering Cross Sections 

Measurezents of the energy dist r ibut ion of 0.22 ev neutrons scattered f rom room 
-temperature water ma* with the three a x i s  spectrometer have been temporarily 
?&is,asritir,ued. A mudy of the calibration sf the efficiency of the th i rd  axis 
nmtror, erergy analyzing system is i n  progress. 

Faat Xeiztron erose Sectious 

A t e s t  was made ta determine the ultfnate resolution of the new model vernier 
c-molzotron, preanplifier and multiplier phototube ( a s  used i n  a time-of-flight 
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arrangement). 
t i c 3  Laboratory at Berkeley was used. 
cf a fsc%or of eight the resolution was about 0.6 mpsec; the 0.6 mpee spread 
being ent i re ly  due t o  the multiplier phototube. 

In this test a l i g h t  flasher similar t o  one b u i l t  a t  the Radla- 
It was found that fo r  a l i g h t  level  z;hange 

Review of Pu239 Cross Sections 

A c r i t i c a l  review of a l l  measurements made on the low energy neutmn cmss sec- 
t ions of -239 has been completed. 
tc the Neutron Cross Section Advisory Group of the Atomic Energy Cornrrissi.cn. 

This paper has been submitted fo r  e v a l u a t i x  

pu.Tom!! m m m  PROGRAM 

LJ E q s s ~ z e  Plutonium La*t;izes 

Samples of fhe a l l o y  used in fabrication of the 1.8 W/C Pu-Al m n i t a r  fsiils 
bv? been received from Pu-MetaUurgy. 
isctopic composi%ion by the b s s  Spectmmeter Laboratory of Nuclear Physics Re-  
search. 

PCTR Experiinents 

These samples w i l l  be m y z e d  fcr PPJ 

Amlysis of the P caleulatiocs on clusters  cf small. diameter, highly se l f -  
sUel6ed rods of & indicated that the 0.0625-inch-diameter rods would act 
s e i 5  The required power output per %&e. 
[OC t h e m a l  react;ions, and pro3ably .mderestimates the reaction rate, another 
qpr:azh i s  beirg considered whkh wi;l m e  a three-group diffusion theory 

Since this res-At i s  based primarily 

c;&, F3. 

Piaraicg f a -  PRTR Startup 

A preiirrlnary l i s t  cf st;&ap experiments which are of in t s res t  t~ Muclew 
Pkyair.s Research has been prepared. The l i s t  insludes a l s o  %hme general ex- 
peri.?ne~t~s which %re basic ts the use of the PRTR for  any measuzemect:. 
l i s t  has therefore been cc;mpared with mes prepared by otner Se3tf;ns i n  HLO. 

The 

Frxc sich compariscns a proposal *All be made for  the full sca le  tes t ing of 
tt-2 PRm. 

Reactivity Measurement Fac i l i ty  (RMF) 

A sun 3f $250,000 has been Grjwed fo r  the constrtlctim of as; RMF in the basin 
of the PRTR. 
Le the Plutoni-tun Recycle -gram. 

This f a c i l i t y  will greatly enhance the usefxhess  of the PFTX 

8e-n%%.l. meetings with tne people responsible fo r  the scope ??sign have 'ceea 
held. Ey Jllly 3 i j  
1959> a Sccpe Descriptim is t o  be prepared. 
cripricn of the types 2f experiments which are  t o  be dcre and the general physi- 
cizl specificatiom recessary f a r  these experinzents. 
'be cmpleted by September 1, 1959> with the final. Scape Design prepared b y  
September 15, 1959. 

The schedule for the i n i t i a l  pianning is the follmriag: 
This i s  'cz be a preliminaq des- 

A Pmjecf Proposal is +,z 

DECLkSSiFlED 

http://Cornrrissi.cn
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3 z t m e n t . a t i  3n 

Ac. amijjs ia  of errors  due t 9  the e f f ec t s  of nonlinearity ir: the diameter mi t  cf 
Yne Profilometer is being carried out. The analysis is  not zomplete but r e s d t s  
3 h ~ w  that, these 9rrza-s can be kept t o  within k0.001" by proper adjustment of 
l e v r  a m  lengths. 
wived the wguiar positioning of the screw. The or iginal  design placed the 
ssxex -1' '23' cff of perpendicular t c  the lever arm whereas the anaLysis skows 
%kat +3' (aFFroximstely) gives the l e a s t  departure from l i n e e - t y .  A similar 
ar-alveis is plarxoa f a r  the w a r p  measurement mit. 
pr:-ridsd wlth suf'ficierit dstails a b u t  the print-out system t o  permit then! t? 
e?Ti?Tfife tkz xst, cf biuilding one on s i t e .  
as ti& 8 s  mzicipated. 

One i?nportant discovery resulted from this analysis. This ilz- 

The Electronics Shop kas Seen 

Offsite bids appear t; be abwt L-&.cJc 

m-t t h i r d  exyerimn-, 32; the Alpis Chdmers-Kiitiser Engineers l a t t i c e  i s  the 
mesc.samer,t. ;f *he fuEi temperature coefficient of react ivi ty .  
i ~ l j  has beer;. fabricated with thermsl insulation, heating Kfres and e lec t r i ca l  
inr;'-La%for?, ami thermceouples. 
ru~; prfx t o  insertfon i n  the PCTR core. The core is now loaded i n  the reaztor.  

The PCTR central  

The fuel was eas i ly  heated t o  550% i n  a t e s t  

Ef'fcrt.: t.2 exp1aj.L the discrepancy between the experimentally measured f of 
zfis GCR isxtice -witJh coz;fml r=rd and the  value predicted by smaU sourze theory 
haw comin-ded. The acgular variation of the f lux over the surface of an ab- 
5ortfr2g element, aa.exhib:',ced by sums of rg functions cnly, has been removed 
by sveragirig, This resul tsd in essent ia l ly  no change in  the values calculated. 
At atr.emp t~ iritroduce a mcre accurate var ia t ian through inclusion of l a t t i c e  
fms 3f bigher crder Bessel fimctfons has been delayed because cf d9fficulty i n  
wa lua f ing  mef f i c i en t s  

A aajor  ciefieiency i r i  t3e present formulation is  the exclusion cf a proper 
Tre8tmez5 of e p i t h e m d  ef fec ts .  The poss ib i l i ty  of extending the present smal l  
marc& theory forrmrlatfsn t o  inelude two energy groups i s  being exaslined and 
appears  feasible.  

TEST REACTOR OPERATIOMS 

@erst.isn ai the PCTR continued routinely during the month except for  a one- 
week ssneduled maintenance outage. There was one unscheduled shutdown duz t c  
an eleztranic fa i lure .  The 1.007 percent enriched, 7-rod c lus te r  element ex- 
periment &A the  & measurements on the  1 perceEt enriched UO3'%0 system were 
completetd & z i n g  the month. 
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The me-week outage was scheduled t o  reinforce the f loor  mder the mcving face. 
The flcor and the ear th  under it were removed t o  a t o t a l  depth of 26 inches. 
B e  excavation was extended under the fixed face apprQximtely one fact 80 
%Lat the new concrete could be t i e d  t o  the base of the reactor. Three 8 x 8 
inch H beams were imbedded i n  the coacrete t o  hold the tracks and the rack. 
Pcor reproducibility caused by bending of the tracks and s e t t l f g  of tbe nosr 
appears to' have been s u c c e s s f a y  corrected. 

FcUcwbg the work review recommendations, a work order t o  Plant Maintenance 
was issued t o  put a charging prt through the moving fsce p1.a a safety r a i l -  
kng arcund ths  top of the FCTR. The new port will a l h w  i n s e r t i m  cf a eemra l  
t e s t  n e L  TJishout moving the face and $here5y improve the t,eehniques cf nes su -  
fng +,smpera%re caefficientu of rsaz3ivfty. 

C r i t , i c ? a l  m 4 8  experi?nel=ts were conducted i n  the TPR reactsr  rocm &z ing  the 
firs5 3- veelra of the month. 
s;ar.e?.+iscs 'between t h  TTR and the critical ruass expr'slentaJ quipnent,, CP 
in tihe 'Jlrpssite d i r e c t i a ,  i n  a few minut s by operating persomel. Experimerm 

cz&c+,ed during the reminder of the math. 

There were seven unscheduled shutdcms during the mocth causeci by m i s e  i n  
cramei t k e a  af the Safety Circuit. 

b e  week was spent m a d i m  %he. :+;ntr>L c i r c - i ?  

tJ; f k d  the apt,imm arrangemer~3 of H t o  t 335 r a t i2  f o r  the 'PTB fke1 &SKS -+-ere 
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di f f icu l t ies  in the f i n a l  calibration of the source strength. 
vielent s t i r r ing  by bilge pumps, a procedure we have used previously, was indi- 
car;ed and the necessary equipment was put into service. 

A return tz a less 

Computaticnal procedures for  the basic reduction of individual air  sample mea-.' C 2 6 -  

ments were completed. 
fo r  eack measurement, based on var i ab i l i t i e s  i n  f l o w  rate,  f i l t e r  permeability, 
and cvmter calibration. 

These computations include the preparation of uncertainzies 

A second experiment was completed on June 27, 1959, but has not been analyzed 
s -df ic ien t ly  for  assessmeEt of worth. 
perscniielp further experimental work has been delayed by persimently adverse 
me*e;rological eonditiom. 

Despite readiness of f i e l d  equipment md 

mmTRY 

kssem3ly cf' the large sc in t i l l a t ion  counter fo r  the shielded Personnel Maritcririg 
S t a t i m  was completed, 
aaaeabled. 
p x r a r  resclution thaz; the tubes now i n  use on the large counter. 
be CeSed la%er, although it seems t o  have too high a do content. 

The ten-inch EMI t ~ e  was received a f t e r  the counter was 
A similar tube was tes ted by Analytical Chemistry Operation a&d gave 

Our tube will 

A Lew c k i r  was obtained for  the counter. 
cmn%er wai t ing i n  preparation fo r  the f inal  calibration work. 
Gbtained Zht cocsists of a p las t ic  shel l  the s ize  and shape of a man and Cmtafn- 
ine: a natural skeleton and dummy lungs, l iver ,  kidneys, spleen, thyroid and p i a d s  
that 2a.n be f i l l e d  with rsdioactfve solutions fo r  Zalibration purposes. 
ssz~;pce was abtained fo r  calibration work and is being checked fo r  radiaactive 

%e f i l ters  r, the e l l  air supply were replaced after f ive  monthss use. 29 ' -  

Alterations are being made i n  the 
A phantom was 

A *e 
purit.y * 

Nb95 and Id 0% -Rh 108 were detected on the f i l t e r s .  

During the month, eleven people were counted e i ther  for  routine sampling or  a6 
suspected contsminatfon cases. 
finger woud. After surgery tk i e  n s  reduced t o  2.2 mw. 
Twc pigs were courted for the Biology Section. 
(3 gemma emitter) snd the other had about 1 mc of Srgo (a beta emitter). 

One of these had 58 mpc of plutonium i n  a 

One had about 200 rnpc of Sr85 

me positive ioc Vac de G r a a f f  was not operated during the month. An aluminum 
grst,ing flocr was instal led i n  the laboratory. 
ins ta l la t ion  of a circular  track fo r  the instrument jig and on additional con- 
t r o l  room space for  the buildfng. 
given a third-party inspection and was approved. 
Van de Graaff ie now i n  progress. 

Work i s  continuing on the 

The pressure tank of the accelerator was 
Annual maintenance of the 

A successful spherical BF proportional counter was ffnally obtained frm the 
shop. After several days3=e it failed,  apparently due t o  a leak. 

lkasurements with the double moderator neutron dosimeter were made t o  measure 
+,he neutron dose rate dm t o  C O S ~ ~ C  rays. For this purpose*two counters that 
irere identical  except fo r  the amount of BF3 gas were used so that correct 

I 2 W 2 5 1  



B -16 

could be made f o r  natural alpha activity i n  the counters and fo r  star pnduetiljn 
i n  the camter  &.ls. 
colcpared with a total natural background rate of approximately 13 microrads per 
hour. 
of neutron sources in the building and t o  make sure that +,he natural alpha c3n- 
tamination is about the same i n  the two counters. 

The result was 0.074 microrad per hour. 

A few more measurements are required t o  correct fo r  the possible effect  

This is t o  be 

The vacuum system for  prepartng accelerator targets  were used t o  evaporate 
titanium on stainless s t ee l  and l o a  the titanium with deuterium. 

A new 3" x 3" N a I  crystal  was obtained fo r  use i n  the Van de Graaff laboratory. 
Its gain, s t a b i l i t y  and r e sch t ion  wer? checked. 
The cryst&. m6 calibrated fo r  me i n  measuring Ma2 
d L t y  aecident. 
dose. 

7 resolJtion was 8.65. 
i n  thq event cf a cr5Ti- 

It shchdd be capable of detecting abcx-5 m e  rtld of neutrcm 

Ir. stttdies of ?he we of pencil ion chqbers  f;r law dG%e meas-Jr=men+,a it 'a6 
:onfirmed that a standard variable condenser in parallel w i t l a  the fed?mzk e m -  
denser of the vibrating reed electrometer wauld ei ther  increase tX1; range of 
%he ins5mment 331: permLC, 2ach measurement t a  be as a full scsle reading. 

The gama ray calorimeter vas reassembled t o  make some mora C;" mea8;u"tmeczd. 
A Lfs%an-Becker amplifier vas employed i n  a resf3itancs bridge f c r  use wffh the 
tkermistors of the calorimeter. An increase i n  sens i t iv i ty  af abszt 100 times 
-as arEeved i n  this  my. 

Some very alzor+, range t r acks  Pmx?.d by the B f ~ l o  

aleCtr3nS. An experiment wffh Fe55, where there is no ccmpeting fpXInY3 ray, 
vas suggested ta x n f i r n  t h i s  interprs ta t isn 
sble iri$ereut, because it, permifs &+,erninfng exactly There the ra3i5is:tqe 
is depcsized within the ce l l .  

SestiGG fr. N%-3 emWS2C2S 
use6 fo r  radiosdkiaqraphing cel ls  collfaining ZIZ 8 vere interpreted as Aqer  

The phenamenon i s  3f  ccmidpr- 

The fnves%fgatfm c,f Aetermfning the efficiencies of vari,oua lighz pipes :x- 
~a-r-ied~ 
ciaccfes ,3f vsricus alpha iefectcrs 

The sc in t i l l a t ion  tracsistorfzed czzbined alpha-beta-grumna hami arid shoe COWA - 
ter hes ncw opersted for & w t  four months in general use i r z  the 329 E ~ l c l t n g o  
In this time, %>ere has been only m e  trouble arisir'. %e lead f e l l  the 
higk-vzltage r e g l s t c r .  A t  t h i s  t i m e ,  the instrllmezrt was rercsve3. frm serrice 
f3 repafr the f au l t  and t o  give it a thcrough check-over. 
found mclzg so the fnsvunent was recalibrated Etca placed back 1n-b xn+ir.ucus 
;em-ica. 
hmx i n  f : ~  months Gf coLtirious operaTim a 

Scme investigstion wcrk i s  Seing carried oue C,; determine Zoe e f f l -  

Ncthi~zg else m a  

D.$ req=lired sota l  ?lown+,ime (t9 rsplace +.he isad) is thlls % ~ z L *  :ne 
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ra te  me%r work and cther applications r equ i rkg  direct  current amplificatim. 
Ecth germardum and s i l icon t ransis tors  and various tezperatme mmpecsating cfr- 
cUitE are being investiga%ed. Two d-c c i rcu l t s  were developed g ivhg  emres t  
gairs, wi%h abcut one microampere input, of 10 and Lo, respectively. 
v i th  tempersture ccmpensation deereased by half for  an approximate b ° F  increase 
in tempemtue. A chopper inpxt transistorized amplifier using a transisforfze6 
ckcpper oce-kc oecfllator,  an a-c amplifier, a de d u l a t o r  and meter -as &evel- 
c p d .  The ninfn?M1 input emrent is about 5 x 
mise). 
amperes. 
5.r;ss-rate detect t r ,  %%e c i r w i t  cas stably me6sue gaunm dose ra tes  in the order 
af one cr more m/k .  
The system kae s h m  excellect s+,ability thus far. 

The outputs 

amperes (limited by chopper 
With a d-c input of one microampere, the output cflrrer;_t. is 3@O micro- 

The equivaisnt current gain is thus 300. U s i n g  a scint i l la t ior ,  gama 

The me-kc amplifier has a feedback voifage gaiI; 3f 1900a 

Tne aFpl icat im sf the standardized t ransis tor  printed c i r cu i t s  t o  the High- 
@-;e1 Lpka Air Monitor was started and tests indicate goodl r e s f i t s .  
pers4v2 chteetor head configuration was de-KLoped which e v e s  3arweCl efficfer-cy 
of be.cb;arour=d edAection f o r  experbent& purposes. 

A Less ex- 

DesLgr,-develcpct wsrk is campie%ed and faarication has sta,-ted an aa expari- 
mertd xmiplet,ely transistorized, a w a y  indicating alpha-beta-ganrma. instrmerit.. 
The a l p b - c a u e d  pLeec  are indicated by loudspeaker "pops" and beta-gamma- 
caused pasea are indicated by a d is t inc t  one-kc note or  "chirp." 
Tion ma gating c i r cu i t s  are used t o  separate and indicate the alpha-caused 
pulses from the beta-gamma-caused pulses. 
ccmbination zir-c-sulfide and terphenyl-fIz-polyvfnyltoluene detecter is used wfth 
the inst,rment 

Discrimina- 

A single sc in t i l l a t ion  probe using a 

A s b d y  of background conditions at variocs plant locations has been s tar ted with 
the a r r iva l  of a 200-channel analyzer. 
It is hoped t o  determine levels,  energy peaks, ana any other information which 
may be useful t o  development work. 

This analyzer will be used i n  the shdy. 

Tihe gamma dose-rate analysis rJf  the baekgraund i n  Purex is beiag coritinueb. 
ba?kqround is being checked for  over a week in each area. 
a l ~ e s d y  beec checked ic the Machine Shop and insiae Room 7 just off the 1S;tror-a- 
t s r y  corridor. 
slam systems wfll be place",o 

The 
The background has 

The backgrounds are being checked where the nuclear incident 

All rsdictelemetering data stat foas  South of the Columbia River are calibrated 
and i n  operation. 
were faul ty  and required readJustment of the wind speed contactor switch. 
6f.X Stations have been repaired. 

If was faund that the Bendix "Aerovanes" at s ix  staticrs 
These 

Some investigation wzrk was s ta r ted  concerning several t ransis tor  pulse ampl i -  
f i e r  and caunt-rate circyAts at  low temperatures. It has been noted that scme 
ceran2n and t a n t d f l i c  low-voltage capacitors change values markedly at  low 
temperatures especially during lcmg periods of exposure. 
are  used as emitter by-pass azld range capacitors, the associated t r ' m S i 6 % O l .  c i r -  
eui%a are sometimes advereely affected. 
t o  1309)  temperatures, but gain and readout is affected at  l o w  (below 3OoP) 
temperatures a f t e r  long-time soakage. 
k not (Jause trouble; however, the larger  physical s ize  of these types; tends %cl 
preclude their  use in miniaturized circui ts .  

Since such capacftars 

No trouble is noted a t  elevated (1259 

Low-voltage paper and mylar capscitars 

;irq y= (E- :. ,q ::( $3 9 F' 
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Because the urgent local need for analyt3.ca.l service t o  +,his program wad tem- 
porarily relaxed, f'ull e f fo r t  i s  being directed toward (1) placing the ion zount- 
ing detection system of the mass spectrometer into operation and ( 2 )  studying 
the behavior of the individual components which affect  the accuracy and precfaion - 
of isotopic ratio measurements. 

CLwIOMER WORK 

kSl.og computing 

A so1ut:oa cf the PRTR Primary Coolant Transfect problem 
A shortage of equipment has caused considerable delay in 
an the computer. 

A report was issued this month, m-60370, "Simulation sf 
Curves on 8zk Analog Computer. " 

is naw being obtained. 
putting *his problem 

Several lading ccnfiguratfons f o r t o t h t h e  old reactors and the K reactors were 
analyzed. 
poison tubes required f o r  a c r i t i c a l  loading. A concentric rflag pat?tem (at 
the resetor face) was considered using the diffusion equation in cylfcdPi2al 
cosrdina%e form. 

These ane;lyses determine the Iceation and amount of enrichment a;nd/cNr 

A 3t.ady was made comparing the efficiency of a one-tank versus two-tm.k e s -  
selver system considering a number of different design parameters. 

The Waste 'pank Temperature DistrLbution Study is t o  consist cf &og computer 
ruls to determfne the steady state distribution cf temperatures sdttiin the 
m s t e  so lu t im  for  various rates of in te rna l  heat generation. 
+Jim v&U be Unp-dimensimal. 

The anal2.g 3 ~ 1 ~ -  

Anc*her phase cf this srudly w f l l  be to determine the appr[;ximate m c m Z  rf 
sm;r frvolved by assuming one-dfnecaicnal heat f low.  Since it i s  not pracTi- 
c& ta attempt a two-dimensional analysis on the ana3oq zcquter ,  an effertl 53 
being made t o  se t  UT a d ig i t a l  prqgsm f o r  the I B M  709. The p r x r m  wlll '3c- 
s.ls+, of a two-jlirnensfonal res i s t ive  network campose9 of apprcximtely 330 
no& 3 e 

Wwk Piaa been initiated on both phases of this study. 

A study is b.tixg msde %J obfain the best method t o  simulate trmsgcrt lags. 
Specifizations wil l  be nrit+,en fo r  four such units in the near future. 

,The % g i t a l  d i f fe ren t ia l  analyzer is back i n  opera+,fng zsr,dftsion after re- 
placement 3f the 'Dad r ee t i f f e r .  

Weather Fcrecaatdng and &t.ecr-Jcgy Serrice 

Number Made 

90 
60 

DECLASSFIED 



DECLASSlFlED 
B -19 Hw-60846 

Texperat-;ires fcr Jme weraged one degree below nsrm83, while precipitatdsa t o t a l e d  
d l y  about a third of normal. 
several grass fires in %be ama. 

Thunderstorms on the afternoon of the 2 8 t ~  started 

21=strument,atioa 

Fa';rication cf the analytical calculator was delayed. 
ficished %he last week in June. 

The calculatcr should be 

E e  sqrimea*%tJ ratiiation device is completed, tested, calibrated, rn-3. 
resay fa= delivery to the Facilities Engineering Operatio=, W o r d  Laboratcries 
Operszi22+ 
a3cut fP,re m/&. 
z r k  csz%&infng a 15,COO-curie Cog' source. The altum point is settable fron 
E i - 5  m/:z up t~ IC0 m/hr v ia  meter setting and hi& voltage a&just,meEt. 

The sziotillatim unit has a mi- alarm sensitivity setpcict cf 
as &tl alarmicg monitor above a watsr-filled 1% k 3 l  3e u8e 

Tze -.lass in e2ee';rmics for instrument maintenance persome1 has 3esn pro- 
grsasfng smcthly. 

Fabricatioz h s  szarted f11 the 328 Building Electrocics Shop @n a simple G-M 
%-me type xmnt-rate beta-gamma alarming monitor using transistorized c i r c u t r y .  
A meter relay is incorporated in the count rate meter circuit to give &arm pcic? 
setzings adjustable from about, 200 c/m to 10,000 c/m corresponding, very appraxi- 
ma-bely, tc ganmw dose rates of 0.1 to 5 mr/hr. 
being fabricated, are for ase at Redox. By changing count-rate range capacitors, 
the uits alarm-point range may be anywhere from 200 e/m to 100,000 c/m as 
de.sfred. 

The units, three of which are 

A simple rugged I385 G-Mtube will be used as a detector. 

Fabrication has s'carted in the 328 Bui ld ing  Electronics Shop 03 a loudspeaker 
count-rate meter alpha-transistorized semiportable morcitor designea for use 
w%tb either a scintillation or an air-praportioml alpha detecting prDbe. 
pratstype experimental unit is being fabricated for the Calibrations Operation, 
Hanford Laborataries Operation. 

The 

The unit will use 110 VAC 60-cycle powera 

At the request of Reactor Iattice Physics Operation, a study was made of the 
apFlir-ation cf digital measuring and recarding to the readout of PCTR experf- 
nental hta .  
mestfog, -Ath some exceptions, the requirements specified 3y RLPO. A meeting 
f~ t i r  be scheduled with representatives of that campany during July. 

One 2on;pany was found to be interested i n  assembling a system 

Mr. H. E. Carter cf Office Procedures Service in Scheneetady has, a5 our request., 
talked tQ Western Union regarding their reactivation of a pr9Qect for prOCeS6fIq 
info,matfon by meas of magnetic discs. 
extensive application in the storage and transmission of financial and process 
data at HAPO. 
system requirements with members of Financial and Data Processing Operaticns 
management. 

Such a system may be fomd to bve 

A meeting is planned for the first week in July to dfSCUS6 detaileii 

!he design for the gross count instrument for the HLO Materials Development 
Operation has been given to Tech Shops for fabrication. 
ponent procurement, the unit should be ready about the middle of July. 

With no delsys in ccm- 
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The dual beta-gamma probe for the Fission Product Chemistry Operatfor; b e  been 
completed except for the high-voltage su'gply which has not been received from 
the manufacturer. The instrument, at present, is being calibrated and snauld 
be finished about the first week of M y e  

Evaluation was completed on the Tracerlab and Riggs Remote Area Monitoricg 
Systems. EvalUa;trion continued on the scintillation transistorized neutrcn 
a d  aJpha-beta-gamms detectors. 

Optical 

Work has begin to adapt the scratch depth measurement method cf HW-59b10 t o  
the variable-power underwater microscope at 1054. 

The m a t b e  Optical Shop work during thia period included @ manllours. E. P. 
Fricke had the first week of his vacation during %his period. 
includes one holiday (24 manhours). A total of 416 manhours work -as d m e  of 
w u z h  3$ was for Spare parts (ultimate customer is CPD),  35s f o r  IPD, fl3r 

CPD and 20$ for Bu). 

lzle period also 

The work included: 

1. Aluminizing 10 mirrors. 
2. 
3. 
4. 
5. 
6. 
7. 
8.  

Fabrication of six glass hearings. 
Repair of one lwge Lenox Borescope. 
Repair sf a crane periscope head for Redox and two heads for Purcx. 
Polishing three t h a l l i u m  bromide windows. 
FaSrication of one double solenoid periscope head far Redox. 
Fabrization of p a r t s  for the Wide-Angle Viewer (PRTR). 
Fabrication Gf 8 temperature probe. 

Manager 
Physics and Instrument Research 

HANFORD I4;BmToms (IPERATION 
and Development 

DECLASS J F1 ED 
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RESEARCH AND ENGMEERING 

Decor.+,aaination ~f Reactor Coqor;ents 

Decontamination m s  were made t o  astermine the e f fec t  of higher temperatures 
a t ta ina3le  in an auzwlsrve. 
merit process) waa m r e  effective a t  130 t o    LO c t b n  ir: previous tests a t  110 C,  
3ut sti l l  less eifeeci;re by a factor  of two than t?ie ~ c o  4501 process a t  UO C .  
When the INCA F ~ C C ~ S S  - i s  used a t  190 C, decomposition of the reagents occurred 
and surface depsifs  fcrmed; decoctamination was re la t ive ly  poor. The APACE 
E.z-J:+E~ v&s OE x p s c v e 1  by crperat4ng the f i r s t  step a t  130 tJe 1LO C. 

The INCA pretreatment (Aircraft  Gas Turkiae Depart- 

DeRcn-micaCUfon tres ahmm t;c depend on the l eve l  of radioactive constituents 
ir, ?.ne c i e a i n g  scrlutims. 
pr5f;erst during t he  1OC Area ruFture loop tests were used, over-all decontamfna- 
*:CL factcrs ranging frzn 34 t o  40 were cbtaired w i t h  modified W c o  procedures. 
These deccr+tmnratior, fac tc rs  ccrrespond more closely t o  those obtaiced in  the 
r-qtwe loop te5T.L %hac te tkose obtained i n  laboratory tests a t  lower sclution 
FIctivity . 
F o ~ r  grades cf Graphi%ar, C-14 ( c u r e n f l y  used), G-16, G-39, and G-85, are being 
tss%ed for ecrrr5sion r e s i s w c e  to solutions used i n  the APACE process. 
imina ry  results indicate the four grades are equally subject to p i t t i ng  at tack 
by the soluticras. The a3tack appears tc occur mainly i n  the Step 11 (axrmhonium 
c i t r a % e  1 solution. Geceral corrosion raks (obtained by w e i g h t  loss measure- 
ments) are  d i f f i c d t  tc measure due t o  the porous nature of Graphitar. Values 
c.bceined after W i n g  out absorbed l iqu id  ranged from 0.12 tS 0.15 mil/hr. for  
$he four grades of Graphitar in ammonium c i t r a t e  a t  90 C .  

When solution ac t iv i ty  levels  comparabls t c  these 

Pre- 

Urmium Qxidation and Fission Product Volat i l izat ion 

A deciaior So dissolve the high exposure specimen residue a f t e r  a run resulted 
ic significant, changes i L  the furnace requirement. 
wkich would permis readily dissolving the residue contained ir the heating 
c-rucible and obsairiiag a hown aliquot of the solu5ion f o r  analysis.  

Furnace designs were studied 

Twc additional experiments were performed on f i ss ion  product release from low 
level irradiated uranium heated i n  air. 
ccmpare release during dynamic temperature conditions with that estimated from 
t h e  isothermal test *%a gathered previously. 
isothermal tests agree with dynamic tests within the limit of analf l ical  e r ror  
involved. 

The purpose of these tests was t o  

The r e su l t s  show that integrated 

Five addizional steam atmsspbere f i m i o n  product release experiments were com- 
pleted. Analytical data snow a much lower release from the metal of the vola- 
f i l e  f i ss ion  products I, Te, Ru and Xe than was acueved in an air  atmosphere 
=der otherwise similar experimental conditions. 
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Reactor Effluent 

The reactor effluent disposal and radiological exposure problems associated 
with navigation i n  the Columbia River through the  W o r d  reservation were re- 
viewed. The opinions a d  comments of concerned HLO Operations were composited 
and transmitted to  IPD f o r  inclusion in  a dccument. 

Fuels Preparation's aluminum scrap which was immersed i n  the 100-H reteation 
basin appear t o  have a maximum equilibrium surface aree of about one-fourth 
+&t of the machined turnings used by Chemical Research i n  earlier laboratory 
work. Since decontamination effectiveness depends on surface area, - I t i l izat ion 
of scrap fromFuels Preparation w i l l  require more massive beds to  achieve the 
same clean-up eff ic iencies  ?ban would speciiierl machic2d turnings; however, the 
l i f e  of the scrap beds would be longel.. 

Anslytical Services 

Activation analysis was used t o  me8sure U impurities in sluminum m e t a l .  
FoUowhg i r radiat ion the radioactive products were measured using stardard 
radiochemical techniques. Impurity concentrations varied from 0.01 ppm to 
1000 ppm. 

Foi l s  were prepared supporting more than a milligram of uranium on ocIe cm2 
discs.  Mioor 
modification of Cohen's monium o-xalate de osi-tio?. methcJd was used; i3 fac t ,  
i t s  agplication t o  discs  as large as ten em. is  progsessinq. Because of the 
area t o  be plated and +,k large qtim-tity t o  be depsiT;ed, metal vapcrization 
t ecb iques  were. abandoned. 

Quality of the deposit was suitable f o r  cross sect isn studies. 

An enissioo spectrographic method for the d&eHninatlGE of 0.001 per cent 
s i l i con  in aluminum was found t~ be insufficienzly sensit ive.  

SEPARATION PROCESSES 

N e D t u r i i u m  Recwery from Purax lWW 

A aeptmium recovery scheme wkich cocld Se uszd with 301ve1lt extraction equipmerit 
i n  any future  f i ss ion  product recwery fac i l i t l l  has been demcstreted wirh the 
miniature mixer-settler. 
9hcnste were employed as the feed a d  extractact ,  respectively. Neptunium m s  
reduced i n  the feed by addkg  0.03 bl - ferrous suifamate. 
0.5 H HNQz and the stripping s+,ream was 0.25 M mC3, 0.05 M Fe(II1) n i t r a t ? .  
me ?low rat ios ,  aqueous/orgarAc, iii the extrzct icr ,  scrub: arid s t r ippiag 
sections were 1 .5 ,  0.5,  aLd 0.5, resgectively. ??le temperat-me w a s  50 C 
throughout. The neptlmium losses were 0.1 per cect a d  3.4 Fer cest  ir, the  
aqueous and organic wasfes, respectively. DecontaniratioE facsors fsr reptun- 
i u  werz 2 from plutoaim, 12 frm thcrium, 95 f-crr? zirccnium, an2 1CO from 
ruthenium. 
replacing Cke lWW with f resh c i t r i c  acid 

Synthetic 1WW and 30 per cent  di-n-butyl n-htylphos- 

The s c r m  stzem. was 

Compiete decontamnatior. could be achieved by %o?ai ref i.U_y: while 
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Neptunium Recovery fzcm Purex 1sU 

Corsideraticn is  being qivec to the recovery of neptuni-an from the 1BU stream 
P;y oxidizing neptwdum( rV) t o  neptunium(V) and subsequently stripping the 
neptunium(V) i r tc  BL aqtiaous pbse .  
costactor have beerr considered t o  effect neptunium recovery. 
of ferrcus ios from tbe 13X column, however, prevents high reccvery yields. 
U p m  additior; of" n i t r o w  acid,  high recovery yields are again ob+#ined as 
lorg ae The rritrous acid smsenfration i n  tihe l B U  Stream leavirg tl?e cortactur 
is main+air,ed i r -  t.k 0.21 - M range. 

Cet=.r%ir,ai: 172 rf N F , F ~ ~ x L ~ ~ = (  7 ) cornlacing CcnE+ants 

~ l z e  f ; r e t  ac: 
ccnpicx?: have L;~W keec mwsured 3-7 a';€ T'24 solvent extraction t,esbiqus. 
*raiQ+s Ecr kl az-5 kz wsr5 5.2 x IC'? szd 292, respestively. These c'cmaiL the 
hydmger. for. & ~ - 2 v i *  y9 i. c a .. zrzvolve reacsior, of neptucim with ucdiswciated 
O A S 7 , i C  a-1.c. 

Ferr ic  ion as the oxidaat m?. a one stage 
The entrsinmem 

cud s v ~ c e s s i v s  formation constants cf tke aeptuniwn( IV> oxalate 
!RE 

Si:ay per -:art cf" +,he ~lu t3c ium eomafned i n  a slag and crucible smple  W B  
sc1u:k;ized 5y ';rPakcera w i t h  HC1 g&s i n  xwltm LiC1-KC1 eutectic.  Further 
exploratictl w i l l  5% =de cf t k i s  ap2roach which offers the poss ib i l i ty  of re- 
laxed c r i t x a 1 i t . y  coc t ro l  on Satch s ize  ae compared with aqueous processes. 

Pltra% Coq lexen  of Plutosium 

Stuky of the ni7rat.e courplexes of plutooium( N) have continued wi th  determination 
of +he apsc$ra i n  x l u t i o r s  of different n i t r a t e  concentraticn. 
c i z r i c  acid nc cl-zmge i n  the plutonium spectra is  seec as the conren%ratioL 
shangee from 11 to 15 .4  M - HM03. The spectra is the same &a fo r  gC$Ig)4I& 
Pu(NO3)6 ic acetmP and, tmce,  is probably tha t  of the hem-nitrato c @ n ~ l e x .  
The sclubili%y of fhe 5etraethjjl amine complex in n i t r i c  acid charges very 
markedly over t h i s  acid range and may be due t o  increased f o r m t i o r  of 
H$U(N03)6 a% the kigher ionic a c t i v i t i e s  a t  l5.h M,. 

me spectra of Fiutonium(1V) i n  a cdciuln n i t r a t e  solution (5.75 M Ca(NO3)2, 
0.5 61 HNO ) was fmnd to be similar t o  that in 8 M HMO3 as reportFd by Hindman 
(ANLT, Su? k 9 M Ca(NO312, 0.26 - 61 IINQ3 (18.3 M t%al n i t r a t e )  the spectra w a s  
that of the hexa%i+,rato complex. 
concentrated calcium n i t r a t e  solutions i s  re la t ive ly  low. 

With aqueous 

This suggeszs that the nitra+,e ac t iv i ty  i n  

T r i t i u m  P r ~ c e ~ s e s  

Linde Molecular Sieve 5-A (30-100 mesh) is being examined fo r  use in concectrating 
the l i g h t  isctope of the kydroger, r ick  mixtures which consti tute th9 "tails" of 
chzomatographic separstiorz runs. The most successful of i n i t i a l  experiments re -  
sultsd i n  a raffimte which ccrtained only  0.01 per cent deuterium. 
the cclumn was absoqt lon  a t  l iqu id  nitrogen temperature with very rapid desorp- 
t ion  occurring upon removal of the coolant. A very rapid f l s w  has beerr found t o  
be mst sat isfactary i n  achieving a clean bydrogen separation. 

Operation of 



Dissolution of Nickel Claddinq 

Several procedures f o r  dissolving the nickel coating, proposed f o r  aluminum clad 
production fuel elemhats to increase corrosion resistance are being tested. The 
nickel coating is applied t o  the fuels by an electroless process involving chem- 
ical deposition from a sodium bypophosphite bath. Neither the conventional 
aluminum Jacket removal solution (10 per cent NaOH - 20 per cent NaNO 1 nor a 
10 per cent -OH - 20 per cent N-03 solution attacked the nickel. J i t r i c  
acid, f e r r i c  n i t ra te ,  and combinations of these reagents do attack the nickel 
coating. 
(assuming a density of 7.9 g/cu.cm. fo r  the coating) which increased exponen- 
tially from '38. 0.05 mil/hr. at 0.05 &f to  ca. 35 mils/&. a t  3 M. Combinations 
of f e r r i c  niGa%e and n i t r i c  acid do Eot a z e a r  pract ical  beeauze of re lat ively 
high uranium dissolution rates a t  low acid. The data fo r  n i t r i c  acid, together 
w i t h  prsviously known data f o r  the dissolution of uranium in n i t r i c  acid, a re  
being used to determine optfmum conditions for  removing the coating ei ther  i n  
a separate vessel or  in the preeent dissolvers. These caictiLatfor,s are being 
aade in  cooperation with CPD, Research snd Engineering persomel. 

Boai@ n i t r i c  acid dissolved the coating a t  penetration rates 

Slug Diatributioa in a Multi-- se Dissolver Mockup 

The proposed annular rrml+,i-purpose dissolver fo r  the Redox plant b,eo,-porstes 
guide8 within the slug cr ib  t o  support NPR fue l  elemeata. Studies were made 
with a ful l -scale  mockup and mild steel slugs to determine the e f fec t  of the 
guides on slugs distribution. Results indicate +,hat equai cSLarqing on ScZh 
sides of the dis t r ibutor  is necessary +a assure coverage of a 12-ton c m q e  
of 8-inch sol id  slugs w i t h  a normal solution volume. A 56 per cent m i d  volume 
was obtained when the equivalent of a 6-ton charge was made from one siCe only, 
and no slugs were found opposite the dump p i n t .  

A n a l y t  ical  Services 

A flame photometric alunlnum procedure vas adapted to  acalyze alumicum rcinqhg 
from 0.02 g / l  t o  0.22 g/ l  a t  a precision of f 20 per cen5 at the 95 per e m *  
confidence level.  
dryness with sulfuric acid. 

Interference (proba3ly F') was remved by fuming t o  czar 

Gas chromatographic equipment and techniques were used to  prepare 2 m l  of 
ul%ra pure n-heptane for  research use. 
was injected i.nto a 12 fcot column of di-n-butylmaleate a t  50 C. Carrier 
m a  helhm a t  30 psiq. 
u p c ~  indfcation of n-heptane coming off the colurrm, a l iquid ni+zogen c.cclcd 
map collecfed only n-heptane by condensation. 
of stock were required t o  co l lec t  2 mJ. of pure n-heptane. 

Best availa3le colmnercial n-heptaae 

Lower mass impurities were vznssd t; atmasphere a d  

Several 0.02 m l  inJ%'r. iCKM 

Aluminum analysis waa simplified through revival of an early Haafor3 w t b d  
( S o  A .  Hays) base6 upon t i t r a t i o n  of hydroxyl icn released by adding pctassium 
flucride a t  p9 10.5. 
%e method was both lees t r icky acd a t  least f ive  tines faste? t k m  . t , h  cxine 
method fo r  aluminum. 
sensit ive pH meter (full scale t 1 pH uolt )  and a Meniscc-matic @baret. 

Accuracy and precisioc of 0.6 per cent wsre icdimted. 

The Hays method vas sharpened through use ,+ a m r e  
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Tner,it&: c % d ~ c t i v i t y  m%aauremeots &we been made on three different rypea c.f 
alnuLe t e Z  i% ’~ tq .  
be 1C.G : 

Summary data from these meaawemem studiee are tabLated 

Bulk Density, T h e m  Coedlic t i v i  t y  , 
Btu/( hr ) ( f t )( *F 1 g / c c  0 

0.36 

0.05 

0.03 
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Fission Product Fixation 

Some very promising resu l t s  have been obtained on the production of glassy melts 
from Redox (high aluminum) waste. Addition of borate o r  of borate plus si l ica+,e 
to s p t h e t i c  Redox first cycle waste followed by f i r i n g  a t  go(, t o  1000 C resulted 
in f l u i d  melts which so l id i f ied  to dense glassy solids.  
minimum a!fmunt of %rate required fo r  a f lu id  melt is about $46/ton 1J. This 
may be c o w e d  to $llO f o r  caustic t o  neutralize the same quantity of waste 
(present disposal process). 
t o  determine f i s s ion  product 1eac.hability from the sol ids .  

Chemical. cost  of the 

Further experiments a re  planned w i t h  act ive solutions 

Special Geological Studies 

"Ground Vibration Tests In the HAP0 Area in April, 1959" (GEH-24390) MS received, 
reporting the evaluation by Frank Herlmnnn, CPD seismologist-consultant, of natural 
ear th  vibrations. Three dominant periods of vibration were detected, the longest 
lying in the range of those generated by earthquakes. 
(about 0.2 aec.) are not readily transmitted far from the source, hence, loca l  
ear th  shocks are of greatest  concern. A local earthquake generating waves of 
+,his period could have those waves greatly amplified 8s they passed through the 
f l u v i a t i l e  sediments. Additionally, structures that vibrate wi th  tha t  psriod 
would similarly amplify those waves by resonance. 
tke Ringold sediments vibrate with different periods than the f l u v i a t i l e  sedi- 
ments. 
ments contact wculd be subjected t o  shearing at that contact i n  tke eveot of an 
earthquake. 

Waves of t h i s  period 

Tentative data indicated t h a t  

If +Ais be so, Sulldinq structures crossing the Ringol~- f luvis l i te  sedi- 

Obsemt ion  Wells 

Groundwater monitorirg w e l l s  in 200 East Area were elxsmined w i t h  the gama 
sz in t i l l a t i on  probe and the results compared with those of a previous survey 
conducted approxlmately a year ago. 
f c w d  t o  have penetrated t o  the water table beneath the U6-A-8 ,  2l6-A-2LY 
and 2l6-BY cribs. 
tab12 in well 299-E13-20, monitoring the a 6 - E  cr ibs;  t h i s  may in,dicate the 
imminent break+,hrouqh of radioactive contamhation beneath t h i s  si+,e. 
ward movement of detectable gamma emit+,ers total ing 65 f ee t  was measured in a 
well moni%orirq the 216-A-24 cr ib.  The downward movement of radioisotopes 
dptec+,ed by this survey was less than 1 5  feet in all other wells probed a t  
the same s i t e .  

Gamma emitting waste compcnents were 

Gamma emitters were also detected a l l  the way t o  *,he water 

A dcm- 
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Groudwater monitoring w e l l s  cear inactive T-Plant disposal sites ic 200 Wes3 
Area were ais0 surveyed with the sc in t i l l a t i on  probe. 
detec-d cear the 241-T c r ib  was 85 f e e t  md that near the 241-T-361 reverse 
w e l l  was 120 feet .  
detected iz ar;y T-Piant m s i t o r i n g  wells. 

Ths maximum pecetration 

NG deeper penetration of residual gamma emi.t%ers was 

Disposal t o  Gromc? 

Geologind, well probe, grouzldwater sampling and waste disposal data were 
u t i l i zed  as bases for  dete-mining twenty-four weil-dril l ing locations that w i l l  
y k i d  maximum iafcrmation on radioisotope dis t r ibut ion and coacentrations under 
f ive  SO0 Area groutid disposal sites. These w e l l s  represent about f i f t y  per 
ce r t  cf the aat ic ipatzd * i l i i sg  fcotage requiremats  f o r  the prowsed program 
t o  investigate the d is t r ibu t ion  of radioactive materials ir the vadose zone 
m d e r  290 Area grwxd disposal f a c i l i t i e s  

So i l  calm eqeriroents xere conducted t o  evduate  tAhe behavior of U03 Plant 
condensate waste is so i l s  from  ear the a6-m c r ib  s i t e<  Colwnrs were ~“m with 
inf luegts  of 55 6, 9, 1L, and 12. 
9 showed a 2 per cerit s t r o n t i u  breakzh-ough after about 3 column volumes and 
50 per c e r t  breakthrough after 20 column volunes. The columns r5ceiving coo- 
dsnsa+,e a t  pH 11 a2d 12 showed no eignif’icat  breakthrough a f t e r  passage of 
136 columr: volumes. Apparently the l i r e  of the condensate c r ib  can 3e signi- 
ficarrtly exteaded by adjusting the waste t o  a high pH. 

The cdumns receiving conc2easate at  pE 6 and 

A tet5er evahat ion  of the f a t e  of plutonium &ischarged t o  the  23-6-A-9 c r ib  
i s  planned on the basis of current research. 
were performed on drilled samples from near3y mocitoring w e l l s .  
cation exchange capacity was found to be 6.8 meq/lOog, with a maxirmran of 10.3 
meq/lOOg. 
capacity l imi ta t ioc  based on c r i t i c a l i t y  considerations m y  be unduly conser- 
vative.  
the so i l s  mer the c r i b  requires fur ther  study. 

Exchange capacity measurements 
The average 

This  lo^ exchange capacity might indicate ths t  the present c r ib  

The poss ib i l i ty  of plutocium being incorpora2ed in precipi ta tes  in 

TFMSURA.?lIC l3.UMD?T AND FISSION PRODUCT RECOVERY 

Cerium Recovery + r g m  the F’ursx Plant 

The proposal t o  ship cerium to Oak Ririge as dried cerium-rare ear th  su l fa te  
precipi ta te  LE a shielded f i l t e r  cartridge shipping cask has raised the ques- 
t ion of whether the precipi ta te ,  which w i l l  have ewerienced temperatures 
of 30C t o  500 C, CBLZ be readily dissolved out of the cask. 
imer?ts indicated that heating the precipi ta te  t o  these temperatures caused 
some change (probably e i the r  dehydration o r  formation of refractory CeO2) which 
resul ted in inconrgleta dissolution in n i t r i c  acid. Further experiments were 
undertaken to resolve the problem. 
so lubi l i ty  determined in 15.7, 12, 10, 8, 6, 4, 1, and 0.5 M HNO3. The CQS- 
centre+,ion range from six t o  e ight  molar EN03 was most efi”e&ve. ExcepC, f o r  
a me t o  f ive  per cent residue, one gram of the 500 C-fired precipi ta te  w i l l  
dissolve i n  40 mi. of six to ten molar m03 a t  100 c i n  a b u t  four minutes. 

Preliminary exper- 

Precipi ta te  was dried a t  500 C and the 
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Addition of a t m _ -  (0.005 t 0.1 M) of fluoride resulted in complete soluticn 
under the wme conditions. Within-the indicated concentration range, the con- 
centretiou of f luoride did not appear to be important. Thus, if a trace of 
f luoride can be to le ra ted  in subsequent processing, dissolving tfie precipi ta te  
f romthe  filter cask does not appear t o  be a major problem. 

Studies a re  being made to develop basic design c r i t e r ion  f o r  the f i l t e r  element 
which wiU. be incorporated i n  the Purex Plant recovery equipment. Using sim- 
l a t e d  plant precipi ta t ion conditions a rare-earth sulfate slurry was prepared 
from synthetic IWW. Approximately 21 grama of rare-earth su l fa te  precipitated 
from each liter. The precipi ta te  readi ly  se t t l ed  to 6.8 per cent of the solu- 
t ion  volume. 
a 40-micron pore size ceramic filter was used. Low f i l t r a t i o n  efficiency (less 
t h  60 per cent recovery) was obtained when a 100 micron filter tube was used. 
T h  me8n pa r t i c l e  diameter of the  rare-earth prec ip i ta t s  is roughly 15 microns 
as observed under a microscope. 

Greater than 99 per cent of the precipi ta te  was recovered when 

Strontium Extraction 

N-Dodecylbenzyldiethylene-triamine t e t r ace t i c  acid was investigated as a= 
extractant for strontium. 
tu ted  versene should ex t rac t  strontium readily into an aqueous-immiscible 
organic solvent. Such was not found to be the case. Using four per cent 
reagent in chloroform, little or no strontium was extracted from sodium 
n i t r a t e  solutions in the pH range 1 t o  ll. 
extracted, however, i n  the pH range three to nine. 

It was thought that t h i s  organic-soluble substi-  

The yttrium daughter was strongly 

Promethium Recovery 

An ion exchange run was completed s d a r  t o  the high pK-R-Cu mixed bed 
reported last month except for  operaticn at4 60 C rather than 25 C., 
be t t e r  separation '8s achieved at  the h i g k r  temperature. 
of the neodymium was recovered at a puri ty  of 96 per cent and 95 per cent waa 
isolated a t  a puri ty  of 92 per cent. 
p ropaed  f i rs t  cycle. 
bed could be eluted i n  about 24 hcurs. 
standpoint of the radiation s t a b i l i t y  of the reaic .  

A s  e-qacted, 
Seventy-five per cent 

This is  considered very adequa.',e f c r  a 
The elut ion rate was such th;aC, a plant-scale seven-fcot 

This shodd  be very adequate from the 

Fissioa Product Isolat ion and PEtckagia~ ProtoSype 

A l l  equipment components except %he Capper have been ics%alled ic the f i s s i o n  
product. i so la t ioa  and packaging prototype. Operatima1 "cc\3d1' teEtiI.Ig hs;s 
begun on Zhe equipment required to  mnvert the feed slurry of cesium zznr- 
ferrocyanide t o  dried cesium chloride powder acd t o  permit con t rd l ed  dis- 
charge of this product t o  sui table  contrtjztera f o r  off-site shipm~l'i. 

Operational tests on the receiver tank a d  the ccncecfrator shwed *,he csed 
t o  s l i qh t ly  acidii'j the Cs@Fe(CN)6 s l u r r y  in crder t r ,  pevec: extnssivs 
foaming and carry over to the condersssr and waste cs+& tar&. 
t e s t s  on %he hydrolyzer showed the need for mteriM +;he fee5 fc spall 

OFer%zi;lr-al 





Materials of Construction for Purex Waste Calcination 

I n  exploratory tests on materials of collstruction f o r  calcfnation of -ex 
process wastes, samples of taatalum, Hastelloy B, and 347 stainless s t e e l  were 
exposed to synthetic calcined Purex waste a t  900 C. 
i n  open Quartz v ia ls  in the normal furnace .atmspheze; samples were partialljr 
submerged i n  the molten salt. Tantalum and Hastelloy B corroded a t  about one 
inch per month and 347 stainless at  about 14 miJ.s/mo. 

The exposures were made 

Failure  of a Purex Steam-Waste Condensate Line 

Failure of  a Purex Plant s & h l e s s  steel line, which i n i t i a l l y  carr ied steam 
and, later carr ied lcw l eve l  waste condensate, occurred where the l i n e  entered 
a concrete junction box through a mild steel liner. 
corroded and cracked in the pcrtion w i t h i n  the mild steel l i n e r .  The cracks 
agpear t o  be progressing inward f romthe  outer surface. 
bonaceous material present along the corroded portion indicates tLe pipe kad 
beec wrapped with a p las t i c  tape. It is believed this fa i lu re  is similar t o  
+hse previously obaemed in Redox imbedded steam pipes and 13 due to  s t r e s s  
crackiag induced by chloride derived frcm t h e e  Sreakdcwn of polyvinyl 
chloride tape. 

The pipe was seversly 

An adkerent black car- 

PRmss CONTROL IEvELoPMEm! 

UO? Plant Automation 

Bench tests of the Calciner Control Programmer were completed t h i s  month. All 
sections of the  Programmer have operated sa t i s f ac to r i ly  during some 1200 simu- 
lated s+&ups and shutdowns. 
Programmer into the main panel board ir the 224-U Building is presently being 
instal led,  which when completed w i l l .  allow the immediate ins ta l la t ion  of" the 
Programmer. 

The necessary wiring t o  connect the Control 

The necessary drawings f o r  of f - s i te  construction of addi%ional Programmers ape 
being drafted and are about 60 per cent completed. 
and maintenance manual f o r  the Programmer has been writ ten.  

An outl ine of the operation 

The "8" ring seal which failed on the magnetic flowmeter a t  the U03 Plart was 
found +a be the specified Viton-A and not Buna-N as was suspected. 
w e  and a second which occurred t h i s  mcth precludes further use of this type 
sf Fiacher & Porter f l o m t e r .  However, Fischer and Porter recently i c f o m d  
as cf a new glass l ined  magnet.ic flowmeter w i t h  fused pla$inum.electrodes f o r  
the 0 t o  1 g p m  range which they are  s ta r t ing  t o  produce. 
meter should completely eliminate seal f a i lu re  due t o  dissolution. 

This fail- 

Use of this l a t t e r  

Poly-vinyltoluene Sc fc t i l l a to r s  

A terpheny~-in-polyvinyltoliiene phosphor (Nuclear Enterprises L t d  
phosphor) exposed t o  flowing l& gm/l uranium solution gave alpha C C U I Z ~  ra+,es 
between 3OCO and 4000 CFM. 

- NE 102 

Decontaxnination after flcw t e s t s  was excelless. 
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A water wash reduced the background count to essentially its original value. 
A l l  tests to date indicate the phosphor will probably have a long service life 
when applied to aqueous nitric acid streams. 

Purex E-3 pH Probe 

The remote pH probe in the Purex E-3 tank has been in operation for one month. 
Performance ir general has been good, although intermittent periods of no 
response are observed. 
investigated. 

Potential sources of this difficulty are being 

C-Column Instrumentation Studies 

C-Columr: instrument test facility is in operation after several major 
changes. 
been made using the phase sepamting photometer. 
were used which represent i per cent of the total flow. 
provides a 30 second time lag between the column conditions and the photomeSer 
measwements. 
eve= witk quite tight emulsions. 

The fizst scan of the in-cclumn aqueous uranium concentration has 
Sampling rates of 10 d / d n  

The sampling system 

Satisfactcry phase separation was obtained in the photometer 

Precisicc of Task Level Measurements 

Three calibrations, two with watw and one with 12 lb./gal. uranium solution 
were corducted OE 321 Building tank T-4. The water and uran ium were weighed 
izl5o the vessel iE approximately sixty increments of 44 g ~ o n s  each. Level 
readings from two precision msnometers and the electronic gaging rod system 
were recorded. 
the manometer fluids were also recorded. 
corded from a standard manometer system. 
water run, by Operations Research, indicates that at the 2000 gallon level the 
volume in the 3000 gallon vessel may be predicted within f 0.5 per cent at the 
95 per cent collfidence level. 

Temperatures of the vessel, vessel contents, outside air, and 
Specific gravity readings were re- 
Preliminary analysis of the first 

Borcn-10 Monitor 

Mechanical construction of the boron monitor is now complete. 
instrumentation is assembles for testing. 
being filled with paraffin. 
will undergo final testing and laboratory calibration. 

The counting 
The moderator unit is presently 

Upon receipt of the neutron source, the instrument 

NON-PRODUCTION FUELS REPROCESSING 

Mechanical Head-End Studies 

Preliminary Equipment Specifications. Document HW-60760, entitled, "Preliminary 
Specifications for Mechanical Head-End Processing Equipment - Non-Production 
Fuels Reprocessing Program," is currently being issued. It presents prelimin- 
ary specifications for the saw and the shear to be included in the mechanical 
processing cell. In additioc, preliminary specifications are included for saw 
and shear auxiliaries required to control particulate and gases generated during 
saw and shear operations. 
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Shearinp; of Stainless  S tee l  Clad Swaged UOp Rods; Additional underwater shearing 
studies have been conducted using stalnless steel clad swaged U02 fue ls  t o  deter- 
mine the characteristics of the  U02-water suspension formed during shearing. 
Semi-quantitative measurements indicate that as much as 3 per cent of the uranium 
may be suspended during normal shear operation. 
cated that the suspenbd par t ic les  are mainly i n  the 10 t o  20 micron range, 
although se t t l i ng  rates (0.04 mm/sec) indicate the presence of some 3 t o  5 
micron par t ic les .  

Microscopic examination indi- 

Shear B l a d e  L i f e  Testing. 
S-4 tools teel  shear moving blade and a 420 stainless steel stationary shear 

The 40 ton 321-A Building shear, using a modified 

blade, has completed several  thousand cuts, t o t a l l i ng  10,000 sq. i r .  cross-sectional 
area of cut  material. mis service is equivalent to  the shearing of approxi- 
mately two tons of power reactor fuel elements. 
shears, the blade deterioration data indicate t h a t  shear cut t ing force require- 
men+,s w i l l  be Frcreased a t  the rate of a ton f o r  each ton of uranium chopped. 
For example, If a l5O-ton force is  i n i t i a l l y  required f o r  a new blade, a force 
of 170 tons would be required f o r  the same fue l  wher, the Slade had :hopped 20 
tons. 

When sx-kapolated to  production 

"Cold" S a w  Testing. 
evaluated f o r  use i n  harhare removal operations in the Noo-Prcduction Fueis 

A m t c h  and Merryweatker Model 3 coldsaw which w i l l  be 

Reprocessing Program has been ins ta l led  i n  the 321-A Building, 
run-in tests with company representatiyes i n  attendance artz scheduled fo r  the 
first week i n  July. 

Acceptance aad 

Feed Preparation 

Sulfex Process Studies. The effect  of n i t r a t e  ion oc the dissolution of 3&-L 
s ta in less  steel  and of uranium dioxide i n  sulfur ic  acid was examined t o  deter- 
mice the required cleanou+, of the dissolver Zrom batch t c  batch. Stainless 
steel dissoluticn rates i n  bci l ing 3.5 M H g O 4  dropped markedly a t  n i t r a t e  
ioo ccncentrations above 0.02 M (ca.  lO-mils/hr. a t  0 and 0.01 M NOj; z. 5 
mils/hr. a t  0.02 M; and 0.2 mii/K at  0+04 M )  . 
rates increased &dua.lly from 1.2 mg/(sq>cmT)(hr.) a t  (3.0 M NO3 t o  ?a. 75 
mg/(sq.cm.)(hr.) a t  0.1 M N03. 
t ion t o  0.01 M - or  less d h n g  Sulfex decladdicg, 

Irradiated U02 which had received a (calculated) e-qcsure of 3000 MD/T 
dissclved i n  boiling 4 M H$O& a t  a rate Gf 0.0006 per cent, per hour i n  the 
presence of dissolviag ztainless steel  after the concentration of staizless 
steel  i n  solution had reacned a value of ca. Oel M. The ra te  of dissclution 
in boiling 4 M H S O I ,  alor,e (0.02 per cen%Ter ~ G G )  was f o u n d  t o  be independent 
of whether or-not air  was present ir. the system. A t  room temperature, howeve*, 
the rate of dissolutiorr w a s  found t o  be a t  least +,bee times lower i n  the ab- 
sence of air  than when air  was present (0.0006 per cent per hour) * In the 
presence of a i r  a t  room clempera%ure, the rate of d i s s o l u t i o c  wes found to be 
the  same w i t h  water as w i t h  4 M H2SO4. "us, air-oxidatioc tC uranium(V1) 
apaears t o  be responaible fo r  $3t of the reaction occurring a t  room teq.erature. 

Uranium dioxid; dissolution 
, 

It appears desirable t o  keep-nitrate Zncentra-  



Techniques for recovery of uranium and plutonium from Gff-standard Sulfex 
decladding solutions are under study. 
of uranium has been made. 
would be preferable to sclvent extraction. 
cipitation of uranium a& the peroxide have been made. 
trations reductiozi of uranium cootent to concentrations representing less than 
0.5 per cent loss was obtained. 
in Sulfex decladding solutions, recoveries were erratic. 

A literature snvey on mine extractioti 
From an equipment standpoint, a precipitation process 

Preliminary experiments ofi the pre- 
At low sulfate coccen- 

However, at sulfate concentrations expected 

U-Mo Process Studies. 
dissolution of U-Mo a l l o y  fuel cores are relatively corrosive particularly at 

The nitric acid - ferric nitrate solutions proposed fcr 
high concentrations. A survey of dissolving rates and solution stability at 
ferric nitrate concentrations of less than one molar is being made to assist 
in choosing 8 dissolving schedule which will minimize corrosion. Ferric ci- 
trate concentrations of 0.5 and 0.75 M are under study. 
t=rmir_al uraniun: and higher terminal acidities are required to maintain solu- 
t ior ,  sta3ili-t-y. 
cf long term stability. 

As expected, lower 

Samples of the terminal solutions are set aside for observaticn 

The applicability of the W e x  process for the dissolution of U-Mo alloys was 
reexamined since a better understmdirig of the role of ferric ion in preventing 
molybdenum precipitation now exists. 
to precipitation folLowing chloride removal have been prepared. 
of stainless steel to uranium of approximately 1.2 was used. 
solids were f o m d  during the dissolution. 
amounts of solids were formed. These redissolved in the final concentration 
step following chloride removal and a solid-free solution was obtained by di- 
luting to volume at about 0.7 M acid. Attempts to avoid solids formation by 
eliminating the concentration gtep prior to chloride removal was not success- 
ful. No conditions for preparing solid-free terminal solutions using U-9  w/o 
Mo alloy have been found as yet. 
appeared to proceed about the same as in its absence. 
from feeds prepared from U-3 weight per cent Mo under simulated Redox first 
cycle conditions was too low for detection. 

Using U-3 w/o Mo alloy, solutions stable 

S m a l l  amounts of 
A mole ratio 

During chloride removal larger 

Chloride removal in the presence of molybdenum 
Extraction of molybdenum 

Zirflex Process. 
solutions indicate that the solubility of urenium(IV) in such solutions at room 
temperature is cocsiderably lower at low free fluoride concentrations 3han was 
previously repcrted. These studies demonstrated that the rate of oxidation 
of uranium(TJ) to uranium(V1) varies inversely with the free fluoride concen- 
tration, beccming sufficiently rapid at low free fluoride concentrations tc 
make the more highly soluble uranium(V1) the predominant oxidation state in 
solution at the completion of solubility experiments of the type performed 
earlier. 

Spectrophotometric studies on uranium in ammonium fluoride 

Work has been initiaC,ed on the reduction of uranium(V1) to uranium(N) in order 
to find means of assuring that all the uranium in solution at the completion 
of the decladding step will be uranium(IV). 
(and presumbly the dissolution of other metals) results in the formatior, of 
uranium(IV) from uranium(VI) present. It was also observed that hypcsulfite 
ion (S2Ol.t') rapidly reduced uranium(V1) to urani&.IV) in ammonium fluoride 
solutions at room temperature. Studies on these and other reducing agents 
are continuing. 

The zirconium dissolution process 

I Z w i 8  1 
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Darex Pilot Plant. Dissolution of stainlesa steel clad, metallic uzzanium core 
fuel elements was continued. The dissolution rate of uranium varied inversely 
wlth the nitrate-to-chloride ratio in acid concentrations greater than two molar. 
Rates increased f r o m  18 to 169 m i l s  per hour as the nitrate-to-chloride mole 
ratio decreased from 6.0 to 3.0. 

The dissolution of type 304 stainless steel pipe in Darex-m solutions was 
attempted. The stainless steel would not dissolve in a 1.2 UMH, 3 .3  total 
acid, 1.3 M HC1 solution in which the nitrate-to-chloride mole ratio waa3 4.2. 
Stainless ;tee1 dissolved readily at about 30 mils per hour after an initial 
contac% with an activator when the hydrochloric acid was increased to 1.9 
(nitrate-to-chloride mole rstio of 2 . 3 ) .  
dissolution of stainless steel in the absence of UNH show a maximum nitrate- 
tc-chloride ratio of about 8 for dissolution of stainless s+&el. Increased 
anion concentrations in Darex solutions apparently drop the threshold nitrate- 
to-chloride ratios necessary for dissolution oi s+ainless steel. 

Previously reported data for the 

Sulfex Pi lo t  P l a n t .  P i l o t  plant studies oi the dissolution cf 3 0 4 - ~  stainless 
steel by the Sulfex process were begun. Dissolution techniques involved the 
ccntrclled addition of cold concentrated H2SO4 to boiling water eonteining the 
stainless steel. Mild steel in contact with the stainless steel was used as 
an activator for the dissolution. Dissolutioc of the stainless steel began 
at rates ranging f r o m  14  to 21 mils per hour when the sulfuric acid concen- 
+,ratio= reached approximately three molar. !The reaction was initia%ed with 
acid addition rates of 0.55 to 0.70 cu.ft./(hr.)(sq.ft. of stainless steel 
surface ) e 

In two rune, passivation of the stainless steel charge was experienced. 
ol;e case the passivation is attributed to a low acid addition rate (0.13 cu.ft./ 
(hr. )(sq.ft. of stainless steel)). 
reached 6.4 M H g O 4  with no dissolution taking place. 
vation occurTed when the acid addition was stopped at 2.9 
reaction had started. 
queztly dissolved in 4 M - H s O 4  using higher acid additioo rates and mild steel 
to atart the reactions. 

In 

Acid addition continued until ttze solution 
The other case of passi- 

H s O 4  before the 
90th charges of passivated stainless steel were suhe- 

Dissoluticc was deliberately stopped in oce run and the solution was allowed 
t o  cool to room temperafure. 
addition of mild steel acd uo change .in the dissolver solutioc.  

Upon reheating,, %he reaction resumed wftk EO 

Charge mole ratios of acid to stainless steel were varied from 3.5 to 13.3; 
however, these changes had na ncticeable effect on the dissciution ratas. 

Recirculafing Dissolver, 
the present Has5eUoy F dissolver to permit study of recirculatioz techniques, 
foaming, and sedimentation problems in proposed recirculation dissolver con- 
cepts. 
is 95 per cent complete. 
second dissolver barrel at. a later date. 

An “outrigger” dissolver barrel is Seing added to 

Fabricatiori of the barrel assembly (from Ni-o-ne1 wel3ed Hastelloy F) 
Material has been ordered to allow addition of Et 
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Calculations were =de tc escmate ';he tLme requlrecl t c  declec', a s -a ica l  nor;- 
prcduc5icn fbe l  CemenCI i n  a r e c i r c d a t i c g  dic,scl%r with a separazed dissolu- 
t ion  c r i t  G d  dissolvsnt reservoir. %e sciditional time r s q u r e d  cver tbe  
convenTiora1 Sat& decladding process ( w i t k i n  +2G ser ceriq) was akb? twice 
the solution holS.-up t h e  ir. ths ree~ ,n*c i r  md was zeariy ir.,d5pend?nt of t k e  
asmmed firs5-czder dissoltrtiorz ra-a comtana. For example, a dissolver CCE- 
p1ex haviag a 1200 ga l lon  reservoir a& cfrclllating dissslver,t a t  20 gaL!-ons 
per minute would rsqai-s ar ad&L+,isnd 2 k o u s  dissolut isc  time over that re- 
quired for  a Satck sysfeIt. 
the c2ntempiate6 p~ver-aLl dissolusioa cycle t h e .  

Suck increases are cansi3ered smail i n  relstlon t c  

-7 ,orresion rat,%s fcr 23%-L sjairiless st,sel duriEg dlchromts acidation of seluticne 
Frep&r5d by dias:ht lsr,  of U-Mo alloys 9.r HMC3-Fe(NO )? soluticns are under .tu&{. 
A: 0 . 0 ~  M m03J t3e atJ*z.k is sli&t (less t u  1 d / ~ )  and non-prefereE%ial 
while at-G. 5 a112 1.0 M - Sn03 the  a t d c k  is  e v e r e  (cb0 5 ails/m 

Further exmicatior ~f the zcrmsion of Rastellcy F and 3 0 4 - ~  s+ainleeE is 
HNG3-F'e(NC3 )3 eys tms  (dissclution of U-Mo alloy) indicates t3ha,t the ferric 
Litrate coxen t r a t io r  s h ~ u l d  be limlted t o  0.8 bl - i r c  Hastelloy F and 0.6 M - i n  
304-L t o  svcid intergrmciur  a t a c k .  

aza intergranular. 

PLUWNIUM PEXCLE PRCGIW! 

Plutocium Lees Duririp &clerkling cf Pluton2m-Alumkum Alloy Elemectrs 

Studies OE the dfgsolutior cf pluzcmium-alumhum a l l o y  by Zirflex decladding 
solution (6  i++f N&+F + 0.5 M -03) indica+ue tmt tbe a o y  reacts  quite raxidly 
w i t h  the boiling sclution-=til ar, insclubla ccatlng (presumably All?$) is  fcrmed 
on the surface of the a l loy .  This coating greatly hicders further drssolution, 
the concer?ration c;f plstcnirun il; the solution showing nc further increase oc 
conxinued expcsure. In exprimerits employing as-prepared 1 .5  weight Fer cent 
p lu toc im a l l o y ,  the Flutor?ium concentrations in the solutions were found ts 
be ea. 2 mg/l. 
f l uGide  coneeczraticn w i l l  b v e  on the coacectration of p1utcni-a i n  solution 

It has nct yet Seen determized w h 6 t  ef fec t  changes i n  free 

Exposure cjf glutanium-ahninum al loys to a i t r i c  acid was fcund t o  result in 
the mere raFid dissola3iorr cf plutonium that of aluminlun. Whea alloy specimens 
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which had been treated with n i t r i c  acid  were exposed t o  boiling 6 M NH4F + 0.5 M 

This can be explained 
on the basis that the eurf'ace of the al loy after n i t r i c  acid treatment is de- 
pleted in plutonium 80 that, on subsequent exposure of the al loy t o  ammonium 
f luoride solution, less plutonium enters the solution before the insoluble 
coating i s  formed on the surface. It thus appears that loss  of plutonium t o  
the decladding solution would be s ignif icant ly  reduced by t rea t ing  the a l loy  
core with n i t r i c  ac id  before the core is encased in its cladding. 

, much lower (ca. 0.1 mg/l) concentrations of plutonium were-found in  sol<- 
han when a s - p r r m e d  al loy specimens were employed. 

Molten Salt Cycling of UOp 

Further cold scoping studies have shown that both U03 and U308 in a molfen 
chloride melt are converted t o  
reaction rate is much greater 

1 2  by the action of chlorine and that the 
C than a t  650 C. 

Uranium dioxide obtained by zinc reduction of' the disaolved UO$12 has been 
preliminarily characterized. 
f s l l i n g  within a 30-200 mesh range. A typical  tap density is 4.3 g/cm3 and 
fhe aggregate density (by carbon te t rachlor ide displacement) is 9.7 to  10.1 
g/cm3. Ignition of one product sample disclosed a O/U mole r a t i o  of 2.065, 
and the X-ray d i f f rac t ion  pat tern was ty-picsl of U02. 
determined spectrographiceUy, were N a  and K, 1000 ppm; Zn, 100 ppm; and Si ,  

It appears c r y s t U i n e  with a par t ic le  s i z e  

Contaminants, as 

16 PPm* 

Analysis of salt samples taken before and after zinc addition demmstrate the 
completeness of the reduction reaction. Whereas the oxidized phase contained 
17 weight per cent uranium, after reduction it contained only 0.08 weight per 
cent, representing a "10~s" of uranium of less than 0.5 per cent. 
phase contained l e s s  than 0.001weight per cent uranium. 

The zinc 

The experiment with the 900 MUD/T uranium dioxide wafer mentioned last  mon+,h 
vas icconclusive with respect t o  f i ss ion  prcduct Sehavior s i r ce  a l l  of %he 
UOg f a i l ed  t o  dissolve, thus leading t o  a product contaminated wi th  unreacted 
U02. 
informative. Fission product concentrations of Ru-Rh, Cs-Br,  Zr-NS, and Sr 
i n  the salt phase were essent ia l ly  unchanged by the reduction +,reatmen+,. The 
cerium ac t iv i ty ,  however, waa signif icant ly  lowered by the zinc treatment, i n  
accordance with the large reduction of the cerium (thermodynamic ) ac t iv i ty  
coefficient as determined by personnel a t  the Argonne Laboratories. 

Comparison of the oxidized and reduced salt phases, however, was quite 

The plutonium t o  uranium r a t i o  i n  the dissolutior. step was l e s s  than coe- 
f i f t ie th  of that of the so l id  as estimated from the radiation histo-ry of 
the element - i n  reasonably good agreement w i t h  cold runs OE U02-Pu02 so l id  
solution material. 

High Temperature Spec+,rophotometry 

There is indication tha t  UCl3 i n  KC1 a t  800 C exhib- i t s  f luorescexe  in  the 
280 - 240 9 region when the tungsten lamp is used a s  the illumina+,ing souce ,  
but not when the hydrogen source is  used. This implies the presence of an 
excited s t a t e  which upon absorption of  v i s ib le  radiation is  fur ther  excited t o  
a state which i s  capable of producing the energetic fiuorescent radia%ior? noted. 
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Mercury Isotope Sepa-aC,ioIi 

Using essentially the technique of Gunnirig, four ewrimecss were psrfomed 
wherein mixtures of mercury vapo:, hydrcgec chloride, and butadiece were irr* 
diated with a microwave excited electrodeless merc~ry-202 vap3r lm~. Ecrich- 
mats of the mercury 202 isotope were found in  every cas9? t h e  grea+,est ccn- 
centration being 37.2 per cent as compared w i t h  ~~6 per cent of natural mer- 
cury. 
sent a successRrl start towards es+a'Slishment of the neceswy teclzniqwc. 

Although far smaller enrichments tkan reported by Sunniag, +,&&e repre- 

Aufomatic Ball Mill Feed Cootroller 

An automatic feed controller for a continuous ball s n i l  used 4x grind U02 
pcwder has been develuped asd is operating suclcessfully with a eignlffcmtly 
mcre effective and uniform control than possible by maual or time-prDgrammer 
methcds. The controller is based upcn sonic prkciples, ueing a 4iractiomJ 
microphone at the focus of a parabolic reflector to pick up the scl;uid of %e 
balls striking each other in the mill. 
wbich is tuned to exclude unw8nted l o w  frequency noise, feeds a count rate 
meter which in turn activa+&s an or;-off relay through a time delay to ccrtrol 
a vibratory powder feeder. A low powder level in the ball mill results in t%n 
increased rate of collision of the balls and, cozversely, a high powder level, 
which causes insufficient grir;ding,results in a lowered rate of ccllisior. 
optimum rate is easily determined 5y experimentation. 
sistant to interf'erence from. the noise and vibration of other operating machinery 
in the immediate vicinity. 

The transistorized pre-amplifier, 

The 
The system is very re- 

PRTR Fuels Reprocessin6 

Information coocerning PRTR charge-discharge schedules and fuels reprccesalcg 
schedules was coqiled and transmitted to representatives of ORmL in meetings 
held at HAP0 01; June 16 and 17. Problems associated with handling and trans- 
porting the fuel elements to aRNL for processing were also discussed. 

The material to be used in the gas dryer of the Redox off-gas aaalysis system 
has been selected on the basis of laboratory teste;. Basic materisls, such as 
sodium hydroxide or potassium hydroxide, w i l l  absorb water withoat absor3ing 
ammonia. The new system is required during Redox processing of PRTR fuels by 
the Z i r f l e x  process. 

A drawing, SK-2-7235, "Redox Combustible Dissolver Off-Gas Analysis System 
Interconnection Diagram," has been issued for use in installbg the Redox 
off-gas analyzer system. 

Fluid Bed Ion Excharwe Studies 

TweLty-three breakthrough runs were made using Cs-134 tracer to &et, ermine the 
reason for the excessive throughput volumes required for initial breakthrough 
in the earlier runs and to investigate further the effect of resill bed fluidi- 
zation on fluid channeling. The runs were made In a 4-inch diameter glass 
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column, with r e s in  bed heights of approximately 2.5 and 4.5 feet (corresponding 
t o  f luidized heights of 4 and 6 fee t ,  respectively).  
was apparently due to absorption of some t racer  by the solution wi+,hizl the resin 
par t ic le .  
0.001 M and, after suf f ic ien t  washing and equilibration of the resin,  the i n i t i a l  
breek&ough occurred as predicted by theory. 

The belated breakthrough 

The n i t r i c  acid concentration of the feed solution was reauced t o  

With a p c k e d  height of 4.5 feet, the values f o r  hold back (measure of the 
deviation from piston flow) a t  upflow rates of 0.6, 1.1, 1.5, and 2.9 
gal./(&. ) (sq.f t .  ) were higher than f o r  the corresponding downflow ra tes  by 
fac tors  of 1.4, 1.8, 2.8, and 4.4, respectively. 
height, the values f o r  hold back a t  upflow ra tes  of 0.6, 1.5, and 2.9 
gal./(min.)(sq.ft.) were higher than f o r  the corresponding downflow ra tes  by 
factors  1.0, 1.9, and 2.7, respectively. The e f f ec t  of increasing the bed 
height was generally to  increase s l i a t l y  the values of hold back fo r  upflow 
and decrease them f o r  downflow operation. 

With the 2.5 f ee t  packed 

Boiling M e t a l  Characteris+,ics 

The obJective of t h i s  work is  t o  investigate the boiling and circulat ing 
character is t ics  of a column of unifsmly heated f lu id  metal. 
gabed will es tab l i sh  the engineering f eas ib i l i t y  of using such techniques 
f o r  high temperature heat t ransfer  i n  nuclear acd chemical reactors.  

The kcowledge 

C7nrently, the boiling character is t ics  of mercury dissolved i n  the lead-bismuth 
eutect ic  are being studied. 
and two f e e t  long is heated uniformly by induction heating ir a ver t ica l  quartz 
tube. 
culate  by themsyphon wtioo. 
is refluxed by heat, losses  t o  the surroundings. 

A column of l i qu id  amalgam one inch i n  diameter 

An insulated l iqu id  loop is provided, through which the l iqu id  may c i r -  
The mercury vapor from the top of the c o l m  

SG far, the coiumn has Seen operated only w i t h  mercury. 
ciosed, the maximum power l eve l  was l i m i t s d  to one kw by violent surging 
originating throughout the length of the column. 
a power l eve l  of three kw was reached w i t h  lsss surging. 
o&y i n  the tcp third of the column, while the lower par t  of the eolumr, wits 
cooler due t o  heat losses  i n  the thenoosyphon(. 

With the themsyphon 

With the thermosyphon open 
Bubbles originated 

Analysis of cooling curves for  the lead-bismuth eutectic-mercury amalgam gives 
freezing points of 126, 101, 79, 57, and 38.5 C fo r  0, ll.1, 22.2, 32.9, 
42.9 per ceot mercury, respectiT*ely. 

WASm FIXATION 

Mineral Reactions 

Laboratory experiments were conducted t o  investigate the e f fec t  of insolu3le 
material on the mineral bed decontamination of a typical condensa5e waste. 
Redox D-2 solution was used i n  these experiments. Fil%ered and u f l l z e r e d  
solutions a t  pH 1.8 were passed through beds of c l inop t i lo l i t e .  Iri +,his 
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acidif ied waste 28 per cent of the radiostrontium and 80 per cent of the radio- 
ruthenium were present i n  the solids.  
radioisotopes passing through the c l inop t i lo l i t e  beds. 
not remove radiostrontium w e l l  a t  this low pH. 

There was l i t t l e  evidence of non-ionic 
The cl inopt i lol i%e did 

An experiment was performed t o  measure the strontium scaverging e f f ec t  of the 
precipi ta te  formed when di luted solutions of synthetic Redox high-salt waste 
( D - 9 )  a re  neutralized t o  pH 10 a t  65'. It was found that greater than 95 per 
cent of the strontium was scavenged from solutions at  Al+3 concentrations 
70.01 - M. 

Availabil i ty and cost  information on ca l c i t e  and c l inop t i lo l i t e  are  being 
obtained. Both minerals appear readily obtaina5le and a t  reasona5ie costs.  

A study of f a c i l i t i e s  ia the 200 Areas i n  which a p i l o t  test f a c i l i t y  could 
be instal led,  indicated *hat the CR tank farm would be auitabie.  
t o  Purex tank farm condensates along with exis t ing f a c i l i t i e s  makes t h i s  loca- 
t ion desirable. 
development work is  being prepared. 

Easy & c e s s  

A request f o r  u t i l i za t ion  of this fac i l i t j r  f o r  &era1 reaction 

Radiant Heat Spray Calcination 

Several m s  w e r e  made during the month i n  an e f f o r t  t o  calcine a TBP-25 (high 
aluminum) type waste. 
(650 C top temperature, 825 C center temperature), operation was very smooth 
and there was singularly l i t t l e  tendency f o r  any m t e r i a l  t o  hold up on the 
walls, but the density of the product was extremely low. 
was only 0.11 gms/cc, and the f ine  par t ic les  agglomerated t o  form a f lu f fy  
material which seemed more suitable for  a thermal insulating material than f o r  
ultimste waste disposal p q s e s .  
re la ted t o  the l o w  decomposition temperature of aluminum n i t r a t e  (134 C ) . 
conversion of the aluminum n i t r a t e  t o  the sul fate  (decomposition temperature 
ca. 770 C )  was accordingly tr ied i n  another run. 
w&s incomplete, and the bulk density was only increased t o  0.18 gms/@c. 

Using 'conditions that were optimum f o r  Furex waste 

The product density 

It was thought that t h i s  d i f f i cu l ty  may be 
Prior 

Decomposition of the sulfate  

BIOLOCY AND MEDICINE - 6000 PROGRAM 

Geology and Hydrology 

"The Rate of Land Usage a t  Hanford f o r  Waste Disposal, A Guide f o r  Future D i s p o s a l  
Plans," (m-60450) was completed i n  rough draft form. 
have been used per year, on the average, f o r  cribs,  trenches, tank farms, ditches, 
swamps, piping and similar f a c i l i t i e s ,  including the contaminated ground under- 
lying these f a c i l i t i e s .  
trenches, caverns and necessary piping for  radioactive l iqu ids  discharged t o  
ground. 

More than 200 years of disposal, a t  the rate of 64 acres p r  year, are indicated 
readily possible i n  view of available land. 
combined w i t h  empirical data and laboratory studies, indicate t h a t  a 2000-acre 

About 64 acres of land 

About one-fifth of this total was required f o r  cr ibs ,  

Geologic and hydrologic studies: 
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tract immediately southwest of 200 West Area possesses the best qualities of 
readi ly  available land. If this tract be reserved, developed and efficiently 
used for crib etructures only, more than 200 years of disposal are still in- 
dicated possible With as greet or greater radiological safety and probably 
over-all lower costs than exist with the present disposal practices. 

A new basalt surface contour map was constructed incorporating the latest 
stratigraphy informetion. The most significant changes are in the basalt 
ridge north of 200 East Area. 
mvement of groundwater beneath the 200 East Area. 
thought to be continuous and to rise above the water table i n  an unbroken 
barrier; actually it is broken in several places either through folding or 
erosion. This information assists in formulating logical explanations for 
cation groundwater mvementa observed in this region. 

This riQe has a significant influence on the 
Previously, this ridge was 

Two possible mathematical techniques for estimating the flow of water downward 
from a crib were developed. 
tion beneath a mdel crib i n  the field to test these solutions and permit their 
evaluation. The results were distorted by surface moisture from spring rains 
and no conclusions could be drawn; the experiment w i l l .  be repeated under more 
favorable conditions.. It was possible to determine a relationship between 
moisture content and effective misture content for unsaturated flow by means 
of laboratory experiments with so i l s  from the Gable Mountain test crib site. 

Attempts were made to obtain moisture distribu- 

Soil Chemistry'and Geochemistry 

A reaction was studied that permits the remcval of cesium from wastes through 
the addition of potassium cobalticyanide and pasa'ing the solution through a bed 
of metallic zinc. 
taining 1 M sodium and 0.005 M K Co(fX)6. 
and increaGed temperature. 
tive to flow rate up to 3.5 gal/& per minute. 

A cesium reduction of lo3 was obtained from solution con- 
The reaction is favored by low pH 

$e &contamination reaction seemed t o  be insensi- 

Further work showed depressed clinoptilolite capacity for cesium at pH 7 with 
increased temperature. This temperature effect was previously described for 
very high and very l ow pH systems. The depression of clinoptilolite capacity 
for cesium is ascribed to the sodium ian presect in these experiments. 

Studies of the phosphate-calcite reaction for  removing strontium fron: solution 
showed a linear relationship between C / C o  and column length for short lengths, 
with essentially no additional. decontamination afforded by ca lc i t e  beds beyond 
a critical thickness. 
system. 
at 25 C for a calcite column operating at about 2 gal/ft2 per minute. 
same improvement in the decontamination factor can be obtained by reducing 
the flow to about 1.2 gal/f t2 per minu%e . 

This effect is ascribed to phosphate depletion in the 
It was found that th? C/Co obtained at 60 C is six times that, obtaiced 

This 

Studies continued on the soil chemistry of cerium. 
indicated that the carbonate ion has little or no effect on cerium-soil 
reactions. 

Equilibrium experimenfs 

However, the large excess of calcium ions in calcareous soils acts 

D ECLASS f F I E B 
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competitively with the cerium for exchange sites.at low pH and terds to partially 
flocculate the peptized cerium hydroxide coloid at high pH. 

Experiments with cerium in solution at an added concentration of 4 x 
show good removal by centrifugation between pH 5 and 8, but removal decreasTng 
to zero at lower and higher pH. 

M 

Ground Waste Irivesti-tions 

Soil column and equilibrium experiments with coarse ()0.105 mm) and fine 
(< 0.105 mm) fractions cf a local subsoil were compared. The best strclztium 
uptake was obtained with the coarse s o i l  fraction although this material had 
a cation exchange capacity (sodium acetate method) only about 25 per cent of 
that of the fine fraction. 
action responsible for t& strontium removal. 
similar to the phosphate-caicite reaction will be scught. 

The flow of radiostrontium-spiked solutLoc tc the field test crib near Gable 
Mountain was termiliated after 9000 gallons h8d been 3ischarged to the site. 
50 per cent nitrate breakthrough beneath the crib was detected after passage 
of ll00 gallons of the calcium nitrate solution. 
neath the 2-foot x 2-foot crib is 112 inches. The nitrate breakthrough &% 
indicated an "effective soil column diameter" beneath the crib of lk.3 fee+,. 
Analytical work on the Sa5 breakthrough is not complete. 
is now being discharged to the site to displace the adsorbed radiostrontium; 
the displacement appears to take place with greater difficulty than was origin-  
ally anticipated. The displacement is being followed by means of a G-M prcbe 
survey in 2-inch driven wells around the crib site. 

These data tend to indicate some non-exchange re- 
Some specific minersl reaction 

A 

The depth to grow8 water be- 

A calcium soluticn 

Field Appara tus  Development 

A remtely controlled rotatable mirror for use with the in-well TV c w r a  was 
assembled and tested. Satisfactory performance WSB achieved. With the equip 
ment it was possible to clearly observe a break in a well casing which had 
parted during attempts to withdraw the casing from around a well screen. 

A commercial (Beckman) misture-sensing elemert was tested and found to be 
inadequate for the required application in laboratory measurements in soil. 
The element had limited sensitivity at higher water content of local s o i l s .  
It also exhibited a slow response time. 

Arrangements were made to discuss forthcoming aerial magnetic surveys to be 
performed by U. S. Geological Survey and to observe their equipment. 

Rupture Monitoring and Rupture Debris Charac terlzation 

Water contsining fission products released from irradiated uranium pieces 
under simulated NPR operating temperatures was studied to identify constituents 
removable by filtration and those not' so re Results showed that a sml l  
fraction (less than 0.5 per cent) of the S water would pass through a 
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filter, suggest that a large par t  of the f i s s ion  Sr was associated w i t h  

i za t ion  of rupture debris is necessary t o  design properly and evaluate any 
rupture m n i t o r  system. 

par t iculates .  Cs 9 37 w a s  present i n  t rue  solution as anticipated. Character- 

Micromeritics 

The wool-felt combination f i l t e r  recommended f o r  removing uranium par t ic les  
from cut t ing i r rad ia ted  uranium was t es ted  by Radiometallurgy. 
promising, suggesting that the filter would be effect ive without excessive 
pressure drop upon loading. 

Results were 

It was again demonstrated in an independent way that the i ron oxide gar t i c l e s  
appearing in 234-5 Build- exhaust air samples are not related t o  the alpha- 
act ive pa r t i c l e s  i n  the air discharged from the stack. 
(about 90 per cent)  of the oxide was impacted on stages of a.n impactor which 
collected less than 5 per cent of the alpha-emitting par t ic les .  Over 200 g. 
of oxide a re  released each day based on the  findings of these t e s t s  and the 
assumption that par t i c l e s  do not originate in t&e sampling l i n e  proper. 

A large fract ion 

Low-Level Radioisotope Detection 

A g-l/b-inch diameter sodium iodide sc in+i l la t ion  c rys ta l  w i t h  a 3-inch diameter 
w e l l  was put into operation. By careful  adjustment of the dynode voltages of 
the seven type 6363 photomultiplier tubes attached to  this  crystal ,  a resolu- 
t ion  of ll per cent was achieved f o r  Cs137, a value sat isfactory fo r  gamma 
spectrometry. 
detector a re  suff ic ient  t o  allow analyses of the radioisotopes in the Columbia 
River d i rec t ly  on a 500 m l  sample placed i n  the w e l l .  Increased precisicn and 
accuracy acd shorter  analyses times are  obtained over the present method which 
involves concentrating and plat ing gallon samples pr ior  t o  countir: 
adv 
Cuedirectly without the separate beta absorption and ccincideccz counzing 
techniques required in the present counting methods. 
increase i n  sena i t iv i ty  fo r  gamma emitting radioisotopes is obtained in  
vegetation analyses using a 500 ml p la s t i c  b c t t l e  3d.l of the vegetation i o  
this large w e l l  c rys ta l  rather than the standa,rd n i r e  ounce jar of vegetation 
counted on a three-inch diameter c rys ta l .  
makes t h i s  apparatus more suitable f o r  courting crop 3amples. 

The increased sens i t i v i ty  and counting efficiency of t h i s  

A fur ther  
tage of well crys ta l  counting is  the a b i l i t y  t o  determine As7 , Sc46 and 

A fac tor  of 20 t o  25 

This increased eff ic ieccy also 

Radicisotopes i n  Reactor Effluents 

Measurernents of the electrophorectic mobility of the P32 containing ions i n  
a reactor eff luent  water sample showed them t o  be present a3 axi equilibrium 
mixture of H94' and HFQ4= ionso 
column findings of the main chemical form to  be orthophospbte. 

These resu l t s  support the ion exchaage 
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The loss of Sr89, Cs137 and C ~ 1 3 ~  t o  the atmosphere from the reactor coolam 
water was determined by collecting the noble gas parents and measuring the 
daughter products after sufficient decay. 
mos here f r o m  an eight inch vent near a retention basin is ll uc mir, for 
S d ;  9.2 x 10-2 uc/mln fo r  C&7; and 6.5 x Id, uc./min fo r  C d .  The. 
Sr89 value is 10 to 20 per cent of the value found in the water aad should 
represent the minimum which is l o s t .  The r a t i o  of these isotopes indicate 
that the time lapsed since f i ss ion  is approximately four minutes. 

The r a t e  of Uscharge tc the at- 

Manager 
Chemical Research & Development 

LP Bupp:bp 
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BIOLOGY OPEEATION 

HW-60846 . . 

.. I.. 

A. ORGANIZATION AND PERSONNEL 

Dr. Wendell E. Ham, Associate Professor of Biochemistry, Washington State College, 
Pullman, Washington, joined the Biology Operation as a Summer Professor, now 
on assignment with the Biological Analyses Operation. 

B. TECHNICAL A C T I V I T I E S  

FIISSIONABLE MATBIALS - 2000 PROcrRAM 

BIOLOGICAL MONITORING 

Radioiodine Contamination 

Concentrations of 1131 in thyroid glands of jack rabbits were approximately three 
times l e s s  than those observed one year ago. Values follow: 

Location 

bJahluke Slope 

4 Miles SW of Redox 

Pro sser Barricade 

pc/g wet thyroid 
Average MaXimum 

G 10-4 Y 10-4 

Trend 
Factor 

Columbia River Contamination 

Concentrations of gross beta emitters i n  Columbia River organisms collected at 
Hanford were s l i gh t ly  lower than one year ago. 
fol lowr 

Values o f  indicator organisms 

Trend 
Factor Sample Type Average -=%amnl -. - 

Minnows (entire) 1 10-3 1 10-3 - 
Saknon fingerlings were exposed t o  a concentration of 250 C. cobmnaris 
organisms per m l  of water for 25 minutes a t  varying temperatures. 
t o  cause death w a s  6.5 hours a t  220 C and 18 hours a t  loo C. The intermediate 
temperatures gave k i l l i ng  times to approximate a l inear  re la t ion between these 
extremes. 
well below those required to produce extensive k i l l i ng  under natural  conditions. 

The time 

It appears that virulent organisms w i l l  k i l l  f i s h  even a t  temperatures 

A vinr len tC,  columnaris strain w a s  transferred on tryptone-yeast extract plates 
through 10 successive t ransfers  with no decrease in virulence,as compared with 
the initial data and w i t h  lyophilized cultures. 

Fallout Contamination 

Fission products occurred in rabbits from the Hanford Reservation i n  the following 
amounts: 

UNCLASSIFIED 



UNCLASSIFlED D-2 HW-60846 

Sanple Type 
pc/g Wet Material 

Average 

3 x 10-5 
3 x 10-2 
9 x 10- 
6 x low6 

Bone 
Feces 
Muscle 
Liver 

- 2  
0 - 
D 

Effect of Reactor Effluent on Aquatic Organisms 

Monitoring of effluent from fke l O O X E  reactor w a s  resumed with smal l  rainbow 
t rou t  a t  the first of t he  month. 
l$p 2%> axi 3%. 
f i s h  a t  any OS +,he levels ;  however, som increase i n  mortali ty had occurred in 
both the 2% and 3% concentrations. 

Effluent concentrations being tes ted are  
A t  the end of the month there was' no e f fec t  on the s i ze  of  the 

Population Dynamics 

One hundred*& eleven Canada geese from the Hanford Reservation were banded in 
cooperation with the Washington Department o f  Game. 

BIOLOGY AND MEMcm - 6000 PROGRAM 

METABOLISM, TOXICITY,  AND W?SFER OF RADIOACTIVE MATEEtIALS 

Strontium 

oups of y e a r l i n g  rainbow t rou t  have received intramuscular injections of 

administered a t  each inject ion were 6 x 10-4, 3 x 10-g9 or  1.5 x pc/gram of 
f ish.  

L i t t e r s  farrowed by two miniature swine fed lyc /day  of SrSO f o r  11s days seemed 
normal in s ize  and appearance. 

Blood concentrations of swine fed 25 pc/day of SrSo fo r  one month were 2-3 x 

Analyses fo r  the ske le ta l  concentration of Sg0 in three miniature swine administered 
Sr9O intravenously (270 pc/kg of  body weight) fo r  two t o  four months before expiration 
showed hat skeletal  burdens were 30 to 45 per cent of the administered dose, 
The Sr9& blood concentration i n  these swine kclicated t h a t  4 per cent of the body 
burden was in the circulatory system a t  25 hours a f t e r  administration while only 
0.1 per cent w a s  present 400 hours a f t e r  Sr90 injection. 
with the 5 pe 
amounts o f  SJ0 suggests tha t  in the group intravenously &sed with high levels  
damage occurred, leading t o  a decreased r a t e  of removal of Sr9O from the skeleton. 
A decreased removal could r e s u l t  from serious vascular damage in the skeleton, 

Sr9O-Y Three F twice each week in an attempt t o  r e l a t e  dama e to body burden. The doses 

No e f fec t  on the growth o f  the f i s h  has been observed a f t e r  six weeks. 

p c / d  

Comparison of t'nese values 
cent and 1 per cent f o r  similar time perfods in swine fed lower 

b le  through the first 32 days of the study on retention 
e avat!? Bone retention data  

and excretion of Sr9Fand Ca 
leve l  of the diet .  
par t icular ly  on the lowest calcium diet ,  t h i s  difference is  n o t  a s  clear-cut as it was  
in t;?e case of mature animals. 

" p a  

in young growing r a t s  as influenced by the calcium 
While Sr9O appears t o  be l o s t  at a more rapid r a t e  than Ca4.5, 

UNCLASSIFIED 
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Experiments involving competition between a synthetic r e s in  ana bentonite clay 
gave a r e l a t ive  dissociation constant of 4 fo r  the strontium-clay binding. 
constant f o r  calcium-clay was e r r a t i c  but indicated a probable range of 25 to  30. 
Thus, it appears t ha t  strontium i s  several times more firmly bound to clay than is  
calcium. 

The 

Iodine - 
No s ignif icant  chan es  have appeared during the period i n  the sheep ana swine fed 
varying levels  o f  I B 31 daily. 

Cesium 

A uat ic  communities were established i n  aquaria supplied w i t h  dried mud from the 

Cs137 or iginal ly  in the  mud was recycled in to  the  water and biota.  
browsed d i rec t ly  upon the surface of the mud contained 2 x 10-4 pc/g in  flesh.  

Bean plants grown i n  nutr ient  solution containing Rb86 during ear ly  g r  th phases 

growth formed a f t e r  removal from substrate containing the radioisotope. 

Cs s 37-spiked pond t h a t  w a s  studied l a s t  Summer, Approximately 5 per cent o f  the 

and no radioisotope during later growth showed translocation o f  the Rb8 7 t o  new 

Tadpoles which 

Over 4 l i t e r s  of .01 N HC1 were passed thruugh 100 gram columns of Cinebar and 
Ephrata soil which was contaminated on the surface with Cs137. No signif icant  
amounts of Cs137 were ident i f ied in the eluate  from e i the r  soil. 

Plutonium 

DTPA chelates of calcium, magnesium and zinc were tes ted  in rats f o r  t h e i r  effective- 
ness i n  preventing plutonium deposition. 
the maknesium chelate appeared t o  be d i s t inc t ly  more toxic. 

Radioactive Part ic les  

&camination of mice a f t e r  inhalation of PU2”O2 was  continued. Observations 
included enlarged lymphatic t i s sue  in  several mice and low white c e l l  counts 
i n  about 25 per cent o f  the h0 mice examined, 

Week1 

ten weeks 

Results a re  not ye t  available, however, 

scans of dogs showed continued retention in lungs nine weeks a f t e r  inhalation 
of Pu 3 3902. The pulmonary clearance of  Pu239 was proceeding with a half time of about 

Dogs are being t ra ined f o r  inhalation exposures and pre-exposure c l in i ca l  data a r e  
being accumulated i n  preparation f o r  further Pu23902 experiments. 

Gastrointestinal Radiation Injury 

The ef fec t  of x-irradiation of the exteriorized rat in tes t ine  on the a b i l i t y  of 
the in tes t ine  to  absorb glucose was confirmed in additional experiments extending 
from one to 10 days a f t e r  radiat ion of 1500 r. 
is no t  evident at  one-day post i r radiat ion,  i s  inhibited 60 per cent a t  3 and 6 days 
and has recovered to normal leve ls  by 10 days, indicating tha t  the absorption 
defect para l le l s  pathologic damage to the intest ine,  

I m p a b e n t  of  glucose absorption 

UNCLASSIFIED 
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Level 5 mc 50.0 pc/day 
Number of Single 20 10 5 
f eedings 

Rats exposed f o r  60 days to o r a l  doses of .5 mc flo/day have survived as long 
as 300 dqrs without apparent late effects .  

Gonad Dose Studies 

The first phase of the  gonad dose s t u d y  is under way. 
CS137 is as follows, with one adul t  ram at  each level: 

The dosage regimen of 

Pencil dosimeters and a miniature GM tube w i l l  be used to measure the tissue doses. 
The dist r ibut ion of the Cs137 in the  ramis t issues  will be determined by radio- 
analysis. 
be followed. 

Fecal and urine excretion, blood leve ls  and blood c e l l  uptake w i l l  also 

Radiation Protective Agents 

Prelimfnary studies of the  radioprotective e f fec t  of erioglaucine on a different  
strain of mouse (CF ) are considerably less impressive than e a r l i e r  aata, 
Fifteen days f o l l a n n g  800 r x-irradiation 10 of 1s control mice were dead while 
7 Of 15 mice protected with 960 mg erioglaucine/kg were dead. 
erioglaucine administration mortali ty w a s  higher than in  controls.  
will require confirmation. 

z 
A t  lower levels  of 

These resu l t s  

Microbiological Studies 

I n i t i a l  autoradiograms of  yeast  exposed t o  t r i t i a t e d  thymidine d i d  not show def in i te  
local izat ion of t r i t i u m  within the ce l l .  
problem of working under a safe-light with these u l t r a  th in  sections caused much 
l o s s  of material. 

Work is  continuing IJI as much as a 

Potassium and phosphorus movement i n  control and i r radiated c e l l s  w a s  studied under 
aerobic and anaerobic conditions. 
ce l l s  was greater than by control ce l l s  although the total  u take a f te r  1 hour was 

may be due t o  an increase in c e l l  volume, the P32 being carr ied alcng With water 
going t o  t he  ce l l .  

I n i t i a l  uptake of P32 by both types of i r radiated 

lesa than i n  control ce l l s .  This rapid initial uptake o f  P3 P by i r radiated c e l l s  

RC Thompson:es 

I 2 k 8 3 0 0  

Acting"Manager v 
BIOLOGY OPERATION 
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D. Lectures 

a. Papers presented at Meetings 

He A. Kornberg, 6/15/59, "Biological Znplications of Radioactive Wastes, 

W. J. Bair, 6/15/59, Summary of inhalation tox ic i ty  studies, AEC Conference 

Sixth &*&national Congress on Nuclear Energy, Rome, Italy. 

on Problems of Pulmonary Toxicology, Washington, D.C. 

- 

b. Off-Site Seminars 

R. F. Foster, 6/12/59, "Biological Research a t  Hanford,'I State  Advisory 
Council on Atomic lhergy Meeting - held a t  HAPO, 

W. J. Bair, 6/29/59, 'Radioactive Part ic le  Inhalation,'' (AEC Radiological 
Physics Fellowship Program a t  HMO). 

c. Biology Seminars 

J. X. Ballou, 6/17/59, "k i ldup  o f  zinc-6s in the Rat Following Chronic 
Feeding. 

J. Olivard, 6/17/59, "Formation Constants of Calcium, Strontium, and Y t t r i u m  
w i t h  Anions of Biological Significance. *I 

Eo F'ublications 
a, Hw h b l i c a t i o n s  (external d '  t r ibut ion)  
J ,  E. B d l o u ,  +"bletabolism o f  Zng in the Rat," HW-60062, Unclassifted, 4/17/59. 

b.. 'W Publicatfons (internal dis t r ibut ion)  

. None 

c s  Open Literature 

Dockum, Ne L., wApplFcatims of Autoradiography i n  Biological Research," 
Journal of Biological Photographic Association 27, January 1959. 
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OPERATIONS RESEARCB AND SYNTHESIS OPERATION 
MONTHLY REPORT 

ORGANIZATION AND PERSONNEL 

Ray L. Buschbom joined the Operation as a S ta t i s t i c i an  effect ive June 15. 

Input-Output Simulation Model 

Farther d i f f i cu l t i e s  were encountered with the computing program during the 
mcnth due t o  the inabi l i ty  of the compiler t o  handle the complete program 
i n  the way i n  which it had been formulated. 
taken and it is  now expected tha t  the work w i l l  be completed ea r ly  i n  August. 
Ir. the meantime some computational wcrk on presently developed models i s  
being done using an earlier version of the program. 

A d i f fe ren t  approach has been 

A report on the development work i n  t h i s  area was presented t-o Operations 
Research personnel from other GE components and t o  members of the Office 
of Operations Analysis and Forecasting, AEC, on June 8 9  9, and 10 a t  
Philadelphia, Pennsylvania and Washington, D. C .  respectively. 

OPERATIONS ANALYSIS STUDIES 

Redcx Dissolver Stud2 

The time-consuming job of data collection f o r  t h i s  study has been completed, 
and work on the preliminary treatment necessary t o  put the data i n  a form 
f9r tes t ing  is  progressing. I n  particular,  the  relationship between spe- 
c i f i c  gravity and time f o r  each dissolution is being expressed i n  terms of 
the two parameters of an emptrical function describing the relationship.  

Z Plant Information Study 

grientation discussions with data processing personnel were held during the 
month. Arrangements f o r  preparing the computer program have been made, but  
full time e f fo r t  i n  t h i s  connection w i l l  not be possible u n t i l  the 702 t c  
709 nonversion work is  completed. 

FPD Process Control and Experimentation 

Further analyses were performed on data from the 3 3 experiment conducted i n  
the p i l o t  plant  i n  order to  locate  the optimum combination of preheat and 
submerge times. Sil icon content is the th i rd  variable involved. Character- 
i s t i c s  investigated i n  these analyses were tendency to  w e t ,  t o t a l  ban3 count 



(external and internal) ,  and residual can w a l l  thickness. 
the U$ s i l icon  run have yet  t o  be analyzed. 
consistent with those found previously, and a three month trial run an one 
canning l i n e  a t  the estimated optimum cycle w i l l  start i n  the immediate future.  
It i s  tentat ively planned t o  i n s t a l l  evolutionary operation methods of process 
improvement t o  further define the optimum upon the successful completion of 
this three months experimental run. 

Reject data from 
Results of these analyses are 

Two additional experiments were planned and conducted during June i n  con- 
nection with the duplex bath process. 
ment involving displacement position, lead time, and cycle time. 

conditions specified could not be attained, s l i gh t  changes i n  the  cycle time 
were introduced which resulted i n  a non-orthogonal analysis. Results from 
t h i s  experiment were helpful i n  designing a subsequent experiment, since it 
was possible t o  delete one of' the variables and redefine the region of experi- 
mentation. 
Five levels were considered and the experiments replicated three t ines.  
Significant cubic curvature was detected i n  the external bcnd count 
response. 

The first was a preliminary experi- 
A 1/L 

repl icate  of 4 3 experiment was used. Since three of the sixteen experimental 

The second experiment investigated the e f f ec t s  of batk Temperature. 

Preliminary p i l o t  plant  data were analyzed t o  estimate the e f f e c t  of welding 
on t o t a l  bond count. 
i n  which other e f fec ts  w i l l  be investigated, such as single-pass vs. double- 
pass wel2. 

Based on these data, a second experiment was designed 

Counter reproducibil i ty w i l l  also be considered. 

An undercutting tes t  designea t o  measure reaction t o  water is currently i n  
the development stage. Analysis of test  data from two groups of fue l  e le-  
ments having d i f fe ren t  h i s tor ies  indicates t ha t  there may be a potent ia l  
use for  t h i s  t es t  as ancther measure of fue l  element integri ty .  

Horizon+,al agi ta t ion of the fue l  eleEent during the canning process has been 
offered as a means of reducing porosity. 
m e  canning l i n e  durinq May i n  which horizontal agizsyisn was used 3n .alter-  
nate days. Strongly significant interactions clouded the interprets5ion of 
the resul ts .  

An in-line tes t  was Conducted an 

Q u d i % y  Cert i f icat ion Program 

The analysis of data resul t ing from the aceeierated tes t ing  program cgnducted 
d u r i n g  Msy was completed. A jo in t  report, cc-authwed wi th  persinnel f r m  
,rPD and I P D ,  was prepared giving the results of t h i s  study. Included ir: This 
report were specific recommendations indicating areas where imme2iate answers 
would be required before roonitor charges could be put S,n the reacyor .  
inmediate concern i s  an evaluation of the difference bet,ween bond t es te rs .  
It :s anticipated tha t  the firsf mcnitcr charge can be piaced i n  the resc5ors 
ear ly  i n  Zuly. Also, based on these data, process control char% have Seen 
prepared by l i n e  f o r  two characterist ics,  t o t a l  extercal bond *:out and 
residual can w a l l  thickness. Further 3evelopmen-t work is  5eir-g done s n  the 
destructive t e s t  phase of t h i s  pmgram. 

O f  
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FUEL Elemen-, Failures 

An experiment is  being plsnned t o  evaluate the e f fec ts  of charging machine 
b q e  on fue l  element integri ty ,  primarily with respect t o  breaks i n  the 
boading layer  and physical deformation which m i g h t  r e s t r i c t  water f k w .  
O f  broader in te res t  is  the  possible damage in f l i c t ed  by lack of care i n  %he 
km-dXng of f u e l  elements. As a preliminary t o  a f u l l  scale t e s t  invciving 
sc tua l  charging i n  prccese tubes under different  conditions, it was suggested 
tkt  a mock-up system be u t i l i zed  t o  determine i f  these e f fec ts  are importan? 
enaugkh 50 require fur ther  e f f o r t .  

Prccess Tube Leaks 

3iszussions have been held with others interested i n  the reactor tube leak 
Froblem i n  order t o  outl ine a specif ic  approach, par t icular ly  a t  F reactcr. 
R-e next step i n  t h i s  problem i s  GO estimate the discriminant functicn which 
w i l l  best assist i n  scheduling tubes f o r  prchclogging. Contacts have aisol 
Seen mde wi th  personnel invo;;led i n  the economics of t h i s  general prcblem, 
since tk? economic factor  w i l l  be important i n  determining what schedule of 
E: rskologging and tube replacement should obtain. 

Aiiiniram Corrosion 

Work i n  t h i s  area has been developed in to  a continuing program of analysis 
j? . ln t ly  sponsored by I P D  and HLO. A report has been issued presenting the 
r c s u l t s  of an a n d y s i s  of in-pile corrosior, data i n  which estimates of the 
parameters i n  a specific model were found. In  the course of the analysis, it 
was determined t h a t  the e r ror  dis t r ibut ion was non-random. Deletion of data 
of l e s s  Fr&ctical  importance corrested th i s  si tuation. 
put on i3M cards so tha t  d i f fe ren t  corrosion modeis can be compared. 
f i r s z  of these models is  currently under investigation. 

The data have ncw been 
The 

Reactor 3alculstions 

Work I s  continuing on the study concerned with determining the accuracy of 
Tke Feactor pcwer leve l  caicuiations, p l u s  tile re la ted problem concerned 
w i z t  she accuracy of individual tube exposure. This study i s  being made i n  
t k e  ?cztc,xt, of SS Acsountakility requirements. 
tha t  a mador consideration i n  connection with t h i s  protlem i s  t i e d  i n  with 
:?E information dissemination eystem. Preliminary investigation has painted 
~ u t  :.hat inadequacies exis t  i n  t h i s  system which a r e  potent ia l ly  of eonsid- 
erable importance i n  assessing the over-all  accuracy G f  the  power figures.  
It is antisipated that a thorough investigation w i l l  be made of t h i s  infor- 
mation system as a pa ra l l e l  study t o  the or iginal  request by I P D  t o  assess 
*.e accuracy of the system's sensing devices. 

It i s  becoming apparent 

SFD Zmt ro l  

A mathematical model has been developed t o  assist i n  obtaining a be t te r  
unserstandinq of the var iab i l i ty  i n  recoveries f o r  individual batches in  
the Rezuplex dissolvers. An apparent decrease i n  dissolving efficiency 
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with increased heels exists, which accounts f o r  the increased hee l  build- 
ups. The exis t ing recovery data are qui te  consistent with the model 
hypothesized. This model w i l l  be useful i n  formulating optimum operating 
procedures w i t h  respect to batch s ize  and frequency of clean outs. 

Radiation Protection Studies 

The experiment to tes t  the va l id i ty  of the inverse square law during the 
radium gama cal ibrat ion of film continued t h i s  month. The exposed f i l m  
was developed and read on the densitometer, and the analysis of data i s  
in progress. 

Assistance was provided on the design of an experiment t o  tes t  the e f fec t  of 
exposure angle on dose estimation. 
f i l m  t o  the radium gamma source where the film w i l l  be mounted i n  a c i r c l e  
about the source such that the angle of the  badge with reference t o  the 
source w i l l  vary from 0' t o  90' in each of the four quadrants. The design 
w i l l  enable the  resolution of the non-isotropic harmonic e f fec t  previously 
observed i n  the source and the angular dependence i n  the film. 

The experiment w i l l  consist of exposing 

Discusaions were held with Radiation Protectitm Operation personnel i n  regard 
t o  their evaluation of the neutron t rack detection program. 
procedure was suggested f o r  evaluating NTA films which would reduce the average 
number of fields read per  film over the  current program and s t i l l  maintain 
nominal e r ror  rates, the frequency of incorrect film evaluations. 
current data confidence intervals were provided on the probabili ty of obtaining 
a posit ive fast neutron-negative gamana exposure t o  a f i lm badge. 

A sequential 

Based on 

Systems Rel iab i l i ty  

Work continued on a systems r e l i a b i l i t y  study of the K reactors.  
effor%s are centered about a final check of the correctness of the logical 
statement of f a i l u r e  conditions preparatory to  a d ig i t a l  computer calcu- 
la t ion  of the system re l i ab i l i t y .  A more general program concerned with 
appropriate c r i t e r i a  f o r  the measurement of reactor r e l i a b i l i t y  i s  being 
f ormulated. 

Current 

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN M O  

2000 Program - Metal lura  

A discussion was held with personnel of Coating and Corrosion Operation 
concerning the design of an experiment t o  investigate corrosion of Zira-aloy 
as a function of several independent variables including alloy type, etching, 
storage, and autoclave t i m e .  Pr ior  t o  a f u l l  scale experimental program t o  
determine the  interrelationships of these variables,a p i l o t  study i s  t o  be 
run t o  investigate the uniformity of flow rate w i t h i n  the experimental 
apparatus. An experimental design w a s  suggested fo r  the estimation of flcw 
r a t e  character is t ics  which .in addition should 
and autoclave t i m e  as independent variables. 

provide information on storage - 
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2000 Program - X-ray Defraction 

A meeting was held with perscnnel of Physical Metallurgy Operation and 
Fuels Design Operation concerning the mathematical resolution of X-ray 
W r a c t i o n  pat terns  fo r  annealed zircaloy samples. 
viously derived non-parametric technique assuming a symmetric peak was 
explained as well as the d i f f i cu l t i e s  which a r l s e  In the asymmetric case. 

The s t a tus  of a pre- 

4000 Proqram - Swelling Studies 

A technique was devised f o r  constructing void f rac t ion  estimates based 
only on appsrent pof t rad i i  as Been on micrographs. 
wit.h a method based on estimating t rue pore radii using shadow length indi-  
cates  agreement t o  w i t h i n  experimental error .  
t.0 esfimate void fract ion on pre- and post-anneal U02 samples. 

Empirical comparisons 

The new technique was used 

k X C  Program - Plutonium Recycle 

S ta t . i s t ica l  analysis t o  determine the precision of leak rate estimates 
based on data from the recent PRTR containment vessel  test was continued. 

6000 Proqram - Biology and Medicine 

Wsrk continued on the s t a t i s t i c a l  treatment of mortality data from miscel- 
laneous f i s h  tes t s ,  and on the pro5lem of uptake and retention of radio- 
aztive isotopes by biological systems. 

&General 

Work continued on the prciblem sf quantitative resolution of several  isotopes 
from multi-channel analysis data. 
$9 estimate the precision of a resolution method based on weighted l e a s t  
squares a n d y s i s .  

Data from standard scans a re  being use?. 

A least squares procedure f o r  quantitative resolution of a mixture of 
SR-89 and SR-QC isotopes baser3 on counting the beta emission from the 
Sr-9@ and Y-90 daughter proc?uct mixture after absorption of the Sr-gC 
scft beta was devised and conveyed to interested persons. 

A discussion was held with personnel of Nuclear Pkaslcs Research Operatios 
mccerning the simultaneous least squares estimation of ax ia l  f l ux  and 
buckling parameters fo r  irradiated UOg rods. 

The t i m e  and spatial behavior of the temperature t o  be expected in  a n  
underground waste storage tank was developed f o r  members of the Process 
Demonstration and Analysis Operation. 
reist ionship between the maximum temperature t o  be expected as a function 
of tank size.  

A fur ther  study was made of the 
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Assistance was provided i n  designing an experiment t o  determine the e r rors  
associated w i t h  volume measurements of dissolved non-production fue l  
elements. To date, three tes t  calibration runs have been made on a p r x e s s  
vessel  i n  the 321 Tank Farm. Two of these runs were water cal ibrat ions and 
one was a UNH calibration. Solution increments were accurately weighed in to  
the vessel and l iqu id  levels were observed by rod as well as with a high 
precision manometer. 
Analysis of the  data obtained on the first three runs is i n  progress. 
IBM 709 program was prepared t o  f a c i l i t a t e  the data analysis. 

Two more cal ibrat icn runs with water a re  planned. 
An 

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER €?DO COMPONENTS 

I r radiat ion Processing Department 

One problem i n  connection with the use of the  I%i Gas Loop fo r  development 
work for  nuclear propelled ships i s  %he prediction of heat generation i n  the 
loop. A knowledge of the uncertainties associated with t h i s  prediction is 
essent ia l  to insure safe operation. Estimated uncertainties associated 
with the quant i t ies  entering into the calculation of t h i s  heat ou+,put were 
combined t o  obtain the over-all uncertainty. A discussion of the  t nes  of 
var la t ion involved (constant bu t  unknown vs e variable during operation) 
was included i n  the report  on this  problem. 

The r e l i a b i l i t y  of a proposed coincidence s c r m  system f o r  a given reactor 
was estimated and was compared with the present scram system. 

Chemical Processing Dep artment 

Work was completed on the preparation of nomographs fo r  use i n  the inventory 
control problem. Specifically, they can be used t o  determine safety factors  
for  stock-out risks, re-order points, and the economic order qusnt;+,ies. 
These nomographs were included in  a document prepared by 'JPD personnel 
concerned with spare pa r t s  inventory control. 

Tl?e detailed series of investigations on the pcss ib i l i ty  of designing and 
fsbr icat inq cams for Gorton la thes  necessary t o  machine p l u t o n i a  e m -  
ponents continued. 
personnel, two preliminary designs have been calculated. 

After a complete scDping of the pr9blem with interested 

7 c c  3 t rix t i on Eng; i nee r i ng 3e U t  il it i e s Op er 9 ti on 

Work continued on obtaining more r e a l i s t i c  es2imates of the va r i33 t l i t y  
associated with f a i r  cost  estimates fo r  the Estimating Opera+,ion, SESKJO, 
and the means t o  objectively compare these estimates with actual  bids.  
I+, is now known tha t  the present m e + h D d  of conparing the estimates with 
sctual  kids  i s  'biased, Another me+hod whieh w i l l  tend ts eXmfnate t h i s  
t ias  w i l l  be suggested t o  responsible perscnnel. 

Carl A.  Bennett, Manager 
OPERATIONS RESEAFCX 3c EXAHTHESIS 
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PR-G OPERATION 
JUNE 1959 

A .  FISSIONABLE MATERIALS - 2000 P R W  

A survey was completed on nuclear safety aspects of Plutonium Metallurgy 
Operation laboratories. 
rough draf t  form. 

The potent ia l  use of the radioisotope family, U-232 - m-228, as power source 
material continued t o  be studied. 
be prepared by Irradiat ion of Th-230. In order t o  assess the  potent ia l  for  
Th-230 recovery from uranium ore processing waste streams, preliminary 
inquiriee were sent t o  three uranium mills representing over fo r ty  per cent 
of today’s U.S. milling capacity, 

The information obtained has been summarized i n  a 

1 

As previously reported these isotcpes nay 

B. REACTOR DEVELOPMENT - 4000 PROGRAM 

1. Plutonium Recycle Program 

RBU Computer Code 

The isotope list for  the RBU basic cross-section l ib rary  was writ ten 
during the  month. 
of the code a re  now essent ia l ly  complete. 
with the RBU diffusion code, resul t ing i n  detection of a few t r i v i a l  
errors.  
new FORTRAN-SNG code which is  nearly ready fo r  operation. Further 
progress was made i n  the  coding of the RBU input program, and i n  the  
t ra ining of Numerical Analysis personnel t o  assist i n  RBU and other code 
development work using the SCAT language. 

Debugging of the  pre-Monte Carlo and burnup sections 
Old VALPROD cases were repeated 

Cases were prepared f o r  comparison of the Monte Carlo and the 

Meleager Fuel Cycle Analysis Code 

The Meleager code was fur ther  modified during the  month t o  provide fo r  
automatic adjustment of the t i m e  step. This w i l l  improve accuracy and 
running t i m e  on problems involving radioactive decay chains. The code 
is being used t o  analyze the U-232 - ~h-228 system. 

PRTR Planning 

A l e t t e r  presenting the l a t e s t  PRTR f u e l  processing schedule and the needs 
for  high Pu-240 plutonium was submitted t o  the Commission. The new sched- 
ule is  based on more accurate estimates of f u e l  burnup ra te .  Slight down- 
ward revision i n  high Pu-240 plutonium needs from 54 Kg t o  49.6 Kg was 
made possible by the new schedule, even after including other-than-PRTR 
needs. 

1 2 1 - i o 3  B O  
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A list of PRTR physics experiments has been prepared. 
and f a c i l i t i e s  requirements are now being made i n  moperation with research 
and development personnel in.order that a schedule may be dr;swn up. 

Plutonium Value Study 

Compilation of information is under way t o  f a c i l i t a t e  reporting a years 
study of the apparent value of plutonium t o  reactor operatGrs using se l f -  
sustaining plutonium recycle and an uranium enrichment cascade. 
currently, the 1x4-650 codes used f o r  t h i s  work have been rewritten and 
integrated in to  a single 709 machine code. 
i n  obscure data points which may a r i s e  during the  compilstim. 
the  high speeds available w i t h  the  709 format of the codes has permitTed 
an extension of t he  codes usefulness t o  other plutonium recyzle sys5ems. 

Estimtzs of time 

Con- 

This code w i l l  be used t fill 
In addition, 

C. BIOLOGY AND MEDICINE - 6000 PROGRAM 

Radiological Consultation 

Proposed new Radiation Protection Standards were reviewed and detailed comments 
transmitted t o  Radiation Protection Operation. 

Numerous addi t ional  manuscripts and documents were reviewed and commented upon, 
including: 
on the release of f i s s ion  products from ruptures and the cal ibrat ion cf the 
rupture detectors,  a chapter of CFR Part  1 proposed by the AEC, and a draft  
of a le t ter  t o  the AEC on the subject of a proposed new road zhrough the Ccld 
Creek Valley. 
Hanford i n  the forthcoming burning tests by $he A i r  Force. 

a proposed a r t i c l e  f o r  publication i n  Health Physics, a document 

Consultation was provided on the propGsed participation cC 

The proposal f o r  the Rat%lesnake Springs Radioecology praject  was rev iew3 
and returned t o  the Radioecology group wi th  a number of unresc lvd  qucst,ionz. 

Comit tee  Actions 

A meefing of the Risk Subcouncil of the General Electr ic  Reactor Safeguards 
Council was a-htended a t  Gatlinburg, Te-rmessee. 
fo r  a new formula f o r  calculating t h e  re leass  of f i s s ion  prcducts from 
reactor accidents was proposed. 

From t h i s  meeting a propcsal 

A meeting of the Subcommi+,t,ee 2 of the NCRP was attended at: Gatiinburg. 
Since only three members were presenf,, 30 o f f i c i a l  businqss could be ZGR- 
ducted. Future work of the  Committee w a s  the  main topic cf discussion. 

The revision of Natior-a1 Bureau of Standards Handbook b2, "Safe HandlirG 
of Radioactive Isctcpes", w h i r h  has been in  progress f c r  soin€ mcmhs v 3 5  
completed during th i s  mon+,h. 
tc the Commit%ee members and members ~f ?he Executive Committee of +he 
NCRP next mcnth. 

Copies Gf t h e  revised handbook w i l l  be sen+ 

1 2 h S 3 i  I 
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The meeting of the Program Directors of the Division of Biology and Medicine 
was held at Hanford on June 8 and 9. 
research and development programs was presented by HLO representatives. 
Plant tours were arranged for interested parties. 

A comprehensive review of their 

The Task Force on Radiological Evaluation met and approved the Quarterly 
Report. This report, delayed by the demands of the Biology and Medicine 
meeting, was issued. 

D. ACTIVITIES 

HW-60564, "Reactor Heat Transfer by Boiling Mercury-204 (HW-56161 Revised)", 
by C. A. Rohrmann was issued. 

The 1959 Summer Institute on Nuclear Energy - Chemical Processing was begun 
on June 22, with eight participants representing institutions in eight s%ates. 
This is the third year for this program at Hanford. Arrangements were com- 
pleted fm presentation of lectures by speakers from Idaho Falls, Argonne, 
and Savannah River. Efforts were continued to obtain other contributions 
from QRNL. The inclusion of off-site speakers at the expense of the time 
devoted to the problem assignments is a new feature of the Hanford SINE 
prcgram. Seventeen scheduled lectures and three tours were completed, 

Talks were given to the Junior Engineers and Scientists Summer Institute 
students at Washington State College, Linf'ield College, and Oregon State 
College. 
Summer Institute of Radiation Biology at the University of Washington. 

Arrangements were made for numerous visitors to HLO including three repre- 
sentatives of the Japanese atomic energy Industry. Arrangements were also 
made to prcvide two lecturers to the Chemical and Nuclear Engineering Seminar 
st the Universi* of Washington. 

A talk on Radiation Dosimetry and Measurements was given to the 

for Manager, Programming 

M Lewis:dl 
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A.  

W X A T I O N  PF.O'IIECTION OPEWITION 
MONTHLY REPCET - nm 1959 

ORGANIZATION AM PERSGNNEL 

H o  V. Clukey transferred t o  APED cn June 12, 1959. 2 ,  F. Evans and P. E. Bramson 
were added t o  the staff of Radiclogizal Developnest Operation. The force of the 
Eadiaticn Prstection Operation ncw t o t a l s  133. 

N: new Zases of plutcnium deposition were confirmed during the month. 
number r,f depssit isn zases which have occurred at Hanfcrd remained a t  229. 
are  161 ezplcyees currently eqlcyed who have a measurable depoeition of plutonium. 

The t o t a l  
There 

AQ z-peratzr at the 234-5 Building, with 8 previous plutonium deposition cf abcut 
f ive  per zent, suffered a sontaminsted injury on June 24 t o  the l e f t  index f h g e r .  
E x a i J e t i s n  of %he wound, caused by a piece of plutonium metal, i n  the Shielded 
Persmnel Mcnitorinq S%at im sh~wed approximately 0.058 pc Pu After surgical 
rezcvsl zf a smll pcrtion cf f l e sh  from the wound area, 0.002 pc Pu remained. 
Preliininary bicassay resu l t s  plus the  remaining ra i ioac t iv i ty  i n  the wound indicate 
h t o t a l  maxinu bcdy deposition -if less than 19 per cent. 

Afr f i l t e r s  fsr the Shielded Perscnnel Monitoring Station c e l l  were changed follow- 
V lues obta 

were 1 . 4  x 102 d/m each of ~ r 9 5  and Nb95 and 2. j x 105 d/m each of Rulo2 and Rhl0 
Phct2peeks sf these elements were abtained on background measurements of the c e l l .  
Leakage past the f i l t e r  was apparent upon visuel inspection and a work order was 
Lsz-ued t 3  modify the f i l t e r  box t o  the c e l l  t o  circumvent the  leakage. 

Tenpera%ure zcntrol i n  the monitoring c e l l  building has not m e t  design c r i t e r i a .  
Wet 2nd dry bulb and temperature measurements were made and ins ta l la t ion  of two 
refrigerEted 2 hp air conditioners are  planned t o  be instal led by the landlord. 
A:thr;u h many werm days have not been experienced t o  date, the main room temperature 
was 89' F -  while mts ide  texperhiture was 940 F. Previous data showed tha t  the 
eleLtrzni: equipment speraticn is more stable at  b w e r  roan temperatures. 

ing f ive months of Qperation and one f i l t e r  was counted i n  the cel l .  

rcur  rece3tly instal led high-level radiation alarms i n  the 23lBuilding were 
tested and asoepted, Thetiefour alanns, activating f ive  sirens,  provide adequate 
:merage of the en t i re  building x i th  the exception of an area near an air compressor 
sver the pGwer house. An addftiGAa1 s i ren will be positioned at  t h i s  location. 

The Protective Clothing Standards Study Group m e t  t o  discuss controversial issues 
related t o  the proposed procurement guide. 
z i  f o r m 1  YAP0 standard, 

The guide was approved and issued as 

The f i rs t  protctype of a portable battery-pDwered pencil reader has been con- 
structed and fniiioated appropriate perfo,-nan=e. 
has bee3 realized 

A volume reduction cf about 10 

UNC LASS I F I D  
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Developnent a c t i v i t i e s  associated with the prototype eye dosimeters hwe cosfinuerl. 
Chambers of about 3 t o  4 cubic centimeters i n  volumeare being s%udied. 
prototypes have passed preliminary leak tests and Co source cal ibrat ions.  Their 
range i s  about 10 t o  500 m r .  
able fo r  f i e l d  applications. 

The radiation leve l  of the Calibrations fi lm storage cave vas examined. m e  equip- 
ment used t o  make the radiation survey consisted of three Victoreen s t r a y  rzdiation 
cham3ers and an ionization chamber pulse reader. Two exposures i n  the f i b .  storage 
cave were made, one over a three-day week end and the second during 3 xrml  wsrk 
week. 

The 

The l i gh t  transmission properties are s t i l l  unaccept- 

No radiation above background w a s  measured. 

The Harris refr igerat ion system instal led on the V a n  de Graaff a c c e l e r a t x  w a s  put 
in to  operation. 
Qvertime t o  service the dry ise traDs. 

The use of dry ice  was eliminated ana also the need for  week ene 

The emission rate of radioactive eff luents  from separations stacks w a s  within the 
suggested control lhiti3. 

An increase was abserved i n  gross beta ac t iv i ty  at  the Redox Swamp i n l e t  t,? -1.5 x 10'; 
vc /cc ,  which then decreased through June t o  2.6 x 
of swamps a t  the 10-5 pc gross beta/cn, l eve l  has required mrres t ive  act icn i n  
previcus instances. 

r 

pc/cc. Persis%ent gperat im 

'The usual seasonal decrease i n  isotopic concentrations and G I  t r a c t  expcsure estxnater 
were observed with the increased flow of the Columbia River. 
for  Jme, 1359, was 331,2cx> cfs against 208,lm cfs  for  May, 1959. 

The average river flow 

Studies for  correlation of air-borne sc in t i l l a t i on  equipment w i t h  USCS es_ufpmen% 
wer?  begun. 
- d t h  the USGS device i n  the i r  a i r c ra f t .  

Fl ights  were scheduled f o r  operation of HAP0 equipment sixultznemsljr 

The 1959 Radiological Physics Fellowship program w a s  in i t ia ted  arid 21 af the  
s t~den+,s  began the course on June 22. 

A l e c t u e ,  "Radiological Defense", w a s  presented t o  about 6U aff icers  an5 %e? ?f 
the X 4 t h  BCy Cs., U. 3. AImy Rese-rve on June 3. 

A 1eccYure, "Police Problems i n  the Transportation of Fissionable and ESdiZnXve 
Haterisls," was presented t o  abcut 25 police off icers  a t  a cmference sf t h e  - 
Northwestern University Traffic I n s t i t u t e  .Ln Spokane an June 25. 

'There were f ive  znedica:. treatment in jur ies  for  a frequency of 2.25. N c  securit-y 
v i c l a t i m s  oczurred during the month. 

- ihrae mggesfions were received for  evaluation. Three suggestion evaiuatL3ns were 
ccmpleted and none were adopted. One suggestion i s  pending i n  RPO fsr zvaiurzticn. 
13 swards were made. 
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"An Automatic Film Badge Processing Machine" by L. F. Kocher was presented oral ly  
at the Health Physics Society Meeting i n  Gatlinburg, Tenneseee. 

"Monitoring for  Air-borne Radioactive Materials a t  Banford Atwic  Products Operation" 
by 2, K. Soldat was presented oral ly  a t  the A i r  Pollution Control Associatian Meeting 
i n  30s Angeles, California.  

Con. Undon, - "Inventory of Radioactive Liquid Wastes t o  Active Disposal Sites - 

XW-69911 - "Monthly Report - June 1959, Radiation Monitoring Operation" by A. J, 

April 1959" by K. F. Baldridge. 

S tevsns . 
5W-!%& - " A m l y b i s  of Radiclogical Data fo r  the Month of May, 1959" by R ,  L. Junkins. 
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ENVTRONMENTAL MONITORING - m,SUL!2S (May 25, 1959 - June 21, 1959) 

Sample Type and Location 

Drinking Water 

100-F Area 
Separations Areas 
Pasco 
Kennenick 
RiChland 

Columbia River Water 

Above 100-B Area 
100-F Area 
Hanford Ferry 
Pasco 
McNary Dam 
Vancouver, Washington 

Waste Water 

Activity 
Type 

Isotopic 
Gross Beta 
Isotopic 
Isotopic 
Gross Beta 

Gross Beta 
Isotopic 
Gross Beta 
I sotopi c 
Gross Beta  
Gross &ta 

Outlying Test Wells Gross 
Reactor Effluent Retention 

Basins to River Gross E t a  

Atmosphere 

Gross Dose Rate - 
Prcject 
ELi <irons 

1-131 Separations Areas 
1-131 Separations Stacks 
Active Particles - Project 
Active Particles - Environs 
Vene tatibn 

~ ~ 

Se para t i on6 
Reeidential 
Eastern Washington and 

Oregon 
Fission Products less 
1-131 - Wash. and Ore. 

** 

c a m  
Gamrna 
I -131 
I -131 -- -- 

I -131 
1-131 

1-131 

Beta 

Monthly 
Average Units* 

4.3 x 10- 5 (Fax) pc/cc 

24,000 curies/day 

The '$ M P C ~ I  is the percent of the maximum permiseible limit for continuous 
occupational exposure to the gastrointestinal tract calculated from d r i n k i n 3  
water limits. 

The trend factor shows the n-fold increase (+) or decrease ( - )  from last  ~ont ,h ,  
where values of n less t han  2 will not be noted. 

UNCTAS SIFTED 
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EXPOSIRU EVALUATION AND RECORDS 

Exposure Incidents Above Permissible L i m i t s  
Whole Body Localized 

June 
1959 t o  Date 

0 
6 

0 
6 

Gamma Pencils 
Pencils Paired Readings Paired Readings Lost - 

Processed 100-280 m r  Over 280 mr- Readings 

3uae 24,140 150 
1959 t o  Date 174,252 590 

7 2 
23 8 

Beta-Gamma Film Badges 
Badges Readings Readings Readings Lost Average Pose 

Processed 190-300 mads 300-500 mrads Over 500 mrads Readings Per Film Packet 
mred(0Wj mr(s)' 

.Tune 13 * 476 1,057 123 34 44 9.67 16.93 
1353 t3  

%%e 65,516 - 5,425 574 104 292 6.05 18.10 

Neutron Film Badges 
Fi  Im Readings Readings Readings Lost 

Processed 50-100 Gem 100-300 &em Over 300 Gem Readings 
Slow Neutron 

June 1,242 0 
1959 t o  Date 7,495 19 

Fast Neutron 

0 
2 

0 11 
0 38 

June 76 0 0 
19.59 t o  Date 467 3 13 

0 11 
0 37 

Bioassay June 1959 to Date 

Plutonium: Samples Assayed 73 5 4,703 
Results above 2.2 x pe/sample 28 208 

Fission Products: Samples Assayed 744 4,557 
Results above 3.1 x pc FP/sample 7 24 

Uranium: Samples Assayed 259 1,660 

Confirmed Plutonium Deposition Cases 0 5" 

+This bring6 the t o t a l  number of plutonium deposition cases which have occurred 
st Hanford t o  229. 

UNCLASSIFIED 
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Uranium Analyses 
Following Exposure 

Units of 10-9 pc u/cc 
Following P e r i d  of No Exposure 

Units D f  10-9 pc U/CC 
Number Number 

Sample Description Maximum Average Samples M a x i m  Averwe Samples 

Fuels Preparation 95 3.4 45 14 2*7  h7 
Hanford Laboratories 78 7.1 19 14 2.9 17 
Chemical Processing 29 10 40 21 4.1 59 
Chemioal Processin@ 14 7.9 4 0 0 (3 

Special Incidents 2.7 1.6 5 0 C 0 
Random 1.8 1.4 2 0 0 9 

*amples taken pr ior  t o  and a f t e r  a specific job during work week. 

Thyroid Checks 

Checks Taken 
Checks Above Detection L i m i t  

H a d  Ghecks 

Checks Taken - Alpha 
- Beta-gama 

Skin Contamination 

Plutonium 
Fission Products 
Uraniun 

Portable Instruments 

CP Meter 
2uno 
GM 
Other 

Total 

Perscnnel Meters 

aadge Film 
Pencils 
Ofher 

Total 

Miscellaneous Special Services 

Total  Number of Calibrations 

June 1959 t o  Date 

0 
0 

0 
0 

37,249 214,640 
26,347 143 , 913 

3 118 
45 267 
7 64 

Number of U n i t s  Calibrated 
June 1959 ts Date 

972 . .  

313 
1,413 

684 5,299 - 5,248 
492 2,652 

1,176 13 , 199 

1, c74 2,687 

5,139 - 32 828 

f c r q h e  Manager, 
Fhdiatim Prztecticn 
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LABORATORY AUXILIARIES OPERATION 
MONTHLY REPORT - JUNE 1959 

GENERAL 

Safety perfomance of the operation was considered satisfactory.  
no major injur ies ;  the minor injury frequency rate was 4.50 which i s  considered 
above average experience. 

There were 

There were 110 security violations charged 

TECHNICAL SHOPS OPERATION 

the Operation. 

Tctal  productive time fo r  the mnth  was 21,565 hours. 
hours performed i n  the Technical Shops, 3,235 hours assigned to Minor Construction, 
9 hoilrs to ot3her project  shops, and 4,047 hours t o  of f - s i te  vador s .  
shop work backlog is 30,508 hours o f  which 50s is required i n  the current month, 
w i t h  the remainder dis t r ibuted over a three-month period. 
the mnth  w a s  6.5% (1236 hours) of the total  available hours. 

This includes 14,274 

The t o t a l  

Overtime worked during 

Distribution o f  time w a s  as follows: 
Man-hours $ of Total 

Fuels Preparation Department 
Irradiation Processing Department 
Chemical Processing Department 
Hanford Laboratories Operation 
Construczion Engineering iS Ut i l i t i e s  
Miscellaneous 

6179 28.6 
878 4.1 
655 3.0 

13621 63.2 
170 .8 
62 - 3  

Overtime ra t io  remained a t  a higher than normal l eve l  (6.5$) caused by the iarge 
number of customer requests f o r  emergency service. 
u t i l i zed  t o  capacity i n  providing assistance to  the Technical Shops. 

Other project  shops were 

Two machinists were added to the Technical Shops' rol l  during the mnth  w i t h  tvo 
more scheduled to report on July 15. One welder w a s  transferred from the Chemical 
Processing Department as a replacement for  a welder who was promted t o  a higher 
rated posit icn.  

New ewipment received included a Cincinnati Mi l l ing  Machine, a D e W a l t  Saw, and 
an Oliver Blna Saw, and Cincinnati Lathe. 
equipment which has been on loan from the 2101 Building. 

T h i s  eqyipment is  t o  replace other 

Security performance w a s  considered sat isfactory with no violations. Safety 
performance vas considered sat isfactory with no major injur ies ;  however, the 
number of medical treatment in jur ies  (15) w a s  higher than normal. Absenteeism 
decreased from t he  previous month t o  a normal leve l  for  t h i s  period. 

UNCLASSIFIED 
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RADIOGRWHIC TESTING OPERATION 

Activity f o r  the Radiographic Testing Operation t h i s  mn th  reached a record 
l eve l  ref lect ing the output of increase manpower and the resu l t s  of the tube 
tes t ing  program. 
graphic (including x-ray and gamma-ray) and 17,450 were supplementary tests. 
Out of a total of 1,392 man-hours, 655 (47.1'$) were used i n  connection w i t h  
radiographic tests and 737 (52.s) were used on supplementary tests. The 
supplementary tes t  work included; borescope, eddy current, penetrant, and 
ultrasonic ( f l a w  detection and thickness measurements) tests. 

The number of pieces handled t h i s  m n t h  m u t e d  to some 2,755 items. Re- 
f lec t ing  the greater number of t e s t s  and also evidenced by the large increase 
i n  supplementary tests (automated ultrasonic t e s t s )  the footage of material 
examined reached an a l l  time high of 19,773 f t .  
organizational. components representing rmst of the operating departments and 
service organizations. A t o t a l  of 25 reports were issued detai l ing t e s t  findings 
with conclusions and recommended action. Radiographic Testing Operation was con- 
sul ted i n  24 different  occasions for  advice and information relat ing to general 
tes+,ing theory and applications for  other than the jobs tabulated in Pa r t  I1 - 
Testing S ta t i s t i c s .  

A total of 18,243 tests were made, of which 793 were radio- 

Work w a s  &ne f o r  17 different  

Major construction work was completed on the PRTR process tube tes t ing  and 
t rea+mnt  f a c i l i t y  a t  White Bluffs. 
i n  a remarkably s h o r t  time. 
ceedFng satisfactorily. 
tank. Repairs have been made to seal the l i ne r .  

Construction of t h i s  f a c i l i t y  was completed 
Start-Up work is  i n  progress and appears to be pro- 

Leaks w e r e  discovered i n  the p l a s t i c  l in ing  of the acid 

A f a i r l y  large temperature gradient was found to ex is t  a t  the ends of the auto- 
clave. The temperature will be leveled out by balancing the  heat input a t  both 
ends. Other start-up deficiencies have delayed pickling and autoclaving of the 
f i r s t  PFtTR tubes. 
been proven using available test  pieces. 

The Reactor tubes -All not be t reated u n t i l  the process has 

Testing of %he PRTR tubes i s  proceeding slowly. 
yet undefined, restllting i n  some re-testing. 
w a l l  thickness measurement i s  required t o  evaluate inside diameter conditioning 
of the tube w a l l  done a t  the vendcr's plant.  
below minimum tolerance. Originally, no dimensional measurements a t  HAP0 
were thought to be necessary; t h i s  additional necessary requirement now is 
causing some delay i n  selecting tubes fo r  i n i t i a l  pickling. 

An emergency t e s t ing  program of zircaloy fuel element cladding tubes (U02 & PU) 
f o r  the PKFR i n i t i a l  loading has been successfully completed. 
penetrant tes t ing  was found to be highly selective i n  sorting defective material. 
Results of tes t ing  to-date indicated a f a i r l y  high percentage o f  re jec t  material 
md since considerable procurement lead time i s  necessary fer the fabrication 

Quality requirements are  as 
It wculd appear t'nat a 100% 

Pickling could resu l t  i n  areas 

Flucrescent 
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of new tubes, it was necessary to know the exact m u n t  o f  usable tubing. 
Util izing the f a c i l i t i e s  a t  W h i t e  Bluffs, over 2700 tubes were examined i n  an 
eight day period. 
l ished wi th  the help of personnel loaned f r o m  Reactor and Fuels Research and 
Development , and Plutonium Metallurgy. 

This record output on an ex+,remely short  notice was accomp- 

P r e l h i n a r y  discussions wi th  I r radiat ion Processing Department have established 
the poss ib i l i ty  of Hanford Laboratories Operation providing tes t ing  services on 
t h e  NPR process tubes. The exis t ing White Bluffs f a c i l i t y  would be supplemented - 
by material handling equipment. 

Testing S t a t i s t i c s  

No .of Ft.of Weld 
Tests o r  Material - Component 

CPD 90 110 

CEO 10 1/2 

F F D  14  1 2 4 2  

HLO 18014 19545 

I P D  115  104-1/2 - 
Totals 18243 19773 

No .of 
Pieces 

25 

1 

1.5 

2698 

16 
- 
2755 

Description 

Concentrator (Purex Fac i l i ty )  
"€3-3 H.S. col; Chain links. 

Tubes to tube sheet welds. 

Ceramic fuels; enriched doe 
slug. 

PRTR Process tubes; Titanium 
tube; Spool piece; S.S. housing; 
PRTR ceramic fuel rods; Fuel 
elements; Trans-Pu Fab; 2nd Palm 
Fab; 3rd Palm Fab; BF-3 tube; 
PFtJR process tubes; Ceramic m e 1  
rods; PKCR tubes; Swaged zr-2; 
680" I . D .  tubes; PRTFt ceramic 
mels; Zirc - 2 tubes; PRTR prc- 
cess tubes; Meas. on hot water 
heater. 

AEC loop; Gas storage vessel; 
Counter tube positioner; Zfrc - 
3 tube. 

FACILITIES ENGINEERING OPERAIl I O N  

Projects 

There were 22 authorized projects a t  month's end w i t h  total  authorized ftmds o f  
$8,515,500. The total  estimated cost o f  these projects is $8,646,500. 

UNCLASSIFlED 
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S i x  new project proposals 'are being prepared and an additional four p r o p ~ s d l s  are 
awaiting transmittal  t o  AEC. 
w a s  authorized by AEC during the month and one new project  proposal, Shielded 
Animal. Monitoring Station, was submitted to AEC fo r  approval. 

One new project,  Sheet Metal Shop - 328 Buiiding, 

The attached projects  report deta i l s  the s ta tus  of individual projects 

Contracts were awarded during the month on three I??-1959 General Plant Projects 
as follows: 

CAB-828 Central Storage Fac i l i t y  - 300 Area - $ 29,740 
CAE-837 Animal. Pens, Etc. - 100-F - $ 51,560 
CAB-827 Auto. Columbia River Monitoring Station - $ 15,675 

Engineering Services 

T i t l e  - 
Remvable T a r g e t  P i t  Grating 
3745-B Building 

Clean Air Ducts - 326 Building 

Complete. 

Work s ta r ted  on June 23, 1959. 

Design & Install F i r e  Alarm System - 
314 Bui ldbg  f o r  t h i s  work. 

Informal Request i s  being prepared 

Air Balance - 1 0 8 - ~  Building Field work i s  i n  progress. 

Gamma I r radiat ion Fac i l i t y  - 3730 Radiation warning system is complete and 
Building resdy f o r  instal la t ion.  Manipulator i s  

being fabricated. Other work complete 

Work in progress to  isolate  crane con- 
ductors. This w i l l  decrease hazardous 
condition 111 building. 
s t a r t  about 7-15-59. 

Isolate  Crane Conductors 314 Building 

FLeld work t o  

Dog Isolation Fac i l i t y  - 141-FS Bldg. Work essent ia l ly  complete 

326 Building Retention Waste Sump 
Modi f i cat.io ns 

Engineering work in progress 

Temperature Control f o r  Fish Troughs - Material on order. Ins+,allation is  
Biology Operation start during July. 

A i r  Balance & Control 328 Building Work is  essent ia l ly  complete a Improved 
cooling resulted I 

Graphite Storage Building Foundation work nearing completion. 
Building i s  a t  s i t e .  Floor slab pre- 
paration work underway. Beneficial use 
estimated abut July 27, 1959. 
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Ti t l e  

-m P l a n  

- 

Impro ve P ro ccs s Ventilation, 
Laboratories 204 & 206 - 3706 Building 

Hood Ventilation i n  l83-KE Building 

Sound Proof Enclosure for  Sonic & 
V ibrata ry Compacting Equipment 325 
Building Basement 

Graphite Storage Racks - 326 Building 

Awe le ra tor  Target Area Temperature 
Control - 3745-A Building 

Increased 440 Volt E lec t r ica l  
Service - 325 Building Basement 

Unfired Pressure Vessel Survey 

H- 5 

Status 

Preliminary vork is  progressing on 
development of plant layout of HLO 
str-lctures, u t i l i t i e s  and grounds i n -  
cluding f'uture plant  additions. 

The work involves additional a i r  flow 
and equipment t o  provide a high degree 
of  clean a i r  to  the laboratories. 

Engineering work complete. Work orders 
have been issued fo r  ins ta l la t ion .  

Preliminary design work has been pre- 
pared. 

Design work complete. 

Preliminary design with suggested solu- 
t ion to pmblem has been presented to 
customer; awaiting approval to proceed 
w i t h  formal  drawings. 

Construction Operation i s  preparing an 
estimate. 

Records on vessel inspection i n  300 Area 
are up to date; calculations to determine 
r e l i a b i l i t y  are underway. 

Drafting and Design Services 

Design md drafting work i n  progress includes the following: 

In-Reactor Creep Measurement capsule. 
Mezhanism f o r  removal and containment of  ruptured i r radiated f'uel - 
Modifications to 1 4  ton shipping cask. 
Equipment f o r  High Level Radiochemistry Fac i l i t y  - 325-A Btlilding 

3x3 and 6x9 loops - ETR. 

a. Manipulator tongs. 
b. Three ton l iqu id  sample cask. 

Monorail feed mechanism f o r  swage - 325 Building basement. 
PRTR prototype loop - "AS-Built'' - 314 Building. 
Mechanism for  moving samples through Gamma recording instrumentation. 
Cobalt-60 source holder and tong mechanism - 3730 BGilding. 
Hand feed fo r  swage - 325 Building basement. 
Fuel element X-ray photometer. 
Test set-up design - fuel,  f'uel a d  f o i l  holders, and graphite - 

305-B Building. 
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Mofify exis t ing PIiTR shim control drawings. 
"As-Built" - Metallograph Assembly and Details - 327 Building 
Wdif icat ions to vacuum welding box - 325 Building Basement. 
Calciner Control Programmer - 224-U Building. 

Also,mrk is being performed f o r  layout and details on projects Ccia-834, 
Modifications and Additions to High Pressure Loop - 189-~ Building, AEX-167, 
Job 0084, Pickling & Autoclaving Fac i l i t y  fo r  Zirconium Material, m d  CGH-838, 
Fission Product Volati l ization Studies Test Fac i l i t y  - 292-T Buildhg. 

Maintenance & BrrildLnp; Engineering - Landlord Functions 

costs  - May - $ U , 2 U  
April - $ 108,446 

Fisca i  year t o  date expenditures are $1,129,459 which is  91% of budget, 
penditure forecast was $1,144,200 o r  %$ of budget. 

Analysis for  Month of May: Steam costs to date are up $18,000, o r  8% above 
forecast and the annual steam budget of $235,000 is  overexpended by $8,700. 
June coats are estimated to be $9,600. 
on the other  hand, i s  only 55$ expended to date as compared to the forecast  of 97%. 

Ex- 

The Unusual Maintenance budget ($182,000) 

A t  mEth ' s  end, the 7390 account w a s  $14,741, o r  1.18$, underexpended, as re- 
l a t ed  t o  the forecast  expenditure pattern.  
charges from other departnents, it i s  expected t h a t  the budget w i l l  balance 
within 1%. 

With the usual anticipated year-end 

Unlisxl Maintenance 

Engineering investigation of  the heating and ventilating problem i-r 329 Building 
is 2oq le t e .  Detail  &sign and procurement w i l l  be in i t i a t ed  during U'dy. 

Work of renovating of 3702 BuildSng is a5 follows: 
painting 65s complete 

par t i t i cn ing  complete, 

ALt?erations for  instrument development lab.  
i n  progress. 

37074 - Design and procurement 

Dry waste housing and oil storage building, 321-2 - Work order iss-led f c r  
cons tac t ion  

Constmction of a women's lounge, men's restroom, and off ice  i n  the 3745 
BGilding - t h i s  work is 30% complete. 

Status of HW FJrniture 

Fifteen 3-section, open-face, metal bookcases were delivered to  Hi0 components. 
Nc  replacement gray metal furniture was received. 
cessing of i t e m s  was unusually active dluring the month, owing largely to the 
reiocation o f  E&PR Recruiting Operation. 

RoxLine relocation and PX- 
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The"Ae-Built" program f o r  HLO structures w a s  reactivated. 

The uninstalled equipment inventory (landlord account) increased i n  value from 
$133,585 to $242,713, due primarily to  the t ransfer  o f  laboratory hoods i n  t i e  
325 and 329 Buildings from the custodian accounts to  the landlord account. 

Miscel1aneo.u 

Approximately 194 drawings including sketches, work sheets, and formal 
drawings were completed by the Drafting Component during the month. 

Approximately i7,OOO square f ee t  of p r in t s  were reproduced during the month. 

The total est.ima.ted value of the 24 recplisitions issued during the month was 
$50,900. 
number of  HI;o projects.  

Material procurement and controi i s  being performed fo r  a greater 

TECHNICAL INFORMATION OPERATICkJ 

Staff turnover increased markedly during the month, with seven employees leaving 
the Operat.ion and f ive new employees coming in .  
Pdblicstion went on leave of absence June 30, and a Specialist ,  Reference 11, 
took a nine-week leave of absence to go to l ibrary  school i n  Oklahoma. 

The Supervisor, Reference .and 

Arrangements were completed during the m n t h  to t ransfer  t o  Technical Information 
the responsibil i ty f o r  handling clearance o f  papers and speeches for  HAPO. A t  
month's end an announcement covering the t ransfer  appeared i n  Department news- 
l e t t e r s .  
pared ea r l i e r  and i s  going the rounds f o r  approvals. 

A revision of the HAP0 OPG covering this  responsibil i ty had been pre- 

Two memoranda on classif icat ion were dist r ibuted to the f i e l d  during the mnth.  
They are: 

HW-60679 "Classification: Hanford Pmduction Data" 
HW-60795 "Classification: Krypton" 

A t h i rd  memorandum, W-60872 "Classification Policy: 
and Photographs" w a s  being readied for  distribution a t  month's end. 

Production Reactor Technolog;< 

Tu0 significant c lass i f icat ion developments occurred during the month: 
Hanford production data f o r  periods subsequent to June 30, 1958 were downgraded 
from Top Secret to Secret. 
Actual plutonium output from the NPR Kill remain c lass i f ied  Secret. Essentially 
a l l  other information on t h e  NPR will be c lass i f ied  no higher than Confidential. 

(1) 

(2) m e  NPR was downgraded from Secret t o  Confidential. 

Work w a s  begun on the extensive revision to the Hanford Classification Guide which 
i s  required by the above changes. 

A Specialist ,  Reference I has been devoting half time to' a special  assignment 
w i t h  the Programming Operation. This has consisted of three ac t iv i t i e s  - edi t ing 
of four reports, attendance a t  discussions on advanced reactor concepts, and 
exhaustive l i t e r a tu re  searches i n  p a r t i a l  support of some of these concepts. 
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A second Diebold f i l e  has been procured to house the F i l e  Recoxi C .rds l i i  the 
Classified F i les .  
the IBM route cards. 
the cards. 
considerntion w i l l  have t 3  be given next to the use of  double-deck Rol-De:< f i l e s  
which w i l l  permit greater storzge ccpacity i n  the same space. 

The special  summer programs sponsored by the loca l  AEC and handled by the 
Laboratory ( the Summer Ins t i tu te  of  Nuclear Energy and the Radiological Physics 
Fellows) have necessitated some added work cad s t a f f  trzining. 
Technical I n f o m t i o n  and the Special is t ,  Classification m d  Declzssific-tion 
contributed orientation talks to  the S L I  program. 

I n  addition, three nev IBM tub f i l e s  iiz.ve becri ins ta l led  f3i- 

Unfortunately, t h i s  daes not provide enough space F.ir 311 
Since &dditional f loor  space i s  nDt avail-ible fo r  more Lub f i l e s ,  

The Muager, 

The job of  simplifying a d  streamlining thc ordering crnd receiving o f  periodic-1s 
i s  progressing steadily.  This has t:m aspects: 

A. Util ization 02 IE24 equipriicnt for maintenance o f  subscription aid receiving 
ing o s  s uPscription u t a  has been corqletea i r i t l i  Lhe 

exception o f  the f i l t .  of vendor informntion, which w i l l  be completed during 
July. New and reneval subscriptions, uid changes i n  subscription infarmation 
are being keypunched da i ly  to keep the f i l e  up t o  date. 
on all subscription orders is  maintained by tabbing the appropriate card in  the 
subscription f i l e .  

A systematic followup 

B. Elimination o f  excessive paperwork. - Accounts Payable has agreed t o  accept 
the L i b r u y ' s  receiving records i n  l i e u  of  the receiving reports notr being 
mutinely sent t o  them. fo r  periodical subscriptions. 
copies miled direct ly ,  a form w i l l  be signed by the customer md returned 
i n  the Library as a receiving record. 
periodical suhscriptions w i l l  save a great deal o f  c l e r i ca l  time. 

In the w s e  of assigned 

Elimination of  receiving reports for 

The first summer school session a t  the University o f  Washington Center for 
Graduate Study a t  Haford  has made it necessary t o  s t a f f  the W-10 Library i n  the 
=venin@ th i s  summer, 2 si tuat ion not anticipated vhen budgets were being prepued.  
The same schedule as tha t  used during the remainder of tl-e year i s  being used. 

The z~mual report on purchjse o f  reprints and payment o f  page costs f o r  HAP0 
authored a r t i c l e s  w a s  submitted t o  HOO. A new vaiver number assigned by the 
AEC for  FY-1960 purchases has been received. 

Work Volume S t a t i s t i c s  

Document Distribution cind Fi les  
Documents routed and discharged (copies) 
Documents issued (copies) 
Documents sent o f f s i t e  (copies) 
Domnent reserves f i l l e d  (copies) 
Documents picked up and delivered 

14J 437 18,720 
10,570 10,Oli 
6,444 5,297 
931 90 3 

19,573 20,323 
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Do criment Ac co’mtab i l i t y  
Holders of c h s s i f i e -  documents whose f i - s  were 

inventoried 
Documents inventoried i n  F i les  (copies) 
D0cument.s destroyed o r  retired (copies) 
Dccuments revised (copies) 
Documents pulled and documents f i l e d  (copies) 
Do cuments re class  i f  ied  
Acsountable copies of SECRET and DOCUMENTED 

CONFIDENTIAL documents onsite 

May 

324 
25,210 
4,842 
1,723 

10,421 
189 

205,508 

45 
Reference and Publication 

Books cataloged (new t i t l e s )  
Books added to the collection (wlumes) 219 
Ready reference questions answered by profeseional 

staff JJ-9 
Lit.erature searches by professional staff 116 
Reports abstracted ( t i t l e s )  249 
F o m l  reports prepared (t i+,les) 7 
0ffsit.e rewests f o r  HAPO reports (copies) 235 
Reports released to CAP ( t i t l e s )  28 

L2brary Acquisitions and Circulation 
Books ordered (volumes) 
Periodicals ordered 
Books circulated (volumes) 
Periodicals circulated (issues) 
Inter-Library loans 
Fi-ims borrowed o r  rented 
Industr ia l  f i lm showings 
Bound periodicals added t o  the collection 

401 
117 

1,760 
2,573 

62 
9 

92 
194 

499 
18,494 

L ,  961 
574 

9,781. 
230 

20L, 443 

181 
348 

1.30 
74 

166 
12  

245 
30 

398 
269 

1,711 
2,765 

79 
4 

46 
13k 

Library collection: 

To talL 

No. o f  books 26:665 8,208 1,442 1,954 38,269 
No. of bound 
periodicals 12, l l8  1 1,431 96 13,646 

108-~  L i b r a q  Ind. Med. - Main Library W - 1 0  Library 

- - 
38 , 783 8,209 2,873 2,050 51,915 
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Classification and Declassification 
May 

53 
Documents, including drawings and photographs reviewed 
for  downgrading or declassification 

Documents and papers (intended for oral presentation 
o r  publication) reviewed f o r  appropriate classification 31 
Documents submitted to Declassification Branch, Oak Ridge 16 

JL Boyd: jcw 

June - 

33 

9 
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PROFESSIONAL PLACENEZIT Am RELATIONS PRACTICES OPEWIQN 

M o m  REPORT 

GENERAL 

As of June 30th, the staff of the Banford Laboratories totalled 1334 employees, 
including 656 exempt and 678 nonexempt. 
ing technical degrees, including 349 B.S., 119 M.S., and 122 Ph.D. 

There were 580 exempt employees possess- 

A tour of the Haaford Iaboratories was coaducted for the Commanding Officer of 
Caqp Hanford and t5e members of his staff. 
fuel element to be tested was prepared and published. Assistance wa6 provided 
I n  the arrangements fo r  meetings of the P r o m  Mrectors of the A.E.C. Mvlslon 
of Eiology and Medicine and the A.E.C. - A.S.E.E. Summer Institute of Nuclear 
Ebiergy. 

A GE News story on the first PRTR 

Laboratories personnel worked a t o t a l  of 212,500 man-hours d u r a  the month 
with EO disabling injuries. 
msn-houre have been completed with no dssabling injuries. 

Since September 1, 1956, a totd of 6,486,859 

The medical treatment frequency for June was 1.97 compared with 1.59 last month. 

There were 6 security violations in the Iaboratorles in the month of June, bring- 
ing the total for the year to date to 22. 

PRomssIor?AL PIJLcmmT 
Nine Ph.D.'s visited HAP0 for interviews during June. 
tended for BAPO with 2 acceptances during tbe month and 7 offer6 continuing 
open. One new Ph.D. chemist reported on the roll. For the recruiting year 
to dste, there have been 12 Ph.D. acceptances for HAPO. 

Eight  offers were ex- 

Four additional acceptances were received from Technicsl Graduates during the 
month, bringing the total for the recruiting year to 75. 
were received from experienced BS/MS candidates and 17 experienced BS/MS 
employees were placed on the roll. 

There were 66 additions to the Training vogram rolls during June, including 
42 Technical Graduates, 11 members of the Western Circuit - Engineering Train- 
ing Program, 8 College Juniors, and 5 High School Teachers. Four Tecbr?ical 
Graduates were permanently placed in BAPO Departments, leaving 77 Technical 
Graduates on the Program at month's end. 
including summer employees, is now 101. 

EMFLQYMENT 

Thirty-nine requisitions were filled during the month. 
of 33 new requisitions and 5 cancellations, there are currently 33 nonexempt 
openings, for which 21 candidates are in process and 5 transfers are pending, 
with 7 candidates yet to be procured. 

Nine acceptances 

Total force on the Training Program, 

With the receipt 

-ger, 
Professional Placement 1 ? i ; 8 3 l p /  

TFJ WrshaU:tr and Relations Practices UNCLASSIFlED 
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C - Technical Graduate and Technician "raining Program 
Month ending June 30, 1959 

!rG Program 

Number Personnel on assignment 77 
(HAP0 Tech Grad Program.. .,.... 62 
(West. District E . P . . . . . . . . . . . . 1 5  - 
Summer Juniors 
High School  Teachers 

Diatribution of assignments by Depts . 
HIX) 
cE&uo 
FTD 
IPD 
CPD 

9 
5 

91 
- - 

39 
3 
9 

28 
I 2  

Distr ibut ion of a s a i g m e n t s  by function 
R&D or Engineering 65 
Other 26 

HW-60846 

T!r Program 

10 

10 
0 
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'\ 
TABLE I1 NONEXEIvfPT EMPLOYMENT 

Nonexempt Emplxment Status & June 
Aeq-..' u*sl .t: ion. 

A+; em of nanth 4.L 33 

Reoefved durirg manth 17 33 
F i l l e d  tur ing manth l a  39 

1 5 Carxeilcd 

Caadfdates Considered 

TAal Appl i ce  ti om 82 73 

NonexemDt Transfer Reauest a a 
Transfer Request 

Active cases a t  end of mo. 77 77 
Cancelled 1 5  

11 9 New 
Transfers effected 1 4  
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FINANCIAL OpEIIATiON MONTHLY REPORT 
JiTNE 1959 

Perscmcl 

Transfers required t o  give effect  t o  the coasolidation of c le r ica l  fmct ions 
i n  Coatract asd Accounting were made effective June 29. 
Fixancial Operation is  forecasted t o  be 25 (23 presently on r o l l )  as zompared 
t:, 50 prior t c  tie recent reorganiza+,ion. 

The t o t a l  force of HLO 

Activit ies 

Trave1 dining the month of June was heavy and t rave l  expense repor+,s totaled 
0 3 ,  Tra-tel orders processed each year Fn June generally exceed the average 
of those processed during the other months of the year due t o  year-end Clem- 
up ac t iv i t ies .  

A special repor+, w a s  prepared and distributed t o  HLO managemezt covering requlre- 
mellts for  approval of foreign travel. 

A t  the requsst of Contract and Accounting a letter w a s  forwarded outlining HLO's 
fx2d reqsirements for  Professional and Trade Society Meetings and for  Off-Bite 
Courses i n  Fiscal  Year 1960. Prelimi?.,ary reports indicate tha t  in FY 1959 t o t a l  
costs ircurred i n  attending off-s i te  meetings will be approximately $1,309 less 
than the amount m o c a t e d  IELO for  this purpose. On the other hand, expenditures 
f ~ r  off-s i te  cokses  and seminars w i l l  exceed the amount allocated HLO by 
apprDximately $16. 

In comecfior with t i e  Assistance t o  Henford Program a reaewal of oce 1959 
atLt.horization a d  two new authorizatiow are i n  pracess. 
zisxaitation servlces by Dr. Poritsky and t o  expand them t o  include the services 
cf D r .  Meier has bees prepared but not approved as yet. Letters are i n  the 
grzcess of preparation requesting Commission approval of authorizing a heat 
t r m s f e r  corrosion t e s t  by APED for  $24,000 and graphite and contractlo2 SJL + dies 
by rJERL i n  the amourt of $47,000. 
wer+ written t o  GE components working on Assistance t o  Hanford Programs request- 
ing illformation which would al low us t o  accrue for  work completed but not b i l l a d  
a t  ;me 3G. Replies were received from all components contacted a d  appropriate 
accruals were made. 

A proposal t o  renew 

In  comection with year-end closing, l e t t e r s  

A draft. of a Manual covering Official  Travel i n  HID w a s  completed and has been 
circulated t o  other HAP0 Financial components for  comment. After camments are 
received and appropriate modifications made t o  the proposed Manual, it wlU be 
isstled t o  HLO management. 

Tt currently appears that we w i l l  accrue approximately one quarter of a milllor. 
dollars for  equipment a t  f i s c a l  ye=-end which will st i l l  leave an underrun of 
approximately $400, 000 for all Programs. 

UNCLASSIFIED 
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We have revised 
t o  more closely 
components. In 
forms have been 

page one of our Ozalid Master Request for  Appropriatioz form 
conform with recent changes in the form used by the other Wr3 
order t o  o b t a h  be t te r  reproductions of our AR's ,  our new 
printed on a new ozalid paper with an orange carbon backing. 

Transfers from our Work in  Progress Accounts t o  Plant Records during the month 
of June exceeded one-half million dol lars .  

A summary report  of findings i n  connection with the FY 1959 physical inventory 
of uninstalled cataloged equipment i n  the custody of Hanford Laboratories w a s  
prepared and dis t r ibuted.  
(9,693 items) with the adjusted book balance $9,642,342 (9,717 items) disclosed 
a shortage of 24 items valued a t  $5,633 or .6$ of missing equipment to 
adjusted book Salance. 
year inveztory totaled 32 items valued a t  $8,118. 
improvement over the last inventory, however, the last inventory was the first 
kventory taken s b c e  1953. 
f i s c a l  year were (1) preparation of a custodial  card fo r  each piece of equip- 
ment, ( 2 )  a signed card by the control custodian acknowledging receipt of each 
item, (3) quarterly IBM runs of equ ipen t  furnished each custodian, and 
(4) Ident i f icat ion tags affixed by Property Accounting persomel t o  icsure 
the equipment being properly and securely tagged. 

A comparison of the inventory balance $9,636,709 

Unrecorded items added t o  record during the f i s c a l  
This indicates a s ignif icant  

Additional controls established during the pas% 

- 

Responsibility fo r  maintaining 1,675 custodial  equipment control card, 9 i n  the 
custody of Reactor and Fuels Research and Development Operation w a s  transferred 
to 10 Unit Operations. This was the result of a recommendation i n  our physical 
invectory report  that custodial  cards *re too far removed frm persannel 
actual ly  responsible f o r  equipment. 
Operations was completed by custodial  personnel and new property represen%atives 
appointed. Only one'major component i n  HLO s t i l l  operates with orLe control card 
rus+,odian. 

The job of segregating the cards by Unit 

A F i s c a l  Y e a r  1960 physical inventory schedule covering uninstalled cataloged 
equipme=+, was prepaxed and forwarded t o  M O  personnel concerned. 
in-fentory of the new fLscal year is equipment ic the custody af Radia%ion 
Pro+,ection scheduled for  July 20, 1959. 

The f i rs t  

Arrangements were completed fo r  the regular quarterly inventory of other 
special  materials of June 30, 1959 t o  be conducted by custodial  persomel. 
F i camla l  personnel will not witness the comt  but w i l l  reconcile the results 
to Property Accounting records. A report  of resu l t s  will be issued upon com- 
pietion of the reconciliation. 

Information requested by SS Accountability Operation regarding ROO-AEC Survey 
16, Part 4 re la t ive  t o  inventory of HLO plutonium w a s  consolidated an2 for- 
warded t o  them. The informa+,lon submitted is for  use in preparing a detailed 
invent,ory schedule for  the AEC. 

Project CAB-794, Geological and Hydrological Wells - FY 1958 and CGH-809, 
Elec t r ica l  Modifications, 328 Building were physically inventory, w - i t i z d ,  
and reports issued. 

UNCLASSIFIED 
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COST ACCOUNTING OPERATION 

The followLng adjustmeEts were made in the Hanford Laboratories control budget 
for  FY 1959 and will be reflected i n  June financial  statements: 

Increase i n  Swelling Studies through a transfer of funds 
from the Maritime Gas Loop 

Iccrease i n  Off-Site Special Requests for :  

Reqaest t o  fabricate 500 Plutonium samples for  
Oak Ridge 

$25 9 000 

20,000 

Request from AFL t o  perform Pyrophoricity Studies 40 000 

Witin the receipt of the abme funds, Hanford Laboratories operating budge': for 
3'1 1959 t c t a l s  $21,044,000 a d  is s-ized by program below: 

(In Thousands 1 
Research a 3  Develapmen+, 

2030 Program 
HL Sponsored Programs 
Product Departments Sponsored Programs 

Sub- total 
3000 Program 

6000 Program 

Process Technology 
Services t o  Other HAP0 Components 
Sendee Assessments 
ProJect Whitney 
Washington Designated Programs 
Off-Site Services and Other Accounts 

4000 Program 

Total Research and Development 

$ a 3  
B 
5 737 
185 

5 675 
i gg2 

13 590 
681 

1 902 
2 873 

669 
419 

glo 
$21 044 - Total 

In  order t o  apply appropriate items of cost against FY 1959 funds, certain 
accruals were bi l led t o  operating cost accounts during June. A summary of 
these accruals by type and amount follows: 

Materials received by June 30 but not booked $120 679 

not booked 23 299 

not booked 63 805 
6 130 

June 3 000 
622 

Total $217 535 

Materials shipped FOB Shipping Point by June 30 but 

Services performed by off-s i te  vendors by June 30 but 

Expense portion of Project CGH-829 applicable t o  month of 
Exempt Overtime and Shift Premium for  June but not paid 

Freight billed i n  June but cot  paid 

UNCLASSIFIED 
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In connection with the tranafer of accounting c l e r i ca l  functions t o  Contract 
and Accounting Operation, t ransfer  papers were processed for  nine noa-exempt 
people i n  Cost Accounting, effective June 29, 1959. 
however, will not take place until July 20, 1959, immediately after completing 
FY 1959 .accounting business. 

The physlcal transfer,  

PERSONNEL ACCOurJTING O-ON 

Report of 1959 Annual Meetings of General Electr ic  share owners were 
delivered t o  a l l  participants of the Savfngs and Security Plan, week ending 
June 8, 1959. 

During the month 58 Tech Grads including 5 on a temporary basis, 19 other 
exempt temporary employees and 22 salaried temporary!employees were added t o  
the HLO payroll; a t o t a l  of 101 employees. 

Absenteeism and Overtime Reports for  the calendar month of May were not fo r -  
warded t o  menrrgement until the week ending June 28, 1959. 
inexperience in prepwing these reports by the payroll group i n  the TOO Area. 

This was due to 

During the w e k k  of June 8th through the 12th Paul Burnside acted as Specialist- 
Personnel Accounting due t o  P. B. Lamphere being an vacation. 

Stock price used t o  determine the number of shares of General Electric Company 
stock t o  be credited t o  participants of the Savings and Security Plan account 
was $80.216 per share. 

Manager - Finance 
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INVENTIONS OR DISCOVERIES 

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

Such 

INVENTOR 

J. J. Shefcik 

J. J. Shefcik 

C. E, Huck 

C. Lo Pleasance 

W. L. Lyon 

TITLE O F  INVENTION OR DISCOVERY 

Depassivation of Stainless Steel in Dilute 
Aqua Regia 

Removal of Chloride from Uranyl Nitrate 
Solutions by Nitrogen Tetroxide Addition 

The Application of a Plastic Scintillator 
(Terphenyl-in-Polyvinyltoluene) for 
Counting Alpha Particles in Solution. 

A Flow-type Sample Cell That Does Not 
Become Significantly Contaminated with 
Radioactivity for Use in G a b a  Monitoring 
of Radioactive Liquids 

The Preparation of Uranium Dioxide by 
Fused Salt Electrolysis, (HW-60886'3 
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