
I 

DECLASSIFIED 

c 

HANFORD LABORATORIES OPERATION 
MONTHLY ACTIVITIES REPORT 

i 

H W - 6 2 8 9 9  

REPOSITORY rnL NOVEMBER, 1959 
COLLECTION 

BOX NO, 

FOLDER fJ[P 

DECEMBER IS,  1959 

THIS DOCUMENT HAS E E E N  SCANNED 
AND IS STORED ON THE OPTICAL DISK DRIVE 

I E C  - G E  -RKHUWD WASH 

HANFORD ATOMIC PRODUCTS OPERATION 
RlCHLAN D, WASHINGTON 

G E N E R A L  @ E L E C T R I C  

DECLASSIFIED 



.. .. , 

- -  

a '  

LEGAL NOTICE 
This report was prepared as an account of Government sponsored work. Neither the United States, 

A. 

nor the Commission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with respect to the accuracy, com- 
pleteness, or usefulness of the information contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, or for damages resulting from the use of 
any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such contractor prepares, disseminotes, or provides access to, 
any information pursuant to his employment or contract with the Commission, or his employment with 
such contractor. 
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BUDGETS AND COSTS 

Costs  for  November were  $1,948, 000, a dec rease  of $23,000 f rom October.  
F i sca l  year- to-date  cos ts  a r e  4170 of the amounts cur ren t ly  authorized to 
Hanford Labo'ratories.  The amounts cur ren t ly  authorized have been ad- 
justed to include the inc rease  of $1, 140, 000 a s  authorized by the Division 
of Reactor  Development this month. Hanford Labora tor ies  programs at  
November 30, 1959 have the following cost  - budget relationship.  

(In Thousands) 

Cost Budget % Spent 

2000 P r o g r a m  $ 222 $ 616 36 
4000 P r o g r a m  2 851 7 052 40 
5000 P r o g r a m  195 54 1 36 
6000 P r o g r a m  88 5 2 198 40 

Resea rch  and Development cos ts  fo r  the Hanford Product  Departments  
were  in line with amounts authorized except for the New Production Re- 
ac tor .  Funds f o r  F Y  1959 were  55y0 spent  a t  the end of November. 

RESEARCH AND DEVELOPMENT 

1. Reac tor  and Fuels  

PRTR Phase  11-A (River Pump St ruc ture)  has  been completed, and 
ove r -a l l  PRTR construction is 5470 complete.  The Plutonium Fab-  
r icat ion Pilot Plant Phase  I11 equipment installation contract  w a s  
terminated November 15, 1959, with contract  completion est imated 
a t  96'30. 
s t ruct ion Company. 

The remaining w o r k  will be done by the J. A. Jones Con- 

Design and analysis  work on PRTR and associated facil i t ies included 
completion of the P r e s s u r i z e d  Gas Cooled Loop t rans ien t  analysis ,  
i s sue  of the PRTR Fina l  Safeguards Analysis, completion and c i r -  
culation for  approval of the High P r e s s u r e  Loop (P ro jec t  CAH-841) 
P ro jec t  Proposal ,  completion of the scope descr ipt ion for the PRTR 
Rupture Loop (P ro jec t  CA-867), and i s sue  for comment of design 
c r i t e r i a  fo r  the PRTR Cr i t i ca l  Reactivity Measuring Faci l i ty  (Pro jec t  
C AH - 84 2 ) . 

1 2 3 4 8 3 2  
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HW-62734, a r e p o r t  summar iz ing  findings of the PRTR helium com- 
p r e s s o r  tes t  p rogram,  was issued.  

The plutonium fuel  rods  to be used at  PRTR s t a r tup  consis t  of an ex- 
truded A1-PLI core  in an unbonded Z r - 2  jacket .  In ex - reac to r  t he rma l  
cycling t e s t s  warping and dimensional change have frequently occurred .  
It now appears  that  by careful  control of gap dimensions between core  
and cladding this difficulty can be overcome.  Three  elements  having 
a minimum gap of 0.0049 inch withstood 77 t he rma l  cycles without 
dimensional change, 

Three  semi-prototypical  i r rad ia t ions  of PRTR FYI-A1 elements  a r e  
in p rogres s :  a 19-rod c lus te r  in the ETR 6"x9" loop facility, a 
seven-rod c lus te r  in the ETR 3"x3" facility, and a seven-rod c lus te r  
in KER Loop 1. 

High density 0. 0259 a / o  PuO2-UO2 mixed c rys t a l  oxide pel le ts  i r r a -  
diated to 4 .  4 x 1020 nvt had a mic ros t ruc tu re  ve ry  similar to that of 
i r rad ia ted  U 0 2 .  Fiss ion gas  r e l e a s e  data a r e  being obtained. 

The liquidus of the PuO2-UO2 sys t em has been determined;  the curve 
follows the genera l  f o r m  for  s imple  sys t ems  of this type, and no de-  
viations f rom uniformity were  observed.  Indications of sl ight loss 
of oxygen of P u 0 2  at  high t empera tu res  were  a l so  obtained. P u 0 2  
held for one hour a t  2000 C in vacuo formed some  -203.  

Fabricat ion of cold swaged U02 fuel  e lements  for  the f i r s t  PRTR 
loading was s t a r t ed  about nine months ago. 
tensive p rocess  development has reduced unit fabrication cos ts  s ev -  
eral-fold.  
p roceeds .  

During that period in-  

Quantitative cost  data  a r e  being developed as  the work 

The gra in  s i z e  of U 0 2  appea r s  to have a marked  effect on i ts  t he rma l  
conductivity . 

Elec t ron  microscope s tudies  of thin f i lms  of U 0 2  i r rad ia ted  at low 
t empera tu res  r evea l  d i sc re t e  f iss ion t r acks  at  low exposures  and 
agglomeration of the U 0 2  par t ic les  a t  higher tempera tures ,  p r e -  
sumably by sublimation. 

An in- reac tor  c reep  tes t  capsule is s t i l l  functioning properly af ter  
t h ree  months exposure in KW Reactor ,  a gratifying performance in 
view of the difficulties in this kind of experiment .  Creep  has  not 
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been observed on the Zircaloy-2 t e s t  specimen o r  the ex- reac tor  con- 
t ro l  specimen a s  tempera tures  and s t r e s s e s  have been progressively 
r a i s e d  to the present  315 C and 2 2 , 0 0 0  psi .  

Unirradiated sect ions of heavy-wall Zircaloy-2 tubing a r e  being burs t  
tes ted at  room tempera ture  in preparat ion for bu r s t  tes t ing sect ions 
of i r rad ia ted  KER Zircaloy-2 tubing at  essent ia l ly  r o o m  tempera ture .  

Three  smooth-bore Zircaloy-2 replacement  p rocess  tubes, to be 
installed in C Reactor ,  have a r r ived  on-site a f te r  fabrication by 
Bridgeport  B r a s s  Company. 

A s imple  electrographic  technique has  been developed to detect  both 
copper contamination on pickled coextruded NPR fuel tubes and u r -  
anium contamination of the weld a r e a .  

A viewing cel l  has  been constructed which pe rmi t s  visual  observa-  
tion and t ime- lapse  photography of ruptur ing (predefected,  u n i r r a -  
diated) metal l ic  uranium fuel  rod exposed in hot water  at 300 C and 
1500 ps i  
lected and measured  a s  an indicator of the water-uranium react ion 
r a t e .  

The hydrogen gas  evolved by the react ion is a lso  col- 

Fa i lu re s  due to hot spots  f r o m  touching fuel rods  are regarded  a s  
possible .  
heated (30 kw/f t ) ,  and in su r face  contact a t  one point, did not 
rup ture  a f te r  3 .  75  hours  in a flow loop a t  300 C and 20 fps water  
ve  lo city. 

Two coextruded uranium-Zircaloy fuel rods  e lec t r ica l ly  

The u s e  of HNO3 vice H3PO4 to adjust  water  pH to 4. 5 resu l ted  in an 
eight-fold inc rease  in the cor ros ion  r a t e  of X-8001 aluminum in a 
600-hour out-of-reactor loop tes t  a t  300 C. 

Samples of needle coke graphi te  i r rad ia ted  at 600 C and above, con- 
s i s ten t ly  undergo l e s s  contraction than samples  of CSF graphite o r  
o ther  non-needle coke graphi tes .  Also, the out-of-reactor oxidation 
r a t e  of one candidate needle coke graphite,  measured  in C02 at 750 C, 
was slightly l e s s  than the r a t e  for  CSF graphite.  

Initial r e su l t s  indicate the feasibil i ty of increasing the s i z e  of outlet 
hydraulic connectors on old r eac to r  p rocess  tubes;  however, Panelli t  
protection would be reduced slightly. 
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HW-62798, "Single Tube Flow Rates  a t  Low Header P r e s s u r e s  with 
Nozzle Caps Removed - - A l l  Reactors ,  " was issued.  

2. Chemical  Resea rch  and Development 

F i r s t  experiments  indicated that plutonium may be dissolved and sub- 
sequently precipitated as - 0 2  f rom the Salt Cycle P r o c e s s  media by 
using appropriate  reagents .  The Pu02 precipitation was done with 
uranium p resen t  in the melt ,  thus permit t ing a simultaneous par t i -  
tion. Exploratory t e s t s  were  s t a r t ed  on potential pyrochemical de- 
cladding schemes  to handle Zircaloy-clad U02 in a fashion compat- 
ible with the Salt Cycle P r o c e s s .  

Summary  analysis  of fourteen pilot plant t e s t s  showed the dissolution 
behavior of s tandard H A P 0  fuel s lugs in the rec i rcu la t ing '  Flooded 
T r a y  Dissolver  to be essent ia l ly  identical  with a conventional batch 
d isso lver .  

Special  methods of "potting" with metal l ic  o r  p las te r  ma te r i a l s  were 
shown to be effect ive ways to prevent excessive vibration while ex- 
t raneous  hardware  was cut off of power fuels. 
employed for  the tes t  s e r i e s .  

Power hacksaws were  

Electrolyt ic  methods were  shown to be an effective way to depassify 
s t a in l e s s  s t ee l  in a sulfur ic  acid medium (Sulfea) even when low con- 
centrat ions of n i t ra te  ion were  present .  

Concurrent  precipitation of i ron  sa l t s  complicates recovery  of f iss ion 
product s t ront ium by the sulfate precipitation method repor ted  las t  
month. 
a lso indicated i t  may be possible to uti l ize a c a r r i e r  precipi ta te  to r e -  
cover  s t ront ium. 

The use  of complexing reagents  may solve the problem. T e s t s  

The or iginal  scinti l lat ion phosphor on the contact alpha counter located 
on the Purex  2BP s t r e a m  operated for  twenty-two months before fail- 
u r e  to demonstrate  the durabili ty of this development. 

3 .  Physics  and Instrument Resea rch  and Development 

In the Plutonium Recycle P rogram,  measurements  of the latt ice pa ra -  
m e t e r s  of low exposure plutonium fuel e lements  a r e  progress ing  sa t i s  - 
factor i ly  in sp i te  of a la rge  neutron background a r i s ing  f rom the (a,n) 
react ion of the plutonium on the aluminum mat r ix .  The intermediate  
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exposure plutonium containing 207'0 Pu240 which we had expected to use  
in continuing this work to higher exposure plutonium will be unavail- 
able.  
when ma te r i a l  is available f rom the MTR. 

Extension of the work to higher exposures  will be undertaken 

Acceptance tes t ing of phototubes and c rys t a l s  for  the PRTR rupture  
monitor continued during the month. 
tubes was 20-257'0 and that on c rys t a l s  was considerably higher .  

The reject ion r a t e  on photo- 

In the NPR P r o g r a m  i t  has  been necessa ry  to redesign the graphite 
for  the exponential experiments  to correspond m o r e  closely to a 
s i m i l a r  redesign of the actual  NPR stack.  
continue on latt ices and fuel e lements  of types s i m i l a r  to that of 
the NPR. 
economy in the NPR when combined with measurements  with the 
actual  NPR latt ice.  

Meanwhile measurements  

These data will pe rmi t  a better a s ses smen t  of the neutron 

Mechanical design of the NPR fast scan  fuel rup ture  monitor is 5% 
complete while fabrication of equipment to s imulate  i t s  action f o r  
laboratory t e s t s  is near ing completion. 
ment  of radiation monitoring ins t ruments  for  u s e  around r e a c t o r s  
included the development of a long flexible light pipe for  investigat-  
ing pigtail  contamination and the development of an improved head 
for  the 105-N Building beta-gamma a i r  monitor.  

Other work fo r  the develop- 

In the Nuclear Safety P r o g r a m  a s e r i e s  of experiments  was begun to 
de termine  the relat ionship of other  geometr ica l  shapes to the cylin- 
d r i c a l  shape in which such experiments  have customari ly  been c a r -  
r i ed  out for  r easons  of convenience. Measurements  a l so  continued 
to higher concentrations of 370-enriched uranium homogeneously mixed 
in hydrogeneous moderator .  

The construction of the Cr i t i ca l  Mass Laboratory is proceeding near ly  
on schedule to date,  but delayed del ivery of the control panel and a s -  
sociated instrumentation may r e su l t  f rom the effects of the s t ee l  s t r ike .  

During the month nuclear  safety advice was furnished to CPD on the 
design of equipment for process ing  non-production fuels and in the 
design of casks  and cask c a r s  fo r  the t ransportat ion of NPR fuel 
e lements .  An experimental  check of the nuclear  safety of the NPR 
cask design is planned when sufficient NPR fuel e lements  become 
available.  
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In the Nondestructive Test ing P r o g r a m  promising pre l iminary  r e su l t s  
were  obtained on a method for  simultaneously measuring zirconium 
jacket thickness and the thickness of the air gap between the jacket and 
the contained fuel rod .  
plication in the Plutonium Recycle P r o g r a m  as well as in other  fuel 
e lement  fabr icat ion p rograms  throughout the AEC. 

If successfu l  this method w i l l  have d i r ec t  ap- 

One source  of the s m a l l  amounts of Z d 5  detected in people examined 
at the Shielded Personnel  Monitoring Station, a s  previously reported,  
is now believed to be Pacific Ocean seafood. Similar  r e su l t s ,  but 
showing lower concentrations,  have been recent ly  repor ted  f rom other  
s i t e s  on Atlantic Coast seafood. 
date  occur red  in o y s t e r s  but were  less  than 5O%tof the maximum pe r -  
mi s s ib l e  concentration for  Zn65 in water .  

Maximum concentrations found to 

In the Gas -Cooled Reactor  P r o g r a m  measurements  were  completed 
on the effect of a control  rod inser ted  into a gas-cooled r eac to r  lat-  
t ice .  Resul t s  obtained were  in excellent agreement  with predictions 
f r o m  theoret ical  calculations.  

Development of a sa t i s fac tory  calibration technique by the Analytical 
Chemistry Operation has great ly  aided work on the compilation and 
analysis  of the r e s u l t s  obtained in las t  s u m m e r ' s  a tmospheric  physics 
program.  
F o r c e  for  the preparat ion of the r e p o r t s ,  

A schedule has  been laid out in collaboration with the A i r  

Order ly  p r o g r e s s  was made on the many 'pro jec ts  in the radiation 
monitoring instrument  field. 
a s  -built drawings on the Alpha-Beta-Gamma Scintillation Trans - 
i s tor ized  Hand and Shoe Monitor which had operated continuously 
f o r  9 months with only minor  serv ic ing  in  the 329 Building. 

Noteworthy was the decision to p repa re  

The m a s s  spec t romete r  developed for  the Division of Resea rch  
operated routinely during the month with sample  runs  being made 
on 16 of the 19 working days.  

4.  Biology 

Biological monitoring t e s t s  proceeded without notable changes in 
contamination levels  o r  effects of r eac to r  effluents. 
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5 .  

Work on a s t ront ium and calcium problem, which e a r l i e r  sug  ested 

haza rds  in t e r m s  of a ra t io ,  is now contributing to s o m e  important 
knowledge of calcium metabolism, par t icu lar ly  in t e r m s  of re la t ion-  
sh ip  between d ie ta ry  calcium and physiological turnover  of the 
substance.  

the lack of validity in assumptions being made in a s ses s ing  Sr 590 

Ce- 144-Pr144 injected into a r a m  showed interest ing variation in 
t i s sue  concentration. The pituitary,  for example, had a concentration 
20 t imes  g r e a t e r  than the plasma.  

Work at  Rochester  s e v e r a l  y e a r s  ago suggested that the pulmonary 
lymph nodes may be the c r i t i ca l  organ for  inhaled radioact ive 
par t ic les .  
of the nodes.  
somewhere  between two and ten weeks a f te r  inhalation the lymph 
nodes contain a higher concentration of plutonium than the lung. 

Since then, we have noted s imi l a r  concentrating abilities 
Recent work on pU23902 in lungs of dogs indicate that 

Although caution must  be exercised in drawing any conclusions f r o m  
this,  a tumor was found under the skin of a rabbi t  which had been 
exposed to 16, 000 r a d s  f r o m  P32 four y e a r s  ago We believe this 
to be the f i r s t  skin tumor caused by i r rad ia t ion  of rabbi t  skin.  

Polyvinylpyrrolidone may be a reasonable  substance for  diagnosing 
intest inal  radiation injury.  Work with the substance,  when labelled 
with 1131, showed that 750 r whole-body exposure doubled the no rma l  
loss of the substance into the intestine.  One thousand r quadrupled i t .  

Swine were  given bone mar row cells a f te r  exposure to 900 r, total 
body X i r rad ia t ion  ( L D / l O O ) .  One of the pigs is s t i l l  alive. Although 
this  may be the f i r s t  t ime a lethally i r rad ia ted  pig has  survived 
beyond two weeks, the r e s u l t  is s t i l l  prel iminary.  

P rogramming  

A r e p o r t  on ionium (thorium-230) for  preparat ion of the potentially 
useful radioisotopes U-232 and Th-228 was prepared .  Related work 
involved a brief survey  of uranium o r e  process ing  industry.  The 
survey  was sufficient to show that a large fract ion of the industry 
has  a potential  for  providing thorium concentrates  ranging f rom 
2 to 5 p e r  cent thorium-230. 

Y 
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To check out the recent ly  developed Meleager code, the Yankee r eac to r  
latt ice calculations performed las t  yea r  using other  codes were repeated.  
As before long-burning "Phoenix" fuel performance was noted for  
cer ta in  instances;  in par t icu lar  when using plutonium feed with an 
artif icially high r a t io  of Pu-240 to Pu-239. 
found to depend s t rongly on resonant  absorption in the fuel, and thus 
to be influenced grea t ly  by fuel geometry considerat ions.  

Phoenix behavior was also 

A detailed schedule of c r i t i ca l  s t a r t -up  t e s t s  for  the PRTR was drawn 
UP. 

Ass is tance  was rendered  to the AEC Division of Reactor  Development 
in prepar ing  the Plutonium Recycle P r o g r a m  portion of a 10 yea r  
r e a c t o r  development program.  

TECHNICAL AND OTHER SERVICES 

A s imple  method w a s  developed of assigning supplemental  crew personnel  
which minimizes  total  charge -discharge t ime for  the r e a c t o r  complex. 

Fu r the r  work was done in re la t ing dimensional dis tor t ion experienced by 
co-extruded tubes during heat t rea t ing  to the reduction ra t io  employed in 
the co-extrusion p rocess .  

Work on 10 operat ions analysis  p rograms  continued during the month. 
addition, s ta t i s t ica l  and mathematical  a s s i s t ance  on 10 problems w a s  given 
within HLO and to o ther  departments  and operat ions.  

In 

Posi t ive findings of Zn65 in 9570 of the subjects  examined in the Shielded 
Personnel  Monitoring Station led to investigation of sou rces  of this 
radioisotope in  humans. In addition to previously repor ted  Zn65 in 

possible  sou rces  of this radioisotope. Pacific uys t e r s  showed the highest 
concentration of Zn65 in  the s e a  foods examined and averaged 4 to 5 x 10-5 
w / g m  oys te r s .  
week would r e s u l t  in l e s s  than 570 of the permiss ib le  body burden for Zn65. 

, Columbia River  water ,  some  Pacific Ocean s e a  foods were  examined as 
. 

A steady d ie ta ry  habit of one pound of such o y s t e r s  pe r  

Analyses of Columbia River  water  obtained at  Vancouver, Washington, 
fo r  the pas t  s e v e r a l  months indicated Cr5I ,  Np239, Zn65 and P32, in 
that o r d e r ,  to be the most  abundant radioisotopes and account for  over  
90% of the total  radioisotopic content of the r i v e r  a t  that point. The 
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daily quantity (in cu r i e s )  of these  radioact ive ma te r i a l s  passin a point 
nea r  Vancouver was est imated a t  Cr51 - 900, Np239 - 70, Zn6g - 20, 
and PS2  - 20. 
Vancouver r ep resen t  0.270 - 0.570 of the drinking water  MPC fo r  persons  
in the neighborhood of controlled a r e a s .  
of total  cu r i e s  enter ing the Pacif ic  Ocean has perhaps not been appreciated 
by those observing the r i v e r  sys t em.  
a r i thmet ic  applied to the discharge passing Pasco .  
ove r s t a t e s  the ocean d ischarge  (no allowance for  uptake in r i v e r  organisms 
o r  mud) but not by a major  factor .  

These radioisotopes in the Columbia River  water a t  

The large r e s idua l  in t e r m s  

It has  been c l e a r  f rom dimpledecay 
Such a calculation 

There  were  23 authorized pro jec ts  a t  month's end with total  authorized 
funds of $7, 683, 600. 
$9, 570,365. 
during the month. 
two new pro jec ts  were  submitted to AEC during the month. 
posals  for  new pro jec ts  a r e  in  preparat ion.  

The total  es t imated cost  of these  pro jec ts  is 

Three  new pro jec ts  a r e  awaiting AEC approval and 
Five pro-  

Two new pro jec ts  were  authorized and two were  completed 

Total  productive t ime for Technical Shops for  the month was 13, 321 
hours .  This includes 12,159 performed in the Technical Shops, 730 
assigned to Minor Construction, 158 to other  project  shops,  and 274 
hours  to off-site vendors .  The total  shop backlog is 25, 547 hours  of 
which 5070 is requi red  in the cu r ren t  month, with the remainder  d is -  
tr ibuted over  a three-month per iod.  
was 3. 870 (599 hour s )  of the total  available hours .  

Overtime worked during the month 

Radiographic Test ing made a total of 8, 565 tes t s ,  of which 970 were  
radiographic  (including x - ray  and gamma-ray)  and 7,  595 were  supplementary 
t e s t s .  Out of a total of 3, 066 man-hours,  7 2 7  (23. 770) were  in connection 
with radiographic  tes t s ,  and 2, 339 (76 .  370) were  used on supplementary 
tes t s .  

The procedure  for  off-site distribution of uncategorized classif ied 
r e p o r t s  is being reviewed and wil l  be modified. 
new procedure wi l l  r equ i r e  that  HOO-AEC approve all off-site d i s t r i -  
bution of such r e p o r t s .  

It is expected that the 

SUPPORTING FUNCTIONS 

The laboratory equipment pool (Building 3718) is ready  for  operation 
Equipment is in the p rocess  of being tagged p r io r  to t r ans fe r  to the 
s to rage  a r e a .  
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Equipment expenditures and commitments  a r e  running substantially 
ahead of F Y  1959 at  November 30 but a r e  within approved ceil ings.  

The HLO contribution for "1959 a t  HAPO" is being prepared .  
groups have been contacted for  p ic tures  and the na r ra t ive  is being 
prepared .  

Several  

Deadline for  the f i r s t  rough draf t  is January 8. 

Recent reallocation of funds by the HAPO - General  Manager which 
is based on the Mid-Year Budget Review indicates a reduction of equip- 
ment funds available to Hanford Laborator ies  in the amount of $233, 000. 

A s  of November 30th, the staff of the Hanford Labora tor ies  totalled 1320 
employees,  including 634 exempt and 686 nonexempt. The re  w e r e  547 
employees possess ing  technical  degrees ,  including 336 B. S., 112 M.S. , 
and 99 Ph .D.  

The medical  t rea tment  frequency for  November was 1.48 as compared 
with 1. 51 las t  month. 
bringing the total  for  the yea r  to date to 42. 

The re  were  4 secur i ty  violations during November, 

During the month, a p r e s s u r e  accumulator in 314 Building basement  failed 
while under p r e s s u r e  of 18, 000 psi. 
of an inadequate number of th reads  of the proper  quality to withstand the 
p r e s s u r e .  
$3500. 

The end plug w a s  ejected a s  a r e su l t  

There  were  no employees injured although the damage  totalled 

During November,  HAPO participated in Ph. D. recru i t ing  at M. I. T. , 
Ohio State, Colorado, Utah, Wisconsin, Iowa State, Iowa, Oregon State,  
Oregon, and California.  R e f e r r a l s  f r o m  these and schools previously 
visited this yea r  a r e  being received in increasing numbers  for HAPO 
consideration. Three  Ph.  D. candidates visited for  interviews during 
November and one offer was extended to a Ph. D. candidate. 

Mid-year campus visitations have been completed except for four south- 
wes tern  schools scheduled ea r ly  in December.  
have been extended to date;  however, an appreciable  number of June 
graduates  have been developed a s  candidates.  
to BS/MS experienced personnel  during the month and five of fe r  
acceptances were rece ived .  

No mid-year  offers  

Seven offers  were  extended 

a 
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Two Technical Graduates  w e r e  added to the P r o g r a m  during the month 
and four  were  placed on permanent  assignment.  
there  were  67 Technical  Graduates  and 7 Technician Tra inees  on the 
P r o g r a m s .  

On November 30th 

Eleven requis i t ions were  filled during November. 
8 requis i t ions,  2 cancellations and 5 placed on a hold basis ,  t he re  were  
7 openings at  month 's  end, for which 4 candidates a r e  in  process ,  
2 ' t r ans fe r s  pending and one yet to be procured. 

With the receipt  of 

Manager 
Hanford Laborator ies  

HM P a r k e r : p q g  

1 2 3 9 5 4 2  



REACTOR AND FUELS RESEARCH AND DEVELOPMER? OPERATION 

TECEINICAL ACTIVITIES 

A .  FISSIONABLE MATERIALS - 2000 PROGRAM 

1. METALLURGY PROGRAM 

Corrosion Studies 

Hydriding of Zircaloy i n  Simulated NPR Gas Atmosphere. Eight Zirealoy 
coupons were exposed i n  a "high hydrogen" simulated NPR gas atmosphere. 
This gas atmosphere was produced by passing helium a t  atmospheric 
pressure through water undergoing e lec t ro lys i s .  
mixture of helium, oxygen, hydrogen, and water vapor was then passed 
through a heated (1100 C) one-inch diameter tube packed with graphite. 
A s  a result of reaction with the  hot graphit.e, a product gas of t he  
following mass spectrometer analysis ( i n  mole 8 )  w a s  obtained: 
86.4 He ,  7.04 H2, 5.13 CO, 1.25 N2, 0.11 H20, and l e s s  than 0.01 each 
f o r  02, A, and C02. 

The resul t ing gas 

This reaction gas w a s  then passed over the Zircaloy samples which were 
held a t  400 C .  After 2 l  days of exposure the samples were removed and 
analyzed f o r  hydrogen, with results as follows: 

Furnace 
Posit ion Alloy 

1 Zr-2 
1 Zr-4 
2 Zr-2 
2 Zr-2 

3 Zr-2 

3 Zr-3 
4 Zr-2 
4 Zr-4 

Vacuum Fusion Analysis 
Surface Hydrogen Found After 

Preparation 

Etched 410 ppa 
Etched 635 PPm 
Vapor S l a s t  810 ppn 
Ya-por B l a s t  + 37 PPE 
22 h r  preau+,oclave 
400 C, 1500 p s i  stem 
Etched h preauto- 29 pps 
clave 22 hr; 400 C, 
l5oO p s i  steam 

21 Day6 a t  400 c 

Etched 
Etched 
Etched 

The s t a r t i ng  hydrogen values were, f o r  the  Zircaloy-2, 20 ppm; the 
Zircaloy-4, 25 ppm. 
confirmed t o  be hydrogen by mass spectrameter analysis.  

The gas from the vacuum fusion analysis was 

Although all the  samples (except those preautoclaved) picked up consld- 
erable concentrat ions of hydrogen, the carbon monoxide and/or water 
vapor exerted a marked inhibi t ing e f f ec t  on hydrogen pickup, because 
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it i s  known frcn previous hydriding s tudies  that i f  co inhibi t ion had 
occurred, destruct ive hydriding would have resul ted.  
the amounts of hydrogen picked up by the  unautoelaved samples indicate 
an unacceptable hydriding rate f o r  reae+Yor a p p l i c a f i o u ,  although the  
400 C Zircaloy sainple temperature i s  smevhat higher than t h e  normal 
maximum IVPR process tube tmperature .  The f a c t  tbat the preautoclaved 
samples d id  not hydride indica%es t k a t  autoclaving o r  sme other coat- 
ing process may give a t  least short-term protec+,ion against  t rans ien t  
over-temperature conditions. Even i n  hydriding experhents  a t  500 C, 
preautoclaving has been fouzd prokeetive f o r  a fev hours. 

Revertheless, 

Inhibi t ing Effect  of Wafer on Eydriding of Zircaloy. Etched samples of 
Zircaloy-2 and Zircaloy-4 were exposed seven days a t  400 C i n  a mixture 
of 23 pm! K20 vapor pressure and 400 m hydrogen pressure.  The samples 
were removed and a w y z e d  f o r  hydrogen by vacuum fusion analysis ,  with 
data as follows: 

Corrosion Ut. Gain - 7 days Hp Found 

1. Zr-2 
2. Zr-2 
3. zr-4 
4 .  Zr -4  

33 PPm 
33 PPm 
80 Ppm 
30 PP= 

With the  exception of tne 30. 3 21.-b sample, none of the  samples picked 
up any hydrogen fro= the a'aosphere. 
t h i s  atmospnere are the  sane as vithout hydrogen present.  

The corrosioa weight gains f o r  

Fuel Elenent Rupkare St-idies. 
t e s t i n g  f a c i l i t y  has been Hodifled by the  add:tion of a viewing e e i l .  
The c e l l  i s  four inches long by one inch inside d i a e t e r .  
ab l e  f o r  viewing rupture experiments and corrosion tes ts  i n  water a t  
temperatures up t o  300 C. ?he s a p l e  i s  k.ro-ight t,o test  temperature 
within three minutes. 

Tie fue l  element autoclave-type r u p h r e  

It i s  suit- 

Rupture experiments on defected coextruded rod elemerits have been viewed 
and photographed using time-lapse photography. 
evolution curve i s  a l s o  obtained. The vieve3. ruptures have confirmed 
the correspondence between the  hydrogen evcirizion curves and the  sanple 's  
rupture behavior. 

A shul taneous hydrogen 

Reactor P i g t a i l  Corrosion. 
ta i ls)  that f a i l e d  in service have been exazhed metallographically. 
One of these connectors was in service about 10 months on E Reactor, 
while the  other  f a i l e d  i n  about s i x  weeks OL 3' Reactor. Both of these 
18-8 s t a in l e s s  steel  connec5ors showed cracking similar t o  the  cracks 
found on H Reactor p i g t a i l s  previously. The H Reactor sample had been 
badly sensi t ized and showed some intergranular  cracking as well as the  
typ ica l  transgranular stress corrosion cracks. Similar cracking w a s  
also observed i n  gamma sample l i n e s  which f a i l e d  on the  r ea r  face of 
H Reactor recent ly .  

Two of" the Eewer rear face connectors (pig- 

These l i nes  had Seen i n  service f o r  several years. 
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The reason f o r  the apparen5 increase i n  the frequency of t h i s  cracking 
i n  recent years cannot be s ta ted with certaict-y a% tifs t h e .  Zowever, 
several fac tors  which tend t o  cause t h i s  t m e  of corrosion have changed 
i n  recent years, v i z . ,  t i e  wetness of the rear  face d x i r g  operating, 
s t resses ,  temperature, and vibration geaera5ed by high flows two-@ 
the connectors. The wetcess cf the rear  face 5 s  indice-,ed a5 a la re?  
contributor t o  the grobiem or: the bas i s  of current data ,  Ynfortiuiafeiy, 
t h i s  wetness i s  zear ly  iciierent i n  %he never cocnector desfgxs; Z ~ J S ,  
the need fo r  a material  sf e o n s t r x t i o r  r e s i s t az t  tc t h i s  type of crazk- 
iog i s  indicated.  

Reactor Decontamination. A solution of C . 5  azzonimi c i t r a t e  and 
0.01 K ethylene dimirde t e t r a c e t i c  acid proposed f o r  use iz decontmir- 
ating-reactors displayed excessive corrcsion ra tes  on m i l d  s t e e l  whec 
tes ted  i n  s t a in l e s s  s t e e l  loops .  
corrosion probiern using comalized A - 2 1 2  carbon s t e e i  ar.d 334L s5a i r less  
s t e e l  coupons a t  90 C shcws air-saturrated solut,ions are  imre ccrr-oslve 
than  argon-satxratted solations. The corrosiveness of +,he argcn-sat-usted 
solutions decreased wi th  t q a e  f o r  tkie f i r s t  tm hours, while +,he c3rro- 
siveness of the air -saturated solutions iscrease2 dw$ng tne s m e  7er:od. 
The galvanic currer?t between coapons i s  sensi t ive t o  the pretrea+;zent ~f 
the  s ta in less  s t e e l  afid t o  the s t i r r i n g  rate, and t h i s  i s  30% r q r c d - x -  
i b l e  wi th  great accuracy. Is tnese labxafory-sca le  2esfs tk Ealvanls 
currects  betveer cotrpcas accoun'; f o r  less than half cf the o3serve3 
corrosion on the c a r h i  s t ee l ,  and Qsualiy fo r  ocly ;33 t o  3 3  sf t5e 
observed corrosion. 

A laboratory invest igatfos  of t h i s  

The decreasing corrosion r a t e  observed ic  argon-satxra%ed s c l u t i o x  
suggests the  saturat ion cf the  ethylene aia3ine tetrace",ie acid wi:z 
ferrous ions f ro3  the corrosion of the  s t e e l .  IIowever, tSe p o s s i ~ L f ~ y  
of impurities causing tnis r a t e  c'nange has ZG: 5eer1 ell=rinate3. 2 :,".e 
higher i n i t i a l  corrcsioll r a t e  is dJe t o  the ethylene dlaxfne te t racet ic  
acid, it might be Icftigated by e i the r  ckir.gir,g the cczp:exftr age:: 3r 

saturat ing it with ferrous ion 3efore use. 

Radiometallurgy LaSoratery SfQdies 

Two enriched (1.646) ?-rod clt lsters vit:: 23 and 3O-nil Z5rcaPcy-2 jacke's 
were received. Exe3liaatiol;l of the npt.ured clus-cer vith =-si1 J a c k - s  
revealed a 3,bt-inch l0r.g crack near tbe @es,ter of an outside rod. 
Zircaloy jackets OD 30th c lus te rs  3ad a -mi fon  black oxP3.e 2oa::ng azd 
no Indication of corrosion o r  pi t5ing a f t e r  i r rad ia t ion  exposure cf 

:,?e 

2209 W / T  (RM-555). 

The examination of m e  nafural  iu-anim, 7-rcd c lus te r  (22-cil  Zir2alcy-l 
jackets)  w i t h  swaged and welded end closures v a s  cmplcted.  The LiLs-er  

had been i r radiated t o  400 W / T .  Although the end closures were Pc 
excellent condition, some growth of the uraniun was observed, arid ii i s  
concluded that more severe i r rad ia t ion  cordi t iocs  wodd 3~ req l i rec  t o  
evaluate the ecd closure method corzlusively (FN-552) e 

1 2 3 9 8 4 5  
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Evaluation continued on the  capabi l i ty  of coextruded, 30-ail thick 
Zircaloy-2 cladding t o  res t ra i r ,  swelllng of n a t w a l  uranium during 
i r rad ia t ion  t o  ZOO0 WD/T i n  the E 3  (GE3-3-59). 
exhibited radial macrocracks, very la rge  grain s ize ,  and many macro- 
cracks i n  tne Zircaloy-2-urani-m bond. 
expansion of fro= tnres  t o  seven percent. (RM-275). 

A ruptured smple  

OD measuremects revealed a n  

The results acd conclusions frm these tes+,s w i l l  be reported i n  
connectioa with the  respective program of Fuel Design ard  Physical 
Metallurgy Operations. 

Basic Metallurgy Studies 

Electron and Optical Microscopy. m s  Ahrn evaporated fi lms of carbon 
supported on 230 mesh copper gr ids  have been i r rad ia ted  t o  exposures 
as high as 1 . 5  x 1019 nvt (thermal), and i r rad ia t ions  t o  higher ex- 
posures are i n  progress. These films, after decay of radioact ivi ty ,  
w i l l  be studied by electron d i f f rac t ion  techniques t o  es tab l i sh  
whether copper can sublime o ~ t o  t h e  carbon during i r rad ia t ion .  
suSlimation does occur, then mpper contaminatioo of all t h in  films 
o r  f o i l s  i r rad ia ted  on copper gr ids  can be expected during i r rad ia t ion .  

If 

Evaporated f i lms of a lminum containing par - ic les  of uranivm dioxide 
one mieron i n  diameter have been irradiated t o  expos-nes as nigh as 
3.4 x 1C19 nvt (thermal).  As t he  exposure increases, the  mall  pa r t i c l e s  
of uran im dioxide break away f ro3  the almicm film. 
p a t t e r m  of such f i b s  show the  presence of m a l l  c r y s t a l l i t e s  of 
uracim dioxide dis5ributed uniformly over t5e  surface of the fib‘ 
The u r a n i z  dioxide apparen5ly heats up t o  high +,enperatares ddring 
f i s s ion  and r e d i s t r i 5 j t i o n  of sne oxide by siiblimatior or  i t s  equiv- 
a l en t  occurs 

The d i f f rac t ion  

A capsule 'has been developed f o r  the i r rad ia t ion  of ti123 f i b s  o r  f o i l  
specimens f o r  elecfron microscopy tna? w i l l  p e m i t  t he  encaps-datioc of 
the  specimens i n  a (1 x 10-5 m;r. Eg) vacum wkile keeping the tez7eratures 
of the  specimen below 175 F(&! C) 
aluminum, 99.999 plus  percent, so the capstlles, when returned frox ex- 
posure i n  t he  reactor ,  can be handled w i t h  no shielding a f t e r  a shcr t  
decay period. 
e lectron beam welder in a special  cooling block desigrred to keep the  
specimen temperature l o w .  ' 

Tne capsule i s  of high pu r i ty  

Welding of the f i n a l  asseably i s  accmplished i n  tne 

Sol id  S ta t e  Reactions. Optimsr. condi%fons of heat treatmen: f o r  zir- 
conium, Zircaloy-2, and Zircaloy-3 are being studied as a fmcxfon  of 
cold work, temperature, time and heat. trea+aent akosphere.  Azalysis 
of the recovery k ine t ics  of zirconilm has revealed that there  i s  con- 
s iderable  sof%ening before recrys ta l l iza t ion  begins and tnat t h i s  
"work-softening" i s  a t  least a three-step process When :ecrystall i-  
zation f i n a l l y  begins, it i s  try a nucleation and growth mechanism. 
This microst.ructura1 change i s  acconpanied by fur ther  softening and i s  
characterized by a var iable  ac t iva t ion  energy. The r a t e  of recovery 
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can be expressed i n  terms of percent recovery, f ,  at. ary t h e ,  t., >y 
the  equation 

where 6i is a parameter describicg the density and dfs5ribatioc of d i s -  
locations,  T i  i s  a parmeter  desc r ibhg  the concentration and spa t i a l  
d i s t r ibu t ion  of h p u r i t y  afoms, T i  is  a parmeter  deseribfng the in t e r -  
na l  s t r e s s  f i e l d s  between l i n e  and point defect.s, E = Eo - a 
is the act ivat ion energy fo r  recovery of any given f and kT i s  the a3so- 
l u t e  temperature multiplied by Bolt.zmann's fac tor .  
adequately expresses the  complexity of recovery processes i n  general. 

- fQ7 , 

This type of q u a t i o r ,  

In-Reactor Measurements. 
i s  i n  operation i n  the KW ReactQr. 
make continuous measurements of the creep deformation of an arnealed 
Zircaloy-2 spee-lmen during i r rad ia t io2 .  
in-reactor t e s t  i s  being rin oiat of the reactor 20 provide a d i rec t  cm- 
parison wi th  the in-reactor r e su l t s .  No measurable creep occurred 
e i the r  t e s t  a f t e r  fncreaental increases i n  temperature t o  575 F :302 C) 
and 600 F (315 C). ???e s p e c h e r  t e q e r a f u r e s  vere ther, lowere2 tc 5,3 F 
(260 C )  and the s t r e s s  increased $0 25,600 p s i .  Te3peratures w i l l  agair_ 
be increased i n  25 degree F increments uti1 a measurable creep r a t e  is 
obtained in-reactor.  Tne capsule i s  s t i l l  operating sa5 i s f a r t c r i l ya  No 
gas leaks have occurred i n  tne ceramic seals ,  a l l  tbenroccu$les a re  
working, and the heaters a re  i z t a c t .  Sone l i a i t a t2 ions  have beer- o j s e r r e i  
i n  t h i s  prototype capsule. The heating eleaent power leads a re  TOO sEalf 
t o  carry the power necessary t o  xaictafn cap,s.de temperature when the re-  
ac tor  i s  shut down. 
sh i f ted  markedly when the helium pressure w a s  increased i n  the eapscde 
causing a temperature gradient along the spechen whkh  eannot be e l h -  
inated. Heat t ransfer  under load co-dd not be checked Sefore Ir,-reae:cr 
operation a s  both pressure and tern9erat.x-e could not be a?p;'-ed sim-11- 
taneously t o  the capsule withoxt s t ra in ing  the creep spec+hen. A sPcond 
capsule is being procured o f f - s i t e  which w i l l  em3ody desigs changes to 
r e c t i f y  most of these d i f f i c u l t i e s .  

A prototype creep capsule has been charged ard 
Tnis capsule has been designed t o  

A creep t e s t  ident ical  t o  The 

The heat t r acs fe r  characferfs t ics  cf the ea;?s-Le 

The thermocouple s t a b i l i t y  capsule, containing an iron-constantan, a 
chranel-alumel, and a copper-constantan thermocotrple, has been i r radiated 
6940 hours a t  approximately 300 C .  
flow of cooling air  and heliun-16$ C02 thermocouple enviromeafal a3zos - 
phere t o  both the in-reactor and an I d e n t i c q  ex-reactor capsule, dJrirg 
the past  month, due t o  a pliugged reactor tes t -hole  vect.  Tae in-reac5or 
thermocouple temperatures have varied betweec 300 and 325 (5 d-Je t o  gama 
heating i n  the absence of the cooling gas. 
tu res  i n  the ex-reactor capsule have been maintained a s  nearly ident ica l  
t o  those in  the in-reactor capswe as they reasonably cotlld. 

If has been necessary t o  stop t h e  

Gas abosphere and tempera- 

Resistance between the in-reactor iron-constantan couple and the bcttom 
of the thermocouple well has become very e r r a t i c ,  varying betxeen s>ont 
600 and 1000 ohms. Deterioration of t h i s  couple is possibly due t.0 the 
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act ion of HNO3, produced by the  e f f ec t  of i r rad ia t ion  011 moist a i r  i n  the 
t e s t  hole, daring the  absence of the helium-Cr02 flow. The resis+,ance 
between the  in-reactor copper-constantan couple and the  bottoz of t he  
thermocouple w e l l  has, as ic the f i v e  previous months, renained high. 
This couple has continued t o  indicate  a temperature approximately 1 5  C 
lover  t h a n  indicated by the iron-constantan and chroxzel-airn;el couples. 
Under the tes t  conditions, imposed thus f a r  on the  ir,-reactor couples, 
only the chromel-alursel couple has not shown a n  increase i n  resistance 
between t h e  couple and the  kot+Yom of the  well .  

Metallic Fuel Development 

Cluster Fuel Elements.  
from KER Loop 2 on October 14, 1959, was  shipped t o  Radiometallurgy and 
has been v isua l ly  examined. 
the  20-mil c lad elements and not the 30-mil clad eleaent which was i n  the 
charge. 
nor w a s  there  any evidence of corrosion of the Zircalcy-2 cladding. 
w a s  not possible t o  t e l l  whether o r  not the uranium under the  s p l i t  i n  
the  cladding was a lso  s p l i t .  

The ruptured 7-rod c lus t e r  fue l  element discharged 

The c lus te r  has been i d e n t i f i e d  as one of 

No evidence of crud €ih formation was observed on the element 
1% 

Tubular Fuel Elemects. 
t e s t e d  a t  the  Hanford MER loops and a t  the  Em. 
tube and rod elements rar t o  2CO3 lMl/T a t  KER Loop 4 without incident.  
*Tvo elements from t h e  Loop 4 tes t  are a t  BMZ f o r  hot c e l l  examination. 
Both rod components have increased ia diw'eter about Q e 6  percent.  Bo% 
tubes appear t o  be oval a f t e r  i r rad ia t ion  t o  the  extent of up $0 0.0kG" 
difference i n  diameter. A section cut  frm one tube shows extensive 
radial cracks i n  the  uranium which m y  o r  may not have exis ted a t  the  
time the element w a s  d i scb rged .  The other tu3e i s  free of cracks. The 
clad surfaces of t h e  rods showed p i t t i n g  corrosion a t tack  and heavy cmd 
farmation. 

Three. 36-inch long tube and tube elemezxs were b u i l t  f o r  KER k o p  3. 
These were made fron Zircaloy-2 clad, 1 .47 percent enriched uranim heat. 
treated with copper jackef, i n t a c t .  A l5-day autoclave t e s t  showed white 
oxide corrosion on the  inside diameter of a l l  conponents. This is prob- 
ably due t o  air  contamination during welding. 

?he qua l i ty  of tubular 1.8-inch OD Zircaloy clad uranium f u e l  elemect 
material is being evaluat,ed on four extrusions received from Nuclear 
Metals. Metallographic exmination shows small areas, about 0.004-inch 
dbmeter, which appear as s lag  o r  d i r t  inclusions randomly d is t r ibu ted  
i n  t he  uranium. 
then: a t  t he  U-Zr  in te r face .  
i n to  the  inclusion causing an irregular interface at t h i s  point.. 
ident i f ica t ion  of these inclusions has not been made, and complete pro- 
cessing h is tory  of t he  material i s  not avai lable  a t  t h i s  time. 
defects a r e  more pronounced on two of the four extrusions, while t he  
other  two a re  r e l a t ive ly  clean. 
var ies  frm 0.019 inch t o  0.025 inch i n  a s i n g l e  extrusion. 

Tubular fue l  e l a e n t s  fo r  the  MPR are  being 
Zlrealoy-2 clad uranium 

Loop 4 operated on p9 4 .5  water f o r  t h i s  t es t .  

All elements were rejeefed. 

These inclusions are frequent enough t o  show many of 
Io such instances the  Zircaloy i s  Fcshed 

Posi t ive 

These 

Zircaloy clad thickness of these s izes  
Measurements 
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on three  additional extrusions of inner KER s i ze  tubes of t h i s  same l o t  
show variat ions of Zircaloy clad thickness of 0.016 inch t o  0.027 inch 
i n  a s ingle  extrusion. 

Current procedures f o r  making closures on the Zircaloy clad elements 
frequently r e s u l t s  i n  the  cortaninatioc of +,he weld bead w i t h  x r a n i m e  
This forms a spot of U-Zr a l loy  i n  the  weld whicb is  less corrosion 
r e s i s t an t  than the  uncontminated Zircaloy. It has been foqad t h a t  
uranium contaminated spots, even those of  lo-^ ccncentration, may be 
quickly and simply located by a modification of the electrographic tech- 
nique previously reported f o r  copper contamination. 
reagent used t o  ident i fy  uranium (8-Quinolinol) i s  ineffect ive i n  the  
presence of f luor ide  ion, the HXO3-IiF e lec t ro ly te  used f o r  copper de- 
tec t ion  i s  replaced by a N a N O 3 - N a g O 3  solution. 

While t h e  vectorscope with the  special  probe head t o  fiS. the  I D  of NPR 
fue l  elements has been found t o  indicate  the  degree of thickness var i -  
a t ion  i n  the  Zircaloy w a l l  of a given specimen, it dces not appear 
possible t o  ca l ib ra t e  the  instrument t o  give absolute wall thickness. 
Recent experiments with autoradiograph methods o f f e r  some proE:se ?or 
improved accuracy of thickness measurement; the success of t h i s  
approach w i l l  depend la rge ly  on t h e  poss ib i l i t y  of usfsg a su i tab le  
densitometer and of control l ing the var iables  other than w a l l  thickness 
which a f f e c t  the darkness of the fi lm. 

Since the organic 

Fuel f o r  Present Reactors. 
of two hot press  canned f u e l  e1eI;;ents i n  the GEH-4 loop of the KB. 

Approval has been given f o r  the  i r radia2ioc 

These elements were placed i n  a standard MTR basket which was eqTJipped 
with upstreani and downs%reaa themoeoGples f o r  power geceration Iteasure- 
ment .  
i a t i on .  

This assembly has been shipped t o  the  MTR ard i s  awaiting irrad- 

Component Fabricatioc.  
I D  of coextruded KER inner tubes. 
t o t a l  increase of 0.018 inch on the  in te rna l  diameter and 0.009 inch 
increase i n  outside diameter. 
from 0.004 t o  0.005 inch. 
process. 
t he  second pass. 
examination. The f r ac tu re  zone on the  piece tha t  s p l i t  during the 
second pass shows a defective area in the uranium where considerable 
oxidation was  presens. The uranium also exhibi ts  a rad ia l  crack 
or iented 90° around the  tube from the  frae5ure. 
swaged h is tory .  
swaging e f f e c t s  on tube qual i ty .  

Four attempts were nade t o  expand and s i ze  the 
Two attempts were successful w i t h  a 

Spring back after the fourth pass i s  
Two of the tubes s p l i t  during the  expatdicg 

One s p l i t  during the f i f t h  pass, and the  other spli+, during 
Both pieces are being prepared f o r  metallographic 

Both %ubes have a 
Further s tudies  are planned t.o determine drawing and 

Twenty-inch lengths  of Zircaloy-2 clad uranium coextruded KER inner 
tubes (1.050 inch OD by 0.500 inch I D )  have been hot headed with tool-  
ing fabricated f o r  heading long lengths of tubes. 
appear sa t i s fac tory  f o r  projection welding a r ing  cap f o r  t he  f i n a l  
closure.  

The fomed tube ends 

Tooling consis ts  of a gr ip  device f o r  holding the tube while 

1 2 3 3 8 4 9  
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heading and a resis tance heated container mounted i I z  a 5G-ton ver+,ical 
draw press.  The end of the  tube extending above the  gr ip  i s  induction 
heated t o  600 C j u s t  p r i o r  t o  heading. 
heading consPsted of a t h i n  copper chemical p l a t e  or: the  take surface 
t o  prevent t he  Zircaloy clad froo: s e l z i rg  t o  the tube container and 
mandrel and a t h i n  graphite lubricant  over t he  copper ? la te .  
swelling occurs a t  t h e  junction of g r ip  and the  container wnich is in- 
herent i n  t h i s  method of end forming due t c  the  difference i n  temperaTure 
of the tube contained within the  gr ip  and t h e  container. 
is  0.010 ineb on the  OD ( the  ID i s  not  a l t e r ed )  and with proper tube 
preheating i s  smooth and can be removed by a l i g h t  drawing o r  swagicg 
operation. 

The tube end preparation f o r  

Sl ignt  

This swelling 

The design i s  nearly cmple te  and fabricat ion should starf in  a f e w  
weeks or, equipment capable of hot heading 
This equipment w i l l  be of t he  sane nature as the  eqaipzerit described 
above f o r  Rot heading KER inner tabes. 

and Y?R outer  tubes. 

A l l i ed  Fuel Studies.  Reactor swelling exper+aents of Zircaloy clad 
uranim fue l  rods with selecsed uraniun! teziperatures, cladding thickness, 
and exposure are being conduccYed. Me-kallographie exmination of GEH-3-59 
which operated t o  an exposure of 2100 MWD/Z a t  a n  esthat.ed average 
c e s t r a l  uranium temperature of 825 C has start.ed. Very la rge  gra lzs  i n  
the  center of the  uranium rod and l a rge  elongated g r a i m  oriented radi- 
a l l y  cocffrm the high estimated operating tmperature  of t h i s  rod. 
r ad ia l ly  oriented macro-cracking can be seen. A t  several  locat ions shese 
cracks proceed in to  and along the Q-Zr  bcnd tu% do c o t  prc?aga?e ;t;sSc the  
Zircaloy cladding. 

Severe 

&e of the  four swelling capsule a s s m y l i e s  with toemocoiiplc leads 
charged i n  t he  M2R t o  extend the  coverage of tezperature exposure and 
cladding restraint w a s  discharged as a sllspected rup7a-e. 
was l a t e r  found i n  the  capside of another sponsor. As t,3e leads were 
ca t  when t h e  GEX capsule was discharged, another ident ica l  capsule vi11 
be charged i n  i t s  place a t  the next MTB shutdown, ?ne renaixfng tbree 
capsules are s t i l l  opera+,ing 25-100 C below the  tmperature  desired.  
Two capsule experiments t o  invest igate  the influence of various carbon 
contents and low zirconitan aadi%iocs on the  swelling charac te r i s t ics  cf 
uranium are being designed f o r  i r r ad ia t ion  i n  the  El?. 
i n  D Reactor have reached approx*bately two-thirds of t h e i r  1500 m / T  
goal exposure. 
100 C below design conditions. 

Tie rupture 

NineteeL capsules 

Uranian center temperatures are s t i l l  approxiirately 

Open end corrosion tests of Fuels Fabrication Operation coextruded 
Zircaloy-2 c lad U-low carbon and U-low Zirealoy fue l  a l loys have beer 
made i n  a n  autoclave a t  200 and 300 C. Tne corrosion rate of the  3- 
carbon a l loys  over the  composition range of 30 - 1700 ppm C increase 
s l i g h t l y  a t  both x)O and 300 C with increasing C content. 
rate of the W-Zr a l l oys  over t he  composition range of 450-20,lOO ppm 
Zircaloy (0.045-2.01 w/o) decreasesmodera+,ely a t  300 C and decreases quite 
s ign i f icant ly  a t  200 C w i t h  increasing Zircaloy con+,ent. 
t.ested, the  most s igc i f i can t  gain was made with the U-1 w/o Zirealoy a l loy .  

The corrosiord 

O f  the  smples  
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Two coextruded fue l  rods were cperated a t  30 h / f t  eack in a 300 C wafer 
loop while i n  contact w 2 t h  each other f o r  three hours azd ,9or',y minutes 
without obvious hydriding damage a t  the point cf contact. %e t e s t  was 
terminated when the rods f a i l ed  a t  the power lead fue l  rod coxect, ion.  
Metallographic examinatica i s  t o  be made f o r  jacket hydridisg cr heat 
e f f ec t s  i n  the bond. 

NPR s ize  coextruded tube and tube specbelts a r e  being defect tes ted i n  
a 300 C water loop with varying s i ze  coolant a n n u l i  ketweer, tne defect 
and adjacent components (Zirealoy-2 process tube o r  ccextruded fue l  t u k )  
As was the case i n  sixliilar type autoclave t e s t s ,  a s  the emponenf-coqcreat 
o r  component-tube separation decreased, tile inception of damage a% ?he 
defect w a s  retarded. 

A high temperature, high pressure defect t e s t ing  f a c i l i t y  fo r  9 .&inen 
diameter rods with a s ight  glass  f o r  observing and pnctographing defect 
behavior has been developed by Coatings and Corrosion Operation. 
hole type defect t e s t  conducted ir. t h i s  f a c i l i t y  a t  300 C and 1FCC ps i  
revealed tha t  a f t e r  the fue l  clad i s  ripped opec by tine ace-mulated 
corrosion product, U02 i s  readi ly  released from the corrodlcg f J e l  rod 
i n  a f ine ly  divided s t a t e  and a+, a rather  coctinuous r a t e .  
indicates  t h a t  fue l  element f a i l u r e  should be f2-y established and 
readily located because of the steady release of a signifSzan+, qu in t i ty  
of corroded f u e l .  

A p i n -  

This behavkr  

The in-reactor fue l  elenect jacket, burst t e s t  prcgrm is now p r o b c f r g  
mechanical properties data f o r  extruded Zircaloy-2 jackets tes ted  ddrfzg 
i r rad ia t ion .  !he f i f t e e n  t e s t  capsyales xere  i r rad ia ted  in  a 100 KE t e s t  
hole f o r  ten days before in+,err;al nitrogen pressure was applied. 
the f i f t e e n  capsules burst  during the  fcllowiag t,e.a days of exposxre st 
temperature and pressure.  
t e s t  asseziSly i s  f i n a l l y  disc'mrged and the specimens exaained, but 
there appears to be no gross departxre ic-reactor frorn the  behavfcr pre- 
dicted f r m  ex-reactor tests. 
the  burst  properties which i s  proba5ly not sigti'icant from an ccgineer- 
ing standpoint. 
duced a quali+,ative indicat icz  of  the absence of a reoccurrence of 
primary creep when i r rad ia t ion  i s  terminated and %hen starze8 again, 
The t e s t  w i l l  continue f o r  several  s o t t b s  depending, t o  soirie exlerrt, o r  
the behavior of the rmain ing  ten capsules. 

Five ~ j f  

Any conclusiox must be +,ent.a?.ive uxil The 

Tnere appears t o  5e a su'c$le chaage ',n 

The test  has experienced one reactor shatdown agd pro- 

Design h a l y s e s  and Compatations. 
process tube was completerf. 
s t resses  due t o  connections t o  ex-reactor piping, thermal st.resses fro% 
gamma heating and t rans iec t  cooling, and the s$resses i n  the s t e e l  
Zircaloy sealing flanges. 
analyses of the bending resistance and circirmferential expansion re- 
s is tance of the r ing of material  attached t o  the process tube,  
forces r e s i s t i ng  seizure and longitudinal bending s t resses  were ca lmla t e3  
for  both non-rotating and ro ta t ing  end r e s t r a in t s  on the process take.  
Use was made of cmbined mean load and cyclic s t r e s s  c r i t e r i a  30 deser&te 
the estimated number of cycles t o  f a i l u r e .  

A de%ailed s t r e s s  analysis of the P i i s  
E la s t i c  analyses were made f o r  bendiag 

Tne flange process tube calculations includ?cd 

ShearLng 

1 2 3 9 8 5 1  w 
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2. REACTOR PROGRAM 

Coolant Systems Development 

Fuel Element Testing f o r  Present Reaczors. A t es t  was star%ed t o  deter-  
mine the corrosion e f f e c t s  of a scrascki resistant coating applied t o  the 
f u e l  elements t o  pro tec t  then during shipment and charging. 
composition of t he  coating material i s  a combinat.ion of sodium and potas- 
sium sil icates with a wetsing agent. 
elements and dries t o  a hardness of 80 on the  Rockwell C scale .  

The basic 

The material i s  sprayed onto the 

Carbon Stee l  Corrosion. 
tes t  samples Indicates that 200 and 300 ppm of Na2Cr207 i s  a%ou+, go$ 
ef fec t ive  i n  preventing corrosion of carbon steel in f i l tered water. 

Completion of t h i s  +,est. and exmination of the 

Raw Water Heat Exchanger. 
heat exchanger was chemically descaled using lo$ K3POh inhibi ted w i t h  
Rodine 82. The ac id  solution was recirculated fo r  four hours a t  60 C .  
P r io r  t o  the  descaling the  carbor. s t e e l  she l l  s-arface was covered with 
numerous tubercules and rust scale  estimated t o  be i/b-inch t.hick. 
neath each tubercule w a s  a p i t .  The tubercules were up t o  1/2-inch i n  
height.. 
estimated t o  be three t o  f i v e  m i l s  th ick.  The ac id  desealing solution 
removed the  uniform scale  froni both t h e  carbon s t e e l  and s t a in l e s s  s t e e l  
but d id  not remove %he tubereules,  
sensi t ized 304 s t a in l e s s  steel coupons placed i n  a low veloci ty  section 
during the descaling exhibited 0.122 acd 0.002l.4 m i l  average penetrations.  

The r a w  water side ( she l l  side) of the ELMO-1 

Be- 

The stainless steel txbes were covered with a t h i n  uniform scale  

A - 2 1 2  carbon st.eel coupocs and 

In December 1958, the  lover  heat  exchanger was descaled using inhibi ted 
H2SO4. 
i n  descaling, but t he  carbon steel penetration was twlce as high as f o r  
the H3PO4 descaling run. 

Of t h e  two solutions tested,  the  S2SO4 sclut ion was more e f fec t ive  

Out-of-Reactor Rupture Tests. 
uranium and Zircaloy-2 f u e l  elemen%s with anrrdus spacings from zero t o  
0.20 inch were tested i n  an i so therm1 loop f o r  two one-hour exposures. 
The tubes were defected near the eenter of t he  outside w a l l  w i t h  0.025 
inch pin holes and were exposed a t  300 C, 1650 ps i ,  and 16 fps. The 
tubes with annulus spacings of 0.123 inch and above exhikited typ ica l  
3/8-inch diemeter raised and torn mounds. The tribe with a 0.060 inch 
annulus exhibited a 3/8 inch diameter ruptured area which was raised, 
to rn  and f la t tened  on top. The zero-annulus pieces had raised s l i g h t l y  
(one o r  tvo mils next t o  the  defect)  and were f la t tened  on top. 
t he  rupture d i s to r t ion  had progressed t o  the  inside of the tubes i n  the 
two one-h0-n tes%s. 
longer exposures. 

Pour NPR size tube-in-tube coextruded 

None of 

Testing of these fue l  tubes w i l l  be extended t o  

Two coextruded U-Zircaloy-2 rods were run f o r  3-3/4 hours a t  300 C,  
1650 ps i ,  and 20 f p s ,  with e l e c t r i c a l  res is tance heating of the  rods of 
30 kw/ f t .  
No rupturing had occurred a t  the point  of contact of the rods. 
l u rg i ca l  examination of the Zircaloy cladding and the  bond i s  being made. 

The rods were not defected but  were touching a t  t he  center .  
Metal- 



KER Fission Product Activity.  
Loop 3 subseqiiect 50 the  rupt.ure of an enriched tube-and-tu3e element 
September 30. 
following the  rupture, ac t iv i ty  leve ls  vere a t  or  below normal. The 
loop temperature was raised a t  t h i s  time (still wi:h a dummy charge: 
and a high delayed-neutron ac+,ivity resulted.  
t h i s  t h e  showed high a c t i v i t i e s  of Np. 
temperature the ac t iv i ty  rexained high. 
both mixed-bed ion exchange (up t o  6 o m )  and feed and bleed (1 gpn) 
did not s ignif icant ly  reduce the ac t iv i ty .  
affected by ra i s ing  and lowering the locp temperature, nor by an i n -  
crease in  pH from 6 t o  8-9. 
and seven hot-headed ?-rod c lus te rs  were charged. 
operation a t  high temperature, pH 10 LfOH, no abnormal aer2vity has 
been evident. 

Abnormal activi+uy developed in  KER 

For about two weeks of operaZion a t  low temperature 

Water saz?les t a k e  a t  
On suksequent reduction of 
Clean-up for  several days by 

The a c t i v i t y  w a s  not 

On October 30, the dumroies were discharge3, 
On sxbseqdent 

NPR Component Testing. 
cycled 2l70 times 3etween 250 and 550 F wi th  co observed ieakape. 
This j o in t  appears t o b e  acceptable f o r  use on odt-of-reactor eorrosiola 
test  loops and should‘save frm one-+uhird t o  o3e-half of the  cost  of 
regular pipe flanges. 

A Sraylok jumper connection has Peen themal iy  

A screwed NPR nozzle-to-su3e cocnection x s h g  a bell-rf?lg seal  w a s  
thermally cycled 862 times betwees 250 and 552 F with so otserved 
leakage. 
manufacturer’s recornended gasket cozpression [e.g. ,  2-23-ft-13 bolt 
torque) began leaking a f t e r  75 cycles Setxeen 25C and 550 P a’: 1859 p i ,  
but  t e s t ing  has continued t o  a t o t a i  cf 1617 cycles. 
using a 500 ft-lb bolt torque had previously beer cycled 1369 t h e s  a t  
the  same conditions with no observed leakage. 

h. WR nozzle-zap sealed with a f lexFfa l l ic  gaskot -Jsing t i e  

The s m e  d e s i g  

Decontamination Studies. 
taminating stainless steel sys tem:  APACE aad the Tarcc 45C1-45C2-ZXk 
processes. 
been conpleted i n  CEP-1. After each decontarrination the loop was cper- 
ated a t  300 C f o r  one week. The corrosion rafes  measured fcr s ta in less  
steel, sensi t ized s ta in less  steel, and Zirealoy-2 were a l l  very lox, 
averaging w e l l  under 0.01 mil/cycle. S t e l l i t e  6 and S t e i l f t e  1 2  ex- 
h ib i ted  considerably more corrosion , averaging 0.10 and S .15 mil/cyslp,  
respectively.  

Two procedures appear aceeptaSle f o r  dezca- 

Twelve deeontaninatfon cycles using the Tr;rcc process bave 

Three procedures which appear most prcmising f o r  
steel systems consist  of two o r  three steps.  If 
products are present, as i n  the  case following a 
peroxide solution i s  employed as the f i r s t  step, 
V02. Several experiments have been complete3 t o  
the formula f o r  t h i s  solution. The next s%ep i s  
solution t o  condition the film. Experiments a re  

decont.azisat in(; carbor, 
UO2 and flssfon 
rupture , a 3ic.ar-2onase- 
p r h a r i l y  t.0 reniove t n e  
evaluate var ia t ions is 
a n  a lkal ine permanganate 
being run t o  det.emine 

whether it i s  possi3le t o  combine these f i rs t  two sclutions.  
s tep  i s  e i ther  ammonium c i t r a t e  w i t h  EDTA, sodim bisu l fa te ,  oxalic acid,  
o r  phosphoric acid.  The amnonium citrate-EDTA mixture i s  the nost 

The r”i~al - 5 3  
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effect ive but a l so  the  mas% corrosive. 
being evaluated. 
acid which w i l l  be evalua+,ed. 
usfng NaH SO4 are being evaluated; the results do not show any great 
advantage of any one fomilat . ion.  
c i t r a t e  solutions a11 a re  e f fec t ive  decontxinants  and a re  con-corrosive 
t o  Zircaloy-2, s ta in less  steel, s t e l l i t e ,  and uncoupled carbon s t e e l .  
However, when the carbon s t e e l  i s  galvanically coxpled t o  s ta in less  s tee l ,  
both crevice corrosion and galvanic corrosion r e su l t  i n  excessively high 
metal loss of the carbon steel, up t o  one m i l  per cycle. 
continuing t o  determice specif ic  e f f ec t s  of velocity,  t enperaxre ,  time, 
and degree of rec i rcu ia t ioc  f o r  a l l  solutions.  The e f fec ts  of general 
corrosion, crevice corrosion, and galvanic corrosioa have been studied 
in  ELMO-12 i n  the pas t  month. The results indica+,e that galvanic and 
general corrosion increase with increasing l iqu id  veloci ty .  
corrosion e f fec t  w a s  more pronounced a t  lower flow ra t e s  and aeco-mts 
fo r  the decrease i n  corrosion ra+,es as flow rates were increased, f o r  
specimens with both a galvanic couple and a crevice area-  The s ingle  
excep5ion i s  the use of Turco 55-8A, i n  which case she crevice corrosion 
r a t e  appears t o  increase with increasing veloci ty .  

Several corrosion inhibi tors  are 
m e  Dowel1 Company manufactures an inhibifed c i t r i c  

Apprcxbately eignt  comerc ia l  solutions 

The bisulfate,  oxalie acid,  and 

St.udies a re  

The crevice 

Structural  Materials Developzen: 

Zircaloy Replacement Process Tubes. 
f o r  C Reactor are on-si te  and i n  Inspection. 
placed in  2 Reactor i n  December. 
i na l  50-tube order of r i b l e s s  Vibes, being fabrkatr?d by Bridgeport 
Brass Company. 

Three Zircaloy-2 snooth-bore tubes 
Tbey are expected t o  be 

Tkese are the p i l o t  t-kes fo r  a nm- 

B x s t  Testinc.  
temperature t o  evaluate a doable r ing and groove end-seaiing method and 
t o  provide an  e s t b a t e  of the press f ie  req-dred t o  burst  a section of 
irradiated KER tube (70$ cold work). For the 555 cold worked tu>e, *,he 
hoop stress at f a i l u r e  was 124,000 p s i  (approximately 15,000 p s i g  i n t e r r a l  
pressure).  
l7,OOO ps ig  pressure w i l l  be required t o  burst  an i r rad ia ted  KER tube a t  
room temperature. 

A Zfrcaloy-2 x b e  Yith j5& cold vorK was Surst at  rooz 

Extrapolating froin t h i s  t e s t ,  it i s  calculated tht a3ous 

Three high pressure sealing sethods are being considered f o r  use i n  
room temperature burst  t e s t ing  cf irradiated KEFl tribing. One method 
employing a welded p l a  seal backed up with a dou3le groove and r ing  
flange arrangement has been shown t o  wi ths t a rd  15,COC: p s i  pressure on 
a 1.5" OD x 0.125'' w a l l  Zircaloy-2 tubing i n  a 55% cold worked condition. 
A second method employing epoxy adhesives t o  cement. a plug i n  %he %ube 
ends has been tested. 
adhesive was 1500 p s i .  
strengths of perhaps 3GOO p s i  can be a+,tained with proper jo in t  design 
and surface preparation. 
method i n  combination wi th  epoxy adhesives t o  provide %he requis i te  
strength.  

The niinlmm shear strength developed by the epoxy 
There appears to  be so;oc hope that shear 

The t h i r d  method employs a mechanical gripping 

This method appears t o  be most a t t r ac t ive  fo r  burs t  t e s t ing  



of i r radiated tubiog sicce no relcote welding i s  reqaired, aeehanical 
manipulation i s  re la t ive ly  s h p l e ,  and t.he promise of a d e q a t e  st.re@h 
I s  favorable. 

Nonmetallic Materials Developzent 

MTR High Tenperatnre IrradiatLors.  Preliainary graphite i r r ad ia t lo r  
data are now available from ZEH-19-2, which w a s  the  second experhs2.t: 
i n  the  L-48 posit ion i n  the MTR. This capsule contained eight s a q L e s  
a t  four posit ions t o  conpare CSF and VC (needle coke) graphite. Eac3 
set of samples w a s  contained i n  a graphite eup i n  order t o  lesser, O X i -  
dation and minimize mechanical dmage. As takulated Selow, the  pre- 
liminate Indications a re  t h a t  VC i s  a m r e  s table  grapnite fo r  high 
temperature use than ZSF. 

Data Sulmcary - GEH-19-2 
Exposure $ Lecgth Wt. Zoss 

Graphite Tenp. ,OC 0 ? 1 Eev(3i) Cnaange Grass 
Posit ion Type +50 C x l G - a  +3.000 t3 .GC? 

1 CSF 400 Monitor l o s t  + O . G O ~  e.. CC26 
VC 400 93 .027 -0.OG22 

2 CSF 6OC 0.571 -0.001 +o 0 " C 1  
VC 600 +2.017 -: .0026 

CSF 600 1 e 24 -3 .C50 ro . m 6 c  
vc &IC -c .033 -c .02LS. 

3 

Because the  GEH-19 swples ,  as w e l l  as the graphite s a q l e s  f roz  sczi 
other experlmects, have beea eqosed  t o  water during d i s a s s e 3 l y  ;f t h e  
capsules, a t e s t  was condacted t~ detYermine the e f fec t  cf wa%r ori t n e  
graphite stabi1it.y. 
weighed before and after soaking fo r  one week i n  ccla wafer. 
change i n  excess of %.01 percent was observed frm tdhis  t e s t .  

A se r i e s  of f i f t een  sa.q;es were rneaslrred ar:i 
Xo 1s~g:r. 

MTR Hot Test Capsde.  
were measured t o  evaluate length change dur i tg  i r rad ia t ion .  Fourteen 
of the  ,capsules ran  i n  excess of 650 C as evfdeaced by melting of the 
aluminm mooitor wires. 
high temperature consisfen5ly sbwed l e s s  confraztion tihan s a q i z s  of 
CSF graphite o r  other nos-needle coke graphites. 
evaluation w i l l  be reported after the  exposure Iceasurernents a re  received. 

Samples from twexat.y-one capsules f'rm ZEE-LL 

Smples  of reedle coke graphite i r radiated a t  

More emprehezslve 

GETR Irradiat ions.  The two graphite i r rad ia t ion  caps-lles i n  the ; E T j  - 
H - 1  and €3-2, have no% been exposed throagh three one-socth cycles. 
thermocouples i n  H-2 are now a l l  opera+,ing very errazical ly ,  and rhcso 

-be 

l 2 3 ' ? 2 5 5  
m 
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i n  H-1 are beginning t o  d r i f t .  
month. 

H-2 w i l l  be removed a t  the  end of t h i s  

ETR Irrad-s. 
the reactor,  EEH-13-2, w a s  ca t  up i n  the hot c e l l  on November 10 and 11. 
There w a s  some d i f f i cu l ty  i n  removing the smples  from the alundum 
sleeves and i n  removing the flux monitor wires, and t h i s  experience w i l l  
be helpful i n  future  disassezblies of sTimilar capsules, such as the GEm 
capsules. 

A commitment was obtained fo r  the  use of the L-6 and M-6 posit ions i n  the 
9x9 f a c i l i t y  unt i l  June when ANP plans +,o i n s t a l l  t h e i r  loop f a c i l i t y .  
These two posit ions should provide higher neutron and gamma fluxes than 
the four corner posit ions.  Consequently, three of the  corner posit ions 
w i l l  be vacated. 

The f i rs t  of the GEH-13 capsules t o  be removed from 

Hot Test Hole I r radiat ions.  
Y Test Hole a t  C Reactor with an accrrmulated exposure of 7600 MWD/AT a t  
450 t o  600 C .  
5100 as from 5100 t o  7600 MWD/AT. 
the ,,iajority of the samples appear t o  have decreased s l igh t ly .  Further 
exposure w i l l  be required t o  ver i fy  t h i s  observation. 
S ~ P W S  the  lowest contraction r a t e  (perpendicular t o  the extrusion ax is )  
of any graphite i n  these tes ts .  

Graphite samples were discharged fro= the 

The contraction r a t e s  are about the same from 3000 t o  
However, the contraction r a t e s  fo r  

KC graphite s t i l l  

LOW Temperature MTR Graphite I r radiat ions.  
t ens i ty  dependence of low temperat-Jre radiation damage was obtained from 
capsule i r rad ia t ions  of transverse CSF graphite saaplec -,n the MTR. 

Ar. indication of a f lux i n -  

Ratio 110 
Capsule lo9 Capsule 110 2 

Avg. Fast F l u (  1 mev) 2.38 x lo1* nv 4.08 x 10l2 nv 1.71 
(Ni Activation) 

Total Fast  Exposure 1.25 x 1019 nv 2.15 x 1019 nv 1 .71  
Length Chan e 0.38% 1.2q 3.3 
n L per lob fast  nvt 3 * 044 5 *85$ 1.92 

Co Change 2.3 7.7% 3.4 
1.94 LS C, per 10a f a s t  nvt 18.44 35 a s s 6  

The temperatures i n  the  two capsules are estimated t o  have been e i ther  
approximately equal, o r  s l igh t ly  higher i n  the  capsule receiving the  
higher exposure. Hence, the  departure from l i n e a r i t y  with exposure i n  
property changes f o r  these i r rad ia t ions  i s  a t t r ibu ted  t o  a f lux intensi ty  
e f fec t .  
change i s  approximately d i rec t ly  proportional t o  the  f lux  levels .  
i s  no a -pr ior i  reason t o  suspect t h a t  a f lux intensi ty  e f fec t  w i l l  be 
observed a t  high i r radiat ion temperatures. 

In par t icu lar ,  it i s  seen that the  raze of length change and CO 
There 



P l a s t i c s  and Elastomers. 
p l a s t i c s  and elastocers  change propert ies  more rapidly af ter  being 
i r rad ia ted  t h a n  during normal (unirradiated)  aging. 

Tests have Seen completed t o  evaluate whether 

Measurements made one year af+,er the  i n i t i a l  post- i r radiat ion measure- 
ments on two materials whicn are cross-linked ar?d one wbich is chain 
cleaved by radiat ion show no changes i n  physical propert ies .  

Thermal Hydraulics Studies 

Studies Pertaining t o  Increased Power Levels Resulting From Larger Ey- 
drau l ic  F i t t i ngs .  
d rau l ic  connectors on old reactor  process tubes t o  permit s ign i f icac t  
increases i n  flow and, consequently, i n  power leve l ,  was studied using 
the f u l l  scale  experimental heat t ransfer  apparatus. I n i t i a l  r e s u l t s  
indicated t h a t  the  use of such f i t t i n g s  appears feas ib le  although the 
Pane l l i t  protection would be s l i g h t l y  reduced and approach t h a t  of ?.he 
K Reactors. 

The f e a s i b i l i t y  of increasing the  s ize  of outler, hy- 

As t he  f irst  s tep  i n  determining the  degree of lessening of the r e l i -  
a b i l i t y  of t he  Pane l l i t  protection systerc a r i s ing  f ro3  the use of l a rge r  
discharge f i t t i n g s ,  steady state boi l ing  curves were experimentally 
determined. A K Reactor nozzle bar re l ,  s l i p  j o i n t  Y f i t t i n g ,  a one-inzh 
tubing p i g t a i l  and a 0.650 inch I3 rear cross header connector were used; 
The cross-sectional area of the 0.650 inch cross header connector i s  
s l i g h t l y  less than twice that of the  noma1 connector. 
t emined  a t  tube powers of 5 0 0 ,  100, and 1500 kw. The data Eake evidmt 
t h a t  increasing the  s ize  of t he  discharge piping s igni f icant ly  reduces 
the pressurizat ion due t o  stem fcrmation a t  lot flows. 
curves obtained approach those typical of K Reactor geometry. 
flow w i l l  r o t  occur a t  tube powers below asout 1000 h. 
t r i p  back up t o  guard against  plugging incidents upstream eF the  
Pane l l i t  t ap  does not e x i s t  a t  tube powers below aboz;t. 750 kw. 
complete determination of t he  degree of protection offered by the  Panel l i t  
system requires  fur ther  experimentation. 

Curves were de- 

The boi l ing 

Eigh Pane l l i t  

A more 

Yzstable 

Hydraulic Studies.  
determine flow rates ar,d f ront- to-rear  flow s p l i t s  f o r  a reactor  process 
tube assembly during various conditions of nozzle cap removal. The data 
are useful i n  analysis  of reactor  and persocnel hazards assoeiated wit,h 
cer ta in  stages of charge-disc-mrge operations during vhich coolant f l o w  
pas t  the fuel  elements may be altered o r  even stopped. 
the  experiments are presented i n  HW-62798, "Single Tube Flow Rates a t  Low 
Header Pressures With Nozzle Caps Removed -- All  Reactors." 

Hydraulics Laboratory experiments were Ferforned +,a 

The re su l t s  of 

Laboratory flow tests were con&clcted f o r  PD's Plant and Indus t r ia l  
Engineering Operation t o  determine t h e  flow charac te r i s t ics  of some 
sample J-type rear p i g t a i l  assemblies f o r  use on H Reactor. 
s i te  vendor of these itens was having d i f f i c u l t y  meeting the  specifiec? 
tolerances,  and it was desirable  t o  determine the  r e l a t ive  flow resis5- 
ance of two sample assemblies whieh had d i f fe ren t  tolerances on the 

The off-  
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concentricity of the  i n l e t  and out le t  bores of the pigtail-to-header 
adapter. 
gible.  

The difference in  flow character is t ics  was found t o  be negli- 

Flow character is t ics  of process tubes w i t h  various increased s ize  out le t  
f i t t i n g  assemblies were investigated f o r  possible use on the o ld  reactors. 
Energy loss  prof i les  were obtained for  c r i t i c a l  flow conditions as  well 
as over-all  energy loss fo r  non-crit ical  flow with high rear header 
pressure conditions. While s t i l l  preliminary, the data indicated tha t  
normal central  tube flow ra t e  increases of eight t o  13 percent could be 
acconplished by replacing the p ig t a i l ,  nozzle out le t  f i t t i n g  and reaming 
the rear  header Parker f i t t i n g .  

A paper based on the  results of some laboratory c r i t i c a l  flow experiments 
was presented a t  the Annual Hydraulics Conference a t  Washington State  
University on October 30, 1959. In par t icu lar ,  the paper included data 
on c r i t i c a l  discharge from a 1 /2  inch pipe and c r i t i c a l  flow in a 0.47 x 
5 .O inch square-edge entrance nozzle (short  tube).  

It w a s  f o u d  tha t  f o r  upstrean subcooling, the c r i t i c a l  flow data fo r  
the nozzle correlated very w e l l  by assuming tha t  the minbum presswe 
i n  the nozzle was equal t o  the saturation pressure and caleulating the 
flow ra t e  necessary fo r  t h i s  t o  occur. 

On the  other hand, for  ups t rew qual i ty  the  nozzle c r i t i c a l  flow data 
correlated f a i r l y  well w i t n  I s b i n ' s  data f o r  c r i t i c a l  discharge from a 
Pipe * 

Contact Heat Transfer Coefficients. The heat t ransfer  coeff ic ients  for  
interfaces  between uranium oxide, 2s a lumif ium,  and zirconim-2 fo r  
d i f fe ren t  pressures were calculated from experimental data supplied by 
the Fuels Development Operation. These data, which consisted of the  
ax ia l  temperature dis t r ibut ions i n  composite rods, were used both t o  
compute the  temperature drops a t  the interfaces and a s  a heat meter t o  
determine the heat flow rate through the rod. 
three types of bars  a t  three different  pressures. 
taken on each sample i n  a helium atmosphere a t  the lowest presswe.  

Data were collected on 
In addition, data were 

The magnitude of the  calculated coeff ic ients  varied great ly  depending 
on the  materials, the type of surface, the atmosphere and the  pressure. 
For interfaces  with b e l t  ground surfaces, the values obtained were i n  
the order of 150 fo r  uranium oxide-zirconium-2, 500 f o r  2s alminum- 
uranium oxide, and 1300 fo r  2s alminum-zirconium 2. 
of 1700 were obtained f o r  a uranium oxide-2s aluminum lapped interface 
while interfaces  i n  a h e l i m  abcsphere showed values of a b u t  10,OCO. 
These values are i n  Btu/hr-fte-F. 
load t o  a 364-lb load approximately doubled the  coeff ic ients .  

Values i n  the order 

An increase i n  pressure frm a g l - lb  

High Pressure Heat Transfer Apparatus. 
the 250 gpm circulat ing pump i n  the high pressure heat transfer apparatus 
f a i l ed  and was replaced a f t e r  153 hours of operation. 

The inboard mechanical seal  on 

It was f e l t  t ha t  
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a possible reason f o r  the sea l  f a i l u r e  was the presence of abrasive 
p a r t i c l e s  introduced i n  the  c i rcu la t ing  water from t h e  t es t  sections.  
Modifications were made t o  the pump which would allow clean water to 
be injected in to  the  seal chanber ra ther  than using the ree i rcu la t i rg  
water passing over the  test  sections.  

Reactor Technology Development 

Neutron and G a m a  Attenuation. The f o i l s  from the as-cured perforated 
ferrophosphoms concrete t es t  have been @ o u t e d ,  the data run thrcugn 
IBM, and the  results are being analyzed. 

A second i r rad ia t ion  of iron-serpentine concrete (265 l b / f t 3 )  was Eade 
after baking a t  100 C .  
serpentine concrete increased by a f ac to r  of three as empared with %he 
as-cured tes t .  
lower density iron-serpentine concrete sla-es ( a 0  lk@) are being 
irradiated f o r  the f i r s t  time. 

The gama leakage through 48 inches of Lro3- 

The f o i l s  from the  f i rs t  t e s t  are keing counted. ?he? 

Counting of f o i l s  from the second loading of the  N?R boron steel %hex& 
shield tes t  assembly was completed. D M  cozpatation of results 'has teen 
completed, and analysis  of t he  reslrlts i s  mder  way. 
shutdown t h i s  month part, of t he  t h i r d  f o i l  lcadiing of the  W R  t h e n a l  
shield t e s t  assembly was removed. Tfie t h i r d  loading could no5 be cor -  
p le t e ly  removed because of hi&. radfa5ion dose rates and l imited avsf l -  
a b i l i t y  of manpower. Tor tne  same reasons, the  f v u t h  f o i l  loading 
could not be placed i n  the t e s t  assembly. 

During the  C Reactor 

Snielding Instruments. 
cant response t o  f a s t  neu+,rons were cal ibrated and delivered fo r  f l n a i  
evaluation a t  the  log-C tes t  f a c i l i t y .  

Three g m a  ionization chambers with i r x i k i f 5 -  

A cal ibrated double-mcderated neutron dcsimeter w a s  provided f o r  use i n  
shielding s tudies  a t  the  105-DR t es t  wells. Two low sens i t i v i ty  and one 
high s e n s i t i v i t y  BFq tubes (mnufactured by If. Wood Counter Laboratcries 3 
f o r  use with t h e  dogimeter were cal ibrated against  a PuF4 neutron soarce 
(standard source #2), supplied by J. DePangher. 

A single channel scanning spectrometer f o r  use i n  f o i l  activat.ion analysis 
i s  being assembled i n  the  instrument shop. 

B. WEAPQNS - 3000 PROGRAM 

Research and development i n  the  f i e l d  of plutonium metallurgy contintred i~ 
support of the  Hanford 234-5 Building Operations and weapons developen: 
progrms of the  University of Cal i fornia  Lawrence Radiation Laboratory 
(Project  Whitney). 
d i s t r ibu t ion  l i s t s  appropriate t o  weapons development work. 

Details of these ac t iv i5 i e s  are reported separately via 
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1. PLTR'ONIUM RECYCLE PROGRAM 

Plutocium Fuels Developnent, 

Basic Studies. 
homogeneous so l id  solution formation between the isostructural  conpounds 
PuO2-UO2 has been ob%alned. 
by weight were held f o r  e ight  hours a t  temperatures i n  the interval  
l l O O - l 5 O O  C. 
t race  then indicates the  degree of so l id  solution formation as a function 
of temperature. 
hour, the individual ref lect ions (h  k 1) fro= Pu02 and LO2 moved together 
with increasing temperature. After eignf hours at. 1430 C,- a single broad 
peak was noted fo r  the planes (ill), (200) and (22aj, but above (311) the 
two components f o r  each re f lec t for  could be resolved. 
a t  1500 C, a complete single phase w a s  indicated by the  d i f f rac t ioc  data.  
A plo t  of interplaner spacing of the Pu02 and 502 cortribution t o  the  
(311) 
a ' d '  of 1.634 8 compared t o  the theoret ical  value of 1.635 8. 

Further data on the the-temperature relationships fo r  

Samples of PuO2 containing 40 percent TO2 

The angular s h i f t  of Bragg ref lect ions on a diffractometer 

A s  noted i n  the  x-ray data from samples held fo r  one 

After eight hours 

ref lect ion versus temperature gave an  intersection a t  1500 C with 

The l iqaidus f o r  the system PuO2-702 has been obtained from single phase 
samples of the  two compounds. 
simple systems of t h i s  type, and EO devfatiom froE miformity were ok- 
served. A l l  the  data was obtained i n  a dried and deoxidized h e i i m  a t -  
mosphere. The melting point of pare p lu t cn im dioxide appears t o  be near 
22& C .  
cmpared t o  5.396 a f o r  the  as-received pcwder. Thfs Indicates a Loss cf 
oxygen on melting; however, no apparent evidence of a sub-oxide was found 
on the  d i f f rac t ion  pa t te rc .  A saaple of ?GO;! held fo r  one hour at; 2CO C 
i n  a vacuum of 10-3 mm of Hg was s t i l l  predonfcaa:ly PuOg, althotlgh 
evidences of both alpha and beta  Pu2O3 were found. 
the  s t a b i l i t y  of Pu02 in hydroger., a sanple of PuO2 and carbon was heated 
t o  1500 C f o r  one hour. 
resolution of the  Pu02 planes was observed. 
by high angle extrapolation w a s  5.3970 f 0.0003 2. 

The curve follows the  general f o m  for  

The l a t t i c e  parameter of a selt.ed saziple of PuO2 was 5.417 8 

To investiga'e fur ther  

No t race  of Pu203 was present, and excellect  
The l a t t i c e  cocstant found 

High density s intered samples of Pu02 and U02 have been r-an i n  a high 
temperature dilatometer a t  a heating rate of 25 C/hr t o  ob+,ain more 
accurate data on the thermal expansion. 
coincidect and only s l igh t ly  curvil inear.  
PuOg are tabulated: 

Heating and cooling curves were 
The coeff ic ients  obtained fo r  

75 - loo C 
75 - 775 

775 - 950 

alpha = 9.04 x 10' 
alpha = 11.16 x 
alpha = 14.38 x 

These data are in  close agreement with tha t  obtained a t  the  110 C/hr 
heating r a t e .  
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Fuel Evaluation. The three-foot long Zircaloy clad Pu-Al 19-rod prototype 
c lus t e r  has received about 10 operaticg days a% full power and tenperature 
in  the ETR. 
cycles i n  the loop due t o  react.or operation. It has operated a t  a maxhum 
power generation of about 13 kw/ft of rod and with core temperatures i n  
excess of 400 C which i s  the maxim= expected i n  the PRTR. 
i s  20 days which i s  about 50 percent btlrnup of the Pu atoms, 

During t h i s  time the element has received about t e r  ‘,herma1 

 goal exposlure 

The prototype 7-rod Pu-A1 c lus te r  is a l so  operat.ing i n  the 3x3 loop 
f a c i l i t y ,  and it has received about t e n  days of operation under f u l l  
power and temperature conditions. 
prototype c lus te r  with Zircaloy-2 cladding, s ta in less  s t e e l  end f ix tures ,  
and quick-disconnect end caps i s  currently under i r rad ia t ion  i n  KER Loop 1. 

The T-rod, 1.8 w/o Pu-Al al loy,  PRTR 

The 3-rod Zircaloy-2 clad, 3.1 w/o Pu-Al a l loy  c lus te r  (GEH-4-46) which 
has graphite lubricated cores in swage sized tubing i s  scheduled fo r  in -  
ser t ion in to  the SEH-4 loop f a c i l i t y  ox November 23. 
(GEH-4-43) containing 3.1 w/o Pu-A1 a l loy  cores which were slipped in to  
as-received Z r - 2  tubing i s  ready fo r  shipment. 
gaps between the core and cladding of as much a s  0.0061 inch, and they are  
not lubricated with graphite. 
(6EH-4-48) which contains the corrosion r e s i s t an t  Pu-Ni-Si-Al a l loy core 
material  i n  graphite lubricated and swage sized tubicg i s  under f a h i e a t i o c .  
This element w i l l  a l so  be i r rad ia ted  in  the GEE-4 f a c i l i t y .  

Another 3-rod c lus te r  

These rods have diametral 

S t i l l  another 3-rod c lus te r  experhec t  

The fabricat ion of a Zircaloy-2 clad Pa-Ni-Si-A1 a l loy  7-rod c lus te r  
(GEH-11-4) using swage sized tubing and a 7-rod Zfrealoy-2 clad PuO2-UO2 
c lus te r  (GM-11-3) i s  proceeding f o r  i r rad ia t ion  tes t ing  i n  the Em 3x3 
loop f a c i l i t y .  

Three of the s ix  Pu02 inpregna3ed graphite caps-des have completed tkrelr 
i r rad ia t ion  i n  the MTR. The i r rad ia t ion  of” all s i x  w i l l  be cmple5ed i n  
January, a t  which time they w i l l  be returned t o  Hanford f c r  radiomefal- 
l u rg i ca l  examination. 

One of the two, high-density, 0.0259 a/o PuO2-UO2, mixed-crystal-oxide 
ca sules (6EH-14-19,20) i r rad ia ted  in the  K!‘R t o  an exposure of 4 .4  x 
10% nvt, was sampled f o r  f i s s ion  gas release measurements and seetiored 
f o r  metallographic e a i n a t i o n .  
(6EB-14-19) indicate that the n;fcrostrueture i s  very s b i l a r  t o  that of 
irradiated U02. Replication of the smple  
i s  current ly  under way. 

Phctorcicrographs of the specimen 

No cent ra l  void was fomed. 
No data were received yet on f i ss ion  gas release.  

.Fuel Fabrication. An evaluation is being made of %he qualify of the 
Zircaloy-2 tubing that i s  t o  be used in the fabricat ion of the f i r s t  
Al-Pu elements f o r  the PRTR. 
proven too  e f fec t ive  as it seems t o  detect  only the very bad defects and 
not even all of these.  
r e l i ab le  and i s  being investigated.  Metallography of 90 randomly picke3 
samples showed t h a t  38 percent had cracks emanating from the inside that 
were greater  than 0.003 inch, and one 0.020 inch deep crack was observed. 
The rods used f o r  the fabricat ion of the elements w i l l  be categorized 

Eddy current t e s t ing  f o r  defects has cct, 

Ultrasonic t e s t ing  f o r  defects seems t o  be more 
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according t o  qual i ty  by ul t rasoaic  tes t ing  techniques a f t e r  core 
assembly. 

The Zircaloy tubing t o  be used f o r  the fue l  elements i s  being swage 
sized on a s t e e l  mandrel t o  give a constant inside diameter. Swage 
s iz ing gives an I D  of k0.0006 inch on an eight-foot length,  
f e l t  t ha t  close control of the gap between the core and cladding i s  
required t o  avoid thermal cycling d i f f i c u l t i e s .  

It i s  

One hundred and twenty-three b i l l e t s  of the Pu-Ni-Si-A1 corrosion 
r e s i s t an t  a l loy  have been cas t .  
and about 50 percent of these successfully passed the corrosion t e s t .  
Therefore, s ix ty  sa t i s fac tory  cores have been fabricated during the 
month. 

Sixty of the b i l l e t s  were extruded, 

Fabrication Development. 
t o  replace unalloyed Al-Pu a s  the PRP fue l  material .  
t h i s  a l loy,  1.8 w/o Pu-1.3 w/o Mi-1.0 w/o Si-Al, showed good corrosion 
resistance i n  350 C s t a t i c  water a t  2500 p s i  fo r  200 haws.  However, i n  
producing la rger  quant i t ies  of the a l loy  f o r  the PRP fue l  fabrication, 
non-uniform corrosion r e su l t s  were obtained. Differences i n  metallurgical 
s t ructure  but not i n  cmposit ion were detected i n  the extruded fue l  rods. 
Samples of the fue l  rods which withstood a 24-hour, 350 C corrosion t e s t  
had a smaller grain s ize  and a smaller and more unifoncly als+Yributed 
second phase than  samgles of fue l  rods which corroded badly i n  the same 
t e s t .  
the  a l loy  s t ructure ,  the e f f ec t  of casting variables on the corrosion re- 
sistance of the a l loy  were investigated.  
the most e f f ec t  on the  corrosion resistance was the mold teaperature.  
B i l l e t s  cas t  in to  cold (23 C )  molds and warn (100 C )  molds yielded a 
higher r a t i o  of corrosion-resistant fue l  rods than  b i l l e t s  cast  in to  hot 
(200 C+) molds. 
have very l i t t l e  e f f ec t  on corrosion resistance.  

A corrosion-resistant Pu-A1 a l loy  was developed 
I n  preliminary t e s t s  

Since df f fe remes  i n  the so l id i f ica t ion  r a t e  during casting control 

The casting variable which had 

Casting temperature i n  the range studied was found t o  

The thermal cycling of dummy Zfrcaloy clad rods fabricated by various 
techniques i s  continuing i n  an e f fo r t  t o  be t t e r  understand and solve the 
thermal ratcheting problem. 
350 C a t  heating and cooling r a t e s  of about 3 C/min. 
about three-feet  long. 
various techniques a re  as follows: 

All rods were thermal cycled between 100 and 
All the rods were 

The cycling r e su l t s  on rods fabricated by the 

a )  Six rods were fabricated by slippikg aluminum cores in to  
as-received Zircaloy tubing and then reducing the diameter 
about 0.003 inch by swaging. After swaging, c i r cmfe ren t i a l  
depressions were made i n  the rods about every eight inches 
which locked the core and cladding together. Only one rod 
of the or ig ina l  s i x  remained unchanged a t  the end of 77 
thermal cycles. The others had warped and s p l i t .  
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b )  Six rods were fabricatecl by slipping alurnfzm cores in to  
Zircaloy tubing which had a layer  of Zr02 on the inside 
surface that w a s  formed ic an aGtoclave. 9he diameter 
was then reduced s l i g h t i y  by swagicg. Five of %he s ix  
rods successfully withstood 2C cycles a d  the  other rod 
elongated abcut 0.6 inch, warped, and the elad5iag s p l i t .  
A t  the  end of 44 cycles, only one of the  or ig ina l  six 
rods was -mchanged. 

c )  Twelve rods were fabricated by slipping almirm cores 
coated with a lii’rfcating layer  of graphite i n to  as- 
received Zircaloy t;lbes. 
diameters was then made by swag’,ng. 
withstood 26 cycles; however, some had warped and elorr- 
gated as much a s  0.50 inch. 
a t  the end of 50 cycles; the otners  were warped and the 
cladding was s p l i t  an four. 

A s l i g h t  reduction in  the 
All the  e l a e n t s  

oaly one elemen5 was luzchimged 

d )  Six rods were fabricated i n  which 3305n t.he ox3side s -uface  
of the  cores .d the  ics ide  surface of the Zircaioy claddirg 
was coated with a lubrica5ing layer  of gra3ii:e. A s l i g h t  
reduction of the  d i m a t e r  w a s  Eade k-ith the  swage. 
rods were v i r t u a l l y  uncksmged a t  the  ezd of 25 e y L e s  even 
though the  cores were showing srgzs of s’norteaicg. After 
41  cycles, the  ele3eat.s were begfzning t c  elongate and waq,  
and the  c1addir.g w a s  s p l i t  cn  one. 
Only one cf these rods was -axhanged at the  e ~ 3 .  of 77 cycles, 
and all the  others were varped and spli t . .  

All t he  

Twc were act affected.. 

e)  Three elements were fabricated by slipping aimirm cores 
in to  as-received Zircaioy tubing 
was used on e i t h e r  the cores or  cladding, and the rods were 
not swage sized. The dhnetral  gap on the  rGds went frox a 
minimum of 0.0049 t o  a maxio?uz: of O.CG67 inch. 
changes occurred after 77 t h e r m 3  cycles. 

Xo grashi te  l i i3ricact 

No dimeosional 

A l l  of the  above elements were he l i ca l ly  wrapped w i t h  a wire mder  various 
tensions; all below 25 in - lb ,  
cores and swage s iz ing with no w i r e  wrap were also t h e m a l  cycled 78 tFllieso 
I n  general, those rods which were n m  wrappe3 behaved b e t t e r  thac sb i l a r  
rods which had the  wire w a F e  
it appears that graphite lubricant  does 4aprove the  t h e r m 1  cycling be- 
havior t o  e cer ta in  extent and that the  minlmm d i m e t r a l  gap befweec 5hc 
core and cladding i s  as inportant or  =ore important. than the maximmi gaze 
It i s  f e l t  that by swage s i z i n g  %he t.Jbicg on a rnardrel p r io r  t o  assemk’y 
that the  diametral gap can be controlle5 f r m  a minhum of about O.OC35 
t o  a maximum of abou+, 0.0055 inch which would be sa t i s fac tory  from a re- 
ac tor  operation standpoint. Additiocal thermal cycling specimens are 
being fabricated t o  t e s t  elements of this % D e .  

Some other reds with graphite luSrica2ed 

Also, frm the  results of these expe rbes t s  
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One injection cas t  prototype wi%h n e t a l l w g i c a l  and mechanical bonding 
between the core and the can has s x c e s s f u l l y  withstood 87 cycles, with 
a d i m e t e r  increase of 0.003 inch and a length decrease of 0.070 inch 
i n  42-1/2 inches. It w i l l  be retarned t o  the alrtoclave t o  be tes ted t o  
fa i lure .  This s'aulated fue l  e1ener.t has the  core cast-bonded t o  the  
jacket by the  fabrieat.ion process, azd ir a id i t icn ,  the longitudioal ex- 
pansion of t'ne a lminun core i s  restrained by mechanical keying obtained 
by ro l l ing  circumferential grooves 0.025 inch deep in to  the  tubfzg a t  
six-inch intervals  before ic jec t ion  casting. This corntiration of metal- 
lu rg ica l  and mechanical bondir?g may prove t o  be adequate t o  wfthst.and 
the severe stresses eneo-antered wish thermal ratcheting. Other cycling 
t e s t s  have indicated that the  nechacieal bond aloae o r  the metallurgical 
bond alone i s  not adequate t o  overcoae the  proklem; however, the cozbin- 
a t ion of the  two together co;iid prove t o  -ce tke  answer t o  the problez. 

U02 Fuel Developserrt 

PRTR FJel Elements. 
bproved since the f i rs t  rcd was fa%ricated.  The average densiTy of the 
rods has, in  general, increased while the variat,ior_ 3 density from rod 
t o  rod has shown a marked decrease. Tiis i s  attribu?,able p r h a r i l y  t o  a 
t i gh te r  control of loading a d  swaging varia%les.  
sintered and cr-xhed U02 have >eer swaged 50 ari average density of approx- 
irnately 85.5s of theoret ical  wP:h a -Jariatior fron rod t o  rod of aFprox- 
h a t e l y  *l$ of the thecretica; dezsify,  
with the are-fused GO2 vhich i s  tm- being used. 

The densi t ies  cf swage3 PRTI? fuel rcds 'kiave s teadi ly  

Rods loaded wit_? .  

Eigher deas i t ies  a r e  expected 

1:- order +,o avoid delay ix! fa3rieatiol: of swaged fuel rods f u r  PRTR 
,y-rod c lus te r  fie1 eleiucz*.s, the o f f - s i t e  ?ahrica+,or of Zircaloy-2 end 
caps bas agreed t o  complete 2% sets of the current order ahead of 
schedde.  Tnis p a r t i a l  delivery w i l l  a i l w  rod fabricazior t o  c o n t i x e  
witnout interruption ura',fl %he rezainder of the erd cap order is received. 

The zew PRTR fuel  rod end cap design providing a continuclrs oGe degree 
taper on the portion of tke er,d cap ?.hat i s  inser ted i n  the %el rods 
has provided excellent welding results. RaSiographs of 418 welds t h i s  
monsh have shown only two welds with ins?Jfficient penetration. These 
two welds have been repafrel  t.,y rewelding. 

A speed indicating meter has baen a+,tached t o  the  rotat ing cluck xsed i n  
the  vacuum purged welding chmber. The zovmer,t of %he fue l  rod beneash 
the  welding arc  i s  co3t i r iogsly indicated i n  revolutions per nfnute, 
ailowing the  operator t o  constas?.ly check the weiding speed. 
provides a f a s t  and posi t ive reference f o r  establishing the  correct speed 
eacn tfme the  fuel eiments a re  set u? f o r  we15ingo 

?ne meter 

Cooperation with the Coatings and Corrosion Operation has provided an 
al+,eration of t h e i r  autoclave fixturirzg %e allow an increase from 39 t o  
65 fue l  rods t o  be autoclaved a t  one time. 
four days, 
approxiriafely 100 fue l  rods per veek. 

The autoclave cycle requires 
With 6 j  fue l  rods ailtoclaved a t  a t h e ,  the o-Jtput i s  
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Detection of defects on t3e internal  surfaces of swaged fue l  e l m e c t s  
is  l b i t e d  because of t h e  surface roughness produced during the swaging 
operation. Several specimens giving ia t rasonis  defee% indicatiocs were 
sectioned and exaained metallographically. 
t a t ions ,  0.003"-0.005" deep, resul t ing from the hp res s loz  of U02 
par t i c l e s  in to  +,he Zircaioy-2 tube surface. 

All proved t o  have isden- 

Cost data a re  being asseE3led on fabricat ion of PRR fael e lezcr t s .  
Although these data a re  not yet complete, the CGS: reauctiocs assoc- 
i a ted  w i t h  process development a re  very obvious: the cost  per fue l  
element. today i s  several times lower t h a n  the comparakle cost  nine 
months ago. 

Delivery of s i x  thousand pounds of fused U02 frm the Spencer Cheni-al 
Company was completed essent ia l ly  on schedule. 
PRTR fue l  elements w i l l  have the advantages of yielding a higher density, 
lower uni t  cost ,  and probably improved operatirg charaet,erist ics d i e  fo 
b e t t e r  f i s s ion  gas re tent ioa.  
meets the  specif icat ions s e t  '.ip fo r  purity,  decsity,  and oxygen-to- 
urariium r a t i o .  

UFe cf t h i s  oxide f o r  

Analysis of the Pdsed UO2 SJOWS that  i f  

Fabrication Development. 
an economical method of fabrica%ing Zfrcalcy-2. 
i n  coctraet  DDR-70 (projection welding of the 19-rod cI1uuter f ~ s 1  e:erez: 
hanger f i t t i n g  assem5lies) fndica+,e t'mt a suSs%ar,tial labcr  s a s k g  car4 
be real ized 3y projection welding, Additional evaluation fs 5 e h g  951"- 
formed on the smple  welds. 

ProJection welding has been denonstrated a s  
%e r e s i l t s  cb:a:zecl 

Dense U02 f u e l  rods can 5e fabricate?. 5y v i k a t i c n a l  cmgaci,',os 
followed by a one pass swage red-uc',ion of -15 pereect... 
a s  high a s  90 pereect of +,he tbeore t iea l  U02 dezsfyy caz 3;e a:hiereS.. 
Swaging and viSrafiona1 coapaction used ccnjunctively shculd help 50 
insure uniformly high densi t ies .  This technfqur mirksdly redazes fke 
amount of swaging required, theretiy reducing the mcruzt cf esLd km-k 
introduced in to  the shea+,h material .  The sample wnfch had t,ke h icks?  
density a f t e r  vibration (8% T.D.)  a l so  had %he highest swage2 dezs'+Uy 
(go$ T . D . ) .  
U02. 
U@ had the  lowest density a f t e r  vibration (6% T.D.), and a f t e r  
swaging (7% T.D. ) . 
compositions a re  anomalous, and s y s t e n a t k  investigation 09 mix5,ures 
centering on the cchposition giving t l e  highest density is  neededi. 

Dens:ties 

It contained 6C$ coarse, ZC$ 5ediu5, and 20$ fize, ftrse3. 
A sample containing io$ coarse, loqb nedim, and 80$ f ine,  fused 

Results obtained with zixt.ares 019 intemediafe  

Ten PRTR f u e l  rods, falx-icated Sy v i j r a t iona l  compaction, a r e  ready f o r  
f i n a l  assembly. 
theoret ical  density, with density var ia t ions of il$ T.D. along =OS: of  
the length of the rods. The p a r t i c l e  s ize  d is t r ibu t ion  of the s f r te red  
and crushed U02 was 4 6  (-6 +23) ,  25$ ( -25 +a), and 35% ( - 2 0 2 ) .  The 
swaging charac te r i s t ics  of fased U02 from Spencer Chenkal Conpar,y were 
evaluated t o  detemine the p a r t i c l e  s ize  dis5ribution and tap density 
associated with the maximum swaged density. 

F?.e average dezlsities cf the rods a re  85-8s& of the 
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Further studies evaluating the swaging process have revealed that 
internal  surface sheath defects a re  not propagated during the cold 
swaging operation. A Zircaloy-2 tube was defected by machinfng a 
0.002 inch deep notch on the internal  surface. The tube w a s  f i l l e d  
w i t h  U02 and swaged. Metallographic examination of cross-sections 
of the swaged fue l  rod shcwed t h a t  t he  depth cf the  defect had not 
been increased. However, the widtn of the defec+, was considerably 
reduced. 

Continued development and evaluation of the immersion type ultra- 
sonic tester revealed the  capabi l i ty  of the machine t o  detect  internal  
tubing surface defects missed by other examination methods. 
severe internal  surface cracks greater  than 0.004 inch deep were 
detected i n  Zircaloy-2 tubes which had passed both o f f - s i t e  and on- 
s i te  internal  surface fluoresceat. penetrant inspection. 

Several 

Fuel Evaluation. Confidence i n  the s t ruc tura l  and cladding in tegr i ty  
of the swaged U02 19-rod c lus te r  PRTR fue l  element remiins high after 
sixteen weeks of operation of one such element i n  an ex-reac%or, high 
temperature, high pressure flow loop. 
cycled through the proposed PRTR pressure and teaperature razqe many 
tiaes, exhibi ts  no warping, w i r e  wrap loosening, o r  corrosion. This 
ex-reactor tes t  w i l l  continue. 

The eleaent, which was Ynermally 

Arrangements were made t o  r e t u r n  the purposely defected, i r radiated,  
swaged U02 fuel rods t o  Ranford fcr sectioning and internal  exasin- 
a t ion t o  reveal s t ruc tura l  changes and potent ia l  interaction between 
high temperature steam and UOg core and Zircaloy sheath. A seeocd 
i r rad ia t ion  t e s t  of a pxpose ly  defected, swaged Zfrcaloy clad U02 
fue l  rod was in i t i a t ed .  The second tes t  w i l l  involve greater hea': 
generation and in-reactor cycling. 

A r-um3er of long t e rn  i r rad ia t ions  of U02 Cue1 c a p a l e s  are taking 
place i n  various reactors t o  reveal any prcgressive changes i n  the 

. nature of the  fue l .  Swaged UO capsules have a3tained an estimated 
maximum exposure of 12,000 MWD~T' during i r radiat ion i n  ETR-MT'R. No 
f a i lu re s  of these capsules, o r  of any other swaged fuel elements have 
occurred e 

A four-rod c lus t e r  comprising both helium bonded and evacuated, vibrator- 
i l y  packed, arc-fused (Sorton) UOg fue l  rods w a s  examined after KTR 
i r radiat ion.  
hr / f t2  surface heat f lux.  
atmosphere developed a central  void, with columnar grains and grain 
growth. The U02 core containing helium remained v is ib ly  unchanged. 
The marked difference between the  U02 rods i s  understandable in  l i g h t  
of the fue l  rod gas analysis.  

The tes t  element had generated 11.2 kw/ft, o r  3l0,OOO B W /  
The evac-uated fue l  rod without a helium 

The greater  f i s s ion  gas release fram the evacuated fue l  rod results 
d i r ec t ly  from the increased fue l  temperature which i s  caused by the 
absence of a good continuous heat conducting medium, i . e . ,  hklium. 
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UNCLASSIFIED A- e3 HW-62899 

The source of hydrogen found i n  the gases cmtained within the  irrad- 
iated fue l  rod has not been defined. The drainatic difference between 
the  i r rad ia t ion  behavior of evacuated and of h e l i m - f i l l e d  U02 fue l  
rods demonstrates once again the importance.of insuring a thermally 
conductive gas phase (e .g . ,  heliun) In non-sintered U02 fue l  elerceDats. 
The r e l a t ive ly  low f i s s ion  gas release fror: arc-fused, vibrat ional ly  
compacted U02 f u e l  elements, operated a t  average PRTR condi%ions, i s  
very encouraging. With more recently proeured fused U02, even be+,ter 
f i s s ion  gas re tent ion i s  ant ic ipated.  

Basic Studies. A j o in t  HAPO-BMI stLldy revealed, some weeks ago, a t-er 
percent greater  thermal conductivity of i sos t a t i ca l ly  pressed ucl 
sintered U02 by comparison with t h a t  of extruded, dried, I sos t a t i ca l ly  
pressed, and s intered U02. The samples were recovered fro= BMI, where 
the conductivity w a s  measured, f o r  microscopic examination t o  possibly 
reveal causes f o r  the apparently fabr icat ion dependent va r i a t io r  of 
conductivity. 
re la t ion  were so le ly  t rue ,  one would expect specimens having similar 
average pore volumes t o  exhibi t  nearly the s m e  thermal conductivity, 
when correcting t o  zero porosi ty .  However, the  corrected condwt iv is ies  
reveal a grea te r  d i spar i ty  betweet? sucn spechens thar, betveeri specheas  
having similar grain s izes .  !he data reveal o ~ L y  grain s ize  as a pmp- 
e r t y  which might be responsible f o r  the greater  ",hemal cond-ictivi3y of 
the I sos t a t i ca l ly  pressed and s intered s p e e f e n .  

If the generally accepted Loeb density conductivity 

Equipment was erec%ed which w i l l  permit cmparat ive measurements of %he 
thermal conductivity of a var ie ty  of U02 speciae3s and adjanctively w i l l  
provide data on in te r face  and helium gap condut t ivi t ies .  Several 
standard specimens ( s t a in i e s s  s t e e l ,  a l m i n u z ,  graphite, fuse3 q-dartz 9 
were prepared. 
cent dense dendrite of U02. 
the  direct ion of the  proposed heat flow. 
duc t iv i ty  w i l l  be closely approxizriated i n  t h i s  specizen. The ecyiFplr,est 
w i l l  a l s o  be used t o  examine the unusually high helium bcnd conduetivi%y 
in  small gaps disclosed i n  recent BLPD i r rad ia t ion  tests. 

A t r amverse  speehen  was cut f r m  a saJiFie of 100 per- 
No grain bomdaries e x i s t  transverse t o  

Sfagle c rys t a l  t.her;-,al ccn- 

It i s  in t e re s t ing  t o  speculate regarding the  effec+, grain s i ze  mighf 
have on heat removal from U02 fue l  rods. 
i r r ad ia t ion  tes ts  are in+,erpreted as demonstrating unexpectedly high 
thermal condidctivities i n  regions above 18CO C a  These regicns char- 
a c t e r i s t i c a l l y  consis t  of long, r ad ia l ly  oriented, colamar grains, 
which should transmit heat more in the  mamer of single c rys ta l s  than 
of polycrystal l ine material. 
t ransfer  through these high temperature regions remaics t o  be resolved, 

Results of recent W02 

The r e l a t ive  eontr ibi t ion of" radiant. 

Corrosion Studies 

Corrosion of Zircaloy-4 In 400 C, 1500 p s i  Steaxc. 
Zircaloy-2 and Zircaloy-4 have been corrosion etched i n  400 C, 1500 p s i  

Six samples each of 

steam a k  show very s g f l a r  corrosion rates and good black oxide f l h s .  
The weight gains after ten  days are:  
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Alloy Weight Gain ng/dm2 
(Avg. f o r  6 samples each) 

Zr-2 
Z r  -4 

27 
25 

Aluminum Alloy Development. 
base aluminum i n  t e s t  i n  360 C water. 
excellent corrosion resistance.  
a l loy  made a t  Alooa. 
decided improvement. 
(1.4% m i ,  1.5% Pe) shows a penetration of 0.34 m i l ,  compared with 4.3 
m i l s  f o r  the X-8001 standards. These al loys a r e  now being tes ted  ir the 
340 C flow loop and i n  290 C refreshed water. 
conducted t o  confirm re su l t s  reported by the Argonne National Laboratory 
that this type of a l loy  has a higher corrosion r a t e  a t  290 C than  a t  
360 C.  No r e su l t s  a re  available on e i the r  of these t e s t s  as yet .  

There a re  now ten alloys using 99.995% 

The same formulation niade a t  HAP0 does show a 
After four months i n  t e s t ,  the Alcoa X-8003 a l loy  

All  but one of these have shown 
The one exception is a 1% N i ,  0.5s Fe 

The l a t t e r  tes t  i s  being 

Corrosion of Materials i n  Low pH Water. 
indicate the corrosion r a t e  of X-8001 aluminum a t  300 C i n  pH 4.5 water 
adjusted with HNO3 i s  much higher than  i n  pH 4.5 water adjusted with 
H3P04. 
i n  the HN% experiment. 
obtc-ined from previous E3P04 data. 
t o  bpingement a t tack a t  the higher ve loc i t ies  on the aluminum coupons 
bxxdia te ly  upstream. 
coupons i n  the tes% i n  the range from 21 t o  64 fps .  
of 304 s ta in less  s t e e l  at  300 C and pH L , 5  addusted with HNO3 i s  compar- 
able t o  that obtained with H3PO4, 0.0045 mil/month a f t e r  642 hours. 

Preliminary out-of-reactor data 

After 642 hours of tes t ing ,  a r a t e  of 0.48 mil/month was observed 

Velocity e f f ec t s  appear t o  be l imited 

No difference i n  corrosion has been found on other 

This contrasts  with a r a t e  of 0.06 mil/month 

The corrosion r a t e  

Testing PRTR Fuel Elements. 
thermal-cycle t e s t ing  of PRTR Pu-A1 type fue l  element rods a t  a l i n e a r  
r a t e  of about 200 F/hr between 325 and 550 F was completed. Two swage- 
fabricated rods, one with s p i r a l  wire wrapping and one without, have 
been thermal cycled 50 times. The so l id  aluminum cores substi tuted for  
the Pu-A1 core were observed t o  shorten about 0.7 inch. 
typk d is tor t ion  of the rod around the wire wrapping has been noted. 

The developnent of equipmest t o  permit 

No corkscrew 

Structural  Materials Development 

PRTR Process Tubes. 
radiographic testing of the  97 PEZTR tubes p r io r  t o  pickling and auto- 
claving is cwple t e .  Seventy-eight tubes a re  considered s t ruc tura l ly  
sound. 
and autoclaved tubes which or ig ina l ly  gave immerscope indications of 
possible f l a w s .  Bo defect's a t  the locations of these indications have 
been found by v isua l ,  fluorescent penetrant, and radiographic tes ts .  
Consequently, it is expected that the smoother surface from pickling 
p r io r  t o  autoclaving w i l l  eliminate most if not a l l  of these indications.  

The ultrasonic,  fluorescent dye penetrant and 

The ul t rasonic  flaw detection test w i l l  be re-run on 19 pickled 
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A l l  97 tubes have been pickled and autoclaved. 
factory autoclave fi lms. 
ing because of s ta ining (37) o r  questionable autoclave f i l m  areas ( 9 ) .  
A trial run on reprocessing is  under way on vendor-reject tubes. 
equipment i s  nearly ready f o r  straightening the tubes t h a t  bowed s l igh t ly  
during autoclaving. 

Fifty-one have sa%is- 
Forty-six are being considered f o r  reprocess- 

Press 

Radiometallurgy Laboratory Studies 

Metallographic s tudies  were completed on a hign-density s intered YO2 
30-mil Zircaloy-2 c l a3  fue l  element which had been i r rad ia ted  tq 
300 WIT (RM-300). 
fission-gas col lect ion were completed on a fuel  e l w e n t  containing a 
high density UOpPu02 nixed-crystal  oxide ( RM-650). Metallography and 
fission-gas col lect ion were completed on a fue l  element containing high 
density, center less  ground and s intered UOg pe l l e t s ,  a-fter i r rad ia t ion  
t o  1500 W / T  (RM-2'73). 
capsule that had been i r rad ia ted  according t o  GEH-3-47 was c a p l e t e d  
(EM-293). 
three rods on an are-fused U02 4-rod c lus t e r .  
had been sealed i n  a heliuin abosphere  appeared urzchanged a s  a r e su l t  of 
the  i r rad ia t ion .  A wafer from a rod which was sealed while evacuated, 
exhibited a recrys ta l l iza t ion  s t rac ture  and a l so  provided a high f iss ion-  
gas yield (RM-304). 

Photographs, diameter and length measuremeats, and 

Metallographic examination of a swaged U02 

Fission-gas col lect ion and metallography were corzpleted f o r  
One wafer from a rod whien 

Metallographic examination of gamna phase annealed, i r rad ia ted  uraci-an 
continued. Very l a rge  oriented grains were observed as w e l l  as large,  
rounded, irregularly-shaped fissures (RM-321) . Metallographic exminat5on 
was conducted on a sample of l o w  i r rad ia t ion  exposure uran im tha t  was 
annealed fo r  t en  hours a t  800 C (RM-317). 

The results and conclusions frm t h i s  work w i l l  be reported i n  connecticn 
w i t h  the  respective development programs of Cermic Fuels and Physical 
Metallurgy Operations. 

T h e m  Hydraulics Studies 

Boiling Burnout Experiments Associated with tne  PRm Design. Fourteen 
addi t ional  bo i l ing  burnout points  were detemined using a test section 
In the  high pressure heat t r ans fe r  apparatus a: conditions applicable 
t o  the  PRTR. 
the  use of the  present design heat fluxes i n  operation of the PRX. 

These da%a added fur ther  substantiation t.o the va l id i ty  of" 

The tes t  sect ion used w a s  a s ingle  tube, 0 . 3 7  inch i n  diameter aIzd 
30 inches long. The magnitude of the  boi l ing  burnout hea5 fluxes were 
1,000,000 t o  1,800,000 Btu/hr-ft2 for water qua l i t i e s  ranging from 3'& 
by weight t o  28 F subcooled. 

A re-evaluation was made of emergency cooling charac te r i s t ics  of the 
PRTB i n  consideration of the  f a i l u r e  of the  flywheels on the PRTR pmps 
t o  provide flow f o r  a t h e  as long as had i n i t i a l l y  been expected. It 
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I 2 '3  c! 

w a s  concluded t h a t  the  pump decay times as experienced on the pratotype 
pump i n  the  314 Building were so erratic that it w a s  highly desiraSle 
fo r  personcel from the Mechanical Equipment DeveloFment Operation t o  
examine the pump fur ther  for  possible causes of shortened decay times. 

PRTR ProJect Management and Desim 

Over-all PRTR Contract. 
versus b4$ scheduled, based on the o f f i c i a l  General Electr ic  Company 
schedule. 

The over-all  PRTR contract i s  54% complete 

Phase 111 PRTR Contract. 
and process piping) i s  approximately 45% coaplete. The contractor has 
requested an extension of time t o  Ju ly  1, 1960, because of the Hanford 
labor  dispute i n  July,  o f f - s i t e  s t r ikes ,  and added work. 
campletion date of May 20, 1960, has been agreed on pending delivery of 
government furnished equipment. 

The Phase 111 PRTR contract (reactor complex 

However, a 

The biological shield i n n e r  l i n e r  is  nearly complete and the contractor 
i s  preparing f o r  the heliun l e a k  t es t .  
i n  the biological shield are being radiographed; by the contractor t o  
the  amount required by h i s  contract. (le), and the reminder by plant  
forces. ReJiiew of radiographed fi lms indicates a high rate rejection 
due t o  lack of fusion, excessive slag, lack of penetration, and occasional 
cracks. 

All buried l iqu id  carrying l i nes  

Heavy aggregate concrete was placed over the  t ransfer  p i t  and approxi- 
mately 70$ of the  fue l  examination c e l l  w a l l .  It. appears t h a t  placing 
of heavy aggregate concrete i n  the biological shield w i l l  be startect 
about the  second week i n  December, pending successful leak tes t  and weld 
repair  of the inner l i n e r .  
equipment i s  progressing slowly pending cmglet ion of +,he reactor shield.  

Ins ta l la t ion  of process c e l l  piping and 

One r ive r  pump w a s  placed i n  the pump w e l l  and work OR assembly of the 
second pump i s  progressing, 

All change orders through 41 have been negotiated except Nos. 10, X, 
and 40. 
and the  AEC-GE fair  cost  estimate i s  $72,000. The estimates are  cur- 
ren t ly  being reviewed. 

Phase 1 1 - A  PRTR Contract. 
s t ruc ture)  has been completed. 

For change order No. 23, t he  contractor 's  pr ice  I s  $86,000, 

The Phase 1 1 - A  PRTR contract ( r ive r  punp 

PRTR Stack Addition. 
The completion date f o r  the  stack i s  December 27, 1959. 

Contract work i s  estimated t o  be 25s complete. 

Instrumentation and Control. 
monitor system i s  being rebid with the  three low bidders, since a l l  bids 
contained unrequired items. 
iiclring ear ly  December and w i l l  have a four-month delivery. The detailed 

The electronic  portion of the rupture 

It i s  expected tha t  the order w i l l  be placed 
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design of the mecharical and sanple handlirg portion of chis  sysrea vas 
begun by CEWO during the  month, w i t n  completion of dzsfgn soheduled 
f o r  December 19. This pa r t  of the sys$ezn was or ig iza i ly  placed f o r  bid 
on a design and fabr ica te  contract, but no acczptakde bids wore recefved, 
It i s  expected t h a t  procurement of long-lead-TZe i t e m  iz this s y s t ~ z  
w i l l  be done by kceral  Electr ic ,  and such fzem b-'Ll he f-xzished ts 
the  system fabricator  t o  shorten delivery t h e .  

A design change is  being prepared revising the reactor safet,y and eoz- 
tainment systems t o  coincidence sys tem.  
has been returned t o  the  vendor f o r  modifications t o  confom t o  the zev 
systein. 
the safety system control and bypass panel. 

Tr.e safety s y s t m  relay Zabinet 

The control room panel vendor has been not i f lea  t o  prozeed w;%h 

Core Components. 
completed. 
shield are ROW being ins ta i ied .  
t o  insure that the top and b o t t m  skield were driec? coqLe tP ly  of water 
a f t e r  the hydrostatic test., wher J. A .  i'ozes ' persoxiel x7ictestiona;l.y 
d r i l l e d  a hole thro*ah  %he bct toc p la te  of the b c t t a  shield, a sxa l i  
quantity of water ran out .  h o t h e r  ar:enpt a% drying the si-,elds will 
be made. 

The calandrfa and top and bott.om shields a re  e s se r t i a i ly  
Tubing extensions from the calandria down through :he bo r tm 

Altho-qb s t r ic t ,  speeff icat.ions &*ere writ~..es 

Shieldin&. All of the  east  iron t5emal  sr~iel2 t locks  have keeL re?*EI:ved 
on-site.  The biological shield for, i a s  See.-, zearly oor@esed, Soxe 
d i f f i cu l ty  i s  being experienced i n  the quaiir,y of %he welding or: pese'ra- 
t ions  through the  biological skieid.  
approxhately 65% were rejected fcr  no+, zeeting AS,Q Code q la l I ty  
standards. 
shield w i l l  be loo$ radiographed. 

Of initial x-rays zf "_f.,ese w ~ l d s ,  

All liQ;-lld ZarryPng pezetratlons tnrough she biologizal 

Helim C i s  Sys+,=~. 
been turned over t o  the  ccs t rac tc r  f o r  fas ta l la t ion .  

The nigh and low presssre heliuz cozpressors kave 
?:e zest9-g grerraz 

had not Been conpleted whe3 they were requested by tSe contractor, so 
t h a t  sa t i s fac tory  operating l i f e  ha9 nct Seen achieved f c r  tne c k c K  
valves on the l e w  pressure c c q r e s s o r s  aEd f o r  the  check valves a,id :a- 
pensating pumps on the  hi@ pressare compressors. Steps are ? e i q  take- 
t o  continue t e s t ing  and deveiopzem wcrk on tae cmponerts cn &?vices  LZ 
the laboratory other than %he ac tza l  empressors. 

One of the  high pressure coxpressors was danaged t o  a R  mdeZemize3 
extent when one of +,'ne three suspension poin5s by which the cap res so r  
was being l i f t e d  broke and allowed tke compressor t o  f a l i  t o  the f loor .  

Fuel Handler. 
manufacturer was instrxcted t o  disassea5le the  machine aad prepare i: 
f o r  shipment by November 28. 
deficiencies i n  operatio3 which w i l l  be corrected o r  brought with22 
acceptable performance standards during testsag a t  Ranford. 
w i l l  replace the  exhaust a i r  hose and resize the  shroud. 
w i l l  be delivered separately. 

Acceptance tes ts  were eoapleted during the neath and +,be 

The machine w i l l  be accepted with c e r t a f l  

The vesdcr 
These isezs 

The a i r  cooling system has considera2ly 
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more pressure drop (without the fue l  element, shroud, and seat  i n  place) 
than can be accounted f o r  by calculation. 
s t ruct ion in the l i n e ,  so the manufacturer was relieved of responsibi l i ty  
fo r  t h i s  i t e m .  
t h i s  condition and the most desirable corrective action. Vibration in 
t rave l  of the bridge has become Lore pronounced a t  cer ta in  posit ions of 
the carr iage.  

Inspection revealed no ob- 

F'urther t e s t ing  w i l l  be required t o  determine the cause of 

This matter is the manufacturer's re$ponsibility t o  correct.  

Outlet Nozzle. 
received by the vendor, end # r k  has begun on new components. Welding 
on reassembly of four nozzles was not en t i r e ly  acceptable on the  f i r s t  
attempt, and some repair  has been made. 
completed by the end of the  year, i f  no fur ther  d i f f i c u l t i e s  a re  encount- 
ered. 

Some material f o r  re-manufacture of the nozzles has been 

Nozzles are scheduled t o  be 

Fuel Element Hanger. 
interchangeabili ty of use with U02 and plutonium elements and permit 
ready visual ident i f ica t ion  of e i the r  type. 

The fue l  element hanger was redesigned t o  e l h i n a t e  

Fuel Element Examination Fac i l i t y .  
more d i f f i c u l t y  with cracks i n  the casting f o r  the cast  iron shielding. 
The cracks occurred in access holes i n  w a l l  block No. 3 and i n  one of the 
top blocks. An attempt w i l l  be made t o  repair  the blocks. 
cracking problem, Mosler Sage Company w i l l  not meet the scheduled shipping 
date f o r  all blocks. However, t o  avoid delaying the Phase I11 contractor, 
a p a r t i a l  shipment consisting of the  f i l l e r  blocks and b o t t m  two w a l l  
blocks w i l l  be made. Delivery has been requested by December 15, 1959. 

The Mosler Safe Company has encountered 

Due t o  the 

High Pressure Loop (Project CAH-86L). 
have been made i n  d e t a i l s  of the design c r i t e r i a .  

Minor revisions and re f inments  
The project, proposal ~- 

i s  being circulated f o r  approval. 
system a re  being made. 

'Zransfeot analyses of the control 

Sections of the design c r i t e r i a  concerning the primary pump drives and 
the rmergency tank were revised. 
two-speed dr ives .  Instead, two P;Otors, a 30 hp and 10 hp, w i l l  drive eack 
high pressure pump -- the  smaller motor being connected by a V-belt drive,  
The large motor i s  reduced t o  30 hp ( f r m  60 hp) because the flywheel w i l l  
be separated from the  motor by a magnetic clutch.  
w i l l  place high pressure loop equipment in to  a portion of the B Cell  
access area; however, the  equipment w i l l  stand on the f loor  and can be 
covered with a five-foot t a l l  enclosure. 

The emergency tank w i l l  no longer vent t o  the PRTR building exhaust, a f t e r  
a rupture disk fails .  
t o  the  holdup tanks outoide the  containment vessel. 

The primary pumps w i l l  no longer have 

The pump drive changes 

The tank w i l l  became pressurized and force water 

PRP C r i t i c a l  Fac i l i t y  (Project CAH-842). The design c r i t e r i a  was pub- 
l i shed  f o r  cumment during the report  period. 
authorized t o  proceed with p r e l b i n a r y  design of the c r i t i c a l  f a c i l i t y  
building. 

CE&U Operation has been 

Detailed instruct ions have been forwarded t o  them delineating 
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the  portion of the design which the authorization concerns and which w i l l  
be included in  the PRTR Maintenance and Mockup Addition contract .  
pected completion date fo r  detai led design of t h i s  portion i s  January 15, 

Ex- 

1960. 

Fuel Element Rupture Test Fac i l i t y  (Project CM-867). 
cr ipt ion document describing the proposed P R X  rapture loop has been 
completed. 
t o  atmospheric pressure pr ior  t o  leaving the loop) with capabi l i t i es  f o r  
once-through coolant flow o r  f o r  recirculat ion.  The in-reactor t e s t  
section consis ts  of a Zircaloy pressure tube with a Zircaloy l i n e r  con- 
ta ining the fue l  assembly for  protection of the main pressure be&ring 
member. 

The scope des- 

The loop is  an "open" type ( the primary coolant i s  reduced 

Design Testing 

PR-1 - Discharge Operation Mockup. 
vehicle was completed. 
be dis-assembled and shipped by the end of the month (vendor was advised 
that a delivery date of f i ve  weeks a f t e r  shipEent of the vehicle f o r  the 
a i r  system f l ex ib l e  hose and a delivery date of three veeks a f t e r  vehic-e 
shipment f o r  the shroud was acceptable).  
remaining i s  the elimination of excessive vibration i n  the vehicle dgricg 
bridge t r ave l .  The following major components a re  not functional, and 
it w i l l  be necessary t o  revise the systems wher: the vehicle i s  received: 

Acceptance t e s t ing  of the f-~elirag 
The vendor was not i f ied  tha t  the vehicle i s  t o  

The major fabricatiorr problez 

(1) Bridge posi t ion indicating system. The systein i s  being re-  
designed u t i l i z i n g  a "Selsyn" type drive for  the codnter. 

(2 )  A i r  cooling system. Pressure drop i n  the a i r  cooling systes  
appears t o  be i n  excess of the rated capacity of the compresscr. 

PR-10 - Primary Loop Mockup. 
more than  1800 hours. 
0.1 gallon per hour. 
determined t o  be due t o  temperature var ia t ion i n  the  sea l  caviOy ca-xed 
by intermit tent  flow from the sea l  leak col lect ion tank. 

The p r b a r y  process pmp has operated f o r  
The seal  leakage has generally been l e s s  than 

The e r r a t i c  leakage occurring a t  1100 hours was 

Damage t o  the low pressure secondary sea l  i s  known t o  be occurring baric€ 
periods of r e l a t ive ly  high leakage (0.5 gph) of the  high pressure sea l .  
Helium evolution during these periods is  higher than  can escape frm the 
seal cavi ty  and causes the  seal  faces t o  run without proper water coverage. 
The high wear r a t e  i s  evidenced by graphite pa r t i c l e s  i n  the secondary 
1 eakage . 
The o i l  s ea l  leakage, which s t a r t ed  a t  approximately 900 hours, has in- 
creased from 10 d / h r  a t  t h a t  time t o  a constant 60 ml/hr a f t e r  1500 hours. 
The clearness of the  o i l  leakage suggests hardening and cracking of the 
O-rings, a condition which the pump vendor has been advised o f .  
elastomers should be ready f o r  evaluation i n  future  t e s t s .  

Other 
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The prototype process pump has operated over TOO hollrs with leakage con- 
s i s t en t ly  below 0 .1  gph. 
small pump t o  determine the e f fec ts  of head variation on flow decay ra tes .  

Flywheel decay tests were performed with the 

PR-13 - Injection Pump Test. Packing tes t ing  resmed on October 28, 
using k a n e t t a l i c  Harzdy-Pack, Style AE packing rings, consisting of 
lead f o i l  outer r ings and p l a s t i c  inner rings.  
56 hours due t o  the impact load, causing the lead f o i l  t o  extrade and 
bind the plunger. Testing of Raybestos Machatton Vee-Flex s p l i t  r ing 
packing, R/M #1204, started on Noverher 16, a d  i s  now i n  prcgress. 

The packing f a i l ed  after 

PR-40 - Shim Control Mockup. 
incorporating changes t o  agree w i t h  those Seing made by GE-APED i s  90 per- 
cent coaple%e. 
approved 

Modification of  the second prototype assembly 

A l l  drawings made by GE-AE'E3 have been reviewed and 

Delivery of the b a l l  bearing lead screws has beer, delayed u n t i l  about 
December 29, due t o  a vender fabrication e r ror .  Material fo r  new screws 
was ordered and w i l l  be rol led by Saginaw S2eering Gear Division of 
General Motors, who I s  sapplying the lead screvs and 3all cut  assenblies. 
The thermocouples have been received and are  mdergoing t e s t s  in the  
laboratory t o  deternine t h e i r  r e l i a b i l i t y .  
w i l l  not be able t o  procure the drive motors by the dates we a re  required 
t o  furnish theni t o  GE-APED. Delay of these i t a s  w i l l  no doubt deiay %he 
delivery of the shim control assemblies. 

It a lso  appears tha% the AEC 

PR-52 - Process Tube Thermal Cycling and Pressure Testin€. 
w a s  operated 571 hours & z i n g  the month wftn leakage rates froz the high 
pressure closures as follows: 
tube - 0.18 ml/hr; and process tu5e inlef, - 0.09 ml/hro 

?he process tube 

nozzle cap - 0.67 d / h r ;  nozzle t o  process 

The fue l  element w a s  removed and examined by Fuels Development personnel 
and fomd t o  be i n  good condition. 

The process tube was rmoved and replaced with a new ( r e j e c t )  tube which 
'had been f u l l y  pickled, aut.oclaved, and inspected. The old tQbe w i l l  be 
inspected by Radiographic Testing personnel t o  determine If any corrosion 
w a s  evidemed. 

A new style inlet flange incorporating a 27/32" or i f ice ,  w a s  i n s t a l l e d  on 
the s ingle  tube prototype. 
lowing conditions a t  480 F and aboizt 110 gallcns per niixute flow: 

Pressure drop r.easurements indicate the  f d -  

Inlet Piping no i n l e t  valve) 5.0 p s i  

Outlet Orif ice  
Outlet Piping 

Process Tube with fue l  eleniezt SC inief  o r i f i ce )  22.0 
13.5 
5 80 

Total System (no inlet  valve) 4 5 5  

t 
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The hold-down devices are  being fabricated by J .  A. Jones Constrslctioc 20. 
The Inconel "X" spring has been thermally cycled about 1000 cycles w i t h  
indications of a mall load loss.  
600 thermal cycles with no d i f f i c u l t y  and the SAE 4130 -- 4.2 cycles. 

The S t a r r e t t  springs withstood over 

Materials have been ordered with which t o  fabrica%e the springs i n  case 
the  o f f - s i t e  vendors are unable to supply the springs. 
an ica l ly  f l e x  the springs while hot 'has been b u i l t  and is ready fo r  t e s t i l g .  

A device t o  Eech- 

PR-64 - Gas Saapling Technique. 
has determined that a separator, three inches high and 2-1/2 :aches ii 
diameter, packed w i t h  raschig rings,  gives sa t i s fac tory  r e su l t s .  A p r c o -  
type rotameter has been ordered t o  better evaluate the problem caused by 
condensation i n  the rotameter with the  passage of heliun satdrated with 
water a t  120+ F. Experinen+,& data are being obtained t o  correlate  gas 
flow rates w i t h  varied mounts of helium i n  solution. 

Testing of several gas separator designs 

PR-70 - Hel ium Compressor Test. The test  prograa w i t h  the  two cozpresscr 
un i t s  w a s  halted Octcber 33, 1959, when the cmpressors were delivered t o  
the Phase 111 contractor fo r  reae tc r  i s s t a l l a t i o n .  
has been prepared sunzlarizing %he findings of the cosllpressar t e s t  prcgrar. 

A report ,  ~ ~ - 6 2 7 3 L ,  

Additional work is being planned i n  the  developnent of" the o i l  corpr .sat lng 
p u p s  fo r  the  Hofer high pressure ecmpressor. 
r ica ted  and w i l l  be ready fo r  opera7ion about DeeeEber 1, 1959. 
craf? type posi t ive displacement hydrad ic  p u p  has been recelvej. fmz 

A tes t  stand i s  being fab- 
An air-  

Vickers Incorporated f o r  evalzazfon 
exis t ing Hofer designed o i l  pxi~ps. 

The poss ib i l i t y  of preparing a tes t  
valve service i s  % e b g  considered. 
compressor conditions w i l l  be qui te  
f o r  fur ther  check valve development 

- -  
pdrposes as a replacenem5 ~ G I =  Chz 

stand simulating eo~pres so r  gas check 
Ddplicat'ion o r  approach of ac5:la.l 
d i f f i c u l t ,  azd a ju s t i f i ed  ixxfallat 103 
zay not be prac',ical. 

Additional test  work i s  being performed with the Beach Sta-Dri o i l  rezovai 
f i l t e r  In an attempt to evaluate i t s  performance i n  the 3OC t o  4OC F range, 

PR-80 - A i r  Cooling DUCT Test. 
cmple t e .  

Design of the mall  capacity d - x t  is 
Fabrieatioa i s  40 percent complete. 

Special Tools - PRTR. 
outlet and i n l e t  Jumper nu%. 

Chain driven tools a re  being fa5ricated for  t.ne 
These too l s  w i l l  be nsed to start  nuts and - -  

apply up t o  50-foot-pounds of torque. 
apply up t o  1000-foot-pounds of f i n a l  torque. 

Lacg end wrenches w i l l  be used tc! 

The tool '  for removing the  shroud tube lower weld was t.ested and found *,c 
operate sa t i s f ac to r i ly .  
of the shroud tube that is  ro l led  in to  the bottom of the  calandria.  

A new tool  i s  being designed t o  remove t5e portion 

Sil icone Foam Testing. 
t e s t ing  w i l l  commence immediately w i t 5  the  full s ize  units f i l l e d  w i ' i h  

The duct assemblies have been fabricated,  acd 

UNCLASSIFIE3 
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representative quant i t ies  of e l e c t r i c a l  and instrument leads.  
t e s t  showed good sealing charac te r i s t ics  betweeo the s i l icone and the 
wires and s t ee l ;  however, a considerable leak was evidenced through the 
short (2-foot) wires, especially the multi-conductor cables. ' 

An i n i t i a l  

Instrumentation and Control. 
photomultiplier tubes being performed by Nucleonic Instrumentation Operation 
continued during the month. 
re ject ion r a t e  i s  about 25$ of those phototubes tested t o  date. 
37 s c i n t i l l a t i o n  c rys ta l s  which were purchased fo r  use i n  the rupture 
monitor system arrived, and eight have been found t o  be defective.  Four 
have leaking sea ls  and four have separations between the c rys ta l  and the 
glass end window. The 17 defective c rys ta l s  which were received i n  the 
second batch of 25 have been returned t o  the manufacturer f o r  replacement. 
The additional e ight  defective c rys ta l s  a re  t o  be returned also. n e s e  25 
defective c rys ta l s  represect nearly 3 6  reject ion of those furnished by the 
manufacturer. 
on the pa r t  of the manufacturer. 

The selection t e s t s  of the PRTR rupture monitor 

About 80 tubes have been tes ted  t o  date.  The 
The l a s t  

All f a i lu re s  a re  a t t r ibu ted  t o  poor workmanship or  techniques 

The reactor control and radiation monitoring system were received on 
November 16. 
evaluated on an analog computer s h u l a t i o n  of the reactor.  Evaluation 
t e s t s  w i l l  include operation with ranges of the variables of plutonium 
concentration, fue l  temperature coeff ic ient ,  and c r i t i c a l  moderator l eve l .  
Tests w i l l  consist. of freq7Jency response, response t o  various steps and 
ramps of reac t iv i ty ,  ar;d a checkout of the period control features .  
work i s  being done by HLO's Systens Research Operation. 
scheduled f o r  December 1 5 ,  1959. 

Process Instrumentation. 
thermistor probe f o r  the Fuel Exanination Fac i l i t y  has been continuing 
i n  the range of one t o  s ix  inches from the heat source. Response tine 
t o  63 of a X)O F step change i n  temperature has been found t o  be 41 
seconds f o r  both a posi t ive and negative step.  
glass  used i n  the  probe ( infrared transmission eff ic iency approximat.ely 
two percent) i s  not sa t i s fac tory  from the time response standpoint. 
senic t r i s u l f i d e  g lass  with a transmission eff ic iency of 9C$ has been ordered, 
and t e s t ing  w i l l  continue a s  soon as it i s  received. 

The automatic control ler  portion of the system i s  being 

This 
Completion i s  

Testing of the second protoQpe (100 K o h )  

The radiation s tab i l ized  

Ar- 

An instrument f o r  checking the rate of sudden changes i n  moderator level  
i n  the PRTR calandria has been assembled. Laboratory tests have been 
completed, and the equipment w i l l  be ins ta l led  i n  the 189-~ calacdria 
mockup f o r  f i n a l  t e s t ing .  

Four prototypical cable connectors for  use with resistance temperature 
detectors on the PRTR were examined. 
connectors or ig ina l ly  specified.  
mended t o  be included i n  the f i n a l  design. 
temperature detectors with these connectors resul ted i n  some minor 
changes i n  the assembly techniques of the RTD i tself  which should resu l t  
i n  a more rugged u n i t .  

These a re  improved un i t s  over the 
Several minor changes have been recom- 

Testing of the resistance 

9 8 1 b  UNCUS S IFIED 
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Design Analysis 

Physics Analysis. 
been i n i t i a t e d .  
inclusion of a D20/H20 moderator option i n  the design leads t o  she cor.sFd- 
erat ion of about 32 c e l l  types. Three-group diffusio3 theory zefk-ods w'll  
be applied using the F3 prograz f o r  the IBH-709. 
form of t.hree-group f lux  ar.d adjoic': flux dis t r iku t ions  i n  specif ic  ce l l s  
and in  various core arrangements. 
p l ica t ion .  
being calculated with at tent ion t o  prcper spectral  weighting, especially 
fo r  close-packed, highly ecriched, 520 moderated core schemes. 

A study of the PRP Cr i t i ca l  Fac i l i ty  loading worth has 
Tne variat ion of fue l  types asd l a t t i c e  p i tch  and the 

Res-dts w i l l  be ic :he 

Also determined i s  the systeE milti- 
Hitherto unavailable three-group neutron cross sections are  

Formulation of the c a l a l a t i o n s  for  generating the PRTR xenon t ab les  has 
been completed. Flow charting and coding of the problem f o r  the IBM-709 
has s ta r ted .  
the calculation has been designed t.o provide two s e t s  of tables .  
t ab le  w i l l  allow d i r ec t  calculation of local poisoning i n  terms of tube 
power, while the second t ab le  w i l l  p rmide  weighting fulctioris i n  ferns  of 
numbers of tubes, tube power, and reactor power. 

To be generally appliaable t o  a l l  spike loading conf igza t iocs ,  
The f i r s t  

Work has s t a r t ed  on the design of c r i t i c a l  eqer 'bet?ts f o r  the Cr i t i ca l  
Test phase of the P E R  star tup.  
brat ion of the  moderator level azd the shm syst.em by unifomly pc iso t l rg  
the moderator with boron. Calculations Indica+,e t h a t  a coneeztratioc of 
XI mg/liter of e l m e n t a l  boron w i l l  prcduce a negative reazf iv i ty  of 160 n i c e  
A preliminary e x p e r b e r t  t o  de t emf re  the f e a s i 5 f l i t y  of boron c l e a n p  Fs 
now being planned. 
flux d i s t r ibu t ioa  and c a k f u  ra+,ios i s  a lso u 2 e r  way. 

Steam Loop Trsnsfezt Analysis e 

matic control system a re  presently i z z  the deb@ stage.  
indica5e the For%raD progrm i s  sa t i s fac tc ry .  
f ining the requiremects cf the control. syster; i s  being calculated. 

Consideration i s  being given t o  ca l f -  

The desigr. of a speaial  fuei  e l a e n t  f o r  deterzirizg 

CalrLLations ';s dete-xiine a slrita'rle atito- 
Latest, resul'r-s 

A s e t  of eoef f ic iez ts  de- 

Rupture Disk Calculations ?or P E R  14" C+te Valve. I n  order t o  insure 
against  flow r e s t r i c t ion  during conrial operation and ye% prevent flow 
folloxing a pipe f a i lu re ,  a rJpture disk is  t o  be ins ta l led  in the 14" 
gate valve. In order t o  proFerly s ize  %he d isk ,  the  m8xfn;tm d f f f e r e s t i a l  
pressure across the  valve following a pipe f a i l u r e  i s  requlred. '3e m x -  
imm di f f e ren t i a l  pressure was postulated t o  occur following a np=tlre ik 
the 14" inlet  header and w a s  calcu3ated t o  be 29 psi. 
head of the  pump is 130 ps i ,  a ruptare pressure d i f f e ren t i a l  of 75 p s i  is  
recammended t o  allow for  a sui table  fac tor  of safety in  %he calculate5 re- 
sult. 

S b z e  the dead- 

Flow Decay Following Power Failure - PRTR Primary P q .  
flow decay curve was de';emined, and the results a re  noted t o  agree well 

The experimental 

with the  Lalculated curve u n t i l - t h e  flow had decayed t o  &out 3C percent 
of normal. 
thar. observed. The discrepancy appears t o  be a t t r ibu tab le  t o  meehanicai 

A t  lower flows the ca l c l a+ ,ed  rundon times were much great.er 
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. f r i c t i o n  in  the pump sea ls .  
f r i c t ion  had been neglected. 

In the previous calculations,  mechanical 

Safeguards Analysis. The PRTR Final Safeguards Analysis was issued. A 
review of the  f i n a l  safeguards analysis of PRTR was aade by t.he &seral  
E lec t r ic  Reactor Safeguards Comcil  on November 19. 

The hazards survey report  fo r  the PRTR High Pressure b o p ,  based on the 
preliminary scope design, was issued as HW-62111 
analyses fo r  the PRP Cr i t i ca l  Fac i l i t y  were begun. 

Preliminary hazards 

231-2 Autoclave Fai lure .  Investigation of the autoclave explosion which 
occurred i n  231-2 Building on Ju ly  31, 1959, has Been completed. It was 
concluded that the f a i lu re  w a s  caused by malfunction of the t.enTerature 
control instrumentation which allowed extreme overheating by t i e  furnaces. 
Steam-metal corrosion reactions supplied the f i n a l  incremest of egergy 
required t o  heat the  autoclave t o  950 C. 
rupture a f t e r  a short  time a t  95C C and 1300 p s i .  
reeognized chemical or  physical phenomena contributed t o  the f a i lu re .  
repor+, of the investigat.ion of the autoclave f a i l u r e  w i l l  be issued ear ly  
in  December. 

The autoclave f a i l ed  by s t ress -  
Bo previously m- 

A 

Plutonium Fabrization P i l o t  Plant 

Phase I11 Construction. 
with George A.  Grant Company was temina ted  effect.ive NoveEber 15, 1559. 
The remainder of the equipnent i n s t a l l a t ion  work i s  being done by 
J. A .  3ones Construction Cmpany under CF’FF contract.  
was estimated a t  96q6 a t  termination and a t  9 4  a t  the end oI she EoCth. 
Total project  completion i s  estimat,ed a t  about 85s a% the  end of the E0at.h. 

The change of contractors becme desirable because of the  large rumber of 
change orders ensuing from dlscrepancies between the fns t a l l a t i cn  drawhgs 
f o r  the s in te r ing  furnaces a d  the ,turnaces as received. 
furnaces were designed under a DDR contract by Harper Elec t r ic  Furnace 
Company. 
peteLt, with minor modifications t o  the main e l e c t r i c a l  switchgear. 
Changes t o  the instrumentation t o  meet HAP0 requirements were somewhat 
more extensive, and the in s t a l l a t ion  drawings (made by Harper t o  allow 
issuance of the Phase III bid package on schedule) were unsatisfactory.  
New inetallatlon drawings made by Design Engineering and issued a s  Design 
Change #37 were generally sa t i s fac tory  but allowed George A. Grant Company 
t o  claim large s m s  as contract extras .  
Salem Fabricating and Machine Colnpany were not completed in accordance 
with the purchase order arid the drawings. 
would have had t o  be paid fo r  f i e l d  cmplet ion of the m 6 h  power wiring 
and the cooling water and drain piping. 
direct ion and many changes, i s  most economically and expeditiously done 
under a CPFF arrangement. 

The Phase I11 equipzent i n s t a l l a t ion  contract 

Contra& completion 

The s in te r ing  

The design of the flrnaces themselves appears t o  be highly eon- 

The furnaces as manufactured by 

Tnus, additional extra  charges 

Such work, enta i l ing  much f i e l d  
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The change of contrac5ors was mde wiYn l i t t l e  loss of t i ne  t o  the 
construction schedule. 
ductively u n t i l  about Yovmber 12, and by Movmber 18, 6. A. Jones 
Construction Company had deployed a f u l i  crew t o  the job, and productive 
work w a s  again under way. 
work on the oxide fue l  i i n e  Decezber 23. 

k o r p  A .  Grant Cozpaxy craftsmen worked pro- 

The present schedule c a l l s  fo r  completior, of 

Group 5 Equipmect I c s t a l l a t ion l  
estimates for the cost  of i n s t a l l a t ion  of new and t racsferred equipmept 
have been received. I n i t i a t i o n  of equipxient ins ta l la t ion  and procure- 
ment a re  awaiting increased project  authorlzation from the AEC. 

All bids f o r  new eq>ipe,?t m d  a l l  

Procurezent. 
November 20. 
piping is on order. Most w i l l  be delivered before DecenSer 5, but no 
firm date i s  avai lable  on the s ight  f l m  indicators.  
panels f o r  the furnaces were shipped Novmber 17. The-new motors f o r  
the cross-push meehatlims were not delivered t o  the vendor u n t i l  
November 29, which v + J l  prokably hcld up delivery of these n;echanlsms 
t o  the project  until Deceaber 1 5 .  
the December 23 schedale i s  s t i l l  possiUe,  but if the delivery of t h e  
motors i s  delayed, coapletior, of the oxide l i n e  will be delayed uti1 
December 30. 

The s d l  par t s  f o r  the s in te r ing  furnaces were delivered 
The mat.erfa1 needed f o r  the power wiring and cooling water 

The main contr31 

With this delivery, a t t a i m e n t  of 

All other p,rojeet procurement, including the 20-inch rol1ir.g =ill, 
remains essent ia l ly  on schedule. 

A representative of Clearicg Machine CoEpany spent, most of the m0nt.h 
on %he s i t e  correet.ing ninor deficiencies io the  2C)C-to~ hydraulir: press. 
The press was aceepxed a t  month's end. 

Ventilation Ealaneina. 
aneina of the vent i la t ion  s y s t a  ir; 308 Building is Bacon-Davis work, the 

After a rul ing by t.be AEC Review Soard tha: bal-  
- 

Comission issued an order t o  J. A.  Jones Cons5Cictioc Cozpa2y f o r  ?.his 
work. The work was completed drrrizg t.he rzonth. 

In  the  course of t h i s  work, defecss were discovered i n  several of the WS 
f i l t e r s .  Further inspection disclosed t b a t  many of the f i l t e r s  furnisheil 
by the building contractor were defective, so 123 were rezloved front Stores 
stock as replacemezts. Impect'ron d5sclosed that cnly 24 of t h i s  nm3er 
were f r ee  from damageQ It vas necessary, therefore,  to prepare the h_.i*ld- 
ing f o r  s ta r tup  w i t h  only two of' the three main f P l t e r  tanks f i s t e d  w i t h  
f i l t e r s .  The t h i rd  bank w i l l  be f i t t e d  with f i l t e r s  wken a new ship3nent 
i s  received. 
Seziinar a t  Idaho Fa l l s  i n  Jtlly, sc $he f i l t e r  mnufaesurers a re  cogzizan? 
of the  problem. 

The defects oSserved a r e  th3se nentfoned a? ac A i r  Poll-arktz 

1 2 3 4 8 1 9  
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PRTR Operstions 

Pre-Startup Acti-rities. 
"PRTR Design Tests, " w a s  

Issuanze of the f i n a l  portions of w - ~ ~ ~ o o - R D ,  
cmpleted during the month. Twenty-six of the 

t o t a l  of 45 tests have been reviewed by the PRTR Start-up Co-mcil and 
are being revised as necessary. Prel ia inary sbceduling indicates the  
tests nay be performed i n  8-1/2 weeks. 
equipment. required for  the tests w a s  s ta r ted .  

Procurement, of the special  

A survey of coolant system nmenclature w a s  completed. 
def ini t ions are being compiled. 

Standardized 

The PRTR Engineering Assfstanf Training Program con5inued on schedule. 
This course, designed t o  f a n i l i a r i z e  the Ehgineering Assistant.s w l t h  
a l l  phases of PRTR operation, w i l l  be completed December 18, 1959. 

The PRTR drawing l i s t  was up-dated azd reissued. 
gas requirements w a s  issued t o  fnfom Purchasing & Stores Operation of 
fuzure needs of PRTR operation for various types of gas. 

A forecast  of cylinder 

Ef for t  t o  assemble complete Blae Pr in t  F i l e s  for  a l l  ins ta l led  equipaent 
continues. BPF information has 3een assezbled ?or a l l  birt a f e w  Phase I 
acd LI items. Very litzle 5PF data are available as yet  f o r  Phase I11 
e cpipmen t . 
Assistance has been rendered F?3 Pain tenaxe  in assen3ling a coEplete set 
of Instrunexit Specificatlcns.  2iis infomatior! is necessary t o  assist i n  
spare pa r t s  procurement a i d  i n  planning f o r  iasar-ment cal ibrat ion and 
design tests.  

Operating p rocehres  fo r  the p r b a r y  and moderator coolant, sys+,em were 
completed. 
t e s t s .  

Work was i n i t i a t e d  on operating procedures related t o  physics 

A spare p a r t s  procurenent schedule has been developed. 
have a l l  repJired spare p a r t s  i n  stock before design tes ts  begin. 
majority of t h i s  work w i l l  be perfomed by PER0 personnel. 
FPD Maintenance and other groups have been requested t o  assist when t h e i r  
specialized knowledge of diesels ,  generators, and instrumentation n?ay be 
u t i l i zed  to  advantage. 

The f i rs t  two semi-monthly meetings w i t h  €EO Analytical Laboratories 
Operation personnel were held. 
sentat ives  were familiarized with the  physical arrangement of proposed 
PRTR s a p l i n g  and analyt ical  equipment. 
t o  a review of equipment necessary t o  conduct cer ta ig  l ight  water analyses 
i n  the  309 Building. 

It is  placned t o  
The 

However, 

During the f i r s t  meeting the AL.0 repre- 

The second meeting w a s  devoted 

I n i t i a l  contacts were made with the  
a result of t h i s  meeting plans were 
accounting procedures fo r  the PRTR. 

HLO Property Accounting Operation. A s  
made f o r  establishing property 

UNCLASSIFIED 
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Planning fo r  c r i t i c a l  t e s t s  conzinied. Ins t r -nea t  Research t DevelcpIEelzt 
Operation has been req-Jested t o  coordinaze procwement, ins ta l la t ion ,  a rd  
t e s t ing  of the insarumentation required t o  perform the tests.  P r e l h i n a r y  
contacts were made with o k s i d e  groups 50 o j t a in  manpower asslsrance 
duricg the performance of these t e s t s .  

The complete Sigh Press9Jre Loop Design Cr i t e r i a  is  being reviewed f o r  
PRTRO approval a t  sonth end. 
Fac i l i t y  is a l so  being reviftred f o r  eoment.  
mental Physics persomel,  operating procedures f o r  the Cr i t i ca l  Fac i l i t y  
were prepared. 

Vendors' p r i n t s  of Fuel Exmination Fac i l i t y  shielding a d  prfniary zanipu- 
l a t o r  d e t a i l s  were reviewed. Also, coments were issued on the following 
subjects: 
2400 v o l t  switchgear, and back-up chargers f o r  switchgear ba t t e r i e s  

The f i n a l  rough d ra f t  of the PRP Cr i t i ca l  
In cooperation with Emeri-  

storage and -nandli,sg D20, breatfiicg air  supply. cverhaul of 

Extra Act iv i t ies .  
The nuzber of tours  requested by v a r i o x  HAP0 groups has decreased sharply 
since access t o  the contaiment vessel  was limited t~ 12:30 t o  12:3C pz 
and 4:30 t o  5:SO pn due t o  increased construe'ion a c t i v i t y  i n  she vessel .  

PRTRO persorael conducted n ine  t o w s  involving 94 perscns 

Irradiat ion Prograz 

Bench t e s t s  a re  eontim:r,g on a swelling capsule cozlzaining four natural  
uraniirm spheres (0.7% U-235) i n  order t o  eva l -a te  the capsule coqonent--s 
a s  w e l l  as the associated instrimentation. The caps-lle, ecnplete w i ~ k  a 
3 kw heater supply md Mimeapolis-Honeywell instruments, consisting 6f 
a tempera+,ure control ler ,  proportional voltage control ler ,  a sagLe5ic 
amplifier,  a saturable core reactor  asd a 12-point teniperature recorder, 
is being operated on a conticuous bas is  t o  s h u l a t e  in-reaezor operatior. 
as closely as possible .  OrigLnal d i f f i c u l t i e s  e-xperiexed with the tezi- 
perature controll ing instranentation, due t o  coqoner,/; miswiring pr ior  tc 
shipment t o  Hanford LabGratorles Operation, have beea correc%ed, and she 
units a re  now operating s a t i s f a c t o r 9 y .  

Additional dcvelopaen',, however, is necessary i n  order t o  frnprove the 
r e l i a b i l i t y  of the thermocouples. 
less s t e e l  thermocouple sheath and tantalum t i p  i s  su3jeet $0 f a i lu re  
during capsule assem3ly and subs9quent operation. 
removed from several failed couples and a two-holed 3:8 s ta in less  s tee l  
plug was inser ted b t o  the  ezrf of tne sheath. 
welded t o  incorporate the thermocouple wires and sheath t o  fom the tnemc- 
couple bead. 
tantalum a t  expected points  of contact w i t h  the uranium specimens. b- 
proved r e l i a b i l i t y  and l i f e  a re  expected from these thermocouple modiff- 
cations a s  has been reported from other AEC i n s t a l l a t ions  who have ?Ised 
t h i s  method of thermoco~~ple beading. 

! 

?he gold braze between the 304 sfain-  

The ta r ta lun  t i p s  were 

Tafs pl-ug was +,her: f;lsica 

After beading, the themocouple was flame sprayed wi th  
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Additional instrumentation f o r  the in-reactor capsules i s  being assembled 
and w i l l  be laboratory tes ted  with a swelling capsule p r io r  t o  shipment 
fo r  the  in-reactor t e s t s .  A capsule containing four natural  uranium 
(O.@ U-235) spheres and a capsule containing three enriched uranium 
spheres (3.069 U-235) a re  beirg assembled f o r  the in-reactor t e s t s .  The 
Production Test document fo r  the i r rad ia t ion  of these l a t t e r  two capsules 
has been submitted f o r  approval. 

Mechanisms and Theory 

Mechanisms of i n e r t  gas agglomeration in  uranium during i r rad ia t ion  a re  
being evaluated. 
cept tha t  parent atoms (e .g . ,  Te and I) may form a second phsse which 
could a c t  t o  prec ip i ta te  X e  and K r  pores " i n  s i t u"  as these a t m s  decay. 
During i r rad ia t ion  the  concentration of radio-iodine, i . e . ,  iodine that 
decays t o  s tab le  Xe, approaches a steady s t a t e  value of about 3 x 1017 
atoms per cc of uranium i n  l e s s  than four days. Assuming that no d i f -  
fusion takes place, the average distance between unstable iodine atoms 
i s  then 40 t o  50 atomic spaeings. Given these i n i t i a l  conditions, one 
can then calculate  the  minimum value of the iodine diffusion coeff ic ient ,  
D, necessary f o r  agglomeration of various s ize  prec ip i ta tes  i n  the time 
corresponding t o  the  shortest  iodine h a l f - l i f e .  For agglomerate s zes of 
103 atoms and 10 6 atoms, corresponding D values a re  10-17 and 
Alth ugh the  actual  D values f o r  iodine a re  unknown, values greater t h a n  

It i s  concluded, therefore, t h a t  the 
nucleation of Xe and K r  pores iL uracium by parent atom diffusion, pre- 

Calculations have been carried out t o  evaluate the con- 

cm2/sec 

cm2/sec a re  h i g u y  pro3akde. 

c ip i t a t ion  and decay i s  a r e a l i s t i c  

Pore Size and Distribution 

pos s i b i l i  t y  

Optical and electron microscopy a re  
termining the s i ze  and d is t r ibu t ion  
Swelling in  two types of s p e c h e x ,  

beicg used as a d i rec t  means f o r  de- 
of pores i n  i r radiated uranium. 
one with a burnup of 0.41 a/o an3 

the other with a burnup of 0 . 9  a/o, i r rad ia ted  a t  temperatures' below 
550 C, a re  being studied as a function of post- i r radiat ion annealing 
treatments. 

The densi ty  of 8 specimen with burnup of 0.41 a/o a f t e r  annealing at, 
880 C for  100 hours was remeasured and found t o  be 14.64. 
i s  lower than the  density values obtained fo r  similar s p e c h e m  amealed 
a t  lower temperatures. The high value of 16.79 reported previously fo r  
t h i s  specimen was obtained by intent ional  ul t rasonic  impregnation of the 
immersion l iqu id ,  water, i n to  the cracks and open porosity present i n  the 
specimen, whereas the lower value, 14.64, i s  closer t o  the t rue  de r s i ty  
of the sample. 
of closed p w o s i t y  i s  eqrral t o  1.26. 
s i t y  f o r  exercising extreme caution i n  interpret ing the measured density 
of small specimens that have external cracks and internal  porosity. 

A s t a t i s t i c a l  analysis i s  being i c i t i a t e d  on pore volume fract ions and 
pore dens i t ies  i n  uranium with a burnup of 0.29 a/o which has been 

This value 

The r a t i o  of the volume of open porosity t o  the volme 
These results i l1ustrat .e the neees- 



annealed a t  880 C f o r  103 hours. Is is hoped that with the  analysis it 
w i l l  be possible t o  ascer ta in  the e f fec t  of i r rad ia t ion  teaperature, 
350 C versus 550 Z ,  the effecf of e t r h h g ,  and the  extent of d i s t o r % i f l  
due t o  repl icat ion or, the  nieasured pore diaaeters  and pc r t  a i s t r ibu t iocs  
i n  t h i s  sample. 
of 0, 10, X), 40, and 80 afnutes  5wa:iGz -nave beer. processed; a perf-  
pheral area i n  each rep l ica  has Seen phosographed fn the  op5ical and ia 
the electron microscope. 
t o  remove the surface layer  and reveal the porosity,  
the cent ra l  core region corresponding t o  an i r rad ia t ion  tez2erafure cf 
550 C i s  i n  progress. 

Replicas of t h i s  specinera 3orrespoEdir.g t o  etc>2ng t , ~ z e s  

A zinba Df 40 minutes etching f i n e  is reqiLreS1 
A s 4 a l l a r  s52d-j cf 

Fission Product Mob il i t y  

A knowledge of the mobil i t ies  of rare gas f i ss ion  products through u r a s i x  
is  important i n  understanding the  mechanisms of pore fornation. 
are introduced in to  uranium by e l e c t r i c a l  glow dise'rrarge ( spxtTering) a ~ d  
by ion bombardment. 
conditions, 8 s  w e l l  as tne mode of depositdon and depfh of penetration, Ps 
presently being detemined. Two, one-half inch d i a e t e r ,  0.002 inch :'nick 
uranium f o i l  disks  were sect t o  C. W. Tucker a t  G E .  These disks  were 
bombarded with 40 kv kryptcn ions a t  a3 act-& ion current of oce rnicrocp 
per cm2 f o r  approxinately f i v e  hours. The raDe of evoliltica of' kryptm 
from the disks was subseqxnt ly  detemined by heating i n  a second s y s t ~ r  
connected t o  a mss spectrometer. Evolu+,ion of krypton fran the u raz lm 
was f i rs t  detected a t  ITC 2 .  
ture curve occurred a t  k?C J i n  a disk heated at, a rate of 400 @/hour. 
The krypton evolution frm a second disk ,  heated a t  2232 C/hour, s m w 4  co 
such peak. h s t e a d ,  the e;rolu:ion r a t e  grad-lally iccreased w;:n irtrsrFasSlcE 
temperatures. The raw data from t h i s  e q e r b e n t .  are stili being prooessei, 
and absolute amotults of gas deposited and released w i l l  be a\-aileb;e s'nor?ly 

Rare gases 

The amount deposited under various expe rhen ta l  

A peak i n  the evolutior r a t e  versus t e q e r a -  

The 0.9 inch diameter x 0.1 inch thick uranim disk,  tnat was outgassed f w  
three days a t  620 C and then spdttered a t  16 m/& Pa t w c  m pressure of 
xenon f o r  four days a t  t h i s  saxe temperatirre, was machrneri i n t o  fozr equal 
segments. Specimens were .submitted f o r  detailed x-ray stxdy, metailo- 
graphic examination, and vacua fusion analysis.  Of she two speexeas 
submitted f o r  vacuum f u s i m ,  one had Ce092 inch removed frcz the  sp'xterecl 
surface by abrading under o i l .  Fusion analysis snowed that about i / 6  a3 
much xenon w a s  conta3ned i n  the abraded saaple as i n  the  unabraded cce 
This would indicate  tha+, a t  least a f rac t ion  of the deposited xeBoE dQf- 
fused i n t o  the matrix urariiun from the spxttered surface. 
microscopy, however, collld detect  nothing i n  %he mierost ructure that  
would suggest the presence of  the gas. Sme large irregular cavft:es cr 
s t r ingers  were observed with the l ight  xzicroseope, which are Selieved ?c 
have been present i n i t i a l l y .  
t o  t r a p  the gas which would result i n  misleading anaiyses. The metallo- 
graphic specimen w i l l  be andyzed by vacuum fusior, t o  determine whether cr 
not t h i s  result i s  reproducible. 

Electron 

It i s  concefvabie zhat these may have ac tP i  

I 2 3 4 8 8 3  
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3.  GAS COOLED P(xJER REACTOR PROGRAM 

Graphite Studies 

Pressurized Gas Cooled Loop Fac i l i t y  (Rro j ec t  CAB-822). 
analysis was completed. 

The t rans ien t  
The results w i l l  be combined w i t h  the previous 

work- (HW-61393) and issued as a formal document. 

The t rans ien t  analysis  covered abnormal reactor s tar tups and shutdowns 
and normal and reduced C02 flow ra tes .  
indicate t h a t  the rate of temperature change io  the loop piping can be 
maintained a t  900 F per hour except f o r  short  periods when reactor power 
changes rapidly with time. 
estimated t o  be a 6  F per minute i n  the ex-reactor piping. 

The results of these calculations 

The most rapid r a t e  of temperature change was 

Calculations f o r  reduced COP flow r a t e s  following a reactor scram indicate 
the  minimurn shutdown f l o w  can be a s  low as 2300 lb/hr without excessive 
CO2 temperatures a t  the blower. These calculations showed that i f  flow 
is reduced frm 15,000 lb/hr t o  2000 lb/hr i n  one minute and thereaf te r  
held constant, the loop w i l l  experience temperature only s l igh t ly  greater  
than  a t  normal operation. 
t o  occur a t  the blower where the C02 temperature increased t o  935 F .  
However, the duration of t h i s  high temperature will be less than 1.5 minutes. 
A t  1 .5  minutes the C02 temperature had decayed t o  850 F, and a f t e r  six 
minutes it was down t o  800 F. 

The maximum increase in  temperature was found 

Fourteen drawings have been p a r t i a l l y  approved. A l l  material has been 
ordered f o r  fabr icat ion of the in-reactor section. A s ta in less  s t e e l  
nozzle t e s t  assembly incorporating a self-energizing seal  was completed 
and is being t e s t  evaluated. 
qualifying welders i n  welding of Inconel 702, Inconel, and Hastelloy "X", 
and pa r t  of the mater ia l  required has been received. 
the reactor sections will be done by plant forces. 

Welding procedures are available fo r  

The fabricat ion of 

Design of a 35 kw heater f o r  t e s t ing  the gas loop is nearly finished. 
Two models of 8 high temperature-high pressure e l e c t r i c a l  entrance device 
have proven sat isfactory.  

Processing of approval drawings and specif icat ions and answering engi- 
neering questions frcm Struthers-Wells continues. The preliminary 
estimate fran Struthers-Wells indicates a net cost  f o r  Addendum No. 2 
of l e s s  than $3000. 

It has been determked frm Bristol-Siddeley that the main blowers a re  
' capable of continuous operatipn on &-cycle current.  Consequently, the 

emergency motor-generator set will be replaced by two three-phase t rans-  
formers connected in p a r a l l e l  t o  the  emergency bus, thereby increasing 
the r e l i a b i l i t y  of the blower back-up system. 
i n  Addendum No. 3, together w i t h  provision f o r  back-up water t o  the blower 
coolant system and a reduction i n  s i ze  of the back-up motors for  the 
shroud coolant blowers. 

' 

This change w i l l  be issued 
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Final  drawings of the main blowers from Bristol-Siddeley have been re- 
ceived and approved. However, word has been received frcm International 
General Elec t r ic  t h a t  delivery date w i l l  be delayed. 

B i d  inv i ta t ions  a r e  s t i l l  open f o r  the top and bot.toz cocnectors. 
fo r  approved assemblies w i l l  be plaeed on the f i r s t  of  December. 

Orders 

All  bypass switches have beec rmoved f roz  the loop safe5y system e i r -  
cu i t ry ,  i n  conformance with the  PRTR philosophy that coincident c i r cu i t s  
should not have bypass switches unless required fo r  operation of the 
f a c i l i t y .  

Nickel base al loys a re  being considered f o r  use a s  in-reactor struct-iral 
materials for the gas-eooled loop. 
w i l l  be i r rad ia ted  i n  graphite channel i n  C Reactor. Comparison of zech- 
anica l  properties of the irradihsed specben with those of unirrad2ated 
control pieces w i l l  y ie ld  valuable data on the be:havior of these ai loys 
under ant ic ipated locp operating conditions. 

Samples of the candidate marerials 

A graphite capsule coxtaining th in  washer s a p l e s  of s ix  iiiekel Sase 
al loys,  three low rianganese steels, three iron-chrozrim-a1uzzn.z a l loys,  
and type 406 s t a in l e s s  s t e e l  w i l l  be i r ra6ihted i n  the grap5ite channel 
a t  C Reactor f o r  approximately one m a t h .  
evaluated f o r  s t a b i l i t y  i n  the reactor gas coolant enviroment.  
graphite capsule f o r  t h i s  irradia%ion Qs now being fabricated.  
three spechens sf each of the thir+,een a l lcys  t c  be i n i t i a l l y  exazfned 
have been prepared f r a  s t r i p ,  pclished, and ehecked f o r  z i e r o s t r . ~ 5 ~ ~ l r a l  
appearance, hardness, ard we2g;Zt. Duplicate control smples have a l so  
been prepared. 
Inconel 702, and Hasteiloy R-235 w i l l  be stLdied ?or ra3iatiolz inihced 
mechanical property changes. 
two capsules containicq t e n s i l e  speciaen of %e select.nd nickel a l ioys  
w i l l  be i r rad ia ted  i n  the saee f a c i l i t y  f o r  three nccths and s ix  1c3thS, 
respectively.  

All of t h e  al loys w i l l  5~ 
?.e 
30 c r  

Only four cf the  nickel base a i icys ,  Pnconel, Xastellcy X, 

Following evalrzation of a",osDhere e f fec ts ,  

Graphite Oxidation i n  C02. Sinee ceedle eoke graphftes seem t o  possess 
more dimeosional s t a b i l i t y  *under high temperaf;lre i r rad ia t ion  %an con- 
ventional graphites, t e s t s  'nave been i n i t i a t e d  cn  oxidation t e s t i cg  of 
these new graphites.  
coke graphite (a-10) i n  flowing C02 was 1.35 x 
canpares favorably v i t h  1.47 x 10-4 -/gu-hr f o r  CSF graphite.  
samples were oxidized f o r  a3out one percent t o t a l  weight loss. 

Photographic Studies.  
glows established i n  CO a=ld C@, S O G ~  deposits f o m  on the graph it.^ m d  
on the quartz components of the apparatils. 
by decomposition of carbon sub-oxides, and tnerefore it i s  of int.eres: t o  
study these deposits t o  shed l i g h t  on the mecharisn! of car3on mass 
transport  i n  gas cooled reactcr  systems. 

A t  750 C the  average oxidatio ra fe  cf a needle 
gajgz-hr, whizis 

Tnesc 

When grapbite s a p l e s  a re  glaced within nicrwsvrt 

This soot is prohaSly eaised 
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Soot deposits have been photographed with the a id  of an electron micro- 
scope a t  various magnifications from 5000 t o  25,000 X .  They reveal a 
dendrit ic,  fern- l ike s t ructure  b u i l t  up frorr u l t b a t e  p l a t e l e t s  w5ich 
appear t o  be a f e w  hundred angstroms thick and a few hundred thousand 
square angstroms i n  area.  Length t o  width r a t io s  on individual dendrites 
were 40 t o  50 t o  one, and large bundles of such dendrites were observed 
lying pa ra l l e l  t o  each other.  Another form of soot was found which i s  
best  described as "lily-pad l ike" .  However, it i s  suspected tha t  the 
quartz surface on which it was formed may have influenced t h i s  growth. 
Neither form of the  carbon had t he  appearance of ordinary flame soot. 

Capsule Experiments. 
and designed t o  operate a t  about 37 ps ia  a t  500 C are ready t o  be charged 
into a reactor t es t  hole. Six other graphite samples, two with IV2 and 
two with He a t  atmospheric pressure, and two i n  vacuo, w i l l  be charged 
in-reactor simultaneously. 
measured so that, aside from studying gas-graphite reactions, the e f fec t  
of reactor atnosphere on graphite dimensional s sab i l i t y  car, be icvest i -  
gated. 

Two N2-filled capsules containing graphite saniples 

A l l  graphite smples  have been carefully 

Pyrolytic Graphite. Pyrolytic graphite i s  of in5erest  f o r  reactor 
application because of i t s  higk degree of c rys ta l  orientation. 
property may cause pyrolytic graphite +Yo exhibit  extreme s t a b i l i t y  
under high temperature i r rad ia t ion  and should make the  graphite quite 
r e s i s t an t  t o  oxidation since a minimum cumber cf crystallite-edge-plane 
atoms are exposed t o  a t tack ,  

This 

The data from the  oxidation of a three-inch long pyrolyLic graphite tube 
i n  flowing a i r  a re  compared with CO graphite below. 
resistance of pyrolytic graphit.e is evident. The oxidatiori activation 
energy is  about L@ kcal/mole which i s  the sane as for  coke based graphites. 

.?he greater oxidation 

Oxidation Rate (pp l /pm -hr) 
Temp. Pyrolytic Graphite CO (Needle Coke) 

3.5 10-4 
1.8 10-3 
6.0 x 10-3 -- 

One piece of pyrolytic graphite has been charged in to  a 500 C reactor 
t e s t  f a c i l i t y  in  order that the oxidation rate cac be measured on an  
i r radiated sample. 

The mean l inea r  thermal expansion coefficient pa ra l l e l  t o  the  c rys ta l  
planes was determined f o r  pyrolytic graphite using a quartz d i f fe ren t ia l  
dialatometer. 
denced by a negative coeff ic ient  of thermal expansion below 375 C .  
Hitherto, only natural  f lake or  sketetal  graphite has shown t h i s  property. 

The extreme anisotropy of t h i s  form of graphite i s  evi- 
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Temp. Range n- ir.emal Expansim Coefficient x lo6 

25 - 125 c 
25 - 2-75 
25 - 375 
25 - 625 
25 - 925 

-0.23 
-0 .og 
0 .O 

a . 3 4  
a . 5 9  

Graphite Cement. 
u t i l i z e d  benef ic ia l ly  i n  cer ta in  gas cooled reactor  designs. Since 3c 
i r rad ia t ion  data  a re  avai lable  f o r  graphite cements, samples ‘have beez 
inser ted i n  a hot i r rad ia t ion  t e s t  f a c i l i t y  f o r  an i n i t i a l  exposure a t  
about 500 C .  These samples consis t  of cenieated join5s prepared ?y illlis- 
Chalmers Manufacturing Company using CS-312 graphite stock and National 
Carbon Company F-cement. Skrength and dbensional  ehange after i r radi-  
a t ion  w i l l  be determined f o r  these samples. Also included i n  :he i r rad i -  
a t ion  i s  a smll sample of graphite bonded with s i l i c o n  carbide preparzd 
by Minnesota Mining and Manufacturing Campany. 

It i s  possible t h a t  cemented graphite join% co-ild 5e 

D. RADIATION EFFECTS OX METALS - 5000 PRO2RAM 

Radiation damage recovery i s  being studied f o r  a nmber of s t ruc tura l  nesals ;  
these include copper, nickel,  t i t a n i a ,  zirconium, iron, molykdenm, an6 
347 s t a in l e s s  s t e e l ,  Temi ie  properties,  e l e c t r i c a l  res i s ta rce ,  and x-ray 
d i f f r ac t ion  spectra are be i rg  measured t o  determine tke charac te r i s t ics  of 
the  reeovery mechanisms. 

I r rad ia ted  and control  specimens of solybdenun; and zirconium were @veri f ~ x ,  
@-minute isochronal anneals duriqz the  month. 
f o r  molybdenum were 175, 200, 225, and 25C C, and f o r  zirconi;m 203, 225, 25=, 
and 275 C .  
after each anneal. 

The annealing tmperatures  

DPH harkess and e l e c t r i c a l  resist.ance nieasuremects were nade . 

The e l e c t r i c a l  res is tance data f o r  molybdenum reveal a reeovery proces 
proceeds a t  a maxima rate a t  about l5C C f o r  ar, exposure of 4.4 x 1,16 nvL, 
and a t  about 175 C f o r  an exposure of 1 . 5  x loa nvt. 
t h i s  region has not occurred up t o  250 C, arid the extent of recovery measxe? 
t o  t h i s  temperature i s  grea te r  for the  lower exposure specken.  

Considerable increases ir: DPH hardress f o r  the mclybdezua specimens frraaiaze1 
t o  4.4 x 1018 and 1 . 5  x l o a  nvt were Iteasured within the annealice r a q e  
125 t o  250 C. A t  250 C t h e  hardness of tne  1 . 5  x lom nvt speeben has :E- 
creased 2 DPH numbers and I s  s-kill increasing, whereas the hardness of :he 
4.4 x l0l3 nvt specimen has increased eignt DPH nmbers and appears t c  be 
leve l ing  o f f .  This behavior i s  mmalous  t o  the general trelzd of radfarlocl 
damage recovery i n  metals and i s  being studied i n  l i g h t  of dispersion hard- 
ening processes. 

xhich 

Coaplete recovery i~ 

The e l e c t r i c a l  res is tance data f o r  z i r c o n i a  reveai a recovery process wk-ieh 
proceeds a t  a maxhm rate a t  about 225 C f o r  an exposure of 4 . 7  x 10l8 nvt ,  
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Signif icant  recovery f o r  the  1 . 5  x 1020 n v t  exposure specimen has occurred 
a t  275 C ,  but  the  process has not reached a maximum rate. Completion of 
recovery i n  t h i s  region has not occurred up t o  275 C, and the  extent of 
recovery measured t o  t h i s  temperature i s  greater  f o r  the  lower exposure 
specimen. 

Signif icant  change of DPH hardness has not occurred up t o  275 C f o r  the 
zirconium specimen i r rad ia ted  t o  1 . 5  x 1020 nvt; however, a s l igh t  decrease 
i n  hardness occurred f o r  the  specimen i r rad ia ted  t o  4.7 x 1018 nvt.  

E. CUSTCsrlER WORK 

Radiometallurgical Examinat ions 

PT-IP-190-A Ruptured Doe Elements (RM-402). 
supported Doe elements revealed a n  accelerated corrosion a t tack  i n  the 
aluminum can w a l l  r esu l t ing  i n  l a rge  b l i s t e r s  of accumulated corrosion 
product. I n  each case the a t tack  had s t a r t ed  i n  the confined space next 
t o  the  support spot weld and had progressed outward from t h i s  locat ion.  
An i n i t i a l  accumulation of a heavy oxide layer  under the  support base 
apparently caused local ized overheating of the can w a l l ,  which i n i t i a t e d  
the  accelerated a t tack .  A s  the  accumulsted aluminum oxide provided more 
insulation, the  corrosion of t he  can w a l l  continued t o  progress rapidly 
outward. 

Examination of these self- 

I b E Hole Fai lures  From 4985 KW and 4259 KE (RM-252). 
slug from 4259 KE, which f a i l e d  i n  the  in te rna l  annulus, w a s  completed t h i s  

Examination of the 

month. 
end of the  slug. The can was undercut, and the  water and/or water vapor 
progressed along the  in t e rna l  surface of the  uranium t o  within one and 
one-half inches of t he  base end of the  element where gross reaction be- 
tween the  water and uranium occurred. 
formed, the  in te rna l  aluminum sheathing was displaced in to  the  annulus and 
f i n a l l y  parted i n  t e n s i l e  failure.  
found, bu t  examination of the  slug showed t h a t  i t s  or ig in  w a s  i n  t he  cap 
end. 
or iginated frcnn extremely f i n e  grained areas  present in the  metal. 
microcracks o r  unusual grain s ize  was observed i n  the rupture area. 
the  inner and outer  bond layers  showed evidence of undercutting i n  several  
locat ions i n  t he  cap end of t he  slug. Two small channels were seen i n  the  
inner bond l aye r  i n  the v i c i n i t y  of t he  rupture. The qua l i ty  of t he  
jacketing and welds which were metallographically examined was good, and 
no defects  were observed i n  the  remainder of the  surface, both in te rna l  
and external,  which was examined minutely with the  Opton viewer. 
probable sequence of events leading t o  the  f a i l u r e  was as follows: 

The cause of failure w a s  water en t ry  t o  the  uranium through the cap 

As the  voluminous corrosion products 

The s i te  of t he  water entry w a s  not 

The uranium i n  the  cap end was honeycombed with microcracks which 
No 
Both 

The 

1. Microcracks originated i n  the  f ine  grained area and spread 
throughout the  uranium i n  the  cap end during i n i t i a l  reactor 
operation. 
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2. 

3.  

A s  the  number of microcracks iccreased, stresses i n  the 
sheathing were increased and, with continued operation, 
the alusinum jacket f a i l ed  alloying water t o  enter  i n  t.he 
region of the  cap end. 

The water wdercut  the can and pr3gPeSSed along t h e  sp i re  
t o  the area vhere the rupture om-irred. 

Nickel Plated Elements from PT-IP-207-A (RM-306). Three Eon-plated, internai iy  
and external ly  cooled, Hanford production fue l  elements which were used iis 
control pieces i n  FT-IP-X)7-A,  were exanined 20 determine wnether hydrogen 
gas w a s  being trapped under the p la t ing  of nickel plated fue l  elerzents. 
gas analyses indicate  t h a t  hydrogm gas w a s  present, but the  l imited t e s t s  did 
not provide conclusive evidence as t c  the  or igin of 5ne hydrogen. 
refined tes t  o r  additional t e s t ing  t o  provide enough data f o r  s t a t i s t i c a l  
analysis i s  required for  conclusive evaluation of the gas tes ts .  

Examination of a Side 9 o t  Spot Rdpf-lreZ NatlJral Urmiz I & E Fuel Elezent ?r@r 
Tube 1165-c (€34-309). Exanination work 03 a hot spct ruptured n a t w a l  2 r a n i - z  
I & E fue l  element with 570 m / T  exposure vas ccntinued t h i s  Eonth* 
graphic s a p l e  taken 1-1/2 inch from the base end and ic the hot spot area re- 
vealed uranium corrosion-prodact build-lip between the  can w a l l  and u r a n t a  fo r  
315' around the periphery. Photomfcrcgraphs showsd tha t  a region aro-xd t he  
corrosion-product layer  had operated i n  the uran im Seta-Thase temperatzre Xme, 
and that the  rezuainfng area toward t:?e spEre w a s  i n  +he uranimi alpna phase, 
Another metallographic sample takec a-cclJf 3-l/2 inches Zroz the c q  end iiid nc: 
reveal any beta-phase xriicrcstrlizture. 
i n  both of the meta l logra~hfz  samples, an aiminum smple  was talre?. frc- each 
Crack f o r  metallographic work. 
gran-dar corrosion, but photZ!icrogrsphs fro3 tne Sase-end ~~~Lar-ar-ar-ar-ar-ar-ar-ar-ar-ar-ar- re%-ealed 
intergranular corrosioz ,sttack wa;ch a tar t2r l  on the  cutside and pexTrate3. 
i n to  the  AlSi. 
tar2 enlarged the diameter of the  eiexent and caused the can t o  f a l l  lr. t e c s l W .  

?he 

Either a 

A re'.,iillo- 

S n z e  the ai*min7~zi can G a i l  was crackel 

T>E sazple keares? %be cap erd sncwe2 95 irter- 

This allowed water t c  enfer and forn araniuz; oxide, unrch  i n  

Metallography Laboratories 

A series of baking tes+,s at  230, 352, aid 4.90 C frsz 1 / 2  hcur t c  1 2  hours or? 
normal AlSi camed fue l  elmerits vas c ~ r f ~ c t e d  3y F'F3 persow-el TO 5ieferzir?e 
the e f f ec t s  on the  i n t e m e t a l l f c  compoimd layer  fomed daring canrlng. 
lographic examination revealed that a grcv",h of V U 3  type s t ructure  (as  sho-m 
by i t s  etching charac te r i s t ics )  was d i f f x i c g  in to  the urariun. 
t h i s  diffusion product was most rapid f rcn  tine U A l 3  s t ructure  alreedy pro- 
duced during cannirg; however, it a l so  oceurred on the QcaniuIL side cf thcse 
layers  associated with b r i t t l eness .  
degrees of b r i t t l e n e s s  as deterzfncd +,y mechanical t e s t s .  
350 and 400 C caused an apparer,t change is the normal UAl.3 st ruct- i re .  
shown by etching tests,  t h l s  str-icfure approacked the b r i t t l e  layers  :r- 
appearance. 
i n  t e n s i l e  strength.  
appearing diffusion conpound ana no detr-hensal Kechanical praperty efiect.S 

Ketal- 

G r o x h  cf 

Extended baking produced progressive 

A s  
F a p e r a t i r e s  of 

The change i n  micrcscopLe appearance w a s  paral le led by a dezrzase 
S h o r t - t e n  3akicg p rcaxed  a s1;ght gromh of T-:Ali- - 
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as measured by t e n s i l e  tests.  
fusion compound and a change in  the appearance of the or iginal  intermetall ic 
compounds. These e f f ec t s  were accompanied by progressive losses i n  tens i le  
strength.  

Long-term baking produced more of the d i f -  

Metallographic examination i s  nearly completed on recently-procured Zircaloy-2 
tubing in  sizes of 0.680, 0.505 and 0.502 inch I D  from three fabricators ,  
Bridgeport Brass, Superior Tube, and Wolverine Tube. None of the tube sections 
examined contained cracks, e i the r  on the I D  o r  OD. 
apparent on a l l  tubes, both OD and I D ,  with the exception of one order from 
Wolverine Tube which had a re la t ive ly  rough or  undulated surface in  comparison. 

A smooth surface was 

Sazcples Processed During the Month. 

Total samples processed: 578 

Photopaphs. , ’ 

Micrographs 351 
Macrographs 113 

4& 

- 
eactor and Fuels 

Researth s n d  Development 

FV Albaugh:kb 
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STUDIES RELATED To PRESENT PRODUCTION REACTORS 

Neutron T e m r a t u r e  Study 

Measurements a re  now being made t o  gather the data necessary t o  correlate  the 
neutron temperature cal ibrat ions of the lutetium f o i l s  and pU239 - U235 f o i l  
pairs. 

Neutron T e r n r a t w e  Coefficients 

Debugging of the  nuclear data tape code continues. 
thus far have been caused by a Fortran compiler error .  
t o  a l t e r  the program i n  a way that will cause correct compilation. 

The d i f f i c u l t i e s  encountered 
An attempt i s  being made 

A subroutine t o  calculate  exponential in tegra ls  has been wri t ten and tes ted.  
Three methods a re  used t o  calculate  the function i n  order t o  give increased 
accuracy. 
f rac t ion  f o r  intermediate arguments, and an asymptotic series f o r  large arguments. 
The e r ro r s  found thus far have been less than 1 uni t  i n  the seventh s ignif icant  
figure. 

These methods are: A power se r i e s  f o r  small arguments, a continued 

An average of 60 milliseconds i s  required f o r  each integral .  

A subroutine t o  calculate  complete gamma functions bas been wri t ten and tes ted  
for  posi t ive arguments. 
cant f igure f o r  arguments less than 10 and about 10 times la rger  for l a rger  argu- 
ment s . 

The e r ro r s  are less than 1 un i t  i n  the seventh s igni f i -  

A calculat ion of the  thermal neutron d is t r ibu t ion  was made f o r  a hot graphite 
l a t t i c e  c e l l  w i t h  a thin,  room temperature water gap around the  fuel rod. 
gram F3 modified t o  include up-scattering was used, with one fast and two thermal 
groups. Although the results are only qual i ta t ive  because of uncertaint ies  i n  
the t ransfer  cross-sections, they shoved a substant ia l  decrease i n  the temperature 
of neutrons i n  the fue l  rod as a r e s u l t  of transmission through the cold water 
annulus . 

Pro- 

It was noted that the  calculated fast f lux  (and hence the thermal slowing down 
density) fe l l  off  considerably a t  the outer c e l l  boundary. 
similar l a t t i c e  c e l l  using age theory indicated that the slowing down density 
should be almoet per fec t ly  flat regardless of the power d is t r ibu t ion  in the fuel .  
The discrepancy, which results from describing fast neutrons by a single group, 
can be avoided, however, e i t h e r  by using a la rge  f i c t i t i o u s  fast diffusion ccef f i -  
c ien t  i n  F3, or by using AKP program FN with an external source f o r  the thermal 
slowing down density.  

A calculation for  a 

t 2 3 c i s 9  1 
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Absorbing Rod in a Maxwellian F l u  

The effect of an absorbing rod on the thermal. neutron flux'in a non-absorbing 
infinite medium has been calculated for a number of cases in which parameters 
representing temperature, rod radius, and rod material were varied. The digital 
computer program ARMl3 was used in these calculations. 
and "flux weighting" criteria were used to determine the constants in the linear 
approximation to reciprocal blaclmess. These criteria were described last month 
and refer to distribution functions used to determine a minimal least squares fit 
between assumed linear and square-root energy deperidences of reciprocal blackness. 
It was found that the results are relatively insensitive to the weighting function, 
thus increasing confidence in the reasonableness of the simpler linear approxi- 

Both "reaction weighting" 

mation 1 

The data from these cases have been incompletely analyzed. 
has been examined is (Tout - Tin)/T at the surface of the rod. Tout and Tin are 
the average temperatures associated with the currents emerging from and entering 
the rod. 
hardening produced by the rod. 
rod size and to decrease with increasing temperatures, a result which was expected 
from qualitative arguments. Quantitatively, a fractional change of around 1/4 was 
found at room temperature for a radius about twice the total mean free path in the 
rod. 

One quantity which 

Therefore, the ratio which was examined measures the fractional spectral- 
This quantity was found to increase with increasing 

The variation of the reciprocal blackness with energy has been e 
closely. It is found that, for the assumption that l/p = C1 + C s ,  the coeffi- 
cient C2 has a simple dependence on the absopbing rod radius and material but the 
dependence of the coefficient C 

principle by Stuart, NUC. Sci. and Eng. 5 617 (1957). 

ned more 

on these quantities is considerably more complex. 
These conclusions are based on * he expression for blackness found by a variational 
Thermal Neutron SDectrum Near a Temrature Mscontinuitv 

Evaluations of the analytic solutions to the temperature discontinuity problem 
in a heavy gas moderator in slab and cylindrical geometry are continuing. 
perature ratios of 2 to 1 and 3 to 1 in either direction have been used. 
has been found that the results approach closely those of the plane case when 
a/Xs 4, where a i s  the slab half width or cylinder radius and X is the relaxation 
length. A mom thorough analysis is being made at a/X = 2, where gemetrical 
effects are evident. 

Tem- 
It 

To facilitate the comparison of the exact solution with approximate solutions, 
an addition has been made to the 709 FORTRAN program SYZYGY. 
which is optional, computes at each spatial position a) the temperature In the 
effective temperature approximation and b) the spatial functions in the multi- 
maxwellian group approximation. 
tions are also calculated. 

This addition, 

The l/v reaction rates in these two approxima- 

Also under way is the extension of the analytical solution to slab and cylindri- 
cal geometries for the case of a net current flow perpendicular to the discon- 
tinuity. 
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Multimaxwellian Group Analysis 

Debug runs on FIT-1 were continued. 
correctly. 
fluxes, has been causing trsuble. 
FORTRAN compiler was not interpreting the program correctly. 
appear to be a clear-cut remedy for this trouble, so the cut-and-try method is 
being used. 

The main program appears to be operating 
The modified version of F3, which is used to calculate two-group 

At the month's end, it was discovered that the 
There does not 

Neutron Rethermalization Experiments 

The graphite fabrication for high temperature experiments in cylindrical geometry 
has been completed. 
assembly are in progress. Five NaI(I1) counting systems have been calibrated and 
tested. Two systems are for Pu-U counting, two for Lu, Cu, and Au foil counting, 
and one for Cu pin counting. Curves for correcting for fission activity decay 
have been obtained for the appropriate systems. 

Preparations for testing the heating characteristics of the 

The Foil Decay Correction program which was originally written for the I B M  650 
(m-57226) has been rewritten for the I B M  709. 

Instrumentation and Systems Studies 

The write-up of the study on the speed of control of Hanford reactors upon coolant 
loss has been completed and forwarded to IE9, Reactor Physics, for the addition 
of several sections. 

Study of the basic reactor kinetic equations has gone as far as practical analyti- 
cally. The conclusions are that the solutions are unstable for all values of 
amplitude and frequency of a sinusoidal reactivity variation. 
oscillations are limited by the presence in a reactor of negative temperature 
coefficients. Equations for determining the effects of these have been formulated, 
but it will be necessary to use a computer to get useful results without an inordi- 
nate amount of labor. 

Practically the 

An attempt was made to obtain the solution of the standard reactor kinetic equa- 
tions by the use of the DIIA. 
frequency of reactivity perturbations is desired. Some satisfactory runs were 
completed. 

A solution for various values of reactivity and 

A long section of flexible light pipe material (approximately three feet) made 
by American Optical Company was tested for possible use as a reactor pigtail radio- 
activity probe. 
light pipe, that excellent gross beta-gamma counting was possible. 
will be done on this technique. 

It was found, using both NaI and anthracene detectors with the 
F'urther work 

STLTDIES RELAllED TO FUTURE PRODUCTION REWI1DRs 

Exponential Measurements of Large Diameter Fuel Elements 

Final material buckling values have been determined for several lattices using 
tube-in-tube fuel elemects and one lattice using a 2.5 x 1.6 I a E fuel element. 
The material bucklings p d  other information of interest are given in Table I. 

1 2 3 9 3 ( 1 3  
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B2 

2.5 x 2.0 7 3/16 wet -123 

Fuel La t t ice  
Element spacing ( d c m - 2  

Kith 1 .66~1.1 

2.5 x 2.0 8 318 wet -61 
with 1 .66~1 .1  

2.5 x 2.0 i o  3/8 wet -45 
with 1 .66~1.1  

2.5 x 1.6 I 01 E 1 4  9/16 wet -129 

x(side) Volume Ratios 
( in)  A1J %O/U c/u 
1.4 493 1.102 14.85 

l e 3  493 1.102 21.12 

.493 1.102 33.86 1.4 

2.1 373 1.291 70.44 

X i s  the measured side-to-side extrapolation length. 
inches was used i n  all cases. 

A front-rear of 1.03 

Preliminary buckling values have been determined f o r  one l a t t i c e  using tube-in- 
tube fuel elements and one l a t t i c e  using the 2.5 x 1.6 I 01 E fue l  elements. 
r e s u l t s  a r e  shown i n  Table 11. 

The 

Fuel 
Element 

La t t ice  
spacing 

Buckling 
Volume Ratios 

(10- 6 2  cm- ) Al/U Hpo/u c/u 

2.5 x 2.0 7 3/16 dry -292* 493 - 14- 85 
with 1.66~1.1 

2.5 x 1.6 I aE 8 3/8 mt  -70 373 1 291 u . 4 7  

* To be remeasured because of poor f i t .  

The preliminary buckling values are based on an estimated side extrapolation 
length of 1.66 inches. 
horizontal  t raverse  data. 

Final bucklings w i l l  be reported after analysis of 

Horizontal Traverses have been taken using the  shut te r  method with a bare counter 
and a cadmium covered counter. 
Table 111. 

The results of these t raverses  are shown i n  

Fuel 
Element 

Lat t ice  
spacing 

x (side) 
Counter (in) 

1.7 f 0.1 Cadmium covered 

1 . 5  f 0.1 Bare 
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KTR kasurements of Lattice Parameters of Large Diameter Fuel Elements 

The preparation of equipment fcr the 2.5 x 2.0, 1.66 x 1.12 tube-in-tube experi- 
ment is essentially completed. The f o i l s  for the water annuli remain to be made. 

Two of the foil holders for the p measurement must be cadmim covered. Two 
"doughnuts" of cadmium and two flat strips are necessary to cover each foil 
holder. Preliminary tests indicate that this method Will be satisfactory. 

Automatic Counter - Sample Changer 
The final design drawfags of the details of the components of the Automatic 
Counter are 50$ ccmplete. 
assembly hsve been set at $20,000 with an additional $1,000 for find design. 
These estimates are based upon a project cost estimate. 

Preliminary estimates of the cost of fabrication and 

Tentative arraagements for the start of fabrication have been made with Mr. 
Lucas of the HLO Technical Shops. 

a) 

The schedule I s  as follows: 

Technical Shops will estimate the costs of fabrication and 
December 15, 1959. 

A revised appropriate request will be prepared, based upon 
Approval is expected about January 1, 1960. 

Fabrication will be started after January 1, 1960. 

Completion is expected by June 30, 1960. 

b) 

c) 

d) 

Automatic PCTR Data Recording System 

assembly by 

their estimate. 

A call for bids on the proposed system has gone out to prospective vendors. 
The bids will be opened December 7, 1959. 

Instrumentation and Systems Studies 

All design-development work is completed for a prototype, linear, four-decade, 
scintillation beta-gamma area monitor. All materials have been ordered and 
fabrication wlll start when the materials are received. 
tinuing on a prototype, logarithmic, three-decade, scintillation beta-gama 
area monitor. 
f o r  use w i t h  the prototype transistorized beta-gamma air monitor for the 105-N 
Building. 
replaceability . . 

Fabrication is con- 

A scintillation detector light-pipe combination was developed 

The new detector head features excellent shielding, sensitivity, and 

!Be detailed fast and slow-scan mechanical design for the NPR Fuel Element Rup- 
ture Monitor prototype is about five percent completed. Specifications and draw- 
ings are completed for a slip-ring assembly to be used for prototype test work. 
Fabrication is almost complete for a simulator for a chopped gamms signal source. 
Testing of the prelimimy circuits VilL proceed when the source is completed. 

Some survey work was done on the detailed simulation of the dynamics of the 
NPR heat exchangers. It appears that the amount of non-linear equipment (func- 

d k b m  6 e a W o r s  and mul$Lpliers) now available on the GEM will be insufficient 



to handle the problem in its present form. 
determine whether the problem can be handled prior to the arrival of additional 
computer equipment. 

Further work is required in order to 

&chanism of Graphite Damage 

A liquid helium cryostat for electron irradiation of graphite was obtained from 
the Physical Metallurgy Operation. 
but can be adapted for graphite at a considerable saving. 

It was originally built for use with uranium 

STUDIES RELATED TO THE SEPARATIONS PLANTS 

Plutonium Critical Mass Facility 

The construction phase of the Plutonium Critical Mass Facility is proceeding 
almost on schedule (perhaps a few percent behind). The interior construction 
of the control building is now near completion; there is some indication, however, 
that a delay of several months may be encountered i n  the delivery of the control 
panel and associated instrumentation. 

Service equipment is being installed in the service room of the service build- 
ing. 
eration, air compressors and necessary plumbing. 

This includes the air conditioning and heating system, chilled water refrig- 

On November 24 the remaining two concrete w a l l s  of the reactor room were poured, 
leaving the ceiling slab and emplacement of the large shielding door to the 
reactor room to be completed. 

In order to verify the suitability of the proposed design of the safety rod 
system for the initial reactor assemblies, a study was made of the safety rod 
support electromgnet mockup; the preliminary results indicate that no diffi- 
culty will be encountered in using the 400 series stainless steels for electro- 
magnet frames. The 400 series stainless steels are highly magnetic and present 
no problem in obtaining sufficient holding force. 
over soft steel, which would ordinarily be used, is a quite high hysteresis 
behavior. 

The chief noticeable difference 

Measurements of the release time between current cutoff and rod release indicate 
that there should be no great problem with respect to the speed of scram action. 
The release t W  is very dependent on the supported weight, air gap between 
pole faces and armature (head of safety rod), and current excess over the mini- 
mum holding current. 
currents of about 3 percent over the very minimum holding current, the pre- 
liminary measurements give release times of the order of 20 milliseconds. The 
accumulated delays due to other causes (relay actuating time, rod travel time, 
etc.) are expected to be somewhat longer than this. 

However, for an intermediate air gap (~0.005 inch) and 

Measurements are continuing in an effort to establish the optimum operating con- 
ditions for reliable and fast safety rod action. 
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C r i t i c a l  Hazards Specifications 

NPF Fuels Processing 

Discussions were held with relevant personnel from CPD and HLO who are con- 
cerned with the design of process equipment f o r  the reprocessing of power 
reactor  fue ls .  
Operation, and F a c i l i t i e s  Engineeriag Operation, and i n  HLO, Chemical Develop- 
ment Operation. 

This included personnel from CPD, Research and Engineering 

The c r i t i c a l i t y  aspects of some proposed designs were discussed i n  general, 
and the problems of designing equipment which i s  both "nuclearly safe" and a t  
the same time economically and operationally feas ib le  were discussed. 

Calculations are proceeding f o r  comparing theoret ic  bucklings and c r i t i c a l  masses 
with experiments f o r  enrichments i n  the.range of 3 percent i n  an e f f o r t  t o  evaluate 
safe dimensions of dissolver and process equipment f o r  heterogeneous systems of 
metal and/or U@ rods wlth enrichments up t o  5 percent. 

NPR Fuels Handling 

On November 25, a meeting was attended t o  discuss the  approvaJ of scoped NPR 
casks and cask cars.  llentative CPD approval has been given t o  the scoped NPR 
cask and cask car, subject t o  c r i t i c a l i t y  tests using NPR ty-pe fuel elements. 
C r i t i c a l  &ss Physics wlll conduct exponential and/or c r i t i c a l  approach experi- 
ments when a su f f i c i en t  number of these fuel elements a re  available.  

C r i t i c d i t y  Studies i n  Support of Processing Power Reactor Fuels 

Cri t icaJ  mass studies  were continued with the 3 percent enriched uranium rele- 
vant t o  the  reprocessing of power reactor  fuels. 
c r i t i c a l  approach experiments with heterogeneous systems and exponential experi- 
ments with homogeneous systems. 

The measurements included 

ExDeriments with Heteroaeneous Sw3tems 

The experiments with the heterogeneous systems yielded information on the 
c r i t i c a l  mass, material buckling, extrapolation length, and shape fac tors  fo r  
the water moderated and re f lec ted  assemblies. C r i t i c a l  approach experiments 
were made with one c i r cu la r  cylinder, three e l l i p t i c  cylinders, and two rec- 
tangular parallelopipeds. The purposes of the experiments were: 1) To 
determine the e f f e c t  of an i r regular  outer boundary variat ion on the measured 
c r i t i c a l  mass, 2) t o  obtain data on "shape factors"  f o r  the interconversion of 
c r i t i c a l  cylinders t o  other geometries, 3) t o  obtain information on the e f fec t  
of geometry on the extrapolation distance, 4) t o  examine the f e a s i b i l i t y  of 
more accurately determining the "effective" radius of the  extrapolated c r i t i -  
c a l  cylinder by introducing a shape deformation which i s  then successively 
decreased and put t o  zero, 5)  t o  c o m e  theore t ica l  buckling formulations with 
experiments. 

The uranium rods which were used i n  these experiments were 23.5 inches i n  length 
and 0.175 inch i n  diameter; the uranium enrichment was 3.063 percent. !Phese 
rods were encased i n  9.025-inch wa l l  l u c i t e  tubes and were arranged i n  .a 0.5 

1 2 3 9 8 9 1  
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inch trinagular l a t t i c e ;  the resul t ing %O/U volume rat.io was 8.0. 
assemblies were both water moderated and fu l ly  water reflected. 

The reactor 

The results of these measurements are  shown in  the following table:  

CRITICAL MASS AIQD BTEKLING 

For 3.063 Percent U-235; 0.175-inch Diameter Rods 
Positioned i n  0.5-inch Triangular Latt ice 

E l l i p t i c  Cylinders 

Eccentricity Of Semi-Major and 23.5-inch Rods in of U r a n i u m  Buckling 
Semi -Minor Axis E l l i p t i c  Cylinder (lbs) 

Cr i t i ca l  Mmensions Cri t ic& NO. of Cr i t i ca l  w a s  mter i*  
6 2  j10- cm' of El l ipse 

b - a - 
o (circular  R = 15.88 cm 567.3 * 1 u g . 0  +, 0.4 13,4= 

cylinder ) 

0.212 16.07 cm 15.71 cm 568.2 f 1 .5  ug .3  f 0.6 13,35 

0.465 16.92 cm 14.98 cm 570.3 f 2.5 220.1 f 1.0 13,04J 

0 647 18.34 cm 13.99 cm 577.2 f 1.5 222.8 i 0.6 =,9u 

Rectangular ParaJlelopipeds 

Cr i t i ca l  No. of 
23.5-inch Rods i n  Cr i t i ca l  mS6 Material 

Cr i t i ca l  Dimensions Rectangular of uranium Buckling* 
of Rectangle (cm) Parallelopiped 1 I10 -6cm-2) 

b . -  a - 
28.09 29.22 587.7 +, 0.6 226.9 f 0.2 13,250 

25-30 33* 00 597.7 f 1.5 230.7 f 0.6 13,262 

* The extrapolation length was taken t o  be 6.5 cm f o r  these calculations, 

These measurements may be the first of their kind i n  e l l i p t i c  cylinders. 
var ia t ion i n  the c r i t i c a l  mass with reactor shape f o r  the above-reflected systems 
is small ,  giving "shape factors" near unity (the r a t i o  of the c r i t i c a l  mass of 
the circular  cylihder t o  that i n  the other geometries is: about 0.95 i n  the 
above cases). 

The 

The buckling which was previously determined fo r  the cylindrical  case was 
13,382 @. 
ments, the cylinder was rerun using the new technique. 
l i n g  of the two rectangular cases i s  seen t o  be smaller than that between the 
two cylindrical  cases. 

Because a different  loading technique was used i n  these measure- 
The difference i n  buck- 

1 2 3 c I S 0 , B  
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The calculated bucklings from the elliptic cylinders show a decrease with 
increasing eccentricity of the ellipse. 
loading must be very nearly a constant, these differences can be attributed 
to a change in the extrapolation length; this change could be caused by the 
differences in reactor curvature, shape, etc. The variation in X which is re- 
quired to give bucklings from the elliptic cylinders equal to that of the cir- 
cular cylinder is shown below: 

Since the material buckling of each 

Eccentricity 

0 

x 

6.5 cm (assuming this value for the 
cylinder) 

0.212 6.4 cm 

0.465 6.14 cm 

0.647 5.9 cm 

It is doubtful, however, that such fine distinctions can be drawn and further 
analysis of the results is planned. 

Experiments with Homogeneous Systems 

Exponential experiments were continued with the 3 percent enriched U03-poly- 
ethylene systems. These experiments were conducted with homogeneous mixtures of 
3 percent enriched U03 and polyethylene contained in a lucite tank twelve inches 
i n  diameter and 32 inches in height. 
nominal H/U atomic ratios of 6, 12, 18, and 26. 
ments are shown in the following table: 

Measurements have now been completed at 
The results of these measure- 

U03 Density x Buckling 
(cm) (10-6cm-2) 

Total Density 
(gm/cm3 

H/U 

6.1 1.54 1*33 9.5 f 1.0 56 40 
(atomic ratio) (dcm3) 

1.46 1.12 I1 4518 U.9 

3876* n 18.2 1.28 0.89 

26.5 1.20 0.73 t I  2675 

* This value was measured in the previous month. 

These values are preliminary i n  that the extrapolation length (9.5 k 1.0 cm) 
is a preliminary value measured at an H/U atomic ratio of 18. 
traverse measurement has been made for determining the extrapolation length at 
an H/U atomic ratio of 12, and these data are now being analyzed. 

A horizontal 



Since the maximum buckling has n& beeri obtained (the buckling i s  s t i l l  increas- 
ing a t  an x/U r a t i o  of 6)  a further meas-memelit of the buckling i s  @armed f o r  
an H/U ratio of 4. 

Theoretical Cr i t i ca l  Mass Studies 

The reactor kicet ics  prcgram am3 i t s  associated subroutines a re  s t i l l  being 
debugged. 
a check of the en t i re  program. 

Two simple subroutines have been m i t t e n  t o  calculate material and geometrical 
parameters fo r  small ,  bare, homogeneous reactors.  The material parameter sub- 
routine calculates f,  &, and Teff f o r  a solution of specified fuel-to-moderator 
r a t i o  and c r i t i c a l  buckling. The geometrical parameter subroutine calculates 

23 geometry. These subrcdtines may be used independently or i n  association 
with other programs. 
gram t o  calculate the leakage of fast. and thermal neutrons from a bare, homo- 
geneous subcr i t ica l  system, 
done some months ago. 

A test  case possessir;g 811 amdytisal sclution is  being prepared fo r  

and geometrical buckling f o r  a material with given parameters i n  a speci- 

For example, they are  beirig comjined with a covering pro- 

This prDgra?n will be used t o  check hand calculations 

Relative t o  c r i t i c a l  mass calculatiocs f o r  Pu systems, a t e s t  problem f o r  the 
C 
d e  exact worth of the results has not been f u l l y  determined, but some changes 
w i l l  be required i n  the cole fcr be t t e r  utilizatioxi. 

code has been run on the 709 Computer using the data tape compiled this  month. 

Mass Spectrometry 

No customer service was requested f o r  isotopic analysis With this mass Spectro- 
meter during the month. 
study and improve the r e l i a b i l i t y  of the ion pulse counting systems of the mass 
spectrometers. 
measuring system were calibrated f o r  l i nea r i ty  of response t o  input Dc current. 

Tne instrumentation of this spectrometer was used t o  

The electrometer-Brown recorder components of the ion current 

XTEVI!RO.N CROSS SECTION PROCRAM 

Slow Neutron Scatterinn Cross Sections 

Growth of Single Wtal  C r y s t a l s  

One additional aluminum crys ta l  was grown bringing the t o t a l  t o  seven crys ta l  
ingots of the size previo-uly reported. The furnace was modified and used t o  
grow a lead crys ta l  two inches i n  diameter by eight inches long. 
produced an ingot with a large amount of lineage structure. 
a larger temperature gradient and slower growth r a t e  yielded an ingot with a 
great reduction i n  lineage structure as detennined optically. 

A s-e melt 
A second melt with 

Studies of bbnochromating Crystals 

C r y s t a l  r e f l ec t iv i ty  measurements were carried out on three uncut aluminum 
ingots for  neutrons of energy 0.084 ev. 
was made on the first c rys ta l  and survey measurements on the other two as 
indicated by the more complete studies. 

A comprehensive s e t  of measurements 

None of the three crystals  investigated 

6 
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are par t icu lar ly  useful as neutron monochromators i n  their present ingot form. 
The poss ib i l i t y  of improved r e f l ec t ion  charac te r i s t ics  because of a l t e r ed  
geometrical form o r  induced per5urbations of the c r y s t a l  st ructure  remains t o  
be investigated. 

Slow Neutron Fission Cross Sections 

A very l i gh t  deposit of the 96 percent 
deposition by Analytical Laboratories i n  hopes of obtaining a more uniform 
areal density f o r  absolute f i s s i o n  cross section measurements. 
was made of the a r e a l  density of the f o i l  using a l/8 inch diameter neutron 
beam. 
was a fac tor  of our which precludes the use of this sample f o r  absolute measure- 
ment s. 

s d e  was prepared by e lec t ro-  

A f i ss ion  scan 

The observed extreme variat ion in  density across the deposited surface 

Fast Neutron Spectra 

Measurements were made on the  time-of-flight spectrum of Be(d,n) neutrons 
using the posi t ive ion Van de G r a a f f  accelerator.  
on the Van De G r a a f f ,  seven of which were spent on mechanical realignment of the 
V a n  de Grafff and focasing adjustments of the ion beam. 
future  alignment the accelerator  and magnet were placed on a def in i t e  baseline 
established by the f iduc ia l  marks found on the building w a l l s .  
gross movement of the rear supports of the  accelerator and a 1/2 inch movement 
and 1/2 degree ro ta t ion  of the analyzing magnet. 
straightened and the magnet shims readjusted t o  obtain the best focus. 

3sn working days were spent 

In order t o  f a c i l i t a t e  

This required a 

The + 25 degree beam tube was 

The smallest v e r t i c a l  beam width obtained was about 2 mm o r  about twice that 
which should reasonably be expected. The voltage regulation system of the Van 
de G r a a f f  was determined t o  be f a u l t y  causing the beam t o  continuously impinge 
upon one of the regulating electrodes rather than pass through the middle of 
the regulation slit. 
var ia t ions of the accelerator which caused a horizontal  sweeping of the beam 
with an amplitude of several  millimeters a t  a frequency of several cycles per 
second. The inn beam a lso  flashed completely o=rt of focus every few seconds. 

The regulator was also unable t o  suppress the energy 

The mechanical alignment that was achieved was Judged t o  be sa t i s fac tory  since 
the posi t ion and focus of the beam were the same f o r  protons, molecular hydro- 
gen, and deuterons. 

The beat  working reso lu t  on obtained was about 2.2X1O-9 seconds compared with 

Be(d,n) neutron spectra  a t  an angle of 20 degrees f o r  1.85 Mev deuterons. 
crude angular dis t r ibu t ion  was a lso obtained. 
a large synchronous background was observed which could be ident i f ied  as origi- 
nating from the horizontal  s teer ing p l a t e s  which were irradiated because of 
the horizontal  spread of the  beam. It was a l so  discovered that the resolution 
could not be improved by using a higher beam sweeping voltage because the slits 
were not properly shaped t o  stop the  beam and the resulting deuterons s t r ik ing  
the tube wall produced a la rge  background. 

previous work at l.5xlO' 4 seconds. A f a i r l y  de ta i led  study was made of the 
A 

A t  angles grea te r  than 40 degrees 

Sever& new pieces of beam tube and components are being fabricated t o  attempt 
t o  reduce some of the deleter ious e f f ec t s  discovered i n  these measurements. 
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U LatItice Parameters f o r  Low Exposure PlutDnium 

FCTR experiments on the 1.8 w/o Pu-AL 19-rod c lus te rs  i n  a 10 1/2 inch square 
graphite l a t t i c e  with air coolant were complet.ed on November 24. 
f i v e  shift-weeks were requfrecl t o  gather the data. 
underway. 

Di f f icu l ty  arose i n  making r eac t iv i ty  measurements d1x t o  the presence of s e l f -  
generated neutrons i n  the Pu-A1 fue l .  
(a,n) reaction ir; the 6,lumirum matrix ( - g o $ ) ,  and spontaneous f i s s ion  i n  the 
plutonium (-104). The t o t a l  source from these reactions has been calculated 
t o  be r~ 6 x l o 5  n/secs from the nine c lus te r  array h900 @!IS Pu). 
cul ty  was cvercome by g o k g  t o  a higher power level w h i l e  measuring rising pi le  
periods (27 watts peak). 

Approximately 
Analysis of the data is  

These neutrons were the result of an 

The diffi- 

An approach-to-criWcal was made when the nine c lus te rs  i n  the core were un- 
poisoned. 
and the PCTR channe l1  f i s s ion  chamber were used t o  monitor subcr i t ica l  multi- 
pl icat ion.  
c a l l y  on a 60 cm radius from the core axis. 

Two enriched BF3 tubes, located on e i the r  side of the central  c luster ,  

The reac tc r  was made c r i t i c a l  with twelve drivers, located symmetri- 

No contamination problems from the plutonium fue l  were encountered during the 
experiments. 

Lat t ice  Parameters f o r  High Exposure Plutonium 

Word has been received that the 2 6  Pu-240 material from Oak Ridge will not be 
available.  
and taken over the 1.2 kilogram l o t  that was being shipped t o  W o r d  f o r  H=TR 
experiments. 
Metallurgy. 
ava i l a t l e  on plant. 

I r rad ia t ion  of the MTR Pu-A1 elements i s  continuing in the  ETR toward the 

The Division of Military Applications has exercised a pr ior  claim 

This ac t ion  has forced suspension of preparatory work by Plutonium 
It may be possible t o  use some lower exposure material that fs 

This a l te rna t ive  it3 being act ively explored. 

m-240 goal. 

Reactor Theom 

The inhomogeneous.1inea.r equations arising 
i n  the form 

i n  reactor  physics can be writ ten 

where f i e  the external  ~ o u r c e  arLd K(x,xl), the  kernel of the in t eg ra l  operator 
Kwhich describes the system, can be interpreted as the probabi l i ty  of finding 
the system a t  x after an fnteract ion a t  X I .  

ad j o in t  kernel by 
By defining the moments of the 

pn + (x) = l d x l  K(x,x') ( x ' - x ) ~ ,  

3 4 9 0 2  
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the  integra3 equation can be m i t t e n  as the inf ini te-order  d i f f e ren t i a l  e q u t i o u  

Terminating the summation at some f i n i t e  index N leads t o  a c lass  of moment 
approximations. 
independent variables,  has been replaced by a small number of moments depending 
on a single  variable,  the amount of information in the system equation, and 
therefore i t s  computational complexity, has been substant ia l ly  reduced. 
the first two moments describe the average distance i n  phase space which the 
system has traversed since i t s  last  interact ion and the dispersion about that 
distance, a second order d i f f e ren t i a l  equation should give a reasonably accurate 
description of most systems. 

Since the kernel of the in t eg ra l  equation, which depends on tTm 

Since 

These considerations were applied t o  the diffusion of monoenergetic neutrons, 
assuming isotropic  scat ter ing.  
equation leads t o  dlffusion theory; however, there  i s  a small  correction t o  the 
diffusion length when absorption i s  large,  and external  neutron sowces are 
replaced by their first co l l i s ion  dis t r ibut ions.  
t i o n  by e l a s t i c  sca t te r ing  i n  an i n f i n i t e  medium, the  first a d  second moment 
approximations t o  the in t eg ra l  balance equation r e s u l t  i n  age theory and the 
Greuling-Goertzel equation, respectively.  
of the second moment, the Greuling-Goertzel theory should describe the slowing 
down of neutrons through strong resonances much more accurately thes age theory; 
this is  consistent with some unpublished numerical results obtained at ANP. 

The second moment approximation t o  the Milne 

For the case of neutron modera- 

In view of the physical significance 

PRTR Star tup Experiments 

Meetings Kith the Physics Star tup Committee have continued through the month. 
A general ou t l ine  of all the experiments and the time necessary f o r  t h e i r  comple- 
t i on  w e r e  discussed. 

In addition planning far the subc r i t i ca l  experiments was begun. 
ments can be divided i n t o  f i v e  types which u t i l i z e  a t o t a l  of seven d i f fe ren t  
loadings. 
two three-zone, a quasi-uniform, and two a l l  Pu-A1 approach-to-crit ical  loadings. 

These experi- 

exponential loading, a two-zone, !Che f i v e  types comprise an all 

The two zone loading will have a core of approximately 61 U% elements surrounded 
by Pu-A1 elements. 
loaded i n  the form of a ring. 
by, U% elements. 
inches and 8 l a rge r  radius of 26 inches. 
t a i n  a ring which has a smaller radius of 26 inches and a l a rge r  radius of 31 
inches. 
element will be a Pu-A1 element. 
8- and a 16-inch la t t ice  apacicg. 

For the three zone experiments 18 Pu-U elements will be 

For one loading the r ing will have a smaller radius of 20 
This r ing  w i l l  surround, as w e l l  as be surrounded 

The second three zone loading will con- 

It is  being planned that i n  the quasi-uniform loading every other fuel 
The all Pu-A1 loading wil l  be made with both ac 

For all the  loadings, measurements will be made f o r  the reactor  full of modera- 
t o r .  In addi t ion measurements w i l l  be made with the height of the moderator at  
1/2 and 3/4 of the full height for all the  loadings except the all U02 and all 
Pu-A1 ones. 

1 2 3 ~ 1 0 3  
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The Cr i t i ca l  Faci l i ty  of the PRP 

A typical  procedure t o  be followed i n  the use of the Cr i t ica l  Fac i l i ty  was out- 
l ined  for the purpose of indicating the degree of operabili ty desired. This 
operating procedure was incorporated i n  the Design Criteria document. A rough 
d r a f t  of the Design Criteria has been prepared and distributed for  comments. 

Instrumentation and .Systems Studies 

Acceptsnce tests were completed on 100 of 150 t o t a l  photomultipliers fo r  the 
PRTR F'uel Element Rupture b n i t o r .  
25 percent. 
shown a rather  large re ject ion r a t e  due t o  internal moisture and glass-crystal 
separation. 

Further inve s t  iga t  ion cont inued on ne u t  ron/gamma di s c riminat ion by s c i n t i l l a  - 
t i on  pulse shape. 
fo r  a neutron-induced sc in t i l l a t i on  i s  roughly ten percent greater than fo r  a 
gamma-induced sc in t i l l a t i on  of the same i n i t i a l  height. 
t o  a t  l e a s t  two additional o r  enbancedlonger phosphorescent decay components 
with decay times of about 0.3 and 5 microseconds. It has been shown that the 
c i r c d t s  bui l t  by earlier investigators t o  u t i l i z e  this phenomenon give mislead- 
ing results. 
fied pulses d i rec t ly  from the photomultiplier. 
low energy gamnas or  low energy neutron events would be cut off w h i l e  the upper 
part of high-energy neutron pulses would be passed. The result i f l  thst the 
pulse shape discrimination appears nearly perfect; however, the hffect ive energy 
bias is  several Mev different than intended or than was reported by ea r l i e r  
investigators. 
c i rcu i t .  

The rejection rate i s  running about 20 t o  
Sbultaneous'acceptance work fo r  the detector crystals  (NaI) has 

For a sti lbene phosphor, the t o t a l  area under the decay curve 

The difference is due 

This is due t o  the use of crystal  diodes t o  s t re tch  the unampli- 
As a result smell pulses from 

Fresh attempts are being made t o  design a proper and useable 

A supplemental work order was received which permitted work t o  begin on the 
fabrication of the profilometer. Most of the work is being done in o f f s i t e  
shops. 
fuel  elements as w e l l  as permit surface examination at  gX magnification. 
opt ical  components have been received. 
ing control cables and mounting of some small  motors. 

Lenses for  the W i d e  Angle Viewer have not been received. The Simpson Optical 
Company was to  have completed fabrication of these several weeks ago but has 

This unit  is designed t o  provide diameter and warp measurements of PRTR 
All 

Some work remains t o  be done i n  specify- 

been on strike since October 10. 

The PRTR controller was received i n  the analog lab on U/19/59 and 
wired t o  the computer. Simulation of the PRTR is being programed 
computer. 

GAS COOLED KEACTOR PROGRAM 

I a t t i c e  Parameter Measurements 

i s  being 
on the GEDA 

Preliminary results have now been obtained for  the control rod experiment. 
four by fou r  array of seven rod cluster  fue l  channels Kith a para l le l  boron car- 
bide control rod i n  the center of the en t i re  assembly has a &-of 0.9945. 

A 

This 

1 2 3 C ; 9 0 4  
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number was calcula3ed from poisoned aid unpcisoned t h e d  u t i l i za t ions  for  the 
super ce l l .  Now 
worth i n  the four by four matrix i s  ak, = -0.1523. 

= 1.1468 without the control rod i n  place; so the control rzd 

The Ir, f o r  the four by four array with the coQtrol rod has been extrapolated t o  a 
value of & for  a three by three array, also with control rod, by two different 
calculational schemes described below. 

In the first method, one assumes that the perturbation caused by the control rod 
has diminished suf f ic ien t ly  i n  the exter ior  region enclosing the three by three 
that 16, = 1.1468 fo r  the exter ior  region. One then obtains & = 0.8766 fo r  the 
in t e r io r  by a volume weighted calculation, so that & = -0.270. 

The second calculation u t i l i z e s  only the absorptions occurring within the three 
by three matrix, and assumes that the worth of copper poison wlthin the in te r ior  
three by three region i s  ident ica l  t o  the worth i n  the exter ior  region. The re- 
sult f o r  t h i s  case i s  
first method. 

= 0.6755, which agrees w e l l  with the r e su l t  from the 
The control rod worth as cdcu la t ed  here i s  -0.271. 

An e r ro r  analysis of the experiment has not yet been performed. 

Estimates have been made on the  shop work needed t o  fabricate some special  core 
blocks fo r  the additional measurements f o r  the EGCR. 
t en  t o  cover these costs. 

A work order has been writ- 

Variation of the Doppler Coefficient with S/M Ratio 

The IBM-709 program fo r  computing surface and volume average temperatures f o r  
a f i n i t e  cylinder has been tes ted  and run successfully. It is now considered 
ready fo r  use. 

Rod Replacemeot Analysis 

The calculation of the change i n  hop upon inser t ion of one control rod per nine 
f u e l  elements i n  the GCR l a t t i c e  has been made. 
on a two-group, smaU source theory formulat ion~in which non-uniformity of the 
slowing down density in to  the epithermal group was neglected and the u-238 
resonances were lumped i n t o  a single equivalent resonance. 

This calculation was based 

The results are 
& = -31.346 and & = +7.7 4 which combine t o  give a hb, - = 264. 

P k, f 

The basic design of the broadband eddy current instrument for  use i n  measuring 
zirconium jacket thickness and air gap thickness i n  an unbonded fue l  element 
i s  about 75 percent complete. 
generator t o  supply excitation t o  ( 2 )  a smal l  test probe, (3) an adjustable 
broadband balance c i rcu i t ,  (4) a main amplifier furnishing broadband signals 
t o  (5)  a zirconium thickness channel and ( 6 )  an air  gap thickness channel, 
and (7) an automatic gain control c i r c u i t  f o r  minimizing the e f f ec t s  of changes 
i n  coupling between probe and fuel element surface. 

The instrument w i l l  consists of (1) a sawtooth 

I 2 3 U O 5  



Operation of an assemblage of laboratory equipment i s  giving p r a s i n g  resu l t s  
although the t e s t s  regarding interaction between the jacket thiclmess and air 
gap thickness readings are not complete. !The amount of compensation required, 
i f  any, between these channels in addition t o  that already designed into the 
readout channels has not been determined. Air gap channel sens i t iv i ty  has been 
obtained which gives one-fifth full scale output meter deflection for  a one m i l  
change i n  a i r  gap thickness at  normal jacket thickness. 
ments are  now t o  be made t o  determine c i r cu i t  s t a b i l i t y  and whether additional 
inter-channel compensation i s  required. 
be necessary and the method of handling it i s  of the essence i n  the solution 
of the general broadband readout problem. 

Additional measure- 

Additional compensation i s  believed t o  

The instrument design being evolved wlll be applicable t o  a wide range of eddy 
current t e s t  problems. 
channels can be added readily.  
filters, eliminating the need f o r  specially designed, bulky inductance-capaci- 
tance f i l t e r s  . 

Plug-in type construction can be used and additional 
Wimum use is  made of resistance-capacitance 

'I1EST REACTOR OPERATIONS 

Operation of the ETR continued routinely during the month. 
unscheduled shutdowns; f ive  were due to electronic failure and three were due t o  
fau l ty  bypassing technique. 

There were eight 

The PRP low 240, 19 rod clusters,  1042 inch l a t t i c e ,  k, and f determination 
experiment was completed during the month. 

A one and one-half inch hole was dr iUed through the north face of the reactor 
t o  permit extension of neutron traverse measurements through the ref lector .  

Wchanical stops were in s t a l l ed  t o  l i m i t  the face motion and thus provide a 
more reproducible reactor face cloaed position. 
a l so  realigned. Preliminary tests i n u c a t e  that reac t iv i ty  measurement re- 
producibil i ty has been improved. 

The moving face tracks were 

The speed of the control rods was approximately doubled. !Chis improves reactor 
control by decreasing the time of setting control rods prior  t o  period measure- 
ment. 
allowed by the operating standamis. 

The maximwn rate of reac t iv i ty  Bddition is  stiU l e s s  than half that 

Cr i t i ca l  Mass and Neutron Temperature experiments shared the !PIX reactor time 
about equally. 

There were no unscheduled shutdowns during the month. 

BIOLOGY Am) MEDICINE: - 6000 PROGRAM 

Atmospheric Physics 

A planning conference, f o r  the delineation of tasks and establishment of format 
and content of the general report on the past summer's dispersion experiment, 
was held with AF CRC personnel on November 3-5, 1959. A three-volume Geophysics 
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Research paper, published by the Air Fome, but wtth credit l i n e s  f o r  Geceral 
E lec t r ic  Company and the  U. S. Atomic Energy Commission, was agreed upoc. 
ments fo r  chapter authorships were agreed to.  
responsibi l i ty  f o r  various pkises of the work. 

Assigri- 
These were made on the basis of 

Redwtion of the dispersion data v a s  greatly f ac i l i t a t ed  by the development of 
a new rapid assay t e c b i q u e  by A n a l y t i d l .  Chemistry Operation. 
involves the use of the phosphorescent property of ZnS and is capable of pre- 
c i se  calibration. 
sampling fi l ters,  a prime requis i te  i n  tine ar;alysis of Project Green Glow data. 

This systen! 

The method a l s o  permits correction f o r  dust loads on the 

A first  approximation of the dispersion data f o r  each sampling point was obtained 
by combined use of tke chemical method and the assay made using the counter devel- 
oped by Instr-ment Research and Ikvelcpment. These resul ts ,  using an eight-class 
dust correction determined by a vis-& assessment of the dust loading, were precise 
t o  within about *20$ of the correct vsltte f o r  ZnS loading. More precise analyses 
are required and are  being sought through the chemical system. This first approxi- 
mation was required by December ll, 1959, by the Air Force f o r  an operational 
problem, a deadline which was imposed on November 5. The results of this first 
analysis Were delivered t o  the Air Force on December 7. (This deadline could 
not have been met without the wholehearted cooperation of Analytical Chemistry 
personnel. ) 

It was found that Zn65 in oysters may possibly have been responsible fo r  many 
of the higher body burdens that have been found i n  people. A subject who had 
previously been observed t o  have a -65 body burden higher than average was 
counted again and found t o  have an increased burden. Conversation revealed 
that he had had a 

were reported t o  contain much more Zn 5 than other foods. 
j e c t  still  had two cans of the oy ters he had eaten. 

oysters was 4 x 10-5 pc/gm or  about 200 times that of the oysters i n  the above 
reference. The oysters were bought at  a Richland store, but t h e i r  source was 
not ident i f ied  other than that they w e r e  labeled as Pacific oysters. 
result of these findings AnaJytical Chemistry Operation examined a variety of 
sea foods from local stores.  
above. 
ac t iv i ty .  
found on the Atlantic C o a s t .  
a subject who ate contaminated oysters was unsuccessful because i n  the t e s t  
period the subject eliminated more !An65 than he acquired from the oysters. 

Enough data has now accumulated on 2165 frjr employees working i n  the 100 Areas 
t o  indicate s ignif icant ly  different  burdens than in the rest of the people 
studied. On the average 100 Area employees contain 70$ more -65 than the 
others e 

e a l  of oyster stew a day before the last measurement. In a 

2 recent paper on Zn ?! 5 (Science 1 3  125 -1256 (1959)) oysters (Atlantic Coast) 
Fortunately the sub- 

These were counted and 
found t o  -in 2 x 10-2 of Zn b 5. The average specific ac t iv i ty  of the 

As a - 
They confirmed the ac t iv i ty  of the oysters found 

A brief attempt t o  measure the Zn 5 retention of 

Another brand of Pacif ic  oysters had about one-fourth as great a specific 
About one-half the foods had a specif ic  ac t iv i ty  s lar t o  those i"f: 

Data obtained a t  Argonne were used t o  show that there is  an uncertainty of 
about 0.2 mpc i n  our 21165 measureme ts due t o  individual variations i n  the 
corrections that must be made f o r  8 . 

1 2 3 9 9 0 1  
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About ox?e-half of the difference between our potassium results and those of Los 
A l m s  was eliminated by omitting data obtained with the p las t ic  phantom i n  our 
potassium calibrations.  
i s  less uniformly dis t r ibuted than the potassium i n  the phantom. 

The evidence indicates that the potassium i n  the body 

X-ray calibrations were completed f o r  the subJect examined f o r  americium and 
plutonium last month. 
last month from the amount of americium. 

The result w8s about twice as much plutonium as estimated 

The discrepancy reported two months ago i n  
neutron exposures of the 

dissolved i n  a gallon of water. 
Measurements of the ac t iv i ty  of the point source were 50$ off  from the calibra- 
t i on  value. 

measurements i n  connection with 
a s t i c  phantom was eliminated by obtaining a C a l i -  

brated point source of N a  B i  and measuring it both as the point source and when 
Basically, however, a discrepancy still  remains. 

On November 16, the ShLelded Personnel b n i t o r i n g  Station was closed t o  permit 
ins ta l la t ion  of a 1/8-inch lead l in ing  on the in t e r io r  walls of the iron room. 
Work is s t i l l  in progress. 

The posit ive ion Vaa de G r a a f f  operated sa t i s f ac to r i ly  during the month. 
accelerator was red igned  using a new opt ical  system. 
cular t rack system were completed t o  permit use of quite heavy counters. 
ment was ins ta l led  that permits automatic background subtraction when using 
accelerator neutrons. 
t o r  and autonvstic controller.  
cessfully as a moriitor i n  the time-of-flight system. 

The 

Equip- 
Alterations t o  the c i r -  

Fabrication was completed of a new beam current integra- 
A lucite-zinc sulphite s c in t i l l a to r  was used suc- 

Solutions t o  prac t ica l  problems in neutron dosimetry are being sought througb 
cooperative work on several problems both under laboratory and under f ie ld  con- 
dit ions.  
i n  a psrticular location i n  a reactor area. 

The performance of the double moderator neutron dosimeter was evaluated 

Development of the precision long counter proceeded with measurement of the 
ef fec ts  of placement of the counter and the calibration source on reproduci- 
b i l i t y  of counting. Neutron fi lm exposed t o  our plutonium fluoride neutron 
source f o r  the United Ststes Naval Radiological Defense Laboratory were evaluated 
and the results communicated t o  us. 
these films is i n  fair agreement with our experimental value determined with the 
double moderator. 

The average neutron energy determined from 

A standard Co60 source was received on loan from the National 

with the absolute cal ibrat ion of our gamma ray calorimeter. 

ureau of Stan- 
dards. It is  planned t o  compare this source (with our own Co 8 source) and also 

After nine months of continuous sat isfactory use i n  the 329 B u i l d i n g ,  the scin- 
t i l l a t i o n  transistorized, combined alpha-beta-gama hand and shoe counter has 
been assigned t o  the Calibrations Operation so that complete plant as-built draw- 
ings can be prepaFed. 
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Complete transistorized circuitry is being developed and fabricated for an 
experimental alpha air monitor using coincidence counting techniques to 
eliminate radon-thoron background comting effects. 
same scintillation detector and vacwm-tube circuitry showed that the instru- 
ment will alarm on 10 MK: of Pu239 in 25 minutes with no false alarms due 
to background fluctuations. 

Previous tests with the 

Further work was completed on miniature sciikillation detector light-pipe 
combinations for Biology research. The probes (one-eighth inch diameter by 

liquid solutiom of the above isotopes. Anthracene was used as the detector. 

Another experimental detector light pipe of one-eighth-inch diameter by 
four inches long was used for low-level Pu239 detection in solution (two normal 
"03). A relationship was established betweea count rate and relative concen- 
tra ion of Pu239 in millirnicrocurfes per milliliter. The background count rate 
was only 0.05 c/m. 
millimicrocuries of me39 per ml, a count rate of 1 . 3  c/m was obtained. Using 
a scaler, one millimicrocurie of Pu239 per milliliter of solution can be easily 
detected. 
outer cover (for decontamination ease) over the probe tip. 
uses 0.25 mil clear mylar over the standard light shield of 0.9 mg/cm2 double- 
aluminum-coated mylar. 

With the probe inserted in a two milliliter solution of 1.28 

The counting efficiency caa be improved by using a thinner mylar 
The present probe 

Experimental work continued on alam circuits and devices for the personally- 
carried personnel alarming dosimeters. 
fiber electrostatic relay for the alarm activator. 

Work centered about the use of a quartz 

Fabrication work continues on several experimental alpha-detecting scintilla- 
tion probes with effective areas of two by four inches. 
the design of a similar probe of a two by seven inch size. 
has any increase in background counting in a five r/hr Ra gamma field. Pu239 
detecting geometry is better than 10 percent and is uniform over the complete 
probe face. 

Work has started on 
None of the probes 

A method of eliminating a battery supply for a transitoriaed emitter follower 
was investigated and proved satisfactory. 
ing circuit is used with a phototube scintillation detector asld can drive 1,000 
feet of shield cable with ease. 
the detector head are necessary. The emitter follower drives power for opera- 
tion from the high voltage applied to the phototube via the single long cable. 
Either positive or negative high voltage can be used as desired. 
pulse signal is transmitted over the same cable as used for high voltage input 
to the detector. 
periods with no maintenance. Pulse-height analysis results, using the system, 
were quite satisfactory. 

The emitter-follower impedance match- 

No battery sxpply with--or power cable to-- 

The output 

Such a detecting unit should be able to operate for long 

A slip-ring assembly was designed to be used with the long, cable-supported 
G-M instrument. 
G-M instrument and the G-Mtube. 
tangling. 

Several hundred feet of cable are used between the portable 
The slip-rings are used to prevent cable 

The unit will be used for gross gamma count work in 200-Area wells. 
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A holding-support mechanism v a s  designed fcr the large NaI crystal and multiple 
phototube assembly fo r  the Biology Operation total-body monitor. 

A five microcurie Ba133 source was given to Biology to permit set* of the 113 
Hog Thyroid Monitor. 
the previously use8 1131 check sources) isotope w i l l  permit ease of setup and 
adjustment of the mozitor. 
heights for Ba133 and I1s are close enough for the accuracies required. 

Tlze use of this relatively long-lived (in relation to 

The photopeak ecergies and, consequently, pulse 

The experimental, completely transistorized A u r a l  Scintillation Transistorized 
Alpha-Beta-Gamma IbEitor was completed. 
uses a single combinatioo scintillation probe and has both a count-rate meter 
and loudspeaker indication. 
tillation detector to have a better 
sulfide, terphenyl, anthracene, toluene, and polystyrene adhesive-were tried. 
The solution caa be painted onto the phototube face or on a light pipe. 
a short tlryrng time, the detecting materisladheres very well to the tube face 
or pipe. 

The unit, operating from I30 VAC mains, 

Some iave tigative work was done to develop a scin- 
response. various solutions using zinc 

After 

Further tests Kill be conducted. 

The text of the Radio Telemetering Network data station instrument manual was 
completed and w i l l  be forirded to duplicating along with the finished circuit 
diagrams. 
completed . The changing of fifteen data stations to different locations was also 

Further investigatio-, into the robot monitor odometer indicates the desirability 
of placing the motion computing elements at the stationary location and of tele- 
metering the turning and speed data directly from the moving robot. 

WASHINGTON IAZSIGNA'IIED PROGRAM 

The mass spectrometer was operated for 16 of the 19 working days of November 
providing isotopic analyses for this program with a high operating efficiency. 

Two operating bys were lost because of the maintenance required folloxlng an 
outage of the building water system. 

The electrometer-Brown recorder components of the ion current measuring system 
of the mass spectrometer were checked for linearity of response to changes in 
DC input current. 
cent for all but the two lowest ranges where the precision of measurement was 
limited to about one percent. The accuracy of isotopic ratio measurements is 
therefore not significantly limited by nonlinearity in these components. 

The systems were found to be linear to within about 0.2 per- 

CUSTOmR WORK 

Weather Forecasting and bkteorology Service 

Type of Forecast Number Made 

8-~0ur Production 
24-Hour General 
special 

90 
60 

115  

f~ Reliability 

84.8 

90.4 
82.3 

1 2 3 9 9 1 0  
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November temperatures averaged 3.5 degrees below normal. 
the temperatures was the extremely high variation from a low of 6 on the 13th to 
a hi& of 70 on the 23rd. 
to 24 degrees above. 
11 of these days, the departure was negative. 

Precipitation totaled 0.41 inch, vhich was less than half the normal amount for 
November. 

A Iiotable feature of 

Daily deprtures varied from 23 degrees below normal 
On 15 days, the departure was 10 degrees or more and, on 

Instrumentation 

Specifications for the mechanical conveyor portion of the Laundry Monitor were 
drawn and written and are being sent out for bids. 

Fabrication was completed on an instrument for the Biology Operation for measur- 
ing respiratory activity of animals. 
ment and the air vclume displaced. 
detected. 

The unit measures the rate of air displace- 
Vol?sne changes as low as 0.03 cc can be 

The unit will be delivered when the recorder is obtained. 

The following fabrication work is being &one, presently, in the 328 B u i l d i n g  
Electronics Fabrication Shop: 

1. Work is nearing completion on 12 sciotillation, gannna, criticality or icci- 
dent alarm units. 
various 300-Area buildings. 

All operate from ll0 VAC mains and will be installed in 

2 .  Fabrication was completed on one G-M t~be detector, transistorized circuitry, 
alarming monitor of 110 VAC-operation type. 
be used at Redox. 
available. 

The unit, plus two more, w i l l  
Alarm levels (gamma) of about 0.1 to 5.0 m/hr will be 

Calibration and debugging tests are proceeding. 

3. Two final model, portable, scintillation, transistorized gamma-energy 
analyrers were completed and w i l l  5e debugged and calibrated. 
tions Operation ordered these two units. 

The Calibra- 

4. Fabrication continued on three experimental, non-beta-gamma sensitive, 
scintillation alpha probes of the latest type. 
eight square inches (tm inches by four inches). 

Effective probe area is 

Advice was rendered to electronic maintenance personnel at Redox concerning the 
Redox Gas Effluent Stack Monitor. 
Redox personnel f o r  general maintenance after about one year of completely satis- 
factory service. 

The instrument has been turned over to the 

Advice was rendered to the 300-Area Portable Radiological Instrument mintenance 
Shop concerning conversion of 15 obsolete, vacuum-tube, BF3 tube portable instru- 
ments to proven-circuitry, completely transistorized models using the standardized 
transistor amplifier count-rate meter and high-voltage supply circuits. 
prototype transistorized models have proved to be improvements in a l l  plant field 
tests to date. 

Two 

The circuit tester for functional. testing of all the fRD0 transistorized, stan- 
dardized, printed, modular circuit boards has been rebuilt and a report w i l l  be 
issued shortly. The report w i l l  enable any interested plant maintenance group tc 
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fabricate the device for testing of the plug-in boards. 
and a good quality triggered oscilloscope w i l l  be required in addition to the 
tester for complete maintenance and test work. 

odly a simple voltmeter 

Field tests were completed oc the prototype, first model, transistorized, loud- 
spaker G-M instruments. 
some needed mechanical modifications. 
will be made while incorporating the minor mechanical changes. 

Acceptance tests were completed on four (of 12 total) portable, battery-operated, 
scintillation, poppy instruments. 

Acceptance procedures for 0-200 mr self-reading pencil dosimeters were revised. 
Acceptance tests were started on 50 Bendix dosimeters. 

Pe&me.nce of the sensitive, garmns, Scintillation-Transistorized %nitor was 
checked in an airplaae flight over the plant area. The unit performed satis- 
factorily with the conclusion, as known since the instrument was originally 
designed, that sensitivity can be increased by using a large NaI crystal in place 
of the 5 x 5-inch terphenyl- in-polyvi toluene detector presently used. 
Naf substitution can be made directly at any time with no circuit changes. 
only problem is that of cost of the NaI crystal. 

Satisfactory field operation was obtained except for 
As-built plant drawings o f  the instrument 

The 
The 

Recommendations were made to the Critical Mass Physics Operation for specific 
instruments and an instrumentation philosophy different from those for produc- 
tion reactors, but suited to the needs of experimental critical assembly facili- 
ties. 

Analog Computer 

Consultation and aid in programing a chemical dissolver problem for the DDA 
was provided CRDO - Hw). 

0 

No customer work was completed on the Goodyear (GEDA) computer during November 
due to difficulties precipitated by moving the computer. 
and a limited customer work schedule is possible. 

It is now operable 

optics 

Internal Mameter Micrometer for 105-C F'EF - Design drawings are in the hands of 
Tech Shop estimators. 

Scratch Tkpth Illuminator for lO5-C FEF - Design drawings are being checked. 
Infrared Radiation Ratio Pyrometer - A mounting was designed to support the 
pmometer over the metallograph. A work order has been issued to Tech Shops - -  - -  
for fabrication. 
tion of this unit w i l l  probably be delayed until early January. 

Some electronic components have not yet been received. Installa- 

Cave Periscope for Purex - Design drawings are in the hands of Tech Shops esti- 
mators. 

1 2 3 9 9 1 2  
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Zyglo Detector - A work order has been received from E. H. O’Clair to demonstrate 
the feasibility of photoelectrically detecting defects in the intend. bore of 
PRTR fuel elements. 

Manager 
PHYSICS AND INSTRUPENT RESEARCH 

RANFORD UBORATORBS OPERATION 
AND IEVEXOF’bEXT 

PF Gast:mcs 
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Chemical Research and Development 

RESEARCH AND ENGINEERING 

FISSIONABLE MATERIALS - 2000 PROGFAM 

IRRADIATIONS FRGCESSES 

Deccntmination of Reactor Components 

Variatfons in decontamination and corrosion of stainless and carbon steel as a 
function of cDncentration of Wyandotte 75 and Wyandotte 1112, typical proprietary 
bisulfate-based cleaners, were studied. Using coupons contaminated with acti- 
vated corrosion products and using the standard caustic-permanganate pretreatment, 
the cleaner concentration could be reduced from a normal value of 90 g/l to 
about 9 g/l without impairing decontamination of carbon steel. 
rosion rates, however, remained undesirably high. Decontamination of stainless 
steel was adversely affected when the cleaner concentration was decreased below 
20 g/l because of the failure of the cleaner to descale at the lower concentrations. 

Carbon steel cor- 

Corrosion tests of type A-246 carbon steel in Wyandotte 1112 indicate that the 
increase in corrosion due to dissolved iron will be negligible at the expected 
(0.005 molar or less) concentrations. 

Uranium Oxidatisn and Fission Product Volatilitx 

The 292-T Facility project was closed with some exceptions which were necessary 
to permit shakedown testing. Several problems which developed in the induction 
heater and lead-configuration were resolved. 
and dissolving equipment were made available. 

Other items including disposal casks 

First beneficial use was obtained on November 10 when a meltdown test was performed 
on an unirradiated, 4-inch long normal Hanford fuel element. The meltdown was con- 
ducted in the presence of a Zircaloy process tube. This test was made to determine 
the extent of zirconium-uranium reaction and mode of melting in a full scale piece. 
Motion pictures were made. Metallographic results are not yet available. 

Fission product release tests will begin in the new facility in December after 
preliminary oxidation tests using unirradiated metal have been made. 

Effluent Decontamination 

Initial experiments with XVR decontamination wastes indicated that the reduction 
of potassium permanganate was accompanied by precipitation and that Sr and Co 
ions were effectively removed from solution, presumably by a scavenging action. 
Alkaline permanganate is almost certain to be used in the second s tep  of the IWR 
decontamination process. Mixing the permanganate waste  with solutions from the 
other two steps resulted in scavenging decontamination factors between 1 x 10 
and 5 x lo3 for Co. The possible utilization of this favorable scavenging reaction 
has led to plans for related experiments with other radionuclides and a postpone- 
ment of experiments on soil reactions with waste solutions. 

2 

< 
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Analytical Services 

Iodire-131 and Xe133 conparative analyses in helium samples from the 100-DR gas 
lcop were made by gamma ray spectrometry to check for slug ruptures. 
were accurately bled through caustic solution for collecting iodine, or 
activated charcoal for collecting xenon. 

Gas samples 

A mdified gravimetric procedure was used to determine 11.0 per cent silicon in 
an ingot of AlSi to confirm a control analysis that a recently arrived shipment 
was out of specification. 
methods having about a 2 per cent error.. 

Preliminary caustic dissolution resulted in the 

The first mass spectrographic isotopic data were obtained since calibration with 
the Th23* standard. 
viously used to estimate the Th238/Th232 ratio. Also, further studies of lanthanum 
fluoride carrying and ion exchange behavior of thorium were made. Thorium was 
quantitatively precipitated and carried, with lanthanum fluoride, from typical 
samples. Oxidants, potassium dichromate and potassium chlorate, caused no compli- 
cation. Oxidants were used to take uranium to the hexavalent oxidation state and 
hoid it there. 
acid mixture to extract thorium. The extract was then treated with boric acid 
to tie up the fluoride. 
95 per cent yield without prior removal of boron or fluoride compounds. 

Those data a reed with alpha and total thorium data pre- 

Many of the solid samples were treated with nitric-hydrofluoric 

Thorium was recovered from that solution with Dowex-1 in 

SEPARATION PROCESSES 

HA Column Studies 

The flooding capacity of a 3-inch-diameter HA extraction column containing stain- 
less steel nozzle plates (3/16-inch holes) was determined using a 27 C, 0.05 M 
HnO aqueous solution and 30 per cent TBP organic. With a pulse amplitude of 1.1 

cycles per minute at a total throughput of 1450 gal/hr/sq ft. 
inc 2 es and an L/V of 0.17, the column flooded at a pulse frequency of 95 to 100 

Analysis of Furex Samples 

Continued slightly sub-standard decontamination performance in the Purex plant 
has prompted additional analyses of Purex plant streams. 
not yet completed, but the data thus far obtained indicate decontamination factors 
over the final uranium cycle of 86, 400, and 480 for ruthenium, zirconium, and 
niobium, respectively. The low ruthenium decontamination factor is to be expected 
under the low acid conditions employed in the final uranium cycle. 

The fission produc't activity in the uranium product (sampled November 17) was 43 
per cent ruthenium, 49 per cent zirconium, and 8 per cent niobium. 

The analytical data are 

Analyses of streams around the partition columns confirm the conclusion reached 
when similar analyses were performed in August. By comparison with past experience 
a major portion of the difficulty in securing adequate decontamination of uranium 
ariees from the fact that zirconium is tending to follow uranium to a much greater . 
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extent than formerly. 
follow uranium in the partition coluz?x~s are in part responsible for this. 
the presence of organic-favoring solid5 is also suspected. 

Adjustments which have been made to force neptunium to 
However, 

PrGcessirzg of Irradiated Meptuium 

Prelhinary studies of rtidiolysis effects i n  plutonium-238 bearing systems 
irdicate LO severe pro'clems in processing irradiated neptunium by TBP solvent 
extraction methods in the Hot Semiworks. 

Dealkylation of TBP results in formation of "non-strippable" plutonium at a rate 
of 0.8 to 1.0 per cent per hour. This corresponds to formation of DBP at a rate 
Gf abut 0.018 grams hour-i liter-1 in 30 per cent TBP containing 1 g/l plutonium-238. 

In a system ccntaining 1 g/l plutonium-238, 2 M HNO , 0.1 M ferrous sulfamate, and 

2.7 x 10-3 moles hour'l liter-l. In the same system sulfamic acid was hydrolyzed 
at a rate of about 1.7 x 10-3 moles hour'l liter-1. 
coefficient (orgasic/aqueous) increased from 0.06 to 0.125 in a period of 6 hours 
but had attaiced a value of 22 at the end c?f 12.5 hours. 

30 per cent TBP in Shell E 2342, ferrous ion was ox 2 dized at a rate of about 
The plutonium distribution 

"C values" (molecules per 100 ev absorbed) computed from these data are as follows: 

For Conversion of TBP to DBP - 0.3 to 0.35 

For Conversion of Fe(I1) to Fe(II1) - 12.0 
For Hydrolysis of Sulfamic Acid - 7.5 

One precaution pinpointed by these studies is the desirability of using a fairly 
high acid reducing strip to recover difficultly $tripped-plutonium-238. Current 
proposals for processing irradiated neptunium envision that the conventional low 
acid stripping column will be backed up by a second strip column in which a re- 
ducing strip will be used to recover "noa-strippable" plutonium-238. In testing 
such a supplementary stripping operation it was found that plutonium stripping is 
more efficient at 0.85 and 3 M EN03 than at 0.1 M aW03. Plutonium-238 distribu- 
tion ratios 01.13 of 0.1 molar ferrous sulfamate into radiation-damaged 30 per cent 
TBP were 0.3 to 0.9 at 0.1 M mO3 but only 0.025 at 0.85 M HNO , and 0.03 at 
have to ernploy 1 to 3 M EN03 in order to function efficiently. 
3 M HNO3. Thus it is probable that the back up strip column ( z he 1F column) would 

- -  
~6 

Analytical Services 

Forty-four samples of filter paper through which air had been dr wn were submitted 
by Atmospheric Physics for the analysis of Zn as ZnS down to 10 

was used to determine quantities present. 

-8 g. Activati n 
analysis was used for the measurements. The 1.12 Mev photopeak of 245-day Zn 85 

Controlled potectial coulometry was extended to the determination of uracium in 
the 0.025 to 0.1 g/1 concentration to provide greater precision (& 3 per cent) 
than other conventioral applicable methods. Segregation of cells fcr high and 
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low l e v e l  U solutions and use of a c e l l  w i t h  a bottcm drain and top mounted s t i r r e r  
having biades F r t i a l l y  submerged in tke mercury electrode gave the s t a b i l i t y ,  re- 
producibi l i ty  and cleaning eff ic iency reqdired f o r  t i t r a t i o n  i n  the above U con- 
cen t r a t io r  range. Research persomel  are s t a r t i n g  investigations t o  circumvent 
the lengthy (30  ninutes)  t i t r a t i o n  period. 

WASTE TREATMEMT 

Seziworks Waste Calciner Pro+,otne 

Operatior, of the  fluid-bed calciner  vas continued using simulated I C P P  waste. 
m a s  were completed duricg the month. In general, equipment performance was  sat- 
isfactory.  Nozzle pluggage and pa r t i c l e  agglomeration were negligible.  The major 
problem enccvintered were excessive a t t r i t im w i t h  resul t ing excessive f ines  carry- 
cver and a gradual reduction of bed volume during the course of a run. A modified 
f lu id iz ing  gas d i s t r ibu to r  (four 0.0312-inch holes i n  each bubble .zap compared t o  
four 0.0760-inch holes i n  each cap of the previous d i s t r ibu to r )  was i n s t a l l ed  and 
improved f iu id iza t ion  with less sluggirtg. However, f3r corrrparable f lu id iz ing  g a s  
flows, the a t t r i t i o n  rates were somewhat increased. 

Seven 

Batch Waste C d c i n a t i o r  

Faur laboratory-scale runs were c o q l e t e d  calcining Purex high-level wastes i n  a 
heeted, anagitated, 3-inch-diameter pot a t  a feed rate suf f ic ien t  t o  maintain some 
concentrated sclut ion in the pCV. The pot was subsequently f i red  t o  a f i n a l  in-  
ternal tecpers;ture of 800 t o  gGO C.  
cmtained iron, chromium, nickel  aluminum, sodium, and varying amounts of acid, 
su l fa te ,  and n i t r a t e .  

The simulated wastes used i n  the studies 

The behavior during calcinet ion and the f i n i d  appearance of the so l ids  is  apparently 
dependent upcn the r e l a t ive  acid,  n i t r a t e ,  and sulfate concentrations. A t  sulfate 
t o  s a t  n i t r a t e  ( t o t a l  oitrate concentration minus acid concentration) r a t io s  of 
1 . 5 ,  a m e l t  fo,rlned a t  about 750 C; a t h a u g h  so= d i f f i c u l t y  was encountered from 
so l ids  coating the pc t  w a l l  and reducing the e f fec t ive  PO+, diameter. 
of 0.5 and -1.5, no E l t s  were foxned a t  temperatures up t o  940 C. 
values of the ra%io, the s o l i e s  remained mobile, however, a s lu r ry  temperature 
above 150 C was required t o  prevent excessive foaming. Also, only SO fumes were 
e V G l V € d  during f i r i n g ,  and the  so l ids  pulled away from the  pot wall u&n cooling. 

With r a t i o s  
A t  negative 

Pot corrosion was negl igible  i n  all of the s tudies .  
measurements of the  various so l ids  are plamed. 

Thermal conductivity 

Waste Sol id i f ica t ion  

Because of current i n t e r e s t  i n  possible neutralized interim storage of Pwex 
waste, which implies calcinat ion of a neutralized s lurry,  addi t ional  measurements 
have been made of the extent of leaching of cesium and strontium from such a 
calcine.  
gama a c t i v i t i e s  (primarily ruthenium and rare e a r t h )  are leached t o  only a 
very s l i g h t  degree ( f e w  tenths  per cent maximum); however, the ana ly t ica l  methods 

Earlier experimen+,s (HW-57686) had shown that the short-l ived beta and 
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used were not sufficiently sensitive to define the behavior of the long-lived, but 
biologically si@ificant, strontium and cesium. 
strontium-only spikes were therefore made. 
vas leached from neutrdized material calcined at 500 or 900 C. 
more solukde, 85 per cant leaching at 500 and 36 per cent at 900 C. 
v&lues have relative significate only. ) 

Measurements with cesiun-only or 
Ody 0.5 per cent of the strontium 

(Per cent 
Cesium was much 

Observation Wells 

Analyses of ground water samples from well 699-50-53, located 0.6 mile north of 
200 East Area, showed beta-emitter concentrations of 1.8 x uc/cc. This is 
about 10 per cent of the concentration now detected in wells at the 216-BY crib- 
site, the probable source of this contamination. The significant movement of 
waste to the north is probably due to the ground water overflowing low spots in 
the sub-surface basalt ridge north of 200 East Area. 
from this site toward the river should be deterred by the ground water mounds 
below B-Swmp and Gable Mountain Swamp. 

Movement of contaminants 

Efforts to identify the source of contaminants in three wells located from 2 to 
5 miles southeast of 200 East Area have not been successful. Probable sources 
are wastes that migrated to this locale from the 216-BY scavenged waste cribs in 
early 1956 or wastes discharged to the Purex 216-A-5, 8 and 24 cribs. Failure to 
find positive Rdo3 concentrations in well water samples rich in Rulo6 places the 
minimum age of the waste in this particular instance at about 1-1/2 years. 
wells scheduled to be drilled within the next year are expected to assist in 
determining the source of this ground water contamination. 

Several 

Disposal t3 ZrcuLd 

Soil column tests were completed on the D-2 waste going to the 2l.6-S-7 crib. 
average limiting Sr breakthrough for three columns, as found by extrapolation on 
logarithmic probability plots, was found to be 50 column volumes. 
through for Cd37 was found to be 123 column volumes. The waste to this crib to 
date has been about 7 column volumes and averages about 1 column volume per year. 
The locg life expectancy of this crib can be attributed to the low salt content 
of the waste, caustic neutralization, and the high exchange capacity of the soil 
in this area. 

The 

Limiting break- 

Data relating to concentrations of cyanide ion in ground water at the 216-BY 
cribsite were communicated to Industrial Hygiene for possible toxicological eval- 
uation. 
greater than the analytical detection limit of 0.4 ppm. The CN' concentration in 
this instance was 2.2 ppm. 
probably as the ferrocyanide ion; the maxim concentration being 6.0 ppm. 

Only one well, E-Sg-E33-12, showed a free cyanide ion concentration 

Several nearby wells contained combined cyanide, 

TRANSURANIC ELEMENT AND FISSION PRODUCT RECOVERY 

Fission Product Isolation and Packaging Prototype 

The equipment necessary to determine the effects of operating variables on the 
entraiment and volatilization of cesium from the hydrolyzer was installed. 

- v  

The 
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variables which are expected t o  a f f e c t  the performance of the  hydrolyzer are 
(1) evaporation rate, (2) ro tor   all temperature, ( 3 )  gas velocity,  (4)  reaction 
zone temperature, ( 5 )  ro ta t ing  speed and, (6) mode of feed inject ion.  

One exploratory run a t  about 40 per cent of the design evaporation capacity was 
made i n  the hydrolyzer. The sol ids  yield,  i.e., so l ids  discharged from the pro- 
duct end of t h e  hydrolyzer, was greater  than 90 per cent. The condensate showed 
a t race of white so l ids  while the noncondensible off-gas yielded about 0.05 per 
cent cesium. A material balance w i l l  be completed when t h e  cesium analyses of the 
condensate are available.  
reduce entrainment, the so l id  y ie ld  obtained i n  the above run is  considered ade- 
quate since a la rge  f rac t ion  of the entrained so l ids  would be scrubbed from the 
off-gas stream and returned t o  the  hydrolyzer as recycle. 

Although addi t ional  e f f o r t s  w i l l  be made t o  fur ther  

Strontium Recovery 

Further s tudies  have been made aimed at recovery of strontium from 1WW v ia  sulfate 
prec ip i ta t ion  i n  the Purex head-end equipment. It was reported las t  month t h a t  
prec ip i ta t ion  of 80 per cent of the strontium can be achieved i n  the rare earth 
double-sulfate s t r ike  by increasing the sulfate concentration t o  three molar. 
has been subsequently found, however, that some of the i ron is a l so  precipi ta ted 
(as  f e r r i c  s u l f a t e )  and that gross amounts form on prolonged digestion or on 
standing. This i ron prec ip i ta te  is a hard c rys ta l l ine  material which would 
overload the  centrifuge,  plug pipes, and render the  process inoperable. Two 
ways have been found t o  avoid t h i s  d i f f i cu l ty .  
t o  complex the  i ron and hold it i n  solution, the other u t i l i z e s  ca r r i e r  t o  give 
good strontium recovery a t  low (one molar) sulfate concentrations. 

It 

One involves the  use of tartrate 

An integrated test w a s  made t o  determine the  e f f e c t  of the tartrate addition on 
cerium and promethium recovery. 
define the  path of strontium i n  the l a t te r  operation. 
made 0.25 molar i n  t a r t a r i c  acid,  adjusted t o  three molar i n  t o t a l  sulfate, neutra- 
l i z e d  t o  pH 0.5, and digested a t  ca. 90 C.  Ninety-seven per cent of the cerium 
and promethium and a t  least 75 p e r c e n t  of the strontium were precipi ta ted.  
the  subsequent proxy-acetate  step,  all of the strontium followed the  t r i va l en t  
rare ear ths .  This s p l i t  of strontium with the t r i v a l e n t  rare ear ths  is fur ther  
corroborated by ana ly t ica l  results of the October plant  tes t .  

This wa8 followed by a peroxy-acetate s t r i k e  t o  
The 1 W W  (0.5 MFe) was 

In , 

I n  other experiments, it wss found t h a t  0.02 m o l a r  lead, barium, cerium, neodymium, 
lanthanum, o r  didynium c a r r i e r  precipi ta ted about 80 per cent of the  strontium 
from1UW a t  one m o l a r  sulfate and pH 0. 
t o  i ron prec ip i ta t ion  and do not require tartrate addition. 
t i ve  as a car r ie r ,  and added strontium decreased the f rac t ion  precipi ta ted.  
the  results t o  date, it is apparent that strontium can be recovered from current 
Purex 1 W W  by several  schemes which do not involve prec ip i ta t ing  the iron. 
choice between these i s  la rge ly  dependent on the product mix which is desired and 
on complications which cer ta in  ca r r i e r s  may cause i n  subsequent processing. 

These solutions are stable with respect 
Calcium was ineffec- 

From 

The 
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ANALYTICAL AND INSTRUMENT;AL CHEMISTRY 

Scintillating Glasses 

Studies of the gamma scintillation properties of special glasses have been made 
elsewhere (Dr. H. P. Hood of Corning Glass Works and Dr. R. J. Ginther of the 
U, S, Naval Research Laboratory). Samples of the most promising glasses have 
been obtained from these two scientists for testing at Hanford in alpha counting 
applications. Of particular interest are a cerium activated Vycor and a low- 
silica, cerium activated magnesium, aluminum, lithium-silicate glass. The alpha 
and beta responses of these glasses have been tested and the alpha pulse effi- 
ciencies are 1.7 and 5.0 per cent, respectively, relative to ZnS(Ag). Both glasses 
yielded about a 25 per cent alpha to beta response relative to ZnS(Ag). 
this inferiority to ZnS(Ag) the alpha response will be suitable for some applica- 
tions. Since the glasses can be expected to have relatively good chemical resis- 
tivity in solutions they will be tested for their applicability to solution con- 
tact alpha counting, especially for in-line analysis applications. 

Despite 

Automatic Controlled Potential Coulometer 

The original controlled potential coulometer developed at Idaho Falls with 
simplifications suggested by ORNL personnel has been modified to reduce insta- 
bility in the low ranges. 
plutonium or uranium titrations has been programmed to permit autoxuatic operation. 
The full-scale range of the instrument is adjustable (switching) from 5 x 10-5 
to 1 x 
models ( 5  0.05 per cent r a t  high levels to f 0.3 per centrat low levels) has 
been retained. 
being built. 

In addition, the complete sequence of operations for 

moles, and the accuracy and precision obtained by the earlier Hanford 

One instrument is in continuous use at present and two more are 

EQUIPMENT AND MATEZtIALS 

"Triple-Threat" Deepwell Turbine Pump 

The Johnston deepwell turbine pump which had been previously modified (i .e , holes 
drilled in the impeller housings) to permit its use as a combination pump-agitator 
has been further modified-to permit it to supply a small side stream fo r  a sampler 
or  in-line monitor. 
the impellor housing. With the pump installation employed, a side stream flow of 
2100 ml/min  was delivered at a discharge pressure of 9 p.s.i.g. 

A l/h-inch sampling line was connected to a hole drilled in 

Hollow Shaft Agitator 

Testing has continued on the 10 hp, 300 rpm, hollow-shaft motor, agitator assembly 
designed for use in either the Redox or Purex plants. 
fully completed on 3 shaft lengths of interest -- 9 feet 2 inches, 10 feet 2 inches, 
and 15 feet 5-1/2 inches. Agitation with the various shaft lengths and various 
paddle immersion depths has been smooth and steady, and no critical speed 
difficulties have been encountered. 

Testing has been success- 
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Non-Metallic Materials Testing 

A glove port ring from the -ex plant was tested by static immersion at room 
temperature in the solutions normally used for transparent sheet glove box mater- 
ials. The ring is reported by the vendor to be made from Tennite 11, a cellulose 
acetate butyrate polymer produced by the Tennessee Eastman Company. This plastic 
failed after 28 days in 20 per cent nitric acid, after 7 days in 30 per cent 
nitric acid, and after 7 days in the vapor above 48 per cent HF. 
after 24 hours in trichlorethylene. 
in 10 per cent nitric acid, a saturated solution of oxalic acid, and potassium 
permanganate. Swelling of 10 per cent in perchlore2hylene and 20 per cent in both 
carbm tetrachloride and Recuplex CAX was observed. Lucite, or Plexiglas, for 
which this material is a substitute, is unaffected by 28 days in 30 per cent nitric 
acid, swells 20 per cent in trichlorethylene, and 5 to 8 per cent in the vapor 
above 48 per cent IF. 
reported In the Tennite I1 test. 

Failure occurred 
The material was noted to darken or yellow 

Lucite is substantially unaffected by the other solutions 

A transparent laminate of Lucite and Teslar which was prepared by the duPont Company 
Development hboratory was tested for use as a hood panel material. In only 3 solu- 
tions were any effects noted. Recuplex CAX softened the Lucite, trichlorethylene 
dissolved the Lucite but both solutions left the Teslar unchanged. 
manganate stained both plastics and caused a s’:ght delamination around the edges 
of the sample. This effect extended in about ,132-inch from the edge. 

Potassium per- 

Effect of Air Sparging on Corrosivity of Redox H-4 Oxidizer Solution 

Samples of 304-L stainless steel were exposed to synthetic Redox H-4 oxidizer solu- 
tion (1.5 M UNH-0.1 M ENO3-0.1 M Nagr207) at its atmospheric boiling point. 
sample was exposed in the bubble stream from an air sparger, one was exposed in 
the bulk solution being air sparged, and two were exposed in unsparged solution. 
Bo significant differences in corrosion rate have been obsemed throughout a total 
exposure of about 670 hours. 
not affected by air sparging. 

Corrosivity of Purex EH-4 Back Cycle Concentrator Solutions 

One 

It appears that the corrosivity of this solution is 

Samples of 304-L stainless steel exposed to boiling synthetic EH-4 solutions 
(5-10 M EN0 -0.4 H UNH-0.15 M HSO4-0.22 M Fe2(S04)3-0.16 M Cr(V1) - 0.003 M 
Ni-0.003 M 2 1) exhibited corrosion rates ranging from 12 to 18 mils/month. Cor- 
rosion rates of 304-L stainless steel in these solutions at 5. and 10 M HNO3 were 
not significantly altered by decreases in the iron( 111) sulfate. concentration 
from 0.22 to 0.005 molar. 
to the high corrosion rates observed in these solutions. 

It is believed that Cr(V1) is the principal contributor 

PROCESS CONTROL DEvELoPMEm 

Purex HSP Photometer 

Shortly after the light photometer was installed on the Furex HSP sample stream, 
aqueous flush solutions of extremely high radiation intensity were inadvertently 
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passed through the HSP sampling system. Following t h i s  incident the photometer 
functioned as i f  the sample c e l l  was opaque t o  the source l ight ,  perhaps due t o  
some foreign material lodged i n  the sample c e l l .  
mechanism was removed from the sample c e l l  and the c e l l  and f i l t e r  assembly visu- 
a l l y  examined. The viewing windows, while made of radiat ion r e s i s t an t  glass,  had 
every appearance of being discolored by the radiation. 
amber i n  color, probably accounting f o r  the apparent opaqueness of the opt ica l  
system. The l i g h t  f i l t e rs ,  which are approximately 1-inch from the sample solution 
were darkened s l i g h t l y  but otherwise unaffected. 
new f i l t e r s  i s  being assembled and w i l l  be in s t a l l ed  as soon as scheduling permits. 

Therefore, the f i l t e r  sh i f t ing  

The windows were dark 

A replacement sample c e l l  w i t h  

Purex 2BP Alpha Detector 

A Teflon coated zinc sulfide phosphor used in  the Purex 2BP stream performed 
s a t i s f a c t o r i l y  f o r  22 months. 
ruptures i n  the 1/4 mil Teflon protective film. 
w a s  i n s t a l l ed  and is  operating sa t i s f ac to r i ly .  

Fai lure  after t h i s  length of service was due t o  
A new phosphor of similar design 

Ultra Sonic - Resin Level Detector 

An uncanned zirconate c rys t a l  operating a t  a frequency of 2.25 megacycles has 
performed s a t i s f a c t o r i l y  i n  measuring res in  l e v e l  i n  a laboratory column. 
c rys t a l  is  not subject t o  ringing a t  distances greater  than 3-inches. 
ment has been ca l ibra ted  f o r  2 ranges, 0 t o  2 f e e t  and 0 t o  10 feet. 

This 
The instru-  

UO.1 Plant Calciner Automation 

The intermediate s tep  i n  power l eve l  incorporated i n  the shutdown cycle of the 
calciner  programner did not give a sa t i s fac tory  rate of s h e l l  temperature decrease. 
Thus, the programmer was again modified so that the shutdown cycle is  now approxi- 
mately a mirror image i n  t i m e  of the s t a r tup  cycle. The feed however, is  cut  off  
on shutdown immediately after the power decreases to 50 per cent of f u l l  load, 
whereas on s t a r tup  the feed comes on a t 1 5  per cent of fu l l  power leve l .  

NON-PROWCTION FUELS REPROCESSING 

Mechanical Head-End Studies 

Hacksaw Test-. 
with the operation of 2 types of saws: 
less cos t ly  Peerless++ saw. 
sawedLn the tests, t o  simulate hardware removal operations f o r  the City of Piqua 
and Dresden fue ls ,  respectively.  Test highlights include the following: 

Hacksaw t e s t i n g  t o  demonstrate fue l s  hardware cutoff continued 
the "dual-feed" Marvel* s a w  and the simpler, 

Thin-wall tubes and rod bundles w i t h  springs were 

*Armstrong-Blum Company, Chicago, I l l i n o i s  
HPeer l e s s  Machine Company, Racine, Wisconsin 
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1. 

2. 

3. 

4. 

Using e i t h e r  saw one rugged "weld-edge'' (two piece) blade may be expected t o  
remove the end hardware from f u e l  elements containing a t  least a ton of uranium. 
This estimate assumes t h a t  rod bundles w i l l  be sawed through a t  massive end 
p la te  sections ra ther  than through unsupported rod sections. Blade cost  i s  
approximate IY $3. 

Since "weldedge" blade l i f e  is  equal f o r  e i the r  saw, the Peerless s a w  (or  
equal) can be used t o  reduce equipment costs  i n  the c e l l .  F'urthermore, pre- 
liminary r e su l t s  show t h a t  both median cut t ing speeds (100 strokes/min) and 
feed pressu-res (100 t o  200 pounds) are su i tab le  f o r  hardware cutoff.  Hence, 
cotltrol accessories f o r  the NPF' saw may be reduced t o  the bare minimum: on-off 
pushbutton and blade tension devices. 

"Weld-edge" blade imperfections i n  "as -received" blades (indicated by porosity, 
cracks, and poor weld bonds revealed i n  radiographic and dye penetrant t e s t s )  
have negligible e f f ec t  on blade l i f e .  

Blade l i f e  and cladding-wall i n t eg r i ty  cannot be guaranteed when cut t ing 
unsupported rods. 
(or  s imi la r )  fue l s  i s  recommended. 
f o r  successful rod bundle cuts.  

Hence, cu t t ing  through end plates  on both Yankee and Dresden 
Potting techniques or  shims are required 

In future  hacksaw tests, a t h i r d  type of saw,  the  Racine hydraulic-feed hacksaw, 
w i l l  be compared with the two types previously tested-. 

Yankee Fuel Element Disassemblx. Knife and sabre-saw cut t ing of t h i n  stainless 
steel bands, such as those used t o  hold the subassemblies of the Yankee'fuel to-  
gether, was atteinpted i n  scouting s tudies  of Yankee bundle disassembly methods. 
Some knife jamming-occurred because of band movement during the cut t ing operation. 
A "weld-edge" sabre-saw was successful i n  band cutt ing,  but excessive blade v i -  
brat ion occurred w i t h  cu ts  made deep within a bundle (i.e.,  6 t o  7 inches). 
t o  cladding walls and exposure of rod core materials could be caused by the  
vibration. 

Damage 

S l i t t i n g  saws and hacksaws w i l l  be used i n  fu ture  band-cutting tests. 

Shear Basin Clar i f ica t ion  Studies. 
unclad s intered UO, pellets under water. 

Fines generation tests were made while shearing 
Slurr ied f ines  generated i n  each ' t e s t  

amounted t o  less t h n  1 per cent of the material processed. A l l  these f ines  were 
less than 200 mesh. 
w i l l  be thermally cycled p r io r  t o  shearing t o  simulate reactor  operating e f f ec t s .  

Hydroclone tests were started on a 1-1/2-inch-diameter un i t .  
as high as 50 per cent have been achieved using a f i n e  lead oxide powder s lu r ry  
as a stand-in f o r  UOg slurries. 
overflow concentration) of 25 has been achieved a t  an overflow t o  underflow volume 
r a t i o  of 80 and a 25 per cent removal efficiency. 

Similar t e s t ing  i s  contemplated for clad pellets, some of which 

Removal e f f ic ienc ies  

A concentration f ac to r  (underflow concentration/ 

Feed Preparation 

Zi r f lex  Process. Two batch Zi r f lex  dissolutions were made t h i s  month i n  the 
blanked off reservoir  of the  recirculat ing tube dissolver.  
sate from the dissolver off-gases was routed t o  another vessel  f o r  metering, and 
a constant dissolver solut ion volume was maintained by incremental water addition. 

In both m s ,  conden- 
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11; the first run, 1.75-inch ID by 8-foot long 55 m i l  Zircaloy tubing m s  dissolved 
in 6 M N Q F  - 0.55 M IJaqNO3 using a F/Zr mole charge ratio of 7. An average boil- 
up rate of 0.132 lb mole/hr/sq ft was maintained throughout the dissolution to 
remove ammocia. 
dissolution rate of 15 mils/hour was obtained. 

A maximum dissolution rate of 60 mils/hour and an integrated 

Iq the secood run, metal was dissolved from the annuli of simulated NPR elements, 
using a 5.5 M NHLlp - 0.5 M NHl$03 solution with an F/Zr mole charge ratio of 7. 
The 3-foot-long-elements consisted of 1.1-inch OD, Zircaloy-2 clad, uranium rod 
encircled by a 1.62-irch ID, Zircaloy-2 tube coated on the outside with a WA-PVC 
plestic. 
to the dissolvent. An average boil-up rate of 0.528 lb mole/hr/sq ft was used. 
A maximUm dissolution rate of 63 mils/hour and an integrated dissolution rate of 
?15 mils/hour was obtained. 

Thus~~.only the surfaces of the 0.26-inch cylindrical annuli were exposed 

The heat of reaction for the Zirflex dissolution of Zircaloy-2 was determined by 
a heat balance for the second run described above to be about -140 K Cal/mole. 
This compares well with a theoretical estimate of -178 K Cal/mole. 

Sulfex Process. 
in a penetration rate of 304-L stainless steel of 3 to 4 mils/hour with 2.5 M H2SO4. 
Average hydrogen evolution as measured by the off-gas monitor was 0.03 scfm/sq ft 
of stainless steel exposed to the dissolver solution. 

One Sulfex run made under nonrecirculating conditions resulted 

In 4 M HSO4, 347 stsicless steel dissolved uniformly with an average penetration 
rate of 12 mils/hour. 
been experienced previously with 304-L stainless steel. 
$he run varied from 0.05-0.07 scfm/sq ft of stainless steel. 

Further studies of electrolytic cathodic depassivation of 304-L stainless steel 
in dilute sulfuric acid were made with a carbon anode - passive 304-L cathode 
separation of 1.5-inches. 
spaciog cf l.jj-inches is feasible in proposed plant-scale dissolving equipment. 
At this electrode spacing a d  in nitrate-free boiling 4 M H$O 

for about 30 secocbs. Depassivation may be accomplished in about 30 seconds, 
even in the presence of as much as 0.05 M nitrate provided the cathodic potential 
is increased to 4-5 volts. At 0.1 M nitrate, however, the steel repassivated 
withio a few minutes when the applied 4-5 volt potential was removed. 

Attempts to depsssivate 304-L stainless steel by making it the anode (anodic 
depassivetion) in an electrolytic cell met with failure. The steel dissolved 
rapidly as long as potential. was applied but was passive in boiling 4 M H S O 4  
when the potent'ial was removed. 

Under similar conditions, comparable penetration rates have 
Hydrogen evolution during 

Consultation with CPD personnel indicates an electrode 

passive 304-L 
stainless steel may be depassivated by application of a potent 4 al of 1.5 volts 

Dissclution of U - l b  Alloys. Various cations and anions were tested for their 
ability to coqlex molybdate ion farmed during nitric acid dissolution of U-3 
w/o Mo-0.2 w/o Al alloy. None of the cations tested -- &(XI), Cr(III), Ii(I1) 
and Co(I1) -- appeared to complex molybdate ion to any extent. 
0.05 to 0.2 M was found, as expected, to be effective in complexing molybdate ion. 

Phosphste ion at 
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At 0.2 M H3PO4 stable solutions of the composition 1.1 M U  - 1.1 M HN03 can be 
prepared from U-3 w/o Mo alloy. 
uranium and acid concentrations with iron(II1) as the molybdate ion complexant 
requires that the iron concentration be about 0.75 molar. Arsenate ion was also 
found to coaplex molybdate ion but not as effectively as phosphate ion. 
solids presued to be uranyl molybdate precipitated when U-Mo a l l o y  solutions 
containing 0.05-0.2 M E3pO4 or 0.1 M Na2HAs04 were neutralized to acidities 
below one molar with either DIBAN or caustic. 

In comparison dissolution to the same terminal 

Yellow 

Dissolution of U-3 w/o Mo-0.2 w/o Al alloy in solutions initially 12-15.5 M HNO3 
to yield dissclver s d u t l o n s  containing 1.0-1.5 M U and 4-8 M HNO3 resulted in 
precipitation of about 80-90 per cent of the molybdenum. Under these conditions 
molybdenum is precipitated as a white solid teetatively identified as hydrated 
MoO3. 

contained about 57 w/o Mo and only 0.07 w/o U. 
with results obtained at ORNL in dissolution of U-10 w/o Mo alloy. 

Such white solids were not cbtained when the dissolvent was initially 
211 M HNO3. The white solids, after washing with water and 1 M HNO3 and drying, 

These results are in agreement 

Further studies on the re-dissolution of solids formed through use of off-standard 
procedures in iron( 111) nitrate-nitric acid dissolution of U-Mo alloys were made. 
In all cases it was necessary to increase the dissolver solution acidity to 
3.5-4.5 M BnO3 to obtain complete re-dissolution of solids in 10 to 60 minutes. 
These results are in agreement with findings reported last month. 

Flooded Tray Dissolver. 
October, 1959, were analyzed for dissolutio2 rate data. All were recirculation 

Fourteen runs made in the period from July through 
- - .  

runs in which uranium slugs were dissolved in nitric acid-uranyl nitrate. Over 
the range 2.5 to 1 3  M total nitrate, the data 8re correlated by ths Txpression: 
Penetration rate (ails per hour) = (0.03 f 0.01) (total nitrate M )  . The pene- 
tration rates experienced in the recirculating dissolver generally were essentially 
identical with those that would be predicted for a single tank batch system. 

Glass Column Hybaulic Studies. 
pellets and 3 to 8 mesh crushed U02. 
mesh crushed U02. 
runs on finely divided U02, no foaming problems have developed. 
series of runs with finely divided U02, serious foaming was experienced which 
was attributed to oil suspension in the sparge air. Current experience lends 
weight to this conclusion. 

Hydraulic runs have been completed using U02 
Current runs are being made on 8 to 100 

It has been significant that during the current series of 
On a previous 

Materials of Construction 

The corrosivity of spent Sulfex decladding solution to 304-L stainless steel was 
investigated. It was established that simple boiling of Sulfex declsdding solu- 
tion is not sufficient to assure a solution which may be contained in 304-L 
equipment. In other experiments, freshly prepared solutions of the composition 
4 M H2S04-25 g/l stainless steel were air sparged at 75 and 108 C (boiling) for 
20, 40, and 90 minutes. Corrosion rates of 304-L in the resulting solutions were 
less than or equal to one m i l / m o  at 70 C. 
solutions increased to about one mil/hr when 304-L specimens were activated by 
contact with mild steel. 

Bowever, corrosion rates in these 



4 

Corrosion rates of 304-L s t a in l e s s  s t e e l  a t  70 C i n  simulated Sulfex process 
solutions of the composition 4 M H s O 4  - 5-15 g / l  s ta in less  s t e e l  - 0.5-5 g/l  
Fe(II1)  added as Fe~(S04)  A t  boil ing 

of about 1 m i l / h r ;  a t tack  was s l i g h t  a t  higher Fe(II1)  concentrations. Corrosion 
r a t e s  a t  the boi l ing point and a t  70 C were grea t ly  increased when specimens we- 
act ivated by contact with mild s t e e l .  

Simulated spent Sulfex decladding solutions containing 0.5-5 g/ l  Pe( 111) added 
as Fe(N03)3 were only mildly corrosive t o  304-L s ta in less  steel a t  both 70 C and 
the boi l ing point. 
contact w i t h  mild s t e e l .  
containing 0.1-0.5 M mO3. 

One or  more Zirflex-type dissolutions i n  the 321 Building titanium dissolver are  
being considered. Corrosion r a t e s  of titanium i n  Zirflex solutions w e r e  markedly 
reduced i n a e  presence of 0.1 M Cr(V1) and 0.1 M c i t r a t e  ion (as suggested by ORIVL 
personnel). However, corrosion r a t e s  were s t i l l  high i n  the inhibi ted solutions, 
and some pre fe rec t i s l  a t tack occurred a t  the solution-vapor interface.  Weldments 
have not been evaluated. 

were less than o r  e ua l  t o  1 mil/mo. 
temperature, similar sc lu  z ions containing 0.5 g 3 1 Fe(I I1)  corroded 304-L a t  rates 

In  these solutions 304-L speclmens were not activated by 
Simllar r e su l t s  were obtained w i t h  decladding solutions 

One pound samples of the 12  heats of nickel base al loys made a t  Bat te l le  Memrial 
I n s t i t u t e  under contract  DDR-82 have been received. 
a l loys as both base and weld metal has been in i t i a t ed .  

Corrosion tes t ing  of these 

C r i t i c a l i t y  Studies - Materials Preparation 

The feed material  f o r  the seventh PCTR experiment to  measure K a  (H/U atomic 
r a t i o  of 44) using 3 per cent U-235 ecriched uranium tr ioxide was prepared and 
delivered. The shipment consisted of approximately 200 pounds of polyethylene- 
moderated uranium tr ioxide.  

The feed materials f o r  3 exponential experiments were a l so  prepared and delivered. 
These 3 shipments also consisted of polyethylene-moderated 3 per cent U-235 enrich- 
ed uranium tr ioxide of approximately 125 po-ads each a t  H/U atomic r a t io s  of 4, 
6, and 12, respectively. 

REACTOR CrEVELOFMEXT - 4000 PROGRAM 

Preparation of UOp by Elec t ro ly t ic  Reduction 

The surface area of typ ica l  uranium dioxide prepared by e lec t ro lyr ic  reduction 
of uranyl chloride i n  molten BaC1-KC1 was reported to be less than  0.01 m2/g, as 
determined by the B.E.T. method. This finding, together with par t ic le  density 
measurements, indicates t h a t  U02 prepared by the e lec t ro ly t ic  method is  v i r tua l ly  
non-porous. 

S a l t  Cycle Process 

An a l t e rna te  method conceived f o r  processing of mixed uranium-plutonium oxides 
employs anhydrous hydrogen chloride t o  e f f ec t  simultaneous dissolution of uranium 
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and plutonium. 
as U(N), the plutonium presumably as Pu(II1). Separation of uranium and plu- 
tonium would be effected by sparging with air, precipitating plutonium as Pu02 
and converting U(IV) to soluble U02". 
from the uranyl-bearing melt by electrolytic reduction. 

Under these conditions the uranium dissolves in molten NaCl-KC1 

Uranium dioxide would then be recovered 

A preliminary experiment indicated this approach is probably feasible. 
of mixed oxide (prepared by calcination of an ammonium diuranate-plutonium 
hydroxide precipitate) was partially dissolved after 2 hours with HC1 sparged 
into KC1-NaC1 at 750 C. 
uranium dissolution was 90 per cent complete but only about 1/3 of the plutonium 
had dissolved. Sparging the salt solution with air for 30 minutes caused a pre- 
cipitate to form and produced a supernatant with the characteristic reddish 
appearance of uranyl chloride. 
in uranium content but showed that 84 per cent of the plutonium had precipitated. 

Obviously, considerable development work remains on this approach but these results 
are considered to be quite encouraging as regards the possibility of processing 
irradiated uranium dioxide fuels by this technique. 

A sample 

Analysis of the salt phase at this point indicated 

Analysis of the supernatant indicated no change 

In exploratory studies of potential pyrochemical decladding schemes for Zircaloy- 
clad U02 it was found that Zircaloy-2 dissolves in molten zinc chloride at 400 to 
500 C or in molten ZnC12-KCl-NaCl at 450 C with the formation of zinc metal and 
a white solid phase. 
ium chloride-zinc chloride compound is suggested by the fact that dissolution of 
zirconium increased the melting point of the salt to greater than 450 C. 

In the case of pure ZnCl2 solvent the formation of a zircon- 

When a similar treatment was appJied to a sample of Zircal0y;clBd uranium. 
dioxide both the zirconium and the uranium dissolved, again with formation of a 
white solid phase. It is suspected that uranium dioxide reacted with dissolved 
zirconium according to the reaction 

ZrClk + U02 .-> ZrO2 + UCl4. 

In any event the possibility of zirconium cladding being present as a major im- 
purity in the uraniun and plutonium bearing salt phase in the S a l t  Cycle Process 
renders the decladding approach presently unattractive. Further work on declad- 
ding w i l l  emphasize that massive uranium dioxide can be converted to powdered 
U3O8 which hopefUlly can be separated from the cladding by mechanical means. 

Aluminum Chloride-Alkali Chloride System 

Distribution Studies. A continuation of the study of the distribution of uranium 
between aluminum and an aluminum-potassium chloride melt shared an increased ex- 
traction into the metal hase when potassium chloride is replaced by cesium 
chloride. Values for of about 150 and 5 were found at aluminum to cesium 
mole ratios of about1 and 0.55, respectively. 

The solubility of uranium appears to be very low in the cesium chloride system 
as compared to the lighter alkali metal halide systems. Further, a second liquid 
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phase is formed as the uranium chloride solubility is exceeded. In preliminary 
experiments, the solubility of uranium trichloride in aluminum chloride-cesium 
chloride melts at 725 C is less than five grams of uranium per kilogram of salt 
where the a luminm to cesium mole ratio varies from 0.6 to 1.0. 

Spectrophotometric Studies 

Studies of the effect of conpcsition on the visible and ultraviolet absorption 
spectra of molten UC14-AlC13-KCl have shown that with excess potassium chloride 
present, the spectrum is that of the hexa coordinated uranium ion, but as aluminum 
chloride is added, solubility drops Eurz absorption at different wave lengths 
changes in relative intensity. 
longer wave Lengths is observed for the absorption peaks, the magnitude being 
somewhat greater than expected. 

With increasing temperature a general shift to 

In LiC1-KC1 eutectic the uraniun(IV) spectrum is entirely different than in the 
AlCl -KC1 system, perhaps due to the strong competition for chloride ions exercised 
by t 2 e lithium ion. 
It is concluded from these observations that in the AlCl -KC1 system little 
complex format.ion occurs if aluminum chloride is in exce 3 s. 
Continuous Ion Exchange Contactor Development - Jiggler Contactor 
A qualitative demonstration run indicates a probability that a non-pulsed, non- 
fixed packed bed elution c o l m  m y  be paired with the jigged bed adsorber for 
continuous recycling of ion exchange resin. 
pumped through the adsorption section at 160 gal/hr/sq ft. Resin, with some feed, 
was moved from the bottom of the latter to the packed bed by pulsation. 
from the elution section was returned by gravity flow to the top of the adsorption 
column 

A simulated feed of 7 M HNO3 was 

Resin 

Attempts to use a thorim-spiked simulated Recuplex feed and a 0.5 H HNO3 eluant 
were erratic owing to difficulty in controlling the rate at which the resin was 
recycled. This may be explained on the basis of a changing ratio of resin to feed 
(slip liquid) which could be overcome if a means for maintaining a constant quat- 
ity of resin In the adsorption column can be found. 

Analytical Services 

Dissolution tests shoved that the 9 M HC1 + Ni(N0 )2 method developed for dissolv- 

Si. 
the total Pu--insignificant with respect to accuracy requirements. 

ing Al-R2 alloys was satisfactory for Al-Si-Pu al;l oys up to at least 12 per cent 
The PU occluded with the insoluble Si represented only SO.25 per cent of 

X-ray spectrometry was used to identify cadmium as a major constituent on the 
surface of a "pip" pin, a holder for PRTR fuel rods. 
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WASTE FIXATION 

Radiant Heat Spray Calciner 

The calcination of a neutralized waste simulating that i n  the Purex tank farm has 
been reported ea r l i e r .  
t r a t e  and required addition of sugar fo r  successful calcination in the radiant 
heat spray calciner.  
formaldekyde-killed l W W ,  such as would be produced if neutralized interim storage 
were adopted, could be calcined without the use of sugar. 
encountered was i n  atomizing the feed, which had been concentrated t o  20 gal/ton 
and w a s  a very thick s lurry.  
nozzle but could be atomized w i t h  an aspirating-type nozzle. 
formed a deposit around the nozzle. 
by d i lu t ion .  
mixture of metal sulfates. 
s i ze  of seven microns (which compares favorably with powder produced from acid- 
s ide wastes), and had a density of 0.75 g/cc. 
the powder contracted t o  a "clinker" but d id  not appear t o  become f lu id .  

This waste contained a high concentration of sodium ni -  

A run was made t h i s  month t o  determine whether a neutralized 

The only d i f f i cu l ty  

This feed tended t o  plug an " in t e r io r  mix" type 
However, it s t i l l  

These d i f f i c u l t i e s  m i g h t  w e l l  be a l lev ia ted  
The product appears t o  be very low in n i t r a t e  and is  probably a 

It w a s  r e l a t ive ly  free from dust, had a pa r t i c l e  

On subsequent heating t o  910 C,  

Mineral Reactions 

Sat isfactory samples of Furex boi l ing tank condensate are now being obtained 
w i t h  a new pump ins t a l l ed  on the  417 catch tank. 
appearance which is due to the presence of organic from the Nag0 

on the mineral a t  pH 3, pa r t i a l ly  plugging the column. 
is about 9. 

Operation of the c l inop t i lo l i t e  column receiving t ap  water traced with Cs137 was  
resumed a t  higher flow rate. 
volumes. 
gd/ft2/min. 

A l i t e r a t u r e  survey was carr ied out on radiat ion e f f ec t s  on minerals and various 
materials. 
c rys ta l s ,  but l i t t l e  work has been reported on minerals and other materials of 
i n t e re s t  i n  w a s t e  f ixat ion.  

The condensate has a cloudy 
organic wash. 

This organic passed through c l inop t i lo l i t e  columns a t  pH 5, 7, an a 9, but deposited 
Normal pH of the condensate 

Column throughput was increased t o  45,600 column 
A decontamination fac tor  of 85 was at ta ined a t  a flow r a t e  of 6.3 

Much information i s  available on radiat ion damage t o  metals and ionic 

Fixation of Radioactive Wastes 

The essent ia l  rejuvenation of and a l te ra t ions  of the CR In-Farm Scavenging 
F a c i l i t y  were completed. 
w a s  s ta r ted .  By the end of December, it is expected that a glass column and a 
scaled-up s t e e l  column wl l l 'be  set up and i n i t i a l  studies w i l l  be in progress. 

The in s t a l l a t ion  of some of the experimental equipment 

1 2 3 1 9 2 9  
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Scientific papers titled, "Desirable New Geologic Research in Support of Radioactive 
Waste Disposal as Indicated by Hanford Experience," by R .  E. Brown and "Movement 
of Rad1oac;ive Effluents in Natural Waters at Hanford," by J. F. Honstead, R. F. 
Foster, and W. H. Bierschenk were presented at the International Atomic Energy 
Agency Conference on Disposal of Radioactive Wastes, Monaco, November 16 - 21. 
Field data obtained by geologic mapping in the Umtanum Ridge area were compared 
to those obtained from drilled wells near that ridge. Sediments directly over- 
lying basalt in well 699-63-90 are probably correlative with the Ellensburg forma- 
tion west of the Hanford region rather than with the Ringold formation. In this 
location sands and gravels of the Ringold formation are similar in appearance to 
presumed Ellensburg gravels. Additionally, a thin, now discontinuous basalt flow 
evidently once lay above the sediments in question in the well but was eroded 
during formation of the water gap between Gable Butte and Umtsnum Ridge. The 
top of the topmost basalt flow is thus not necessarily the top of the Columbia 
River basalt series which includes these Ellensburg interbeds. 

The Ellensburg sediments consist generally of finer and more poorly sorted 
materials than the recent glaciofluviatile gravels. 
movement and radioisotope behavior will differ from that of both the Ringold and 
glaciofluvistile sediments. 

Their effect on ground water 

Two new equations for the rate of unsaturated moisture flw through soils were 
derived and tested with four soils. 
used in the past. 
movement in continuous, uniform capillary pores. 
tion was made that water is moving over the surface of soil particles or that the 
pores are much wider-in one direction. 
indicated that the actual conditions are somewhere between those assumed in the 
two equations. These studies will aid in understanding the mechanism of unsat- 
urated flow and how best to define it mathematically. 

The equations are less empirical than those 
Assumptions used for deriving one equation include that of 

For the other equation the assump- 

Results of experiments with four soils 

Soil Chemistry and Geochemistry 

Research on the calcite-fluorite reaction was continued with studies of the 
removal of U+6, Ce+3, end Sr+2 from solution. 
vary inversely Kith tepxsture, contrary to the behavior of Ce+3 and Sr+2. It 
is postulated that UOG 
The oxygen is Furnished by that dissolved i n  the influent solution. 
oxygen-varies inversely with solution temperature. 

Ce+3, on the other hand, can be included in the fluorite lattice by an omission, 
2(CeF3) for 3(CaF2). 
no lattice adjustments. Radioisotope removal data for the calcite-fluorite and 
calcite-phosphate reactions can be compared by the use of these methods. 

Uranyl ion removal was found to 

substitutes for CaFG2 in the resulting fluorite lattice. 
Dissolved 

Sr+2 can, of course, be included in a Ca+2 position with 
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The results of laboratory equilibrium experiments i n  which 4.2 x 
equi l ibrated with various sodium sal t  solutions indicated t h a t  both c i t r a t e  and 
ace ta te  anions cmplex w i t h  cerium and inh ib i t  i t s  removal from solution by a 
calcareous subsoil .  The order of inhibi t ion o r  complexing strength is  2 I 
c i t r a t e 7 2  N acetate .  The presence of cxalate ion, on the other hand, increased 
the removal of cerium froin solution, probsbly by a scavenging action of precipi- 
tated calcium oxalate.  Renioval of cerium from solution w a s  also increased by 
phosphate ions, apparently due t o  cerium phosphate precipi ta t ion.  

M Ce+3 was 

Ground Waste Investigations 

A technical  paper t i t l ed ,  "A Review of Radioactive Waste Disposal t o  the Ground 
a t  W o r d , "  by D. W. Pearce, C .  E. Linderoth, J. L. Elelson, and L. L. AIES, Jr. 
was presented a t  the Internat ional  Atomic Energy Agency Conference on Dispsal 
of Radioactive Wastes, Monaco, November 16 - 21. 

The small experimental c r i b  near Gable ountain has now received 2900 gallons of 
calcium n i t r a t e  solution traced wi th  S r  If 5. A l l  but one of the s show n i t r a t e  
breakthrough. Two of the w e l l s  show a smal l ,  e r r a t i c  amount 
s ign i f icant  breakthrough of Sr  has been obtained. 

Fif teen more wells have been driven f o r  the purpose of obtaining a better def in i t ion  
of the shape of the l i qu id  plume between the  c r i b  and ground water. The new neutron 
s o i l  moisture probe w&s used i n  the study. 

Laboratory soil column experiments indicated t h a t  the e f f ec t  of column length on 
the slope of Sr breakthrough c w e s  w a s  greater  where Mg was the complementary 
ion than where faster Sr breakthrough was obtained i n  the presence of C a  ions. 
A further series of column studies  with N a  as the accompanying ion was completed. 
Sr breakthrough was even slower i n  t h i s  case than with Mg. 
of influence of column length on slope of Sr  breakthrough curves was about the 
same as with the Mg-Sr system. 
relat ionships  and i n  t h e i r  mathematical description. 

However, the degree 

These findings a i d  i n  understanding soil column 

Fie ld  Apparatus Development 

Measurement of moisture i n  s o i l  using replaceable screen-wall thimbles showed 
tha t  equilibrium was achieved i n  the  thimble a t  v i r tua l ly  the same rate as i n  the 
s o i l .  The presence of a second supporting screen, however, materially slows the 
approach t o  equilibrium. 
t o  moisture contents which allow the s o i l  t o  be self-supporting when the thimble 
i s  removed. 

The application of the single-wall thimble i s  l imited 

Possible schemes which w i l l  permit more accurate neptunium monitoring were studied. 
Chelation wi th  !PB and extract ion on an anion exchange res in  appear t o  be the 
simplest methods f o r  p s s i b l e  application t o  an in- l ine system. 

Ground water aquifer  pumping tests were completed a t  the Gable Mountain test 
si te.  
a l l  13 wells i n  the pa t te rn  were measured. 
t i ona l  data o i ~  other  wells i n  the Pattern.  Preliminarv data evaluation indicated 

I n  2 t e s t e ;  each l a s t i n g  24 hours, the drawdown and recovery of water i n  
Subsequent 8-hour tests gave addi- 

an aquifer  t ransmiss ib i l i ty  of abo; 
of about 0.06. 

y/ft and a storage coeff ic ient  

m 
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Micromeritics 

Several runs were completed, making a t o t a l  of ten  i n  the current se r ies  t o  
measure pa r t i c l e  deposition constants. Deposition on the w a l l s  of a 1-inch 
aluminum pipe, sectioned t o  permit d i r ec t  examination of retained par t ic les  
was measured. !be deposition constant (deposition veloci ty)  was found t o  be 
highly dependent on Reynolds number. 
the deposition constant was markedly affected by surface roughness. Methods 
f o r  characterizing surface roughness were examined. 
proved t o  be unsatisfactory due t o  scratches produced by the s ty lus  i n  the 
aluminum. 

A t  low Reynolds numbers ( l e s s  than 6000) 

A stylus-type profilometer 

Radioactivity i n  Foods 

As a result of the findlpg by the Radiological Physics Operation shielded personnel 
counter than 21165 w a s  more commonly found i n  personnel than could be eccounted 
f o r  from l o c a l  drinking water derived from the Columbia River, a survey of canned 
sea foods from loca l  s tores  was undertaken. O f  the 16 samples counted t o  date, 
nine contained amounts of 22165 from 0.16 t o  35 d/m/g. Only two contained greater 
than  0.7 d/m/g, and these were both oysters canned i n  the Pacif ic  Northwest. This 
confirms previous data of Radiological Physics Operation which had counted oysters 
as the suspected source of Zn6. 

pU241 Bioassay Procedure 

The li uid s c i n t i l l a t i o n  bioassay procedure f o r  P u Z 4 1  on samples already counted 

w i t h  an overnight count. 
f o r  Pu 3 39 was tested and found t o  be capable of measuring as l i t t l e  as 5 d/m/sample 

SrgO Analytical  Procedure 

An improved procedure fo r  separating strontium from calcium was developed which 
i s  shorter  and simpler and eliminates the fuming n i t r i c  acid usually used. 
t h i s  procedure strontium and calcium a re  precipi ta ted w i t h  ammonium carbonate 
which gives a more t rac tab le  prec ip i ta te  than t h a t  produced using sodium carbon- 
ate. The prec ip i ta te  i s  washed with water, then with acetone, and dried. Con- 
centrated n i t r i c  acid is then added which metathesizes the calcium and strontium 
carbonates and prec ip i ta tes  the strontium as the n i t r a t e .  
acetsne and solution in water the strontium is reprecipi ta ted as the carbonate. 
The radiochemical y ie ld  is  greater than 82 per cent even i n  the presence of 100 
times as much calcium as strontium. 

In 

After washing w i t h  

ZnS Analytical Procedure 

A program i n  support of the Meteorology Operation has resul ted i n  an analyt ical  
procedure f o r  ZnS par t i c l e s  on membrane f i l t e rs  containing other previously 
airborne par t icu la te  material. The membrane f i l t e r  is dissolved i n  3:l ethyl  
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acetate-ethanol, exposed to a fluorescent light source for two minutes and the 
resulting emitted light from the ZnS counted 30 seconds later for 30 seconds by 
photomultiplier tube as in liquid scintillation counting. Although no effort as 
been made to optimize the sensitivity,. samples containing as little as 3 x lo-$ g 
ZnS can be counted by this procedure which is adequate for the present problem. 
By counting a second time after adding a known amount of ZnS, correction can be 
made for any effect of dirt material present. 

Chemical Research & Development 

LP Bupp:bp 



UNCUSSIFIElD D-1 

BIOLOGY OPERATION 

No s ign i f icant  changes occurred during October. 

B. TEC'd1,iICAL ACTIVITBS 

FTS5IONA3L9 MATBIALS - 2000 PmGRAM 

BIOLOG I C.4L MOMITOFU NG 

Eacioiodine Contarnination 

Concentrations of 1131 in thymid glands of jack rabbi t s  were s l igh t ly  lower 
than those observed one year ago. Values follow: 

Location 

4 Miles S.W, Redox 
Prosser Barricade 
Wahluke Slope 

p c / g  Wet TtTt. Trend 
Average MaXimum Factor 

Columbia River Contanbation 

Concentrations of gross beta  emitters -21 whitefish f r o m  F-1 averaged about the 
same as observed one year ago. 
brought f i s h  from the  ganford Reservation in to  the  P r i e s t  Rapids Area. 
average racioactive contamination i n  f lesh  was about 3 1 / 2  times those reported 
one year ago. Concentratims of be ta  a n i t t e r s  in waterfowl were about the sane 
as those recorded l a s t  year. 

The annual upstream migration of whitefish 
The 

pc/g 'det W t ,  
Sample Type Location Average Kaximum 

Whitefish Flesh 
Wiitef ish Flesh 
Whitefish Flesh 
Shorebird Desk- 
Coots Flesh 
Gull Flesh 
Grebe Flesh 
Mer g an s er  Fle s h 
Heron F le sh .  
River Ruck Flesh 

P r i e s t  Rapids 7 10-4 
1 10-3 

4 Ringold 2'x lo-3 
Hanford Reservation 5 x 10- 
Hanford Reservation 2 10-3 
Kanford Reservation 1 x 10-3 
Haford  Reservation 1 x 10-3 

7 x lo-b 

Hanford Reservation 1 x 10-h 

F-1 

Hanfor d Reservation 
Hanford Reservation 6 x 10-4 

C .  columnaris held in  Columbia River water showed a decrease of only 11% i n  
z8 hours. 
three days with only 10 to 15% viable after 1 2 3  hours exposure. 
was  noted between the  death r a t e  in r iver  water and in sani ta ry  water. 

A somewhat f a s t e r  rate of death w a s  noted during the succeeding 
No difference 

UNCLASSIF1E;D 
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Fallout Contamination 

Fission products occurred i n  rabbi t s  from Hanford Reservation in the following 
amounts : 

Sample Type 

Feces 
Bone 
Pibs c l e  
Liver 

pc/g Wet Ivlateria 
Average 

2 x 10-5 
1 x 10-5 
9 x lo4 
6 x lom6 

Trend 
Factor 

Swamp Contamination 

Waterfowl collected a t  221-U and Redox swamps contained s l igh t ly  greater amounts of 
beta emitters in bone samples t h a n  those observed one year ago. 
f iss ion products were as follow: 

Concentrations o f  

Sample Type 

River Juck 
Bone 
Soft  F a t s  

Grebe 
Bone 
Soft  Par ts  

c o o t  
Bone 
Soft  Par t s  

v verage 

1 x 10-h 
3 x 10-5 

Effect  of Reactor dff luent  on &patic Organisms 

F a l l  chinook salmon spawning observations were completed. 
were observed i n  the section of the Columbia River from Richland to Midway.  
number is markedly l w e r  than the count of 4 8 5  for  1958 but  appreciably more than 
the  brood year (1955) count of 64. 
enumeration of nests, 

A t o t a l  of 281 nests 
This 

H i g h  and turbid water seriously impaired the 

The routine monitoring test of e f f luent  from the  100-KE reactor u t i l i z i n g  rainbow 
t rou t  was concluded,after a run of 22 weeks. 
even a t  an eff luent  concentration of 1 per  cent although the sensitivity of the 
tes t  was somewhat impaired by unusually high (30%) mortali ty among the controls. 

Owing to the indications of adverse e f fec ts  a t  the comparatively low eff luent  
concentrations, a new monitoring test  was started with chinook salmon which will 
simulate present and predicted concentrations i n  the Columbia as  these f luctuate  
with seasonal changes in r i v e r  f l o w  and the  migratory habi ts  of the  young salmon. 

Mortality was s l i g h t l y  increased 

UXCLASSIFIED 
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Radiochemical analysis i s  not ye t  available on small suckers 
eff luent  passed through a bed of aluminum turnings but gross  
t h a t  the technique i s  e f fec t ive  in reducing contamination in 

exposed t o  reactor 
beta counts suggest 
f i sh .  

3TGLOGY AND MEDICINE - 6000 P R O W  

METAi30LISM, TOXICITY, AND TRMJSFEX OF W I O A C T I V E  MATERIALS 

Phosphorus 

Exposure of c ichl ids  ( t rop ica l  f i s h )  to P32 added t o  the water 'was continued through 
the month. 
concentration in the f i s h  amounts to about 3 x 10'2pdg. 
reached maturity. 

No adverse e f f e c t s  are y e t  evident even in the highest  l eve l  where the 
The f i s h  have not  y e t  

Strontium 

S o i l s  previously reported t o  have been surface contaminated with Sr9', t rea ted  with 
phosph t e ,  and cropped, were thoroughly mixed and recropped a f t e r  mixing. 

with a l l  the soil, but i n  nei ther  case was there  a s ign i f icant  e f f e c t  from phosphate 
treatment. Uptake from E h ra t a  soil was reduced a f t e r  mixing and there was b e t t e r  
than 50% reduction of Sr9g uptake when very la rge  amounts of phospnate were added. 
The r a t i o  of ~ r 9 '  in stems vs. leaves was greater  in plants  grown on xphrata s o i l .  
This suggests t'nat Sr'O is less r ead i ly  translocated in p lan ts  grown on alkal ine 
as compared to acid soils. 

Results from a number of experiments comparing the metabolism of Sr9' and Cabs i n  
r a t s  are accumulating. 
be drawn from the data. 
intraperi toneal ly  administered radioisotope i s  essent ia l ly  the  same f o r  strontium 
ant calcium and i s  not influenced by the calcium l eve l  in the  diet .  Urinary 
excretion of both elements, on t h e  other hand, i s  influenced by the calcium l eve l  
i n  the d ie t .  The increment in ur inary excretion occasioned by increased dietary 
calcium i s  about the same f o r  both strontium and calcium; however, strontium 
excretion i s  high (approximately 1/3 of the injected dose) on the lowest calcium 
d ie t s ,  while calcium excretion i s  negligible on very low calcium diets.  

Uptake 
Of Sr9 8 from Cinebar soil was greater  a f t e r  mixing than before mixing the Sr90 

While s t i l l  incomplete, cer ta in  in te res t ing  indications can 
It appears t h a t  the mature animal's feca l  excretion of 

Discrimination between strontium and calcium is effected primarily -in the process 
of absorption from the gas t ro in tes t ina l  t rac t .  
calcium demand) and increasing calcium leve l  i n  d ie t s ,  the discrimination effected 
in the  process<of excretion via the kidneys becomes of increasing importance. 

With increasing age (lowered 

No s igni f icant  biochemical o r  ce l lu la r  changes i n . t h e  blood have been observed i n  
the adult  miniature swine a f t e r  seven months of feeding up t o  25pc/day of SrFO, 
Six-week-old offspring from these swine, however, show a trend toward lower 
p l a t e l e t s  , packed c e l l  volume, hemoglobin and red-blood c e l l  c a n t s .  

I n  addition, there is an indication t h a t  the pigs born t o  swine fed 25 pc/day weigh 
l e s s  both a t  b i r t h  and weaning and tha t  there were fewer pigs per l i t t e r .  

UNCLASSIFIED 
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Iodine 

Four young adul t  ewes were given a single oral dose of 1,25 mc of 
be sacr i f iced at 7, 15, 30 and 60 days a f t e r  adqinistration. 
of these animals, t he  study on acute e f fec ts  of  radioiodine on the thyroid in  sheep 
as a f inc t ion  of age w i l l  be completed, 

and they w i l l  
With the sac r i f i ce  

Cesium 

Plants grown in varying 
cesium ca r r i e r  ap pe are d 

Cerium-Praseodvmium 

ra t io s  o f  K/Cs showed l i t t l e  evidence of cesium toxici ty ,  
t o  enhance s l i g h t l y  the uptake of C d 3 7  into bean plants. 

Preliminary to a few o ra l  administration studies,  the d is t r ibu t ion  of  Ce1&-blU 
in the t i s sues  of a ram 16 days after a single intravenous administration of 2 mc 
was determined. 
less than one per cent  o f  the administered dose w a s  eliminated in the urine &ring 
the  experimental period. 

It appeared t h a t  the cerium was t igh t ly  bound in %e tissue?, since 

Bone, l i v e r ,  
( 5  t o  10 X 10) per cent o f  administered dose per gram), Somewhat lower concentrat'ons 

per cent. of administered dose per gram). 
it was interest ing t o  note the great  var ia t ion i n  t i s sue  concentration. 
f o r  example, showed a concentration more than twenty times greater than the  plasma 
and brain. During t h e  16-day period of the experiment, the white blood c e l l  count 
of the  ram dropped to one-half of the pre-exposure value, 

ulbourethral glands and spleen showed tne highest concentration 

were observed in the skin, kidney, adrenals, lymph nodes and p i tu i t a ry  (1 to 5 x 10 I 
Although these data are very preliminary, 

The p i tu i ta ry .  

Plutonium 

In order t o  determine i f  there i s  any benef i t  or harm i n  the current practice 
of using tourniquets and snake-bite suction cups f o r  contaminated wands, a 
preliminary study was i n i t i a t e d  in two pigs. 
n i t r a t e  were made i n  the f ront  limbs and the  si tes t rea ted  d i f fe ren t ly  as t o  
use of tourniquets and/or suction. 
comparable concentrations a t  each inject ion s i t e ,  some data as to transfer from the 
s i t e  may be gained. 

Subcutaneous injections of PU2?9 

a t h a u g h  d i f f i c u l t y  w a s  experienced i n  get t ing 

Radioactive Par ti clee 

Current data on the accumulation of plutonium in the tracheobronchial lymph nodes 
in dogs a f t e r  inhalation of plutonium oxide is given i n  Table 1, 
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Table 1 

Ratio of the concentration o f  plutonium 
in tracheobronchial lymph nodes to that 
in lung - 

Immediately 0.001, 0.0001, 0.000) 
One day 0.2, 0.0002 
One week 0.16, 0.008 
Two weeks 0.004, O.a, 0.15 
T e n  weeks 3 
Sixteen weeks 5 9  3, 0.3, 
Forty weeks 9 ,  08 
Two and one-half years - 
. ( a f t e r  X.T. administration) 

21 

The observed increase i n  the r a t i o  of the plutonium concentration in lymph node to 
t h a t  in lung may r e s u l t  f rom several  processes which include translocation o f  
plutonium from l u n g  to lymph node and more rapid clearance of plutonium from lung 
than from lymph node. The r e l a t ive  importance of these are under study t o  a i d  in 
the evaluation of the hazards from inhaled plutonium oxide. 

Twenty-eight beagle dogs have been exposed to plutonium oxide f o r  translocation 
and tox ic i ty  studies of up to three years &ration. A t o t a l  of  76 dogs w i l l  be 
exposed within the next three months. 

Apparatus has been designed and assembled to study the  e f f ec t  of respiratory 
variables on deposition of plutonium oxide. Tests to f ind  methods of hastening 
the  clearance of Pu239 from lung w i l l  be continued a f t e r  exposure equipment has 
been fabricated. 

Skin Studies 

A rapidly-growing mass w 
t o  16,000 rads (from a 
mass has been bio sied, 
(to our knowledge7 described in a rabbi t  following i r rad ia t ion  of the skin. 
(Caution must be exercised in drawing any conclusions from one case.) 

observed subcutaneously on a rabbi t  a t  a s i t e  exposed 
plaque) four years  ago. A tumor i s  suspected and the 

If this proves to be a tumor, it w i l l  be the first one 

Gastrointestinal Radiation In jury  

The radiomimetic drug, nitrogen mustard (YNz), which is known to cause gastrointest inal  
les ions similar to those seen following X-irradiation, w a s  studied fo r  i t s  e f f ec t  on 
glucose absorption from the gut. 
and a f t e r  a l e t h a l  dose of 2 mgm/kg were similar t o  those seen fo l lowing  lethal 
and sub-lethal X-ray doses, suggesting a similarity i n  the mechanisms fo r  producing 
the  effect .  

Results after a sub-lethal dose of 1 mgm/kg 

Continued studies with 1131 l abe l led  polyvinylpprolidone (PVP) suggests the  possible 
usefulness of t h i s  material  as a diagnostic aid i n  the estimation of i n t e s t ina l  
radiat ion injury. T n i s  synthetic serum albumin subst i tute  i s  l o s t  from the blood 

UNCLASSIFIED 
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stream in to  the lumen of  the intestine and fs not hydrolyzed by enzymes there  present. 
It has been used as a diagnostic too l  f o r  s tuQing  human gastrointest inal  lesions. 
Our experiments with rats indicate that the normal loss of PVP i n t o  the in t e s t ina l  
t r a c t  is  doubled a f t e r  a 750 r whole-body exposure a n i  quadrupled a f t e r  exposure of 
the exteriorized in tes t ine  t o  1,000 r. These r e su l t s  a l s o  suggest that the  effect  of 
radiat ion on serum protein leve ls  may be explained by loss of these proteins i n t o  the 
in t e s t ina l  t r a c t ,  and t h a t  l o s s  of synthesizing a b i l i t y  i n  the l i v e r  i s  not 
necessarily involved. 

Tissue Transplantation f o r  Raalation Therapy 

An additional six Pitman-Moore miniature swine were exposed to 900 r of total-body 
X i r rad ia t ion  (LD/lOO). Two animals served as controls; the other i r rad ia ted  
animals were given e i t h e r  homologous aciult marrow c e l l s  o r  f e t a l  (IlO-dW old) 
f e t a l  spleen and l i v e r  c e l l s  a t  72 hours post-irradiation, 
supportive treatment was extended all animals and included the fbrnishing of clean, 
dry quarters, administration o f  an t ib io t ics  and an increased feed ration. 
a f t e r  i r rad ia t ion  one of  the two animals given f e t a l  t issue i s  the only survivor. 
Althouzh the animal i s  losing i ts  ha i r ,  it appezs  o t t e r w i s e  qui te  normal and i ts  
blood p ic ture  is arproaching normal, This, to our knowledge, i s  the f i r s t  time 
a l e t h a l l y  i r rad ia ted  pig has survived beyond two weeks following t i ssue  transplant 
therapy e 

Careful handling and 

A t  25 days 

Fro j e c t  Chariot 

J-;tproximately 100 samples o f  d i f fe ren t  k inas  of plants, birds, and m a m m a l s  from the  
s i t e  of t h e  proposed harbor of Pro'ect  Ch i o t  
R oele ents measured clude Celfil, C & d f & l ~ ~ ? , ~ ~ % ~ ~ ~  Cs137, Rufd2, Ru1Ok-Rhfo6, 
z%', aa%o-LaviOp and gD 
are a t t r ibuted ta ecological factors  occurred in d i f fe ren t  species of organismso 
Birds with highest values were the small longspurs a d  sparrows which feed upon 
insects  and seeds and lowest values occurred in the  aquatic forms. 
highest values were i n  sedge, l ichen and sphagnum moss; lowest values were in 

mergent, weeds f rom ponds. 

yced f o r  g rq;a emit ers  

Signif icantLy different. l eve ls  o f  contamination which 

Among the plants 

BIOLOGY &?- OPERAT ON 

IJA Ilornbergtes 

UTJCWSSIFIED 
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D. Lectures 

a. Papers presented a t  Pieetings 

J. J. Davis, 
radioisotopes by ecological systems,y' Iiovember 13, 1959, Second Annual Texas 
Conference on the Uti l izat ion of Atomic Energy, Texas A & M, College Station, 
Texas. 

e f fec ts  of environmental. fac tors  upon the accumulation of 

b. Off-Site Seminars 

W. J.  Clarke, "Efficacy of  tissue transplants in radiat ion therapy,#' 
exchange seminar, Washington State  University, Pullman, Washington, 11/24/59. 

R. Fa Foster, lldiscussion on Columnaris,ll Columbia River Advisory Group, 
Portland, Oregon, November 20, 1959. 

C. seminars (Biology) 
* See below. 

U r .  0.  Biddulph, Department of aotany, Washington Sta te  University, Pullman, 
Wash., "Translocation in Plants,I' Nove.nber 3, 1959 

3. J. Coleman, "Quantitative Autoradiography, y' November 4, 1959 . 
G. S. Vogt, 'IMethods of Tissue Staining f o r  Electron Microscopygtl Kovember 4, 1955 
G, R. Yesberger, llIncinerztion of Radioactive Wastes," November 18, 19.5$ a 

D r .  Sidney Marks, "A S y m a r y  of Data Relative t o  the Induction o f  Thyroid 
Tumors by Radiation," lu'ovember 16, 1959. 

d. Seminars (Local) 

D. E. Warner, l0/9, 16, 23 and 30 t o  Hanford Laboratories Non-Exempt 
Orientation Program. llRadio Aology a t  Hanford" 

D. E. Warner, Ttadiobiology a t  Hanford, Central Stores personnel, l l / l7/~9. 

F. P. Hungate, "Genetic effects of radiation,I1 11/6, 1 3  and 20, IPD Infornation 
Meetings. 

E. Publications 

a. HW Public at ions (external dis t r ibut ion)  

b. H l i  Publications ( in te rna l  d i s t r ibu t ion)  

C. Open Li terature  

Kone 

Xone 

Schiffman, R, H., "Method f o r  repeated sampling of t r o u t  blood,11 f i e  Progressive 
Fish-Culturist 21 (4) : 151-153, October 1959. 

9 R. C. Pexdleton, 11/18/55, llEcological Aspects of the Accumulation of  Cs , 137 I t  
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OPERATIONS RESEARCH AND SYNTFESIS OPEWTION 
MONTHLY REFORT 

Novemker, 1959 

ORGANZZATION AND PERSOIQEL 

There were no cksnges ir. F e r x m e l  during t k e  month of Ncvember. 

Input-Output SimiLstion Model 

A ckeek of the mult1varia';e a m l y s i s  compting 
cmtinued on the development, cf GCL e s t i m t i o n  
t.0 the applied phases. 

program was completed. Wcrk vas 
progrm with special  a t t en t i sn  

Further work w a s  done i n  evaluating fa i r  cost  estimates i n  re la t ionship t o  bids 
received fo r  ZAP0 projects .  Several important charac te r i s t ics  have been fomu- 
ia ted  and communicated t o  the Estimating Operation, CEaCU. Work along this l i ne  
i s  continuing. 

Further work w s s  done i n  analyzing Redox plant operating models and i n  communi- 
eat ing the r e su l t s  of the s tudies  t o  Redox plant. personnel. 

OPERATIONS ANALYSIS STUDES 

Z Plant Infomation Study 

A t en ta t ive  computer logic s t ructure  based on bes t  estimates of future  Z Plant 
process requirements has been defined. This mater ia l  is t o  be used t o  assist 
i n  determining t o  what extent the  G. E .  312 cmputer  system can provide process, 
operations,and accountabili ty control .  The object of t h i s  work is t o  e v a h a t e  
the requirements current ly  specif ied by the team i n  terms of 312 computer in te r -  
na l  program instruct ions such t h a t  the determination as t o  the f e a s i b i l i t y  of 
312 computer use can be m d e .  The use of IBM-APR equipment has been o f f i c i a l l y  
cancelled by CPD. 

FPD Process Control and Experimentation 

Further wcrk was  done i n  r e l a t ing  dimensional d i s tor t ion  experienced by co-extruded 
tubes during heat t r ea t ing  t o  the  reduction r a t i o  employed i n  the co-extrusion 
process. Then lengths and 
t ions  of the reduction r a t i o ,  and it was sham theore t ica l ly  t h a t  the11 dianeters 
should be quart ic  functions. 
theore t ica l ly  predicted values. 

w a l l  tkicknesses were found t o  be quadratic func- 

me measured nd iame te r s  a re  consistent with the 

Growtn indices, as measured by X-ray techniques, are indicative of the tendency 
t o  grow dimensionally. These had been determined f o r  several  co-extruded tubes 
as w a s  mentioned i n  an earlier report .  
were d i f f i w l t  t o  i c t e rp re t  from a ne ta l lu rg ica l  viewpoint. It has since been 

The r e su l t s  of t h i s  previous analysis 
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noted t h a t  the physical t e c b i q u e  used i n  determining the grovth indices was 
f au l ty .  
r e su l t s  consistent with what w a s  expected. 

Measurements were again taken and the resul t ing b t a  analyzed, giving 

An evaluation i s  being made 3f t5e e f f ec t s  on f u e l  element qua l i ty  of increased 
Rickel aor,tent i n  the duplex and canning baths.  
on the process l ine ,  and it i s  impossible t o  separate the e f f ec t s  of nickel con- 
centration from possible time e f f ec t s .  
was completed. 
being gathered. 

The experiment was conducted, 

The analysis of t o t a l  bond count data 
Additional h t a  p e r t a i n b g  t a  other qual i ty  charac te r i s t ics  are  

Data were analyzed from several  experiments conducted i n  the p i l o t  p lan t .  One 
was concerned with evaluating the e f f ec t  of boil ing i n  caus t ic -n i t ra te  on fue l  
element porosity as measured by t o t a l  count. 
various s teps  i n  the cleaning process. 
were varied; subs t i tu te  cleaning agents were employed; and ag i ta t ion  by u l t r a s m i c s  
w a s  evaluated. 

The others were designed t o  evaluate 
The concentrations of a l t r e x  and diversey 

Qual i ty  Cer t i f ica t ion  Program 

As indicated previously, a recommendation had been made that the f e a s i b i l i t y  o f  
using quarter point measu-ements t o  compute the warp of a post-irradiated f u e l  
element be investigated. 
point measurements are  now being routinely used t o  compute warp as recommended. 
Although tne reduction i n  measurement e r ror  i s  not eitreme, it requires l i t t l e  
ex t ra  e f f o r t  t o  calculate  warp i n  t h i s  way. 
messurenents, since the quarter poinf, measurements are routinely taken f o r  a dia- 
meter calculations 

This investigation has been concluded, and the quarter 

It does not involve taking more 

Several other investigations are being made i n  order t o  improve the r e l i a b i l i t y  
of the post- i r radiat ion f u e l  element data. 
weigher was evaluated. Recommendations f o r  fur ther  evaluations were made based 
or, the r e su l t s  of t h i s  analysis .  
magnitude of e r r c r s  associated with weasel data. 
accoapliaii t h i s .  
brated, and i t s  precision w i l l  be evaluated. 

The accuracy and precision of the 

Also, assistance w a s  given in  assessing the 
Data a re  being collected t o  

A device f o r  measuring f u e l  element length is a l so  being e a l i -  

Fue 1 Element Fa i lure s 

Several analyses were made t o  determine i f  rupture experience i s  indicative of a 
real  change i n  metal qua l i ty  based on several  months experience. Allowances had 
t o  be made f o r  changes i n  reactor  operating conditions using the accepted rupture 
model. 

Preliminary analyses indicate t h a t  measurement of post- i r radiat ion porosity may 
be a good indication of rupture poten t ia l .  
post- i r radiat ion porosity measurements have been taken, r e su l t s  found thus far 
a re  encouraging. 

Although only a l imited number of 

An accelerated investigation i s  being made of t h i s .  

Optimization of Reactor Operations 

The investigation of "fixed" costs  i n  the net  re turn equation i s  continuing. 
f i r s t  aspect being studied i s  concerned w i t h  manpower requirements under different  

The 
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3perating conditions. This includes overtime costs  and possible loss of 
eff ic iency i n  performing downtime work when several  reactors are  down sinul- 
taneously. 

Closely re la ted  t o  t h i s  program i s  a specif ic  problem dealing w i t h  the assign- 
ment of  supplemental crew personnel f o r  charge-discharge work when more than 
one reactor i s  dawn. 
which minimizes the t o t a l  charge-discharge time f o r  the reactor complex. 

A simple method was developed of assigning these personnel 

The problem concerned with evaluating decision rules  f o r  changing reactor oper- 
a t ing conditions on the basis of rupture performance w a s  completed. 
t o  others, the two extreme rules were evaluated, where i n  one case the rupture 
experience i s  essent ia l ly  ignored, and i n  the other case, each small piece of 
rupture information d ic ta tes  operating conditions. The general method f3r  eva- 
luating other rules  was a l so  given. 

I n  addition 

Process Tube Leaks 

Discussions were held r e l a t ive  t o  the s ta tus  report  on the s t a t i s t i c a l  approach 
t o  the tube leak problem. It was agreed t h a t  the potent ia l ly  most f r u i t f u l  ap- 
proach w i l l  involve a more detai led breakdown of the location of leaks contri-  
buting t o  subsequent external corrosion at tack.  
personnel supplying the probolog data i n  order t o  resolve same questions tha t  had 
a r i sen  i n  the previous analysis.  

Discussions were a l s o  held with 

Final  Product Specifications 

Considerable work was done i n  computing the consumer's and producer's risks f o r  
several  combinations of  values of the pertinent parameters. The resu l t s  w i l l  be 
included i n  the  proposal f o r  pa r t  by par t  acceptance currently being prepared. 
An investigation i s  now being made of a sequential acceptance procedure t o  reduce 
the r i sks  involved. 

CPD Control 

Over-all plant B-PID's f o r  f i s c a l  year 1959 were computed using the minimum vari-  
ance estimate of B-PID. This w a s  done i n  order t o  demonstrate the usefulness of 
t h i s  estimating procedure i n  b e t t e r  assessing the true s i tuat ion,  and can be use- 
f u l  i n  b e t t e r  establishing operating goals and l imi t s .  

Radiation Protection Studies 

Analysis of data from the experiment t o  investigate the e f f ec t  of exposure angle 
upon gamma film badge response is continuing. 
future. 

A report  w i l l  be issued i n  the near 

Experimental data t o  tes t  the va l id i ty  of the inverse square l a w  as it applies 
t o  radium gamma film badge cal ibrat ions were reanalyzed over several  different  
ranges of exposure. 

Work continued on the s t a t i s t i c a l  study fo r  the Bioassay Operation t o  estimate 
the precision and accuracy of bioassay plutonium deposition estimates f rm  spike 
samples. 
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STATISTICAL AND MATBEMATICAL ACTIVITIES W I T K I N  HAPO 

2000 Program - Zirconium Corrosion 

S t a t i s t i c a l  analysis w a s  i n i t i a t e d  on data f o r  an autoclave cal ibrat ion study 
being conducted by the Corrosion and Coatings Operation. 
gate the corrosion of zirconium i n  the autoclave as a function of several variables, 
including pressure and temperature. 

The study w i l l  investi-  

Analysis is  being continued on data from a p i l o t  study investigating e f fec ts  of 
sample posit ion i n  the autoclave on corrosion. 

2000 Propram - Xemical FroceEs Development 

Data from several  Sulfex dissolver runs were processed by multiple regression 
teAniques on t3e IbM-709. Knowledge of the main controll ing variables should 
lead t o  plamed experiments wkicl; are  amenable t o  s t a t i s t i c a l  analysis,  and 
possibly t o  the dEtermination 3f a r e a l i s t i c  causal model of the dissolution 
process 

4000 Program - Swelling Studies 

Work continued on t i e  development of the functional representation of pore r ad i i  
dis t r ibut ions from micrographs of uranium samples. 

4000 Program - Matkematizal Analyses 

Assistance was given i n  studying the properties of the solutions of a par t icu lar  
second order l inear  d i f f e ren t i a l  equation with periodic coeff ic ients  which ex- 
presses the t rans ien t  behavior of s, reactor during a period of variable reac t iv i ty .  

A matnemati?al model is being aonstructed t o  a i d  Fission Product Chemistry Opera- 
t i on  i n  the study of  the kest and mass transport  charac te r i s t ics  of a fixed cata- 
l y s t  b id  during i t s  regeneration phtise. 

600c Propram - Biology and Medisine 

Work continued on s t a t i s t i c a l  analysis and construction of a mathematical model of 
excretion i n  an experiment involving Pu inhalation by dogs. 

.a STATISTItAL AND MATBEMATICAL A C T M T I E S  FOR OTBER HAPO COMPONENTS 

Contract and Accounting Operation 

k discussion was held w i t h  Data Processing personnel i n  connection with the u t i l i -  
zation of IBM equ ipen t .  A c learer  def in i t ion  w a s  made o f  the problem, and steps 
vere taken t o  acquire data necessary t o  answer some of the questions posed. 

Re  lat ions Operat ion 

Psychological t es t  score data obtained from plant  personnel who par t ic ipated i n  
the "Understanding People" course during the past  three years were analyzed. 

1 2 3 C i 9 4 4  
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A. FISSIONAPLE MATER-AS - 20oC PRO'XA?? 

a e c i a l  RadioiSGtOFeS 

A d r a f t  of a report  on "Ionium (Thorim-239) For Radioisotope Pre_csrstfoc" 
was completed. This report  presents a detai led review of studj thus f a r  3n 
t h i s  subject. Although the  survey of t h e  uranium ore processing industry is 
not regarded a s  comprehensive, it kas been suf f ic ien t  t o  shcv t h a t  a lsrge 
f rac t ion  of the industry has a pc t en t i a l  f o r  reccvering thorium ccncerArsteo 
ranging from 2 t o  5.3 per cent iorfun. 
of the  accepted values of eleven parts of thcrium per million in the  average 
rocks of the  ea r th ' s  crust. 
t he  amount allowable t o  Frovide the iznium conten%s report& abeve a e a u m n g  
complete dissolut ion cf thorium aned ionium. 

These fignes a re  interest ing,  i n  vie%' 

This l a t t e r  figure is about six t o  sixteen times 

PL'JZorJm RECYCLE PRomhI 

Cycle Analvsis 

Computer Code DeveloFment. 
the month with the  exception of kPy pmching and checking wkick will requiro 

The RBU crsss  section l i b ra ry  w e 8  zoaplete.3 &iring 

tin addi t ional  two weeks: 
is now being corrected. 
a method was developed f c s  carrying xt 6 t-ansformtlcn of differeGtia1 
anisotropic sca t te r ing  cross sect icns  fYom the  la lxra tory  t o  the  center- 
of-mass csordinate syst-em, which permits o p t i o w l  use of l i k r c y  data given 
i n  laboratory cooriinates.  

An errcr-i; t h e  3lcnte Carlo code was de-Sected, Yhkh  
Work was continue5 on the input codc; i n  par t icular  

A Meleager l i b r a r y  tape was prepared f z r  survey of mixed tLcjrium-uranium- 
plutonium fuel cycles. 
t o  complete tbe cheek out of the  code i n  ccmpmison w i t k  e a r l i e r  w9rk. 
Yankee reac tor  l a t t i c e  analyzed la& year was repeated, giving apprcximately 
the  same results for  b o t t  uranium and reactor-grade plutczrium loadings. E? 
long-burning (Phoenix) charact.erist ic w s s  observed f o r  par t icu lar  values of 
t he  parsmeters, a6 before, and w a s  fcund t o  be strcngly inf'henn,e1 by tohe fuel 
geometry and t o t a l  sca t te r ing  cross section, which determine the resonanje 
absorption charact,erist.ics of the fuel .  
charac te r i s t ics  were a s  before obtained with p lu ton iw  feed Savin,a an arti- 
f i c i a l l y  high r a t i o  of Pu-240 t o  PU-239. 

Debugging i s  incomplete on t he  integrated IBM-709 program wkich employs 18 
o r ig ina l  IBM-650 codes f o r  the i n i t i a l  eva lua t im of self-sustaining pfu tonim 
recycle i n  enriched t h e m 1  reac tc rs .  

A eer iee  of' Meleager burnup cases were run ic order 
The 

Much more spect.ac&ar "Phoenix" 

Tjie integrated program operates bur, does 
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not produce correct answers fcr every variable. 
cleared up with successive debug "shots" but the n m h r  of successive shots 
req.lired t o  f i n i s h  the code i s  mom uicer t s in .  

The vagari t ies  a re  being 

pF.TR Plans and Schedules 

Notice was received tha t  1,2 kg of kiigh expcsure plutonium or ig ina l ly  assigned 
t c  Hanford by the  Division of Military ApplicatAon has been withdrawn. 

A report  supporting a request f c r  about f w t y  kilograms of hi& Pu-240 plutonium 
for PRP vas ccmpleted, It was proposed i n  t h i s  report  tha t  t h i s  special  type 
of plutonium be produced by i r rad ia t ion  of production g a d e  mat.eria1 i n  the 
Savannah River r e a c t a v o  Altho7.lgh the  net amount of new f'unds needed t o  be 
budgeted was great.er fo r  a ease involving Hanford i r rad ia t ion  of depleted 
uranium a s  an a l t e rna te  prodwtion echeme f o r  the high pcl-240 material, the  
route via  Savannah River is more a t t r a c t i v e  becaase of ininimum loss of pro- 
duction grade plutmium and top product materials; Savannah River i r rad ia t ion  
i s  a l so  favored 3ecause of the  sa t i s fac tory  progress and experience being 
gaine'l with tkze trans-plutonium i r rad ia t ion  program and the  minimum invclve- 
men% of e f f o r t s  a t  ot.b.er site.. 
by abaut rqo years t.c achfeve ce r t s in  program cbjeeztives I s  8 maJor j u s t i f f -  
cation for the  increased expenditures required by t h i s  hi& Pu-240 procure- 
ment prggram. 

E 5  shcrtening of the  PRTR operating time 

A de ta i l&  schedule cf critici(r81 s t a r tup  t5st.s fcr t h e  PRTR was drawn up i n  
coopcrat.icn w i t h  the members of the st,art5p council's connni%tee on c i t i c a l  
test3s.  The description of t k  individ-1 t e s t s  is cow =der way. 

Twenty-seven PraTR design tests were revievcdp a5 par t  of the PRTR Startup 
Csuncil ac t iv i t . i es  

PRTR Hazar5s Emhation 

An outl ine was prepared of the  calculat ional  methDds used i n  evaluating the 
conseqaences of a reactor  accident. 
which a r e  avai lable  as w e l l  as t5e eTatictls and general metkisds of calclila- 
t ion.  
accident i n  the  PRTR if the containment vessel  were n& present- 
end, this s e r i e s  of calculations was f n  prczess. 

P i s  outl ine includes the data tab les  

The out l ine was u t i l i z e d  in estimatins the  consequences of a reactor  
A+, month 

The Combustion Engineering R-esmrized Water Reaztcr design vas studieii t o  
form the  bas i s  f o r  d e t e d n i n g  the types cf plu toni*a  f u e l  cycles t c  be 
exanined i n  de t a i l .  
improved, hi3h-spee3 e c c m ~ L c s  ecde. 

Preliminary v x k  w ~ c  s i c ^  3 o ~ e  3n the development of an 

C. EXOLOGY A I D  MDISINE - 6000 PR0GIW.N 

Radigiogi G a l  Consilltat i m  

Consult.ation was rendered cmcerning Washington Stste needs i n  the f i e l d  of 
ra-liation prctecfion, tne nee3 fqr l i a i t a t i c n  of r a t e  a+ whish dcse i s  
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received, t he  techniques used with detackable ionization chambers for  neasurisg 
t h e  background gamma doses i n  the  v i c in i ty  of the plant,  and calculation of tb? 
dosage r a t e s  from ~ r - 8 5  l ibera ted  during the  dissclving of i r radiated fuel .  

Advfce was a l so  provided on waste disposal problem in the nuclear fndussry, 
emergency dose, radiological  b z a r d s  of phtcnirrm, st.andarrls cn siirvey and 
release of contaminated veLicles, and on t h e  degree cf leak t ightness  needed 
f o r  reactor  buildings and the effect  of keeping the  vent. i lat icn fans running. 

A report  was prepared covericg the  th i rd  quarter, 1959, a c t i v i t i e s  a t  E s n f c d  
re la ted  t o  the  Radiological Sciences. 

Omw ACTIVITIES 

Hanford requirements f o r  tes t  reaet.or space were ccmpiled a d  transmitted t.0 
t h e  AEC a t  t h e i r  request. T!ze estimsted space requirements (excludiw those 
in Eanford pr&uct.ion r eac tms)  r e s u t  from sevea exis t ing  or phnnei in-rea5t.w 
locpe, plus apprcximtely 500 capsule i r rad ia t ions .  

Dr. Joseph Kaplan, head of t.he In3ernational Geopkysical Year Program f c r  the 
United States,  has accepte5 an inv i ta t ion  t o  address tk %&or3 Scienze 
Colloquium. His v i s i t  i s  t en ta t ive ly  scheduled fo r  March 22, 1960. 

Drafts were prepared of the  program doc'ments f o r  the four  plant improvement, 
programs f o r  which HLO is respmsible .  
Progrsm; Plutonium Recyck Program; Other 4CO3-5930 Programs; and Labcratzry 
F a c i l i t i e s .  

n e s e  are: Biclogy and Medicine 

Assistance was rendered i n  arranging f o r  f o w  t m r s  (involving 89 pecple) 
through EL0 and HAP0 f a c i l i t i e s .  

Aesistsnce was rendered tLe AEC Division of Reantor Developnerit i n  f c r m u l a t a  
the plutonium recycle portion of t h e i r  10 year plan for c iv i l i an  r e a c t m  
deve lopmen to  

Manager, PPcrgranrming 

1 2 3 9 q 4 - l  
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RADIATION PRCYIZCTION OPERATION 
MONTHLY REPORT - NOVEMBER 1959 

A. ORGANIUTION AND PERSONNEL 

L. G. Faust, R. C .  Henle, R. C. Lawrence, and J. E. Atterberry were added t o  
the  r o l l s  of the Fbdiation Protection Operation. 
t o  enter  mil i tary service on November 6, 1959. 
Protection Operation now t o t a l s  133. 

T. E. Ludlcw was deactivated 
The force of the Radiation 

B. ACTIVITIES 

There were no new plutonium deposition cases confirmed during the month. 
t o t a l  number of deposition cases that have occurred a t  HAP0 i s  237 and 170 are 
currently employed. 

The 

A potent ia l ly  contaminated skin break occurred t o  an operator a t  the Purex plant. 
After superf ic ia l  removal of about 40,000 d/m (0.02 vc/Pu) from h i s  thumb, a pre- 
cautionary check was made in  the Whole Body Counter (WBC). 
was still remaining, apparently ju s t  under the skin. 
Physician reduced t h i s  amount t o  4,000 d/m. 
t o t a l  of 16 people was examined in  the WBC during the month. 
nonemployee, 12 were routine examinations, and three were involved in radiation 
incidents. 

Posit ive findings of Zn65 in  95 per cent of the subjects examined In  the  Whole Body 
Counter led t o  investigation o sources of this  radioisotope in humans. 

foods were examined as possible source 
showed the highest concentration of Zng5 i n  the sea foods examined and averaged 
4 x 10-5 pc/gm oysters. 

would resu l t  i n  less than f ive per cent of the permissible body burden f o r  
i:@'yor persons in the neighborhood of controlled areas'! 

About 5,000 d/m PU 
Skin scraping by an Industrial  

A No further action was planned, 
One of these was a 

In addi- 
t ion  t o  previously reported Zn g5 in Columbia River water, sane Pacif ic  Ocean sea 

of t h i s  radioisotope. Pacific oysters 

A steady dietary habi t  of one pound of such oysters per 

Data accumulated in the  WBC during the past several monthsappaare to  indicate that 
em loyees working in the 100 Areas have a s t a t i s t i c a l l y  d i f fe ren t  body burden of 
Zn 5 than t h  balance of the people examined t o  date. On the average the body 
burden of Zn 5 in 100 Area employees is 70 per cent greater than other employees. 
The sour e of this  difference In body burden can probably be at t r ibuted t o  the 
small Zn 5 content in the drinking water i n  the  100 Areas. 
t o  measure 
ment of Z n 6  in the body t o  date In the WBC represents only O.l$ of the maximum 
permissible bcdy burden (occupational). 

On November 16, the WBC was taken out of operation f o r  ins ta l la t ion  of l/8-inch 
lead l in ing  on the in t e r io r  walls of the iron cell.  
i n  a desired reduction i n  the counting background w i l l  be completed ear ly  in  
December. 
t o  the iron c e l l  for safety reasons. 
January. 
d i s t r ibu t ion  next month. 

% 
g 

Although it i s  possible 
difference between these two groups of employees, t he  m8xhnu.u measure- 

This work which w i l l  r esu l t  

A work order was issued t o  modify the hydraulic cantrols  on the door 
This work is expected t o  be cmpleted i n  

The Plant-wide brochure for  the Uhol& Body Counter was canpleted for  

UNCLASSIFIED 
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Analyses of Columbia River water obtaineg a t  Vancouver, Washington, f o r  the past  
several  months indicated Cr51, NP39, Zn 5 and P 2 ,  i n  t h a t  order, t o  be the most 
abundant radioisotopes and account f o r  over 90$ of the t o t a l  radioisotopic content 
of the r i v e r  a t  that point.  
obtained t o  substant ia te  previous estimates of downstream radioisotopic concentra- 
t i ons  in the r iver ,  
ments obtained a t  Pasco and tended t o  overestimate the ac tua l  downstream conditions 
due t o  such things as uptake by l iv ing  orgsnisms and s i l t i n g  out. 
quantity ( i n  cur ies  of these radioactive terials passi a point near Vancouver 

isotopes i n  the Colmbia River water a t  Vancouver represent O.2$ - 0.54 of the 
drinking water MPCl'for persons i n  the neighborhood of controlled areas'! 

A series of Large volume ( ten  gallon) samples was 

These estimates have been based on extrapolstion of measure- 

The da i ly  

was estimated a t  C r 4 1  - 900, Np239 - 70, Zn "% 5 - 20, and 8 - 20. These radio- 

A program t o  exchange f i l m  badges and t h e i r  cal ibrat ion and their  interpretat ion 
was in i t i a t ed  between W O  and the Dow Chemical Ccrmpany Plant a t  Rocky F la t s  and 
the University of California a t  Los Alamos. The objective of t h i s  program is t o  
assess the  uniformity of cal ibrat ion and interpretat ion techniques between the  
various AEC sites. 

The automatic film processor was placed i n t o  rautine operation. 
ag i ta t ion  i n  the s top bath and i n t h e  fixer solution resulted i n  a 60$ savings 
i n  the amount of nitrogen gas required. 
weeks with no apparent decrease i n  strength. 
water time cycle so that delays of 30 or 60 minutes i n  the wash water can be selected. 
An alarm was mounted i n  series with the msin e l e c t r i c a l  parer l i n e  t o  the automatic 
film processor so that it w i l l  actuate whenever the power t o  the machine is inter- 
rupted. 

The use of a i r  

The processing solut ions were used f o r  three 
Microflex timers were added i n  the wash 

Lucite frames and cover w i n d o w s  f o r  f i v e  prototype eye dosimeters were ordered. 
Delivery, which is  promised f o r  December, w i l l  provide tfie materials f o r  assembly 
of prototype eye dosimeters f o r  f ield tests. 

The first ionization chamber finger ring was received fran Product Engineering 
Company. I n i t i a l  performance s tudies  are i n  prcgress. 
reading plan whereby d i r e c t  contact with the electrodes of t he  ring is not 
required has shown sane promise in preliminary studies. 
"induction" reeding t o  a wide var ie ty  of ionizaticm chambers is being considered. 
This system may a l s o  be used f o r  charging ionization chambers and circumvents t h e  
problems encouatered i n  making posi t ive reproducible contacts wi th  ianization 
chamber electrodes.  

The use of an "induction" 

The advancement of 

A tritium ai r  sample chamber, interpreted through the application of pulse reader 
pr inciples ,  was tested during the month and indicated that one M€C (2 x 10-5 w / c c )  
of tritium gas could be detected i n  a few minutes. 
design are now being fabricated f o r  final performance evaluation. 
have been designed primarily fo r  use i n  the PRTR program. 

Two chambers of an improved 
These chambers 

Data col lect ion with the iodine adsorption sampler was continued a t  the 327 
Building locat ion. Favorable performance of t h i s  system cont h u e d  . 

UNCLASSIFIED 
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One employee of Radiological Development assisted Protg'amnhg Operation i n  the 
calculat ion of the expected radiological consequences of an accident involving 
the rupture of the PRTR c o n t a b e n t  vessel .  

Construction of the Columbia River continuous monltorhg f a c i l i t y  neared cmple-  
t ion .  
been delivered. 
t o  u t i l i z e  a su i tab le  subs t i tu te .  

Copper clsd steel ordered f o r  fabr icat ion of the  main water tank has not 
Action was i n i t i a t e d  t o  expedite shipment of t h i s  material or 

The annual report  of a l l  plutonium deposition cases on record was prepared fo r  
d i s t r ibu t ion  t o  per t  ine nt  supervision. 

A t  the request of RPO s tudies  w e r e  i n i t i a t e d  by Biology t o  determine the effect ive-  
ness of tourniquets and/or suction cups f o r  l imiting the movement of plutonium i n  
the  skin following skin punctures. 

A t  the request of AEC-HOO an exposure summary was prepared on a former employee 
of J. A. Jones Campany whose pr ivate  a t torney has 
resu l t ing  fran Hanford exposure. 
by personnel meters was less than 0.5 r. 

The Manager, Calibrations,  was designated as the radium custodian for HAP0 ( a s  
it was several  years ago) .  
holdings so that centrs l .contro1 and accountabili ty can be re-established. 

(Uleged radiat ion injury 
The t o t a l  exposure of t h i s  employee as measured 

Other departments were asked t o  report  t he i r  radium 

Minor p lo t t ing  room procedural changes were tested in a radiological emergency 
exercise in  the 703 Building. 

Contributions were made t o  preparation of 8 report f o r  presentation a t  the Governor' 
Advisory Council on A t a n i c  Energy. 

C .  EMPLOYEE FtEIATIONS 

There was a total of one minor injury f o r  a frequency of 0.52. 
vio la t ion  occurred during the month. 

The Radiation P r o t e c t i m  
Tenth Annual Indus t r i s l  Safety Conference a t  O l y m p i a ,  Washington, on November 12 

One security 

exhibit was displayed and well received a t  the Governor's 

and 13, 1959. 

Radiological training included: A two-huur lecture on "Basic Aspects of Radia- 
t ion" t o  30 PED0 personnel; three information and or ientat ion talks were presented 
t o  Plutonium hktallurgy and Biology Research personnel; a one and me-half hour 
lecture on plutonium hazards t o  308 Building personnel; a one hour talk on "Use 
of Portable Instruments" t o  325 Building personnel; a 15-minute talk on "Thorium 
Hazards" as par t  of the 321 Building Safety Meeting; and 16 hours of lec tures  and 
f ie ld  t ra in ing  t o  25 employees assigned t o  PRTR. 

There were no suggestions received f o r  evaluation. 
t i ons  at  month end. 

There are no outstanding suggec- 
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D. SIGNIFICANT REPORTS 

HW-62899 

~1i-Q699 "Analysis of Radiological Data for  the  Math  of October, 1959" by 
R. L. Junkins. 

HW-62873 "Monthly Report - November 1959, Radiation Monitoring Operation" by 
A. J. Stevens. 

HW-&724 "Shielding Efficiency of Heavy Element Neoprene Gloves at Low X-ray 
Energies" by T. C .  Mehas. 
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ENVIRONMENTAL MONITORING - RESULTS (October 26, 1959 - November 22, 1959) 

Activity Sample m e  and Location T Y P  

Drinking Water 

100-F Area 
Separations Areas 
Pasco 
Ke nnewi ck 
R i  chland 

Isotopic 
Gross Beta 
I so t  opi c 
I sotopic 
Gross Beta 

Columbia River Water 

Above 100-B Area Gross Beta 
100-F Area Isotopic 
Hanford Ferry Gross Beta 
Pasco I sot  opi c 
McNary Dam Gross Beta 
Vancouver, Washington Gross Beta 

Ground Water 

Outlying Test Wells Gross Beta 

Atmosphere 

1-131 Separations Areas 1-131 
1-131 Separations Stacks 1-131 
Active Part ic les  - Project -- 

-- Active Part ic les  - Environs 

Vegetation 

Separations 
Residential 

-l. - - 7  

Eastern Washington and 

Monthly 
Average 

1.5 
1.3 x 10-7 
0.4 
0.08 

< 3.0 x 10-8 

1.2 x 10-8 
3 *7 
5.2 x 10-5 

1.2 x 10-6 
4.4 10-7 

1.0 

1.7 10-4 (mX.) 

3.1 x 10-13 
3.6 
1.6 
0.3 

4.7 x 10-6 
< 1.5 x 

< 1.5 x Oregon L-Ly. 
Fission Products less Gamrma 

1-131 - Wash. and Ore. Emitters 1.0 x 10-5 

. Trend* 
Units* Factor - 

* 

)cn 

The 8 MPCGI i s  the percent of the maximum permissible l imi t  f o r  continuous 
occupational exposure t o  the gastrointestinal t r a c t  calculated from drinking 
water l imits .  

The trend factor shows the n-fold increase (+) or  decrease ( - )  from last  month, 
where -Jalues of n l e s s  than 2 w i l l  not be noted. 
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EXPOSURE EVALUATION AND RECORDS 

Exposure Incidents Above Permissible Limi ts  
Whole Bcdx Localized 

0 
9 

November 
1959 t o  Date 

0 
7 

Gamma Pencils 
Pencils Paired Readinps Paired Readiws Lost 

Read inge 

0 
14 

Y 

Processed 100-280 m r  Over 280 m r -  

Bovember 21,328 10 5 
1959 t o  h t e  273,027 1,131 

4 
48 

Beta-Gamma Film Badges 
i3adges Readings Readings Readings 

Processed loo-300 mads 300-500 mrads Over 500 mrads 
Lost Average Dose 

Readings Per Film Packet 

25 November 9,803 83 1 

Date 116,677 9,318 
1959 to 

94 

907 

29 

227 439 7.33 15.39 

Neutron Film Badges 
Film Readings Lost 

Over 300 m r e m  Readings 
Readings 

lOO-3W m r e m  
Readings 

20-100 m r e m  Processed 

Slow Neutron 
November 
1959 t o  Date 13 I 634 

7 
74 

0 
2 

1,193 0 
20 

0 
0 

0 
0 

November 

808 
21 

807 
1 

229 

0 

Fast Neutron 
November 301. 
1959 t o  Date 1,911 

6 
71 

13 
50 

1 
18 

1959 t o  Date 

8,293 
392 

Biaassa y 

Plutonium: Samples Assayed -a 
Results above 2.2 x 10 

Fission Products: Samples Assayed 

pc/sample 

Results above 3.1 x 10-5 pc FP/sample 

Uranium: Samples Assayed 

Confirmed Plutonium Deposition Cases 

8,240 
34 

2 , 935 

13* 

%is brings the total  number of plutonium deposition cases which have occurred 
a t  Hanford t o  237. 
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Uranium Analyses 
Following Period gf No Exposure 

Units of 10- pc U/CC 
Number Number Sample Description Maximum Average Samples Maxtmum Average Samples 

F’uels Preparation 48 4.7 50 11 2.3 50 

65 4.1 5.7 22 24 
0.8 24 

5 
5 

36 3.8 43 
Hanford Laboratories 35 
C hemic81 Process ing 115 2 
C hemic81 Proce ss in@ 10 11 
Special Incidents 13 5.2 Rand om 1.2 5 *2 

- - - - - - - 
* SamDles taken pr ior  t o  and af te r  a specif ic  job during work week. - 

Thyroid Checks 

Checks Taken 
Checks Above Detection Limi t  

Hand Checks 

Checks Taken - Alpha - Bet8-g- 

Skin Contamination 

Plutonium 
Fission Products . I ,  

Uranium< 

CALIBRATIONS 

Portable Instruments 
CP Meter 
Juno 
GI4 
Other 

Total  

Personnel Metere 
Badge Film 
Pencils 
Other 

T O t a l  

Miscellaneous Special  Services 

T o t a l  Number of Calibrations 

November 1959 t o  Date 

0 0 
0 0 

33,243 
49,304 

19 
23 
7 

386,283 
369,169 

272 
415 
116 

Number of Units Calibrated 
Navember 1959 t o  Date 

935 
270 
823 
160 

2,188 

10,630 
3,306 
14,831. 
2,186 
30,953 

1,800 11,435 
836 
439 
3,075 

295 

3% 
29 , 133 
4,183 

5,558 - 64,269 - 
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LABORATORY AUXILIARIES OPERATION 
MOIYTHLY FEPOF€l - NOVEMBER, 1959 

GENERAL 

Safety performance o f  the  operation was considered marginal. 
major in jur ies ;  the minor injury frequency r a t e  was 2.53 which is below 
average experience. However, two minor in jur ies  could have resulted i n  
serious injuries-. 
There were no securi ty  violations chirged t o  the Operation. 

There were no 

TECHNICAL SHOPS OPEFIATION 

Total  productive time for the month was 13,321 hours. 
performed i n  the Technical Shops, 730 assigned to Minor Construction, 158 
t o  other  pro jec t  shops, and Z 7 L  hours to o f f - s i t e  vendors. 
backlog i s  25,547 hours of which ?Of is required i n  the current month, w i t h  
t h e  remainder dis t r ibuted over a three-month period. 
the month w a s  3.8$ (599 hours) o f  the tot.al availa5le hours. 

T h i s  ineludes 12,159 

The total  shop 

Overtime wcrked during 

Distribution of  time w a s  as follows: 

Man-Hours $ of Total  

Fuels Prepsration Department 1992 15.9 
I r rad ia t ion  Processing Dep-rhent. 562 4.2 
Chemical Processing Department, 321. 2.4 
Ranford Laboratories Operation 9187 69.0 
Construction Engineering & Util i5fes  933 7.0 
Miscellmeous 326 2.4 

Emergency service requests again declined zermittfng a reduction i n  the 
cvertime mrk required. 
a period of r e i a t ive  noma.lcy are  the reduction i n  t o t a l  backlog and the 
l e s se r  amount o f  work being eubcontrscted to J. A, Jones Co. and of f - s i t e  
ShGps. 
high and the s i tua t ion  complicated by the working force being temporarily 
deplet.ed by the resignation of a glass technician. For the first time i n  
recent his tory cer ta in  g l a s s  work is being subcont.racted to off-sit.e 
vendors. 
numbers were r e q i r e d  and specifications could be formulated. 

One open requis i t ion is  on f i l e  ta replace the glass technic im who resigned. 

Other factGrs indicat.ing the shops may be entering 

The exceyticn to t h i s  stztement i s  the Glass Shop where backlog is 

This work consists of  pipet tes ,  stirrers, e tc .  where multiple 

Securi ty  performance was considered sat isfactory with no violations.  
performance was considered marginal w i t h  8 medical treatment inJuriks; 
two of which could have resulted i n  serious injury t o  personnel involved. 
Disregard of sa fe ty  instruct ions md procedures w s s  the main cause i n  both 
accidents. 

Safety 
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W I O G R A P H I C  TESTING OPERATION 

A t o t a l  of 8,555 tests were made, of which 970 were radiographic 
(including x-rzy and gamma-ray) and 7,595 were supplementary tests. 
Out of j. t o t a l  of 3,066 man-hours, 727 (23.7$) were i n  connection with 
radiographic t e s t s ,  and 2,339 (76.3%) were used on supplementary t e s t s .  
The supplementary t e s t  work included: 
measuremerit (micrometric), eddy current, magnetic pa r t i c l e ,  penetrant 
(fluorescent O.D.  a d  I.D.), s t r e s s  analysis ( s t s t i c  and dynamic e l e c t r i c  

autoclave, borescope, dimensional 

. -  
s t r a in  gages), surface treatment (pickling and alkaline cleming) ,  and 
ul t rasonic  ( f l a w  detection and thickness messurements). 

The number o f  pieces handled t h i s  month to tz led  6,844 i t e m s .  
o f  material  represented by these items amounted t o  60,126 f ee t .  
l s rge  number of pieces handled and the corresponding high footage 
achieved i s  only possible with the tubular produets currently being 
t.ee ted.  

The f e e t  
The 

Work wzs done f o r  23 different  organizational components representing 
most of t h e  operating dep3rtment.s and service orgmizst ions.  A t o t s l  
of 47 reports were issued de ta i l ing  test findings wit.h conclusions a d  
recommended action. Radiographic Testing O-perstion WBS consulted on 25 
different  cccss ims  fDr advice cnd information on general t e s t ing  theory 
and applicztions f o r  other  than t h e  jobs tabulated i n  P a r t  I1 - Testing 
Stditistics. 

The s t i t u s  of  the t e s t ing  md treitment of  the PRTR process tubes i s  IE 
f o l l o w s  : 

1. Recdy f o r  shipment, to the contrLctor - 18 tubes completely 
tested,  pickled, autoclaved md straightened. 

2 .  Reridy fsr straightening - 28 tubes c o q l e t e l y  tes ted,  pickled, 
and zutaclzved. 

3. For ul t rasonic  evaluation - 4 tubes preliminary t e s t s ,  pickled, 
and zuto claved . 

4. For reprocessing: 

20 tubes having heavy corrosion pmduct and/or s c i d  
' staining. 

27 tubes having moderate 
and/or acid staining. 

NFR vork has not yet  pmgressed beyond 
siderzble planning has been completed. 
being expended upon building m d i f i c 3 t  

t.0 heavy Corrosion product 

some design items, although con- 
Pr incipal  e f f o r t  i s  currently 

ons and some equipment items. Th 
building work includes; i n s t a l l a t ion  of a sprinkler system, addition21 
he-t, 2nd s t ruc tu r s l  mdi f ica t ions .  The equipment Itens receiving f i r s t ,  
s t ten t ion  rire the mtaclave,  a lk i l i ne  cleuling, bath extension, a d  t h e  
recirculzt ing h o t  i i r  l ryer  extension. 
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Zirconium sheLth tubing t e s t ing  for both Ceramic Fuels and Plutonium 
Metallurgy continued 3t a high l eve l .  
t e s t ing  of  the tubing has been f i m l y  established using A 4 n i l  sens i t i v i ty  
l i m i t .  
placing more v a h e  on t h i s  t e s t  3s 2 screening procedure. 
element exminations continued to keep place with the tubing teeted and 
represented another large area of tes t ing .  
Building 325, were completed and trill allow b e t t e r  and more expeditious 
t e s t ing  . 
A n  extensive f i e l d  job was undertaken 
c o i l  i n  the biological  f i e l d .  
exxnined under d i f f i c u l t  f i e l d  conditions. 
expedited basis to  allow placing of concrete. 

During the pzs t  month ultrLsonic 

Also, continued evaluation o f  eddy current t e s t ing  has illowed 
Ficisbed fue l  

Radiogrqhic f a c i l i t i e s  i n  

a t  the PRTR s i t e  involving the m o l i n g  
Numerous small d i m e t e r  pipe welds were 

A l l  of the work was done on jn 

No. of  Ft.of Weld No .of 
Component Tests o r  Mdtorial Pieees Descripticn 

cE&U 2553 129 253 Weld qusiif 1cati3n coupons, PRTR 

CPD 

FPD 

HLG 

140 102 71 X-ray welds on vessel; x - r iy  
welds on m~lti purpose dis- 
solver; x-ray welds o n  suto-  
clave . 

136 100 

o ,  450 59,427 

136 NPR Fuel Elements. 

6,283 X-ray dogs fo r  tumor i n  1.m.g~; 
x-ray saw blades f o r  weld i n -  
t eg r i ty ;  g/l6" C .D., n - 2  c h 3 ,  
swaged cerami: f u e l  reds; 680" 
I.D. x .035" wall x 3' lcng zr -2  
tubes; x-ray f i e 1  reds far c3re 
iocst ion fo r  thermo ti-yjs; PWR 
Calandria, x-ray rcds for  t h e m  
cycling project ;  9/16" 0 .D. ZI -2 
clad; 505'' I . D .  x .O3O" w d l  x 9' 
long; 687" I . D .  x .057" w ~ l l  x 
10' long; .505" I.D. x .O3O" wzll 
x 9' long z r - 2  tubes; autoclave 
container vessels; 1/4" O.D. S . S .  

tubes, 12 '  long; bui ld  ug f i lm  on 
17' 3" tube; l - l / L "  G.D. F . E . ;  
pickl ing preparation; flu.oree cent 
pene t rmt  t e s t ;  2 S . S .  d i a g r a s  
.020" x 30" d ime te r ;  check flaw: 
magnetic par t ic les ,  helium Etcrsgc 
vesc,els; x i d  etch zirconim tube: 
audigsge thickness meas. soo t  f l x  
back l i nes  on 134 - H bc i le rs .  

I 2 3 9 9 5 - i  UNCLASSIFIED 
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No .of F t  .of Weld No.of 
Component Tests o r  Material Pieces Description 

I P D  1,586 368 121 Radiograph two horizontal  control 
rods; radiograph four blocks to 
deternine qyzli ty casting; f luor- 
escent penetrant t e s t ,  p i g t a i l s  t o  
detect  surface i r regular i t ies .  
MAgnetic p a r t i c l e  on helium storage 
tank; procedure for  the ve r i f i -  
cation of bulk temperature surges 
a t  the DR reactor;  audigage thick- 
ness readings on (2) S . S .  acid 
storage vessels. 

- - 
Total 8,565 60,126 6,8611 

CONSTRUCTION OPERATION 

During the month forty-three CPFF work orders were issued t o  J. A. Jones 
Company amounting to $103,679 and one fixed-price order amounting t o  $16,500. 
S i x  supplements to HL orders were issued amounting to $3,122. Tots1 authori- 
zations issued is $123,301. 

There were forty-three exis t ing HL orders a t  the beginning o f  the month with 
2 t o t a l  remaining unexpended balance of $46,380. 

There were 3. total o f  twenty-three o ld  CE&U orders active a t  the beginning of the 
month and six of these were closed out  during the month. 
pended balance of the seventeen orders is  $172,674. Two supplements were 
issued i n  the amount of $5,125 which i s  included i n  the aforementioned 
figure.  

T o t a l  remaining unex- 

J. A. Jones Company expenditures on Hanford Laboratories m r k  during November 
were $84,088. 

Summary 
HL cE&U 
Une xp en de d Unexpended 

No. Balance - No. B d m c e  - 
Grders outstanding beginning of 

Issued during the Month (Inc. 

J . A .  Jones Expenditures during 

Month 43 $ 46,380 23 $ 221,108 

5,125 

53,359 Balance a t  Month End 46 $ 139,172 17 $ 172,874 

-- 123,301 

30,509 

24,521* 

Supplements ) 44 

-- -- Month 

51,103" 6 41 Orders Closed out during the Mor-th 

* Face value of orders closed. 

UNCLASSIFIED 
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J. 
HL 
HL 

A. Jones Expenditures - $ 64,088 
Orders Issued - 128,426 
Orders Closed 75,b24 

Total  Backlog 312,046 

Autnorizetions to Jones Company during t n e  montn exceeded expenditures 
during tne month by 5O$. Tne work backlog i s  reasonable and monthly 
expenditures are close to forecast .  

FACILITIES ENGINEERING OPERATION 

Projects  

The following summarizes the s t a tus  of RLO projec t  ac t iv i ty .  

Number of  authorized projects  a t  month end: 23 

Number o f  p ro jec ts  authorized during month: 

Building - HV-503. 
Additional F a c i l i t i e s  fo r  Iso+%ope Study on 
Animals - 141-C Building. 

CGH-877 Pymchemicel Testing Fac i l i t y  - 321-A 

CAR-878 

Projects  completed iur ing month: 
CGH-829 Building 325 Besement Improvements. 
CGE-838 Fission Product Volatilizst.ion Studies 

Project  proposals submitted to the AEC during month: 

Testing F a c i l i t y  - 292-T Building. 

CGH-879 H i g h  Temperature, High Pressure Autoclave 
F a c i l i t y  - 306 Building. 

CGH-882 5000 Ton Hydraulic Press.  

Projects  awaiting AEC approval: 
CGH-879 H i g h  Temperature, H i g h  Pressure Autoclave 

F a c i l i t y  - 306 Building. 

2 

2 

3 

5 

CGH-882 SO00 Ton Hydraulic Press .  
CGH-874 Consolidation of Plutonium Metallurgy F a c i l i t i e s  

Project  proposals i n  preparation: 
Rattlesnake Springs Radioecology Research Area. 
Geological & Hydrological Wells - FY-1960. 
327 Building Modifications. 
Physical Constants Test Reactor. 
C r i t i c a l  Mass Laboratory - Stage 11. 

The attached pro jec t  report  de t a i l s  the status of individual projects. 

UNCLASSIFIED 
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Engineering Services 

T i t l e  

326 Building Retention Waste 
Sunrp Modifications 

- Status  

Field work i n  progress. 

Field work i n  progress. Additional Lab Hoods & A i r  
Exhaust Modifications - 146-FR 

Fie ld  work essent ia l ly  comp1et.e on 
f i rs t  of four uni t s .  

F ie ld  work complete. 

Glycol Heat Exchangers - 325-A 

Improve Process Ventilation, Labs 
204 & 206 - 3706 Building 

Detail  design i s  progressing. 329 Building Cooling Problem 

Existing compressor re1ocat.ed. New 
un i t  on-site. 
fo r  control c i r cu i t s .  

Work i s  comp1et.e except 
Compressed A i r  System, 231-2 
Building 

Work couple te . Revised E lec t r i ca l  Service 
1705-F Exilding 

Ins ta l la t ion  work pending delivery 
o f  equipment . A i r  Conditioning Room l~ 1 4 1 - H  

Building 

Estimates have been completed. Ventilation - 314 Building 

Design work complete. Work order 
issued fo r  ins ta l la t ion .  

F i r e  Detection System - 146-FR 

Work crder has been issued f o r  f i e l d  
work. 

Elec t r ica l  Modifications - 
Room 24-A - 326 Building 

Computer section mdi f i c s t ions  essent ia l ly  
complete. 
mom not star ted.  

Conversion of c f f i ce s  i n  lunch 
Modifications, 3707-C Building 

Fie ld  work 25$ complete. Lead Lining, Shielded Personnel 
Monitoring C e l l  - 747-A Building 

Fie ld  -mrk complete. Uinterize 306 Building Heating 
& Ventilating System 

Space Rearrangement - 3706 Building Fie ld  work i n  progress. 
for completion i n  December. 

Work scheduled 

Animsl Farm Disposal System 141-M Design complete. Estimate i s  being 
Building prepared. 

UNCLASSIFIED 
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108-F Building Solvent, Acid & 
Cylinder Storage 

Co s t est  h a t e  being p rep are d . 

Elec t r i c  Hoist - Graphite Shop - 
37304 Building 

Design complete. 
ceived on a l te rns te  proposal. 

Estimate to be re- 

Refrigersted A i r  Conditioning Design complete. Awaiting cost  estimate 
Room 130 - 146-FR Building for equipment from vendors. 

Reacter Room Exhaust Ventilation 
Control 326 Building Basement 

Design i n  progress f o r  exhaust dmpers 
t o  be controlled by alpha sir s3mplimg 
device. 

Revision to Cel l  Door Mechanism 
747-A Building 

Design completed. 

Pressure Vessel Study All vessels are  marked fo r  audigaging 
and the safe ty  valve inspection i s  i n  
progress. 

Drafting &Design Services 

The drdfting work load i s  normal with a heavy backlog i n  electronics.  
brmch of f ices  have suf f ic ien t  work to keep a l l  personnel busy. 
Contrsct personnel ( 2  i n  3706 and 1 each i n  308 and 325 Building) will leave 
during December. Their c o n t r x t  expires December 31, 1959. One important 
job which i s  d i f f i c u l t  t o  fill i s  thz t  of e lectronics  designer presently 
being f i l l e d  by a Kirk employee. 
a t  96 m a n  weeks) bec3use of shortdge of personnel. 

The 
The Kirk 

CE&U cinnot continue t h i s  work (estimated 

Desi@ and draf t ing work i n  progress includes the following: 

1. 
2. 
3- 
4. 
5. 
6, 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14.  

PRTR prototype loop - " A s - B u i l t "  - 314 Building. 
Mznipulator Model I1 "As-Built" - 327 Building. 
Calmaria  revisions during fabrication - PRTR. 
Miscellaneous equipment f o r  high l eve l  radiochemistry c e l l  - 325 Bldg. 
PRTR Fuel Exmination Ducts. 
PIiTR Gas b o p  - In-Reactor. 
Post Heat Treat Roller. 
Shielding f o r  Tensile Machine - 326 Building. 
Autoclave ins ta l la t ion ,  306 Building. 
Transfer Hood with Conveyor - to Trmsfer  Pu Oxide - 308 Building. 
Fuel Rod Wire Machine - 308 Building. 
Vscuum Box for Welding of Fuel Elements. 
Modifications to B i l l e t  Lathe and Hood. 
Transistorizing of Radiation Monitoring Circuits.  

UNCLASSIFIED 
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In addition to the above work, miscellaneous small design-drafting jobs are 
i n  progress. 

Design and draf t ing work is being performed on layout and de ta i l s  of projects 
CGH-834 - Modifications md Additions t o  High Pressure Loop, 189-D Building; 
ani CGH-838, Fission Product Volati l ization Studies Test Fac i l i t y  - 292-T 
Building. 

Maintenance & Building Engineering - Landlord F'unctions 

Costs: October - $126,783 
September - $118 , 607 
FY t h r u  October - $427,807 

Analysis of Costs : 
of the budget. The expenditure pa t te rn  was revised to accoxnm0dat.e a budget cut.  
The component costs are s t i l l  being revised i n  an attempt to provide a r e a l i s t i c  
picture .  Cost continued t o  r i s e  t h i s  month as w a s  expected with the high leve l  
of maintenmce i n  preparation f o r  winter, and wit.h a substant ia l  ac t iv i ty  i n  
improvement work. Painting has s t a r t ed  to taper o f 3  w i t h  major repainting being 
postponed. 

The $427,807 expenditure through October represents 29.3% 

Unusual Maintenance : 
I t e m  - 

Resting & Ventilating Correction 
Relocation & Alteration 
Move Furniture 
Paint  
E l e  c t r  i c a l  Imp ro vement s 
Lighting 
Ref i l te r  
Miscellmeous 

October 

gu 
1,359 - 

420 
244 

0 
494 

FY Thr i  October 

$ 4,643 

2 37 
10,798 

3,763 

392 
701 
765 

342 

$ 22,551 
Wharged i n  general. 

Miscellaneous 

Approxbately 245 drawings including sketches, work sheets, and formal 
drawings were completed during t h e  m n t h  of November by the Drafting Component. 

Approximately 19,000 square feet  o f  p r i n t s  were reproduced during the month. 

The t o t a l  estimated value of the 27 requisit ions isstled during the m n t h  was 
$141,000. 

UNCLASSIFIED 
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T&CHNICAL INFORMATION OPERATION 

The procedure f o r  o f f - s i t e  dis t r ibut ion of uncstegorized c lass i f ied  
reports i s  being reviewed md a11 be modified. 
the new procedure will require t h a t  HOO-AEX approve a l l  o f f - s i t e  a s -  
t r ibu t ion  of such reports.  
compared t o  our present pract ices ,  If dis t r ibuted a t  a l l .  
s t ruct ions f r o m  ROO s e t t i n g  up the new procedure have not been received but 
changes i n  F i l e  pract ices  are being readied, new forms are  being drafted, 
and instruct ions to the f i e l d  are being prepared. 

It is expected tha t  

The report  dis t r ibut ion w i l l  be delayeb, 
Of f i c i a l  in-  

The new requirement has already caused considerable inconvenience to HAPO 
authors. One document, HW-62774, "Eighth H i g h  Temperature Fuel Meeting -- 
Preliminary Data Only", should have been mailed o f f - s i t e  on 11-20-59 to t h e  
individuals who were to attend the meeting. A t  month's end HOO had not 
zppmved o f f - s i t e  mailing of the documents. The author has indicated that 
the copies cannot be received now i n  time f o r  the meeting and t h a t  HAP0 may 
have to drop out of the program. 

A l e t t e r  w 3 s  received f r o m  the ROO Classif icat ion Officer encouraging HAP0 
review of NPR documents c l s s s i f i ed  SECRET - RESTRICTED DATA fo r  possible 
downgriding i n  accordmce with the NPR Classification Guide. 
ClsssificLtion-Declassific3tion w i l l  undertake a review o f  a l l  Secret document8 
re la ted  t o  NPR ac t iv i t i e s .  The number of HAPO documents involved i s  roughly 
estimated t o  be 230. Since it w i l l  take some time to complete the review, the 
Spec is l i s t ,  C1-ssification-Declassific-t ion advised the NPR Project  Operation 
t h a t  documents of current i n t e re s t  snd usefulness w i l l  be given p r i o r i t y  
a t tent ion a t  t h e i r  request. 

The Spec ia l i i t ,  

Plms zre  being made to i n s e r t  a notice i n  Management Newsletters of a11 
Departments reminding employees t h a t  unclassif ied papers prepared f o r  pre- 
sentation a t  c l a s s i f i ed  o r  "secured" meetings, must be processed through the 
same clearance procedure as papers presented a t  an "open" meeting. A t  the 
present time unclassif ied papers prepared for  presentation a t  "secured" meetings 
do not receive a routine review and c lexance  on the mistaken assumption t h a t  
the proceedings of a "secured" meeting w i l l  be published as c lass i f ied  documents 
and t h a t  the unclassif ied papers sre protected f r o m  broad public dis t r ibut ion by 
the overa l l  c lass i f ica t ion  of the proceedings. 
assumption t o  be incorrect and the review procedures will be tightened t o  close 
th i s  loophole. 

Experience has shown t h i s  

A l e t t e r  has also been dis t r ibuted to the f i e l d  i n  an attempt to evaluate the 
need f o r  locating microcard readers a t  s t r a t eg ic  spots throughout the plant .  
A gmwing number of AEC reports are  now obtainable only i n  microcard form and 
the only available readers are i n  the 3760 Building. Seven readers w e r e  bud- 
geted fo r  i n  the Operation's FY-1960 Office Equipment Budget but these will 
not  be procured (Cost - $350 each) u n t i l  the need for  them has been firmly 
es tzblished. 

UNCLASSIFIED 
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As indicat.ed i n  a n  e a r l i e r  report, we are no longer preparing a receiving 
report  fo r  Accounts Payable on per iodical  subscriptions. 
has agreed t h a t  the Library's  check-in records could be used i n  l i e u  of the 
receiving report  but t h a t  these records ( the Library 's)  s h a l l  be subject to 
periodic audits.  During the month, Accounts Payable made a smple Audit cf 
publications ordered by the Library since June. Of the fo r ty  items checked, 
a l l  but m e  had been received o r  claimed. The single exception was an over- 
s ight  on the Libraryls pa r t .  
Library's  records of receipt are considered adequate for  f inancial  control. 

The a n u a l  membership l is ts  hctve been sent  t o  Department Man--gers f o r  approvd 
of 1960 renewals. 
are fworable  t h a t  the composite l ist .  of a l l  HAP0 memberships c3n be submitted 
t o  the AEC i n  ample time to get t h e i r  f i n a l  approval before the end of 1959. 

An award o f  $100 wzs won by J. E. Brown, Writer & Clearance Spe.ciolist, f o r  
a suggestion t h a t  glossy photos used i n  papers submitted f o r  clearance be 
replaced by inexpensive copies prepared by the A .  B. Dick photo-transfer 
process. 
szivings 2311 be achieved. 

Accounts Payable 

The result s a t i s f i ed  the condition t h a t  the 

Three managers have already returned t h e i r  l ists .  Chmces 

I f  the suggestion is  widely accepted on the plznt ,  worthwhile 

Work Volume St.atist . ics 

Document Dist.ribution and Fi l e s  
Documents routed and aischarged (copies) 
Docments issued (copies) 
Documents sent of f - s i te  (copies 1 
Docvment reserves f i i l e d  (copies) 
Document5 picked up and Lelivered 

October November 

17,780 17,305 
12 522 9,501 
3,YLl 4,549 
798 672 

19,662 18,k65 

Dc cument Account 3 b i l i t y  
Holders of c h s s i f i e d  documents whose f i l e s  

were inventoried 657 310 
23,822 Doaments inven-ried i n  F i l e s  (ccpies) 

Docment.s destroyed o r  r e t i r ed  (copies) 3,912 7,963 
Documents revised (copies) 827 958 
Doxments p.J.lled and documents f i l e d  f.copies) 13,280 11,765 
Docllments r ec l s s s i f i ed  171 4 39 

7 ,  %3 

Accountable copies of SECRET and DCCLlMEXlED 
COWID%NTm documents on-site 212,961 212,719 

Reference and Public.ation 
Books cataioged (new t i t l e s )  
Books added t o  the collect.ion (volumec> 
Ready reference questions answered by pro- 

Li terature  searches by professional s t a f f  
Reports abstrscted ( t i t l e s )  
Formal reports prep-zed (t,it.les) 
Off-site requests f o r  HAPO reports (copies) 
Reports rele-sed to CAP [ t i t l e s )  

fessional s t a f f  

103 
228 

142 
3 5c 

98 95 
111 93 
288 32 3 
8 7 

242 294 
23 21 
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Library Acquisitions and CirculLtion 
Books ordered (volumes 1 
Periodicals  o r i e  re  d 
Books circulated (volumes) 
Periodicals c i rculated ( issues  1 
Inter-Library loans 
Films borrowed o r  rented 
I n d u s t r i d  f i lm showings 
Bound per iodicals  adJed to the collection 

Library Collection : 

October 

235 
398 

2,120 
3,780 

65 
17 
60 
0L 

November 

Main Library W-19 Librx-z 180-F Library Ind. Med. Totd 

No.of Books 28,u48 0,285 1 ,515  1,990 39,038 
No .of bound 

p e r i o d i c i s  12,800 1 1,431 - - 
40,643 6,26b 2,946 

Classific3t.ion and Declassification 

DOcUments, including drwings and photogrJphs 
reviewed f o r  downgrzding o r  d e c l x s i f i e z t f o n  

October November 

2 5 

Documents submitted to Declzssificstion 
Brmch, O a k  Ridge 

Documents md p q e r s  (intended f o r  orzl pre- 
sen t l t ion  o r  psibliczticn) reviewed fo r  zpproprii te 

c l j s s i f i ca t ion  L4 

JL Boyd:jcw 

5 

11 

Mansger , 
Lzborztory Auxiliaries 
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PROFESSIONAL PLACEMENT AND 
EIELATIOPS PWCTICES OPERATIO!? 

As of November 30ti1, the staff of t he  fiacford Laboratories t o t d l e d  1320 em- 
ployees, ircluding 634 exempt ana 686 nonexempt. 
possessing technical degrees, inclcding 336 B,S., 112 M.S. and 99 Ph.D. 

There were 547 employees 

EEALTH, SAFFM A1J13 SECXJEITf 

The medical t reatnent  frequency f o r  Nosrem3er was 1.48 ss compared with 1.51 
last month. There were b secur-ity violat ions during November, bringing the  
t o t a l  f o r  the year t o  & ~ e  t o  42. 

W i n g  the  nonth, 6. prsssure sccumulator i n  314 Euiiding basement f s i l e d  wlzilc 
under pressure of 18,000 p s i .  The end plug was ejected a s  a r e s a t  of an fn- 
adequate number of threads of tke proper q u i i t y  t o  withstand the pressure. 
There were no employees indured alt.hough the  tianage t o t a l l e d  $3500. 

A machinist accidently backed EC mobile crane in to  the shop door with f r t ju r j  
t o  h i s  hand and $100 m g e  t o  the  dDor. 

PROFESSIONAL FLA- 

During NoveI6tmr, fIApG partic.ip&.teO i L  Pt.D. reerui$ing 6.t M.I.T., Okio Sta te?  
Colorado, Utah, Wisconsin, Zom State,  Z m g  Oregon State ,  Oregon, cnd CalfforniEs, 
Referrr ls  from these and schools ~ r e v i o u s l y  v i s i t ed  t h i s  year a r e  being re- 
ceived i n  increaeing numbere f o r  &PO conzidex%ion. E r i e  P'r.D. c s rc i ib t e s  
v i s i t e d  f o r  interview& dwing Noveab.pr and one offer was extended t.0 s, FB.D. 
candidate. 

Mid-yea? c q u s  v ie i t a t ions  k v e  been c o q l e t e d  except f o r  four southweetex  
schools scheduled eezly i n  DecenSer. 
t o  date; however, an apprecia3le amber  of June graduates heve keen de-reioped 
as  cmdfdates.  
durirg the  month and f ive  of fe r  acceptances were received. 

no mid-year offers k v e  -tmiru extended 

Seven offers were ex%ecc?ed t o  BS/MS experimced personnel 

Two T e c h i c a l  Craduatee were added t o  rCe Program during the month and four 
were placed on pe,rmanent assignment, On Rwembcr 30th there  were 67 Technical 
Graduates and 7 Technician Traineca on the Programs. 

One Laboratories m a g e r  par t ic ipa ted  i n  ths  lecders t m i a i n g  course f o r  
"Business Operations i n  the Changing Znvtroment". 
entat ion Series continued during Ncvember v i t h  presentations by members of 
the  mera t ions  Research and S p t h e s i s  component. 

Tne I n f o m t i o n  and O r i -  

EMPLOYMENT 

Eleven requis i t ions were f i l l e d  during NoveEber. 
sit?iona 

With the receipt  of 8 requi- 
2 canceliations and 5 plazed or, a hold %asis, there  were 7 openings 

I 2 3 U 1 b  
UNCLASSIFIED 
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a t  mocth's end, fo r  wkich 4 candidates a r e  i n  process, 2 t ransfers  pending acd 
one yet t o  ke procured. ' 

According t o  info-mation from the  k l a t i o c e  Operstion, d i s t r ibu t ion  of  the  G.E. 
Monogram a t  Emford w i l l  soon Pe extendcd t o  a l l  I?on-unft, nmexempt enphyees 
a s  well as the current d l s t r i t u t i o n  list t o  exempt employees. 
d i s t r ibu t ion  for ETS printed commmimtions IIlriterial h m  been approved and 
i s  in the  process of inpleaentation. Extensive! efforts have gone into the  
preperaZion of s half-hour te levis ion show, "Radiation Protection a t  Hanford", 
which will be brmdcasted on KEPR T7T on December 17th. 
discuss f i l m  sequences on HLO ~-8di~ktiOn protection, enviromentsl  monitorlag 
arid radiological sciences programa 

A new bulk 

H. M. Parker will 

~ g s r - ,  
Professional Placement 
and Relations Practiees 
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T A B U  II NONEXEW" EMPLOYMENT 

Nonexempt Ehploynaent Status  Ozt. Nov. 

Requisitions 

A t  end of month 15  7 

Cancelled 3 5" 

Peceived 12 8 

Fi l led  23 11 

* Includes 2 requis i t ions placed on hold. 

I- 3 HW- 62899. 

Nonexempt Transfer Reauest Oct. Bv., 

Transfers 

Active cases a t  end of no. 80 80 

C ance 1. led 4 4  

New 4 5  

Transfers o f f  e cted 4 1  

UNCLASSIFIED 



U N C W S J T I E D  I- 4 Bw-62899- 

6 

0 

1 2 3 9 3 7 9  

a 
a, 
4J O L n l  + r l c u  m s 
%! 

d 
$ $ 8 '  

m 
Ln 

1 m 
a 
0 

'=i. 

Q 
pc 
0 



I- 5 UNCLASSIFIED 

C - Technical Graduate and Technician Training Program 
Month ending November 30, 1959 

TG Program 

67 Number of Personnel cn Assignment 
(HAP0 Tech Grad Prcgram.. .... .59 
(Western Di s t r i c t  E. P ........ 8 

D i  s t r i b u t  ion of As si gnment. s 5y Departments 

HLO 
CE&UO 
FPD 
IPD 
CPD 

Distr ibut ien cf Assignments by Function 

RW o r  Engineering 
Other 

Rw- 62899- 

TT Program 

7 

21 
3 
0 

34 
9 

48 
19 

7 
c- 
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' .  

FINANCIAL OPERATI9N MONTHLY RZPORT 
NOVEMBER 1959 

Per s omel 

There were no personnel c h a ~ g e s  during Novemb?rr 

Act ivl t ie s 

GENERAL ACCOUNTZNG OPWATION 

A report  of results was issued f G r  the  physical inventory of movable cataloged 
equipment i n  the eustociy of La'ooratory A u x i l i a r i e s  Operation. 
t h i r t y  four items were physicaliy counted valued a t  $1,53,480. 
valued a t  $630 w e r e  added t o  record as compared t o  three items valued a t  $1,850 
i n  the FY 1959 inventcry, 
inventory whereas all equipment was located i n  the FY 1959 inventory. The f a c t  
t h a t  oniy one i t e m  was missing, indicates  Case control over equipment and the 
use of proper procedsrea, par t icu lar ly  i n  v i e w  of the relocation of Radiographies 
Testing equipner;C, frem the 200 E a s t  Area t o  White Bluffs. 

Eight hundred and 

One i t e m  valued a% $180 was  nct  located t h i s  physical 

Three Items 

A l l  f i e l d  work i n  connection wt,th the physical inventory of movable cataloged 
equipment i n  the custody of Biology is complete a d  the f i e ld  reconciliation i s  
i n  progress. A l i s t i n g  of unlocated items vas forwarded t o  the Section Manager 
requesting t ha t  the equipment be located or a missing property report  be prepa-ed. 

Preparations were compieted and a prcce&:e distribti led fo r  the inventory of" mov- 
able cataloged equipment i n  the custody of FnysLcs and Instrument R&D Operation. 
This inventory will begin December 11, 1959 v i t i  an ant1c:pated completion sate 
of December 3C, 1959. 

A l l  Reactor a d  Special Material custodiam were advised of the forthcoming 
annual physical inventory a t  the  end of December 1959. 
t o  submit inventory information t c  be campiled and fcrwarded t o  Contract and 
Accounting f o r  use i n  preparing a detai led inventory schedule for t.he AEC. 

Custaiiaa;s were requested 

The laboratcry eguipment pool (Building 318) is ready f o r  opsra t im.  
men3 t o  date has been received, however, ziumerous requests have been received 
for  Laboratory Equipment Pool T a g s  to affix t o  equipment beiag t ransferred t o  
the storage area. 

A l i s t i n g  of eqxLpment determined t o  be exzes8 t o  the needs of HLO Custodians was 
circulated throughout; HLO pr io r  t o  processing a Declaration e? Excess. Equipment 
valued a t  $6,186 w a s  reasslgned t o  new custodians, 

No equip- 

In respsnse t o  a request of' SS Accountability material  custadiam were reqxested 
t o  submit forecasts  f o r  outside diversions of SS Material covering the fourth 
quarter f i s c a l  year 1960 and the entire f i s c a l  year 1961. 
information a cossolidated report  w i i l  be prepared and forwarded t o  SS 
Accountability. 

Upon receipt  of the 

I 2 3 9 9 8  1 UMCLASSIFTED 
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Comparison of equipment expeidifures for FY 1962 wikh FY 1959 at November 30, 
1959 is shown below: 

Program 

2000 
3000 
4mc 
5000 
6000 

FP 196c 

$327' 084 $376 731 
60 558 9 344 
72 162 la2 449 

6 466 
7 794 26 295 

T o t a l s  $457 598 $339 285 

We are  currently miming substmt.ially ahead of 1959 on expenditures and commft- 
ments. 

A t  the reqyes5 of Contract Accounting a qiick s m e y  was made ts'determine 
amounts t ha t  might be made available from eqtdpment funds d l o c a k d  Hanford 
LaSoratoriea for  p'C3Sfbie t-ransfer t2 operating funds. As a result of this 
survey arid action takes by Cmtract- Accouat2ng funds axrailable t.a Hanford 
LaboratoPieE fo r  2000 Prcgram equipmsrrt were reduced $233,0C.2. 

A review cf the AuthDrfzaticn a.w2 Perfcrmas2c of Work ManQai is nearing cample- 
t ion  and the revisicns w E 1  be pbLished d w h g  tk-e month of December. 
revlsicns xpda% the Mama1 t .2  inccqora te  a number of chmges i n  polizy azld 
pr0ced.a-e. 

The 

Infomation has been reee'ved from Washingtoo- AEC that. additioxal 4000 Program 
funds  ill h kci?J.dtd in their next Fiaancial Plan folp BOO-AEC. 
Laboratcries ~ 3 1 1  reee.01- the en t i r e  incyease for the ac t iv i t i e s  l i s t e d  below: 

Haford 

Budget A e t i r L t y  #420 - Reactor Fuels and Materials Deve1opmer;t 

Pl&on:.an Cermdcs Research lj0 321'3 
UO, F w l e  Reecaxh $3p-  J W  000 

Physical EGparties Rcsear::b 225 oca 
$- 

Analyses were preps-ed d w f a q  the month skwing  the s ta tus  of funhs allocated 
tc HLcl Sec t ims  as 9f October 31, 1959 f:.r severa l  cf the research and dtvelop- 
ment programs. The anaiyses to& 535s c3csf3era+,im the actl;al prograq 2osts 
th-cugi; October, t he  yctstmdicg cmmitment.s for  ma4,erials and serv'Lces an3 a 
provision t o  f h m c e  ?claries w.3 relatE3 i r - t i rect  CS+,F cjf r rxmnc j l  ass:gsed 
t o  programs on N G v m b F ?  1 f'sr t k  rcmainier c? the f i x a i  ye=, These analyses 
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were submitted t o  the appropriate Section Managers along witk a request for  
t h e i r  rev ' ,ew of the programs and to ade-ee the Manager - Finance of t h e i r  cor- 
rect ive action planned fo r  those programs which the analyses ind icakd  fi lsaniial  
d i f r i cc i ty .  

Arrangements w E r e  ma5e3 with the eoncurreneb of prc:eet ma;ragcment, landlord 
representa+,ive, bui ldicg oxupants  and Finaseial  representatives,  which resolved 
the several  problems of p a r t i a l  occu~ancjr by HLO personnel of new f a c i l i t i e s ,  
It was  agreed that (1) a l l  costs  of t h i s  nature associated with the 3& 
Building (PFPP) be b i l l e d  t o  the HLO Bu5Xir;gs and Util i t ies account, (2) cos3 
of steam associated with the 309 Building (PRTR) be b i l l e d  t o  CWIP as project 
cost  unti l  benef ic ia l  cccupancy, with the  exception of $150 per month t o  cover 
occupmcy by RFRGO personnel i n  oae of the PRTR buildings which wi l l  be b i l l ed  
t o  the HLO Buildings and Util i t ies account and (3) a monthly b i l l i n g  of $300 
f o r  309 Building occupancy from the HLO Euilding and Vt i l i t i eE account to 
Plutonium Recycle Test Reactor Operation (Code 7570) u n t i l  beneficial  occugancy 
of PFtTR. 

The coriversior, of Hazford Labcratories' work order servicing organizations t.c 
separate time d is t r ibu t ion  has been deferred mti l  sometime B.Fter January 1, 
1960, due to a delay fr, programming by Da%a Processing. 

Twc new work ident i f ica t ion  codes were esta3iished dur-isg the mcnth: 

T i t l e  

0 17 
053 

Pluto~fum Fuel Vaixe S t ~ d y  ($090 Program - Research and Bevelopen+) 
IPD - Npli Eupfure Detectisr, ('2300 Frcrgram - Research and Development) 

ActioE a~ indi:ated occurred orA the fsl1owh.g p o j e c t s  and in fo -mc  requests 
during $he month. 

Project 

CGH- 877 

CAB-878 

CG- 681 

IF.-242 

m-243 

IR- 246 

IR-247 

(33-779 

Descript im 

Pyrochemhai Test 
321-A Building 

Add. Fac. Isctope 
on Anlmals 

Hanford Ecpuipe~ i t  
m 

Physizai 
New Comrietion Fiia-,cial  Transferred 

Au-t;hwiza",:.os Notices Closing To Piant 
To H U  Is sued Issued In Ser i tce  

Faz. , 
$70 002 

9 8co* 
Study 

in the 

Modlfy 303-J Bldg, for  
Interim Tea t  Fae. far 
Fuel Elements 

Relocation of 200-E 
Testing Equipment 

Al ta ra t icm Posit ive Ion 
Accelera+,ion Fac i l i t y  

E lec t r i ca l  Service Exper- 
imental Animal Farm 

Add. t o  Sepa ra t i cx  Devel- 
opment, F a c i l i t i e s  

X 

X 

X 

4 247 

7 585 

18 839 

9 552 

26 535 
* $61,000 authorized t o  BOO-AEC. 

1 2 3 C 1 M 3  UNCLASSIFIED 
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Issuance of Qeekly project  cost  reports  by HLO Cos+, Accomting s ta r ted  with the 
week ending November 8, 1959. 

There were 33 new authorizations fo r  $120,179 and supplements fo r  $18,247 
i s s i e d  t o  J. A. Jones Constructim Company by HLO during the m o n t h .  
end, there were 68 author iza t ims  s t i l l  act ive and work was physically completed 
on 35 authorizations during the  month. 

A t  month- 

Work on the  mdLt of maintenance continued, 
l imited because of the  generai lack of maintenance standard6 and of the d i f f i -  
cul ty  i n  identifying maintenance costs  with specif ic  items of property. 

The aid of the HAPO Procedures Special is ts  has been enl is ted in attempting t o  
simplify reporting of o f f s i t e  t r i p s  and visits t o  HAPO. 
routine reporting t o  weekly t r i p  and visit forecasts  plus a single monthly 
report  of o f f s i t e  t r i p s  has been submitted f o r  t h e i r  comment and action. 

The review's value w i l l  be somewhat 

A proposal t o  l i m i t  

The 100-F Area badge house change and i t s  probable e f f ec t s  on HLO (Biology) 
timekeeping were evaluated. 
a s l i g h t  i w r e a s e  in Biology's available p r d u c t i v e  t i m e .  

'=he only apparent e f f ez t  of significance will be 

The HLO cont.ribution fo r  "1959 a t  HAPO" is being prepared. 
been ccntaztad fo r  pictures  and the n a r r a t i v e . i s  being drafted. 
f i r s t  rough draft i s  January 8. 

Several groups have 
Deadline fo r  

F&her wcrrk ha6 been done t o  analyze technical contribLtions from m f o r d  
Labcratories. Confirmation of 1957 f igures  i s  still needed. 

Manager - Finance 

1 2 3 9 9 8 4  UNCLASSIFIED 
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INVENTIONS OR DISCOVERIES 

All  pe r sons  engaged i n  work that might reasonably be expected to 

result in  inventions o r  d i scover ies  advise  that, to the best  of the i r  knowledge 
and belief, no inventions o r  d i scover ies  w e r e  made  in  the cour se  of their  

work during the period covered by this repor t  except as l i s ted  below. 

persons  fur ther  advise  that, fo r  the period therein covered by this repor t ,  
notebook r e c o r d s ,  if any, kept in  the course  of their  work have been 
examined f o r  possible  inventions o r  discoveries .  

Such 

INVENTOR 

L. E. Mills 

TITLE OF INVENTION OR DISCOVERY 

Magnetic F o r c e  Res is tance  Butt Welding of 
Fue l  Elements  

UNCLASSIFIED 
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