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

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

A. Makes any warronty 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 

B. 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, disseminates, 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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Chemical Laboratory 

Reactor & Fuels Laboratory 

Table I - Hanford Laborator ies  Force Report 

Date: January 319 1964 

A t  Beginning of Month A t  Close of Month 
Exempt Salaried &erupt Salaried 

146 133 147 130 

204 198 207 197 

Physics & Instruments Laboratory 

Biology Laboratory 

Applied Mathematics Operation 

Radiation Protect ion Operation 

Finance & Administration Operation 

Programming Operation 

T e s t  Reactor & Auxiliaries Operation 

General 

TOTAL 

102 . 76 102 75 

43 64 44 66 

19 5 21 5 

42 99 41 95 

3-51 119 149 118 

17 4 1s 4 

64 317 65 315 

- 4 4 -2 4 - 
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BUDGET AND COST SUMMARY 

Janua ry  operat ing c o s t s  totaled $2,893,000, a n  i n c r e a s e  of $327, 000 
- over  the previous month; fiscal y e a r  t o  date  cos t s  are $19,027,000 or 58% 

of the $32, 597,000 control  budget. Hanford L a b o r a t o r i e s '  r e s e a r c h  and 
development  costs fo r  J anua ry  compared  with last month and Financia l  
P l a n  No. 4, dated Janua ry  22, 1964, are shown below: 

C O S T  
(Dol la rs  in C u r r e n t  Previous  
thousands)  Month Month 

HL P r o g r a m s  
02 8 98 $ 67 
03 8 12 
04 1 3 3 1  1096 
05 109 105 
06 275 258 
08 28 11 

1849 1549 

NRD 175 168 
IPD 31 29 

147 CPD 166 

Tota l  $2 221 $1 893 

Sponsored by 

-- 

RESEARCH AND DEVELOPMENT 

1. Reac to r  and F u e l s  

To Date 

$ 559 
231 

8 383 
833 

1897 
99 

Budget 

$ 1180 
250 

13 754 
1403 
3 352 
240 

~ 

12 002 

1 149 
354 
904 

20 179 

1798 
, 490 
1 668 

$14 409 $24 135 

% 
Spent 

47 
92 
61 
59 
57 
41 

59 

64 
72 
54 

6 0% 

- 

In suppor t  of rad ia t ion  hazard s tudies ,  inner  component  spec imens  
f r o m  N-Reac to r  fuel have been pulse  annealed at 980 C. F u e l  volume 
i n c r e a s e s  of 19-3870 w e r e  observed ,  but t h e r e  was no evidence of c lad  
necking and fa i lure  and, thus,  no evidence that  ac t iv i ty  release or m a s s i v e  
co r ros ion  would r e s u l t  should these fue l  t e m p e r a t u r e s  be encountered for 
s h o r t  per iods .  

Ini t ia l  des t ruc t ive  examination of a prototypic inner  component of 
N-Reac to r  fuel  i r r ad ia t ed  to 2500 Mwd/ton indicates  excel lent  component 
per formance .  
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A capsule  i r r ad ia t ion  test compar ing  i r r ad ia t ion  pe r fo rmance  of 
uranium containing submic ron  pa r t i c l e s  of uranium carbide s t anda rd  ingot 
uranium has  achieved a n  exposure  of 0 .05  atyo burnup and wi l l  be irradiated 
t o  0 . 3  at% burnup. 

Eight  Li-A1 target e lements  have been d ischarged  after 124 days  at 
full  power.  The e lements  appea r  unchanged as a resu l t .  of i r r ad ia t ion .  

A ful l  KER loading of target components has  been  fabr ica ted .  The  
6 target m a t e r i a l  contains 0. 5670 Li enr iched  to 6370 Li . 

I 

Pos t i r r ad ia t ion  examinat ion of Z i r ca loy -2  clad uranium r o d s  contain- 
ing known cladding defects have shown s t r a i n  concentrat ion at the defect 
varying f r o m  1570 to  4070 to complete  cladding f a i lu re .  Resu l t s  f rom examina-  
tion of t h e s e  r o d s  should complete  the p ic ture  of cladding instabi l i ty  i n  pro-  
g r e s s i v e  stages f rom first indications to ul t imate  r u p t u r e .  

Two inner  tubes  f rom N-Reac to r  fuel  e l emen t s  with fluted ou te r  
s u r f a c e s  have accumulated 1800 Mwdjton exposure  and continue t o  show 
excel lent  v i sua l  appearance  a 

In  the  s tudy of effects of altered fuel  composi t ion on i r r ad ia t ion  
behavior ,  s ing le  tube fuel  e l emen t s  zontaining uranium to which 400 ppm 
i ron  and 800 ppm aluminum have been  added have been completed.  These 
e lements  wi l l  be irradiated in a compar i son  test with s t anda rd  N-Reactor  
fuel  compos i t ions . 

A second generat ion N-Reactor  fuel  suppor t  has been  fabricated by 
a s ingle  s t e p  hot forg ing  of Z i rca loy  w i r e .  T h i s  support has been designed 
to  m e e t  a much higher  s t r eng th  r equ i r emen t  than the first genera t ion  suppor t .  

In a n  IPD production t e s t ,  hot-die  s i z e d  fuel e l emen t s  i nc reased  in  
ou te r  and inner  d i ame te r  m o r e  rap id ly  than did the AI-Si con t ro l s .  Des t ruc -  
t ive examinat ion has  shown no evidence of g ra in  boundary t ea r ing .  S teps  i n  
the canning p r o c e s s  w h c h  might c a u s e  t ex tu re  changes suff ic ient  t o  account f o r  
th i s  behavior  are under  s tudy.  
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The  c o r r o s i o n  of aluminum coupons in  heated p r o c e s s  w a t e r  was  
reduced  by f ac to r s  of 5 to 10 by coating the  s u r f a c e  wi th  e i t h e r  of two 
c o m m e r c i a l  mark ing  inks .  

Using NH40H to adjust  the pH to 10 w a t e r  quali ty continues to be 
sa t i s f ac to ry  in  the opera t ion  of the KER Loops.  
dur ing  reactor operat ion is g r e a t e r  at low than  at high coolant t e m p e r a t u r e s ,  
Change of KER-2 €Tom LiOH to NH40H resu l t ed  in a reduct ion in 02, 
demonst ra t ing  the effect iveness  of rad io ly t ic  hydrazine in  scavenging  oxygen. 

The  r ad io lys i s  of ammonia  

Samples  of in t e rg ranu la r ly  a t tacked tubing f r o m  N-Reactor  s t e a m  
gene ra to r  4A with pinhole defects w e r e  tested at 520 and 550 F and p r e s s u r e s  
of 1720 and 1340 psig, respec t ive ly .  Two of the s a m p l e s  sp l i t  at the  pin- 
hole defect within a few hour s .  However,  t h i s  f a i lu re  is thought to be a 
r e s u l t  of the p r i o r  application of 3000 ps i  p r e s s u r e  t o  produce the defec ts .  
Eight decontamination cyc le s  of this tubing with su l f amic  ac id  widened the  
a t tack  a t  the g ra in  boundaries  in the  areas which had been in t e rg ranu la r ly  
attacked, and completely removed the g r a i n s .  

Refined expe r imen t s  reiated t o  radiat ion-induced r eac t ion  of carbon 
monoxide with water n p o r  indicate no s ignif icant  t h e r m a l  r eac t ion  below 
600 C .  

The oxidation of TSX graphi te  in ca rbon  dioxide and ca rbon  mon- 
oxide mix tu res  was  m e a s u r e d  and found greater than in  co r re spond ing  
reac t ions  of CSF graphi te .  

The  rejuvenat ion fuel  e lement  success fu l ly  completed its third 
cycle  of i r r ad ia t ion .  

The  new Vipac faci l i ty  was used to fabricate f ' e  fuel  e l e m e n t s  for the 
PRTR. 
the old des ign .  
technique. 

One of these u s e s  a new end c a p  design to  e!.imiriate the  c r e v i c e  of 
Three o the r  e l emen t s  w e r e  made  by the swage  compact ion 

New tubing for swage  compacted e l emen t s  allows a n  i n c r e a s e  in  
reac t iv i ty  by us ing  m o r e  fuel  per unit length.  
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Tubular  extensions of aluminum a l loys  containing 6 and 10% s i l i con  
have been successfvl!y fabrfcated for evaluation as cladding components .  

A pyrometa l lurg ica l  m c h o d  of decontaminating U 2 3 3  is being 
evaluated us ing  na tu ra l  u ran ium which had been stored f o r  a per iod of a 
y e a r .  
into a graphi te  mold r eduzed  the alpha act ivi ty  of the  cast uranium 98. 370. 

Liquidation of the  meta:  in  Z i r con ia  c ruc ib l e s  followed by cas t ing  

'Three mase ive  tubular  Z!rza;cy-2 :lad Th-X? fuel e l emen t s  have 
achieved an integrat ion exposure  of 1 e 5 x lo2' f i s s ions  /x (4200 Mwd/ton) ,  
the e lements  continuing under  i r r ad ia t ion .  

The effect of spec i f ic  fue l  composition on the  i r r ad ia t ion  and corro- 
s i o n  behavior  of Th-U a l loys  is under  study. 
been  double vacuum a r c - m e l t e d .  
Z i r ca loy -  2 clad reds by defect  co r ros ion  tes t ing .  

Nine additional a l loys have 
T h e  resu l t ing  ingots wil l  be coextruded t o  

Preliminar: ,  efforts to invest igate  the val idi ty  of exis t ing two-phase 
s t e a m  -wa te r  c r i t i ca l  d i scha rge  theo r i e s  at high p r e s s u r e s  have produced 
unexpected r e s u l t s  e L a b o r a t o r y  exper iments ,  pe r fo rmed  on a s h o r t  p iece  
of pipe (i:D 20! with u p s t r e a m  pressures approaching  2000 ps ia ,  showed 
cor respondence  with the m o r e  advanced t h e o r i e s  only when two-phase mix -  
t u r e s  en te red  the pipe. When c o m p r e s s e d  wat.er enteyed the  pipe,  the 
locat ion of the p r i m a r y  choking occur red  at the  en t r ance  rather than the 
discharge of the pipe sec t ion ,  and v e r y  high flow rates resu l ted .  

T e m p e r a t u r e  behavior  w a s  approximate ly  as expected for a n  
N-Reac to r  fue l  s u r f a c e  changing f r o m  f i lm to nucleate  boiling, but that  
r e s i s t a n c e  t o  flow was l e a s  than  expected. 
ance  in  ana lyses  of loss -of - coolant incidents in  N-Reactor .  

T h i s  information is of impor t -  

A f o r m a l  r e p o r t  giving two new c r o s s  sec t ion  libraries for MAC 
shielding code w a s  completed and submit ted for publication. 

A defected M-Reactor fuel e lement  with a bonded t ape red  end cap ,  
irradiated to 1200 Mwd/ton, w a s  rup tured  in IRP at 300 C .  Rupture  started 
after 162 min  of incubation; the end c a p  c a m e  comple te ly  loose .  
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Information about defect propagztion and contamination of coolant 
was obtained dur ing  406 h r  of i r r ad ia t ion  of a defected A l - P u ,  PRTR spike 
e lement  i n  the FEETF. 

Anticipated cladding f a i lu re s  of PRTR fue l  e l emen t s  containing fuel  
suspec ted  of being contaminated with oi l  supplied s t r o n g  evidence that  such  
contamination was the cause  of o the r  r ecen t  f a i l u r e s .  

I r r ad ia t ion  tes t ing  of prototypic fue l  capsules  and fuel  rods p r o g r e s s e d  
through charg ing  of s e v e r z l  t e s t  capsules  into M T R - E T R ,  and by hydraul ic  
ana lyses  of a fuel e lement  des ign  for i r r ad ia t ing  EBWR fue l  rods in PRTR,  

An eddy c u r r e n t  de tez tor  fuei  e lement  was completed for u s e  in 
EDEL- 1 faci l i ty  evalust ion of f r e t t i ng  co r ros ion .  

Evaluat ion of o lder  s tocks  of PRTR J , O o  505 in .  ID) Zi rza loy-2  cladding 
by improved methods indicates  a 20-2570 re jec t ion  rate. 

T h e  south vibrat ional  compaction unit in  the 308 Building was  adapted 
t o  PRTR fuel  e lement  fabr ica t ion .  

Calculat ions were pe r fo rmed  to de te rmine  heat t r a n s f e r  conditions 
for higher  power densltie. i n  the P R F R ,  
power densI ty  m c r e z s e s  which were  s tudAed invclved d e c r e a s i n g  the pumbel- 
of fue l  c h a n n e k  a n d / o r  dezreLsing the fuel iength.  
d e c r e a s i n g  th? number of tubes f rom &5 to 4 3 ,  shor ten ing  the fuel f rom 88 
to 48  i n . ,  and providing adequate subzool ing,  the maximum heat flux could 
be inc reased  f r c m  221,000 to  8Oi ,  000 B x / h r - s q  f t  without re laxa t ion  of the 
r e a c t o r ' s  boiling burnoil? s;fety m a r g x .  

'The five different  ins tances  of 

Xi, w a s  found that by 

Zi rconium concentrat ions In the PRTR p r i m a r y  coolant w e r e  s ignif-  
icantly above norma: for 3 days dur ing  the past  month.  
possible ,  s e v e r e  frettSng is unlikeiy. 

Some  f re t t ing  is 

T h e  l abora to ry  for plutonium decontamination s tud ie s  was  completed,  
and tests of plutonium oxide dissolut ion w e r e  s t a r t e d .  
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T h r e e  i r r ad ia t ion  t e s t  capsules  containing sol id  solut ion UN- 20 wt% 
PUN peilete w e r e  p repa red  for iie,rad;Zsf:on in the M T R .  

ThN was synthesized fo r  u s e  in preparat ;on of (Th-Pu:rN compounds 
fo r  phase  and i r r ad ia t ion  s tud ie s .  

Four  thor ium metal.- plutonium oxide c e r m e t s  were fabr ica ted  by 
the Nupac p r o c e s s .  

Using u r m i u m  as a 5.tand - i n  f'or plutonium, mockup tests were made  
of metal lography p rocedures  wi th  the recently instal led r e s e a r c h  meta l lo-  
graph. 

A del ibera te ly  defected,  vibr,: tiontilly compacted t h o r i a  e l emen t  w a s  
4' coolant act ivi ty  leve l  exceeded i r r ad ia t ed  in  the MTR GZH-4 loop 

opera t ing  safe ty  !:mits. 
extent of fuel  washout,  

The e lement  is being r e tu rned  t o  Hanford to  evaluate  

opt icai  

days to  

Singie c r y s t a l  UO contaming meta l l ic  uranium h a s  been examined by 
t r a n s m i s s i o n  microzcopy to 700 C. 

2 

Uranium monosuif.de has been i r r ad ia t ed  fo r  154 .5  effective full  power 
20 3 3 . 5  x 10 f i s a i o n s / z m  , 

P r e l i m i n a r y  r e s u 3 ~  indicate plutonium m d  s o m e  f i s s ion  products  
re loca te  in  "J02 under  a n  apphcd  potential  g rad ien t .  

Brittle f r a c t u r e  texts have been ccntinued at room t e m p e r a t u r e  on a 
series of N-R a c t o r  p r o c e s s  tube spec imens  containing 275 ppm, 180 ppm,  
and 90 ppm hydrogen,  The reduct ion in bu re t  p r e s s u r e  due t o  the  p re sence  
of the hydride w a s  14,  670 at 90 ppm l b ,  4'7'0 a? 180 ppm, and 29.2'7'0 at 295 ppm. 

P r o g r e s s  on researck,  and deveiopment in suppor t  of the  ATR gas loop 
was  reviewed with r .epressntat ives  f rom Babcock & Wilcox Company, Ebasco 
S e r v i c e s ,  Phi l l ips  'F>ctro!eum Company, and the Atomic E n e r g y  Commiss ion .  

Compar i sons  of tke corrosion r e s i s t a n c e  of w d d m e n t s  of Haynes 25, 
Hastelloy X to  thr-mselves  and each o the r  in 1200 C air contaminated helium 

, 

http://monosuif.de
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for 7 days ina:-:ate s e v e r e  oxidation to  comple te  des t ruc t ion  of the Haynes 25  
alone or coupled. Tke H a s t C o y  X r,o:ainn :ts integri ty  Lnd a tenacious oxide 
f i lm .  

The  tube faiiur? in the PRTR rup tu re  moni tor  hea t  exchanger  r e su l t ed  
f rom w e a r  against a support  plate. 
or ig in ,  w e r e  observed  on the ID of the tube.  

Pits up  to 20 mils in  depth, of unexplained 

A l l  of the eq-aiprmnt for  the Project CAH-922 Zrradiated B u r s t  Test 
Fac i l i ty  is on hand. 
involves meckanical and e k  : t r i c L  :onneetion of the ins t rument  panels  

The m a p "  pwt ion  of the work remain ing  to  be done 

Tens i le  tests have been pe r fo rmed  on i r r a d i a t e d  s t a in l e s s  steel 
spec imens  at 300 C :572  F)$ the  t e m p e r a t u r e  at which they w e r e  i r r ad ia t ed  
in the ETR G - 7  hot, w a t e r  ~ O C P .  Ductil i ty cit 300 C was  found to be 5070 less 
ths I the  room t e m p e r a t u r e  vaiue. 

A t  the present t i m e  four x e e p  ccipsules have been a s sembled  and are 
r e s d y  for charg ing  into the r e a c t o r ,  
spez imens  

T h r e e  of t h e s e  capsules  contain AIS; 304 SS 
The iour th  ccntains  z f i n d  2070 cold worked Z i rca loy -2  spec imen .  

A t e m p e r a t u r e  effect was. observed  in the t ens i l e  p rope r t i e s  of Inconel 
625 and HasteLojr N i r r ad ia t5d  5-t 50 "-J \ 1 2 2  F) and 280 C (536 F) to an  
exposure  of 1 x 10 Specimens of both al loys t e s t ed  at room t e m p e r a -  
t w e  showed that  ?he i n c r e a s e  in yield s t r eng th  and d e w e a s e  in total elonga- 
t ion w e r e  sub5tantia'Lfy greater In the zaee  of 50 C i r r a d i a t i o n s .  

20 nvt, 

Samples  \ A S -  346 SS' exposed i 9  days in  280 C wate r  of the ETR G-7 
loop have been s t r ipped  of oxAe And meta: iosses de te rmined ,  C o r r o s i o n  of 
the i r r ad ia t ed  s a m p k s  was  aomewhht less than tha t  of uni r rad ia ted  cont ro ls  

Ratea of hydrogen absorpt ion and desorp t ion  ait 750 C (1562 F) in the 
Z r -H  s y s t e m  have been measu red  over the  range  Z1'HOm in a 
closed s y s t e m .  T h e  t ime required for 9070 sa tu ra t ion  var ied  fr0.m 3 t o  30 
min ,  the  longer  t i m e s  apparent ly  ths  r e s u l t  of oxygen contaminat ion.  The 
t ime  requ i r ed  for 90% desorp t ion  var ied  from 2 to 9 min. 

t o  ZrH1 ,  
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Ini t ia l  rw dts  of the quantitative meta l lographic  s tudy of second 
phase  pa r t i c l e s  in dilute alloys of uranium have been obtained. Data on 
9 of the  30 spec imens  r ep resen t ing  different composi t ions and heat  t reat-  
men t s  indicate  that the popu la txn  density and ave rage  particle s i z e  of the  
second phase  are s ignif icant ly  affected by both composi t ion and he: 
men t .  

' r e a t -  

Two s-we;lmg eapsu ie s  which were p r e v i m s i y  brought to opera t ing  
conditions at 625 C (1157 7:) and 425 C (797 Fj2 respec t ive ly ,  a r e  operat ing 
sa t i s f ac to r i ly .  

Studies of quench-hz-dening in nickel have shown tha t  the amount of 
hardening achieved incrl . :aves with dec reas ing  impur i ty  content,  
direct evidence that  impur i ty  a toms  are  effective t rapping  sites f o r  vacancies .  
Aging at a temperztture of 500 K (437  F) r e s u l t s  i n  a s ignif icant  i n c r e a s e  in 
the yield stress. 

This  is 

S t r a i n - r a t e  cycling expe r imen t s  on unirradis .  ted polycrystal l ine 
molybdenum have shown that  the effective acrivation volume is approximate ly  
iom1' a n 3  at room t e m p e r a t u r e .  T h i s  unexpectedly high value has been 
'entatively mte rp re t ed  in  t e r m s  of a mechanism involving cross - s l i p  of 
s c r e w  dis iocat ions e 

High - p i ln ty ,  e lec t roref rned  piutonium has  been rece ived  f rom the 
Los Alamos Scientific Laboratory.  
resesrch s tudies  and its p rope r t i e s  a re  bei.ng compared  with those of s e l ec t ed  
high-quality,  as  - reduzed  and vacuum - c a s t  me ta l .  Metal lographic  obse rva -  
t ion revea led  t h a t  both types of me ta l  have v e r y  few inclusions and  approx-  
imate ly  the  s a m e  amount  and dis t r ibut ion of m i c r o c r a c k s  
aLpha r eac t ion  rates of both types of meta l  are comparab le .  

It is c u r r e n t l y  being used  f o r  basic 

The  be ta- to-  

The steady state s t r a i n  rate of plutonium in the beta  and delta phases  
has  been found to b? proportional. t o  the fifth power of the applied compress ive  
stress ove r  a wide  range  of s t r e s s e s .  
this proport ional i ty  is valid c v e r  only a l imited stress range .  

For piutonium i n  the g a m m a  phase,  
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De tec to r s  to  m e a s u r e  the ene rgy  dis t r ibut ion of neutror- ,  have been 
ca l ibra ted  and a re  c u r r e n t i y  being used t o  monjtor  the neut ron  exper iment  
in the N-FLeaetor core  during s t a r ? u p  t e s t s .  

P k  2lsan flux monitor ing tests indicated the deg ree  of cons is tency  to  
be expected in such m e a s u r e m e n t s  is probably about 1570. 

I r r ad ia t ion  exper iments  with s y s t e m s  involving carbon, carbon 
monoxide, and carbon dioxtde showed CO dispropor t iona ted  to  yield 
carbon dioxide and black aa i lda .  (2 )  graphi te  and carbon dioxide yielded 
carbon monoxide,  ti12 ratio C 0 2 , C 0  being 0.86,  and ( 3 )  t h e r m a l  r eac t ion  
between carbon dioxide and graphi te  was negligible below 615 C ;  r eac t ion  
was rap id  in the  range  3.200 to  1400 C, and the COz:CO r a t i o  was  0 . 5 .  

F u r t h e r  work  on the  oxidztion of TSX graphi te  by w a t e r  vapor  
indicated a higher a ~ t l v a t i o n  energy  for l a r g e  s a m p l e s  than  was  previously 
repor ted .  
t heo re t i ca l  p rc jec t ions  

This  is in  be t t e r  acco rd  with earlier exper imenta l  data and 

The long t e r m  i r r ad ia t ion  of boronated graphi te  is proceeding s a t i s -  
fixtor i ly.  
at about 900 F and 725  F. 

The high iind :ow t e m p e r a t u r e  sec t ions  are ope ra t ing  respec t ive ly  

Photomicrographs  of gray boronated graphi te  containing 770 boron 
indicate a l m o s t  ccmple te  r ec rys t a lEza t ion  of the s t r u c t u r e .  
that  this m a t e r i c i  WG h m e  c p t e  different  response to rad ia t ion  than the  
black boronated graphl te  which r e s e m b l e s  poiyerystaLline graphi te  

9 t  is expected 

Additional studies on the Milital-y Compact R e a c t o r  (MCR) w e r e  
completed,  and a n  informal  dozument has  been p repa red  s u m m a r i z i n g  the 
findings of the s tudy ,  

The  second generat ion sh im rod assemb',y has been  success fu l ly  tested 
in the environmentai  mozkup. 
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The  wedged-type PRTR fuel e lement  designed to  prevent  f r e t t i ng  
c o r r o s i o n  a t  the end b racke t s  was tested at PRTR opera t ing  conditions in 
EDEL-3 for 3 weeks e ?'ub83 exam:nation showed f re t t ing  of 1 /2-mi: depth 
at the two suppor ts  opposi te  the  wedges at the top  and bottom of the fuel  
e l emen t ,  However,  the c a r b c n  steel s p r i n g  used  to maintain tens ion  on  
the wedges had r e l axed  from klgh tempe:eature, so  that  the fuel  e lement  
was  probably not ' ' lozked' '  dur ing ';es!ing as intended. 

The ' k x c e s s i v e  vibration" de tec tor  on the PRTR opera ted  s a t i s f a c -  
t o r i l y  fo r  2 weeks ,  
dur ing  s c r a m s ,  power l eve l  changes,  and changds in pump combinat ions.  

Inc reased  vibrzt ion l eve l s  i n  PRTR w e r e  indicated 

The HTLTR heat ing &emen+, test: mockup w a s  completed and con-  
sidsrabie water w s s  removed during heat ing of the insulating m a t e r i a l .  A 
heating element  s~rfac-e. t e m p e r a t u r e  of 1020 C was achieved.  The heat ing 
e lement  subsequent ly  farled, presumably  due to oxidation of the graphi te  
hea te r  

More than 400 EBWR rude have been fabricated by t.he Vipac 
p r o c e s s  

A number of improvements  w ~ e  made  ,n the process for pneumatic 
impact ion of V 0 2 - P u 0 2  f ~ e i  mater iLi  to  provide consis tent ly  high dens i ty  
and reproducible  v i b r a t i c n d  compac?ion c h a r a c t e r i s t i c s  

A re la t ionship  between tube volume and a v e r a g e  d i ame te r  w a s  found 
to  exist fo r  EBWR tubes  and vsr ia t ions  in  t-abe volume are believed not 
l ikely to  cause difficult ies in the v i b r x o r y  compact ion p r o c e s s .  

EBWR fuel  e lement  fabr ica t ion  h i s t o r i e s  w e r e  better fo r  the three 
of s i x  ekamined lots that showed be t t e r  pa r t i c l e  bonding, highest  dens i t i e s ,  
and 0 : U  r a t i o s  c loses t  to the value of the s t a r t i n g  m a t e r i a l .  

P r e l i m i n a r y  data obtajned f rom recen t  s i e v e  ana lyses  indicate  
su rp r i s ing ly  l i t t le  breakup of +he pa r t i c l e s  within s lot  of the formula ted  
m e s h  composition, even after 40 min  of v ibra t iona i  compaction. 
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Developments in the p rocess  fo r  pneumatic impact ion of UOz-PuOz 
fuel mater ia :  provided improved zcnt,rol of iue i  partizle densi ty .  
established that  AIS: 310 SS 
without appreciably al te-mg JO, StClch:OineTrY dur ing  heating, but that 
UQ2 heated in  AIS1 304 SS c s n s  is subjected to x d u c t f o n  in  0 : U  r a t io ,  
because  of oxygen ge5:terlng by the x in .  An 0:lJ sat:o of approximately 2.01  

or m o r e  is requ i r ed  for max:mum densi ty  and adequate  pa r t i c l e  bonding. 
S ince  U02 hea?ed in A S ?  304 3S :as  mi&$ bit reduced be;ow a n  0 . U  r a t io  
of 2 . 0 1 ,  the u s e  of this m a t e r i d  vias dis2ont:nued. 1: w a s  a l s o  found that  
m a t e r i a l  n e a r  the centkr  of the impact ion cans  was  not uniformly dense .  
Heating t ime  was i nc reased  f rom 55 min to 80 rnin to  c o r r e c t  t h i s .  

l': was 
be used in inside impactron con tamers  

- 

In the s tudy of tungsten c k d  c e r m e t  fue ls ,  a method of forming  f u e l  
plates  confined in a cy l indr ica l  tube has been demonst ra ted .  A tube contain- 
ing seven  0 .045  in.  thick tungsten piates  was fabr ica ted  by coextruding a 
W -Mo a s s e m b l y  with subseqaent  zhemica l  r emova l  of the molybdenum. 

A W - U 0 2  c e r m e t  f v  1 materia:  "2ontaining uniformly d i spe r sed  sub-  
m i c r o n  TJ02 particles is undzi- deveiopment.  
and t m g s t e n  has been demons t r a t ed ,  although optimum precipi ta t ion conditions 
have not yet  been estLblished. Rclas*.ing and s i n t e r i n g  conditions r equ i r ed  t o  
r educe  the precipi ta t ion to W -  1 J 0 2  and to densify the  r e su l t i ng  m a t e r i a l  with- 
out s e r i o u s  agglorneratLon of the  UO 

The coprecipi ta t ion of uranium 

part.ic!es are under  invest igat ion.  2 
Pos t i r r ad ia t ion  examinat ion of a second NASA W -JJOz fue l  spec imen  

Successful  operat ion ;&t approximately 3000 C w a s  inferred was  completed.  
from tungsten g ra in  s t r u c t u r e ,  

Nonfueled g r ids  are being a s sembled  for fue l  e l emen t  des ign  s tud ie s .  

Photomicrographs  of sec t ions  of W U02 Impacted c e r m e t  platelets  
r evea led  good bonding between the tungsten powder of t he  c e r m e t  and the 
tungsten foil  cladding. 
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An intensive investigation of the  acce le ra t ed  fuel  1 0 ~ s  resu l t i ng  f rom 
the rms1  cyci ing has  led to s ignif icant  improvement  in the fue l  loss c h c r a c t e r -  
ia t ics  of W - U 0 2  cermet fue’ p l a t e s .  

A hexagonal honeycomb grid with 1 / 8  in ,  hexagonal coolant channels 
w a s  fabr ica ted  by pneumatiz impact ion .  The 80 v0170 W - U 0 2  g r i d  w a s  
init iaily loaded by v ib ra to ry  compazt ion and the  mild steel m a n d r e l s  w e r e  
removed so le ly  by chernica’,. tecnniques , 

Spal l ing of W - U 0 2  cermets in 8 p lasma  is being invest igated.  

Two W - U 0 2  c e r m e t  grids have been  v ibra ted  t o  f a i lu re  at room t e m -  
p e r a t u r e  and indicate t.he possibi l i ty  of m i c r o c r a c k  format ion  in  the tungsten 
matrix du r ing  v ibra t ion ,  

Bonding was achieved on the longitudinal. joint of a 1 in.  wide sec t ion  
of a 2 in. OD x 0. 020 in .  w a l l  tungsten cyl inder  formed by shaping  of ro l led  
plate a 

Approximately 1 ton E632 fuel e l emen t s )  ~f low uniform bulk dens i ty  
\ ‘65.5-67.3aj0 TD? “Sol-Ge‘l‘ t h a n a  was canned Exper imen ta l  w o r k  t o  
achieve a high dens i ty  thor ia  n-nxture that ut i l izes  a maximum percentage  
of the mater ia ;  as r e x i v z d  from ofisite produced enzouraging ini t ia l  r e suAs  
A densi ty  cf 8 2  570 ‘JVLS obt*a!ned using a ;ow power v ibra t ing  tabie.. 

2 ,  Phys ic s  and Ins t ruments  
-I__-- 

The cold reactor- phym3s tests for N-Reactor s t a r t u p  w e r e  completed 
P r e p -  and the da ta  are now being reduced +o physics  p a r a m e t e r s  of i n t e r e s t .  

a r a t ions  €or  the  hot reactor tests are nea r ly  complete .  

In o the r  N-Reactor  s+)ports, assis tanze w a s  provided in checkout of 
the fue l  rup tu re  monitor  s y s t e m s .  
the PRTR Fue l  Rupture  Loop opera ted  sa t i s f ac to r i ly  dur ing  the f i r s t  defected 
fuel  test; and prepara t ions  were made for a combined s imula t ion  of the 
p r i m a r y  loop and s t e a m  g e m r a t o r  sys t ems  on the new analog compute r .  

Rupture  detect ion ins t rumenta t ion  for  
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E m e r g e n c y  tes t*ing s e r v i c e  was  provided N-Reactor  Depar tment  t o  
locate  the position and de te rmine  the extent of damaged Grsphi te  Heat 
Exchanger  tubes I 

su rp r i s ing ly ,  the defec ts  w e r e  in each case located in tbe  s a m e  re la t ive  
position 

B r e a k s  in the  tubing wai l  w e r e  successfu l ly  ioca ted ;  

Seven m o r e  critical mass expe r imen t s  were conducted with P u 0 2 -  
pclystyrene compazts  :n relztangu;ar p r i s m  configmations 
concentrat ion was  1, 12  g/cc.  ;2 .  2% PU~~'), with a H:Pu a tomic  r a t i o  of -15. 
Various r e f l ec to r  combinations involving Luci te  w e r e  used to de te rmine  the 
effect  of cadmium on r e f l ec to r  sav ings .  Additional data were obtained with 
complex r e f l e c t o r s  for evaluating the  efffect of neutron poison sheets or 
absorb ing  m a t e r i a l s  interposed between the r e a c t o r  c o r e  and its r e f l e c t o r .  
Absorbing m a t e r i a i s  cons is tea  of s t e e i  plate  i n  s e v e r a l  t h i cknesses ,  L X  of 
which contained -0.  3 wt% gadoiinium. 

Plutonium 

S e v e r a l  m a j o r  r ev i s ions  and improvements  were made  in the  GAMTEX 
Code (a  neutron slowing down and thermal iza t ion  code which provides  mul t i -  
group constants  €or heterogeneous s y s t e m s  for u s e  in mul t igroup diffusion 
calculations!. The changes r educe  the amount  of input da ta  and improve  the 
theore t ica l  a c c u r a c y  of the code.  

SMC, a IL'Icntc?. Car lo  code, was wr i t t en  for  studying neutron slowing 
down and diffa<.;iori in  mult i region finite a s s e m b l i e s .  SMC wil l  be used  to 
compute z r i t i ea l i ty  in  sphe r i ca l  geomet r i e s  containing one - to - th ree  m a t e r i a l  
reg ions .  

A s tudy was made  of a possible  method for de termining  the  neutron 
spec t rum which in  t heo ry  appears promis ing .  
making compar i sons  between c a l c u h t e d  and  m e a s u r e d  act ivi ty  r a t i o s  f o r  
var ious  foils whose ene rgy  dependent cros3 sec t ions  are known. 

The method c o n s i s t s  in 

W o r k  has  proceeded on t h e  des ign  of a n  on-line r e a c t o r  noise  ana lys i s  
system for the Cr i t i ca l  M a s s  Laboratory. 
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Nuclear  sa fe ty  consulting s e r v i c e s  w e r e  provided to  HL, CPD, and 
The  C o u r s e  B, Group  I: l ec tu re  series in  n x l e a r  sa fe ty  (eight  NRD. 

s e s s i o n s )  for  CPD waa completed Janua ry  23 .  
will  begin in F e b r u a r y .  

The next s e s s i o n ,  Group IX, 

Modifications to  the tnp!e-axis s p e c t r o m e t e r  a t  105-KE have been 
substant ia l ly  compieted.  
beam hole fo r  t ime-of-f l ighr  s tud ies  of slow -neutron sca t t e r ing .  

Modifications wil l  allow the  use  of the adjacent  

The  compiete  reduct ion o€ data on the ineLastic s ca t t e r ing  of neutrons 
f r o m  95 C H20 r evea i s  in te rna l  inconsis tencies  which w i l l  r e q u i r e  fu r the r  
m e a s u r e m e n t s  e 

The abundance sens i t iv i ty  of a heavy-element  m a s s  s p e c t r o m e t e r  
has  been r e s t o r e d  t o  its previous vaiue by modifying the en t r ance  por t  of 
the newly instal led ion de tec tor .  

Phoenix fuel  s tud ies  have been extended to  beryl l ium -modera t ed  
s y s t e m s .  
ep i the rma l  cap tu re  in  Pu240  than does water and,  t he re fo re ,  i n c r e a s e s  the 
re la t ive  cap tu re  in tha t  isotope.  This  i nc reased  capture  could improve  the 
Phoenix act ion in s o m e  r e a c t o r s .  Other  Phoenix investigations indicate 
that  the r e s u l t s  of ana lys i s  are sens i t ive  to the burnup-t ime s t e p s  used  in 
the ana lys i s .  

Beryl l ium provi&s an  energy flux d is t r ibu t ion  mere conducive to 

Planning of Phoenix fue l  type c r i t i c a l  e. per iments  continues.  

Approach- to-cr i t ica l  exper iments  w e r e  init iated dur ing  the month 
using EBWR P u 0 2 - U 0 2  fuel  r o d s .  T h e  first l a t t i ce  being s tudied is equivalent 
t o  the  EBWR fue l - to-modera tor  r a t i o ,  and has a lattice spac ing  of 0 . 7 1  inch. 
Approximate ly  400 of the es t imated  500 r o d s  needed for c r i t i ca l i t y  have been 
loaded. The  exper iment  w i l l  be completed as soon as sufficient f u e l  is 
avai lable  

The conversion of the  PRCF for l ight water exper iments  is e s sen t i a l ly  
complete .  The EBWR fuel r o d s  will  be haded  in  tha t  faci l i ty  as soon as the  
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f i r s t  app roach- to -c r i t i ca l  exper iment  is completed.  A r e p o r t ,  HW-80092, 
h a s  been  i ssued  desc r ib ing  the  planned light water expe r imen t s  in the 
PRCF.  

Analysis  of data taken on D 2 0 - m a d e r a t e d  expe r imen t s  in  the PRCF 
cont inues ,  
yield t o  the neutron l i fe t ime w e r e  de te rmined  dur ing  the  month.  

Moderator  l eve l  coeff ic ients  and the  ratio of delayed neutron 

Neut ran  flux d is t r ibu t ions  produced by the modified heavy gas  equa-  
t ion for homogeneous l ight w a t e r  -modera ted  s y s t e m s  were compared  t o  
those  produced by a m o r e  detaiied thermal iza t ion  model .  
equation adequately describes the  flux dis t r ibut ion of w a t e r  -uranium and 
w a t e r  -plutonium s y s t e m s  encountered in t h e r m a l  reactors. 
s tud ie s  gave s i m i l a r  r e s u l t s  f o r  graphi te  s y s t e m s .  

The modified gas  

P rev ious  

In computer  code development,  ana lys i s  of the PRTR 19-rod  c l u s t e r  
The c u r r e n t  v e r s i o n  is being per formed in f ina l  checkout of the  RBU code.  

of GE -HL P r o g r a m  S -XI!, which has  m a j o r  improvements  o v e r  previous 
ve r s ions ,  has been s e n t  to  Argonne National Labora to ry  Code Cen te r  fo r  
industry-wide dis t r ibut ion.  
provides  punch ca rds  d i r ez t ly  in the  P r o g r a m  S f o r m a t .  Improvements  have 
been made  in  the Pkys ic s  Chain that wii l  allow muit iple  p a s s e s  through GAM 
and TEMPEST.  
e n e r g y  groups 

The  HRG ccde has been  modified so that it 

The ZOD1AC burnup code has been expanded f rom 10 t o  18 

Extens ive  ana lys i s  of the t h r e e  set$ of Pu-Al,  l ight wa te r -modera t ed  
c r i t i c a l  exper iments  cont inues.  
HFN,  and THERMOS codes ,  T h e r m a l  p a r a m e t e r s  us ing  the latter code 
were determined  employing the Brown-St. John and Nelkin s c a t t e r i n g  
models  
men t s .  
t r ibut ion in the modera to r  and not in  the ene rgy- space  d is t r ibu t ion  in the 
fuel  as one might expect .  

T h e s e  have been analyzed using the GAM, 

Neither model yielded consis tent ly  good ag reemen t  with expe r i -  
Interest ingly,  the difficult ies apparent ly  lie in the  spa t i a l  flux d is -  

The poores t  r e s u l t s  were obtained using the 
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Nelkin model  in analyzing the 5 wt% expe r imen t s .  
gave poorer ag reemen?  when used :n analyzing the YO2 Yankee c r i t i ca l s .  
These  s tudies  will  continue. 

T h e  Nelkin k e r n e l  also 

Des t ruc t ive  ana lyses  have been completed on one of t h r e e  Hx Pu-A1 
fuel  e l emen t s  i r r ad ia t ed  in the PRTR.  Ass i s t ance  y o v i d e d  by Chemica l  
R e s e a r c h  Opera t ion  in the ana lys i s  p r o c e d u r e s  h a s  improved  the quality of 
da ta  obtained The PRTR G a m m a  Scam Faci i i ty  h a s  been  r edes igned  to  
improve  operat ion.  i r r ad ia t ed  fuel rods  are scanned  in this  facil i ty for 
de te rmining  f i ss ion  drstr  ibutions.  
code h a s  been  used success fu l ly  in  analyzing the Lx Pu-A1 burnup e x p e r i -  
ments  pe r fo rmed  in  PRTR,  

The  ALTHAEA one-d imens iona l  burnup 

An HTLTR graphi te  h e a t e r  eie.ment w a s  tes ted  up  to  t e m p e r a t u r e s  of 
960 C for 24 h r ,  but failed when exposed to  air that  leaked  in  around a s ight  
tube ,  A new heating e i emen t  has  been cons t ruc t ed  and instal led in the  p r e -  
l imina ry  r e a c t o r  mockup a s s e m b l y  for fu r the r  t e s t s .  
the outer  s h e l l  of t he  l a r g e r  mockup hias been  completed,  but work  h a s  been 
s topped because  of lack of funds.  
var ious  m a t e r i a l s  in ni t rogen continued dur ing  the month.  

The  cons t ruc t ion  of 

High t e m p e r a t u r e  tests on s a m p l e s  of 

Four uranium s a m p l e s  i r r ad ia t ed  at KE -Reac to r  under  the  Neutron 
F iux  h/Ionitor progrslm have been d i scha rged  and ana lyzed  by m a s s  s p e c t r o m e t e r .  
If t h e s e  datz  conf i rm theore t ica l  p r e d d i o n s ,  as expec ted ,  th i s  phase  of the 
p rogram will  be concluded,  Labor-story effor ts  have sugges ted  methods of 
c i rcumvent ing  difficl\ltles encountered with the B- 11. d e t e c t o r s  , and t h e s e  
have been incorpora ted  in  new un i t s  now being fabr ica ted .  A production 
t e s t  h a s  been approved for tes t ing  of the microwave  s y s t e m  a t  KW-Reactor ,  
t es t  loops and p la sma  capsules  a re  being made  r e a d y  for  t h e s e  t e s t s .  

A technique which p r o m i s e s  to be a rriajor advancement  in  p rac t i ca l  
u s e  of the eddy c u r r e n t  m u l t i p a r a m e t e r  t e s t e r  is undergoing l abora to ry  
checkout.  In e s s e n c e ,  the  technique significantly s impl i f ies  cal ibrat ion 
p rocedures  by locating aii adjustmentsl  a s soc ia t ed  wi th  a pa r t i cu la r  t e s t  
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p a r a m e t e r  a t  a s ingle  cont ro l .  By p re l imina ry  e s t ima tes ,  this p rocedure  
wil l  r educe  ave rage  s e t u p  m d  ca l ibra t ion  t ime  from s e v e r a l  hours t o  a few 
minutes  

In f r a red  s tud ie s  fo r  reducing  the effect  of su r face  e m i s s i v i t y  v a r i a -  
t ions have r eached  a mi les tone ;  the expe r imen ta l  demonst ra t ion  of the 
delayed signa! concept.  
and bumpy s u r f a c e s ,  the test  proved t o  be marked ly  less sens i t i ve  t o  s u r -  
face condition. 
i can t  effect in that  a f r a c t u r e d  bond, apparent ly  caused  when the fue l  s u r f a c e  
was  purposely dented, i nc reased  in  size with each s u c c e s s i v e  heat ing of the 
aluminum jacket .  

Applied to 7&E f u d  e l emen t s  having c l ean  or d i r t y  

These expe r imen t s  a l s o  r evea led  an  in t e re s t ing  and s ignif-  

Successfu l  l abo ra to ry  t e s t e  have been  pe r fo rmed  on s e n s o r s  and 
associated e iec t ronie  c i r c u i t r y  that are to be used  for the r e m o t e  m e a s u r e -  
ment  of an ima l  t emper&ture ,  pulse  rate, and  r e sp i r a t ion  rate. The  implanted 
s e n s o r s  w i l l  t e l e m e t e r  the  data to a r e m o t e  s ta t ion .  

Th i s  y e a r ,  a fieid pslrty completed the first of a number  of planned 
t r i p s  to  Anaktuvuk P a s s ,  Alaska to m e a s u r e  the  Cs137 body burdens  of 
E s k i m o s  with the shadow-shield whoie body counter .  

Other  radiological physics  work included: compar i son  of the Hanford 
prec is ion  iong counter  r e sponse  with S(n,  p) r eac t ion  data to  establish rela- 
tionships with Sin,  p) r eaz t ion  ca l ibra t ions  by  o the r  U.  S. laboratories; 
p r o g r e s s  on reduct ion of the  background for the plutonium counter ;  and 
development of a new neutron s p e c t r o m e t e r  and a new rad ia t ion  c a l o r i m e t e r .  

T h e  mathemat ica l  model  for the l a t e r a l  growth of a diffusing plume 
of m a t e r i a l  d i s p e r s e d  to the a tmosphe re  that  w a s  der ived  f r o m  Hanford 
ground s o u r c e  data was  shown to also apply for s o m e  elevated s o u r c e  
releases. 
16  releases at 200 ft height made d u r i n g  1955-1956. 
f ac to r  w a s  de te rmined  from wind velocity m e a s u r e m e n t s  a t  the r e l e a s e  
height.  
the power function used earher .  

Independent ver i f icat ion of the model  w a s  made  using data f r o m  
The wind var iab i l i ty  

Agreement  between the new model  and the data w a s  far s u p e r i o r  to  
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Gas and liqliid zlromatographl: s t x i i e e  were performed on a s a m p l e  
of used  P u r e x  solvent  which exhibited unusually high ruthenium retent ion.  
No evidence of a volat i le  ruthenium spec ie s  was  r evea led  by the gas  c h r o -  
matographic  work .  Liquid chromatography,  on a silica gel  column p repa red  
with Sol t ro l ,  w a s  much less effective in r emov ing  f i s s ion  product complexing 
agents  from the TBP-Soltrol sc lvent  than it has been  found to be wi th  Soltrol 
itself, 

Labora to ry  tes t ing  of the t r i l a u r y l  amine  ex t rac t ion  of neptunium and 
plutonium f r o m  ac tua l  P u r e x  W W  was success fu l ly  per formed.  

Ini t ia l  s tud ies  of the  Redox prototype coun te rcu r ren t  anion exchange 
column have demonst ra ted  sa t i s f ac to ry  pe r fo rmance  us ing  thorium as a 
s t and- in  for plutonium. 

The cont ro i  ioop9 a s soc ia t ed  with the Gradient  Control  Sys tem and 
pulse  cont ro l  s y s t e m  f o r  the P h t o n l u m  Reclamat ion  Fac i l i t y  w e r e  given a 
f ina l  and sa t i s f ac to ry  cal2braticn c h x k  p r e p a r a t o r y  to plant de l ivery .  

A plutonium detect ion t e s t  loop has  been opera ted  with a wide r ange  
of plutonium concentrat ions using two in-line de t ec to r s ,  a 17 kev X - r a y  
c r y s t a l  and 
best. 

The  
dissolut ion 
incident.  

a n  alpha-sensi t ive glass sc in t i l l a tor .  T h e  X - r a y  device proved 

first of a planned series of exp lo ra to ry  hot ce l l  s tud ie s  of the  
and p rocess ing  of irradiated thor ium was  completed without 

Studies  are continuing on prepara t ion  of target grade  thoria by a 
modified Sol Gel  p r o c e s s .  
hea t  s p r a y  calcinat ion fo r  this purpose.  
mo i s tu re  and n i t ra te  c m t e n t  was readily produced by s p r a y  calcinat ion.  
The tap densi ty  wgs low ( 3  g l c e ' )  but. the powder was r ead i ly  p r e s s e d  to  
65-7070 of theo re t i ca l  densi ty .  

i n  zddition, a brief s tudy  was  made  of r ad ian t  
Thor i a  of high puri ty  and low 
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Ba tch  contact s tud ies  have es tab l i shed  su i tab le  ex t rac t ion  conditions 
for adequate  ex t rac t ion  of uranium and thorium r e c o v e r y  f rom s c r a p  contain- 
ing plutonium, uran ium,  and tho r ium.  

The  containment cont ro ls  r equ i r ed  fo r  bismuth r e c y c l e  ( f rom bismuth 
i r r ad ia t ion  and p rocess ing  for Po21o r ecove ry )  have been s tudied .  It a p p e a r s  
t ha t  glove box techniques w i l l  be r equ i r ed  unless  polonium DF!s in e x c e s s  of 
10 are s e c u r e d .  4 

Planned pilot plant work  on the  CSREX p r o c e s s  has been completed 
with definit ion of operat ing c h a r a c t e r i s t i c s  of the  solvent  ex t rac t ion  columns.  

In continuing s tudies  reiated to the r ecove ry  of f i s s ion  products  f r o m  
high l eve l  w a s t e s ,  it was  de te rmined  tha t  synthet ic  zeol i te  Linde 13X is a 
se l ec t ive  so rben t  f o r  CetS ions.  

Labora to ry  s tudies  to define the  flowsheet to be used  for f inal  pur i f ica-  
t ion and reduct ion t o  m e t a l  of the  one-kg quantity uf CPD-recove red  technetium 
a r e  continuing. 

Six ion exchange r u n s  were made  during the month t o  explore  the effect  
of va r i ab le s  on the acid s ide  (HEDTA) of the  promethium purif icat ion p r o c e s s .  
This p r o c e s s  continues to look v e r y  promising.  

The following compounds of interest as isotopic  heat s o u r c e  m a t e r i a l s  
w e r e  successfu l ly  p repa red :  s t ron t ium f luoride,  neodymium borate, c e r i u m  
borate, s t ront ium t i tana te ,  and neodymium meta l  (a s tand- in  for promethium 
meta l ) .  

Opera t ions  of the Sa l t  Cycle  P r o c e s s  in C-Ce l l  of the HLRCF using 
The 

equipment  is being readied for p rocess ing  irradiated PRTR fuel e l emen t s .  
cold" U-Pu have been t e rmina ted  after four  electrolytic deposi t ions.  I !  

In support ing l abora to ry  s tud ie s ,  equi l ibr ium conditions and r eac t ion  
r a t e s  w e r e  measu red  for plutonium and uranium reac t ions  with 0 -C12 and 
HC1 in equimolar  LiCl-KC1, u n d w  conditions r ep resen ta t ive  of those 
empioyed in the C -Cell demonstrslt ion r u n s .  

2 
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Computer  economic s tudies  of c l o s e  coupled fuel r e p r o c e s s i n g  
feasibi l i ty  have continued. 'The res t i ts  indicate economic incentive for the  
c lose  coupled plant ( i n  eompar ison  to a cent ra l ized  plant)  f o r  a 1000 Mwe 
r e a c t o r  complex when fuel exposures  are  in  the  range  of 18,000 to  20,000 
Mwd/ton. 

Hot cell s tud ie s  of high l eve l  was t e  calcinat ion w e r e  continued wi th  
a success fu l  s p r a y  calicinaticn r u n  in which cold f iss ion product s tand- ins  
were added to P u r e x  was te  to s imula te  the  chemica l  composi t ion of was te  
f rom 10,808 Mwd/ton power fue ls .  

In cold pilot plant work  five v e r y  success fu l  mel t  r u n s  w e r e  made 
in the continuous m e l t e r  fo r  s p r a y  calcinat ion product.  Recent  evidence 
points to  the seg rega t ion  of mel t  const i tuents  in the  m e l t e r .  

Labora to ry  g l a s s  -making s tud ie s  confirmed the large chemica l  
effect of f i s s ion  products ,  at leve ls  expected in  power fue ls ,  on the f o r m a -  
tion and p rope r t i e s  of glasses proposed fo r  was te  fixation. 

P r o m i s i n g  r e s u l t s  w e r e  obtained in e f for t s  t o  a l lev ia te  the  so l ids  
problem which has  hampered  complete  demonst ra t ion  of an  in tegra ted  
p rocess  for decontamination of alkal ine Purex waste condensate .  
added to  the  condensate  col lect ion tank a p p e a r s  to  a l lev ia te  the bacterial p rob lem,  

Hypochlorite 

An irradiated N-Reactor  inner  fue l  e lement  was inductively heated t o  
980 C success ive ly  in three posit ions along its length to c h a r a c t e r i z e  the 
swel l ing or  other changes in a n  e l emen t  when water is lost f r o m  the coolant 
channel and the e lement  overheats . ,  
did not rup tu re .  

Swelling was  pronoilnced but the cladding 

A s tudy is underway to define m o r e  accu ra t e ly  the  ground-water  t r a v e l  
t ime f rom the 1301-N Cr ib  to the C d u m b i a  R ive r .  
indicate that a l a r g e  safe ty  i a c t o r  is incorporated into the 11-day e s t i m a t e  
previously made .  

P r e l i m i n a r y  evaluat ions 
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I ,  

An 8 1 -node, t h r e e  -dimensional  r e s i s t a n c e  network, a s s e m b i e d  and 
tested to check e r r o r s  assooia ted  with r e s i s t o r  t o l e rances  and continuum 
simulat ion with discrete resistors ireiated t o  ground-water  reg:lrne s i m u l a -  
tion), provided information support ing earlier s tud ie s  with two-dimensional  
networks.  

A r e c e n t  sed iment  z ~ r e  sample  f r o m  the McNary r e s e r v o i r  w a s  
analyzed for sed imen t  deposit ion r a t e  by the isotope r a t i o  technique. 
mos t  r ecen t  6-month per iod,  the deposit ion rate w a s  s e v e r a l  t i m e s  faster 
than the n o r m a l  measu red  rate fo r  o lde r  (deepe r )  s ec t ions .  
apparent  r e a s o n  s e e m s  to ex i s t  fo r  s u c h  a n  i n c r e a s e .  

In the 

N o  immedia te ly  

The removal. of methyl  iodide f rom an  air s t r e a m  by s e v e r a l  liquid 
scrubbing  solut ions was  de te rmined  t o  be v e r y  inefficient by the  usua l  
sc rubbing  so lu t ions ,  but highiy eff ic ient  by a s m a l l  amount  of s i l v e r  n i t r a t e  
in 957’0 ethyl a lcohol .  

Spec t rof luorometer  s tud ies  of uranium in aqueous solut ion showed 
that  as little as 2 x IO-’ g r a m s  could be detected by this means ,  giving 
p romise  that th i s  method can become a m o r e  useful  technique than  the 
s tandard  p r o c e s s ,  

An effort to improve  the r e l i sb i i i t y  of p re sen t  methods f o r  analyzing 
reactor fuel  bu rn -up  has inc reased  the prec is ion  of ana lys i s  by a factor of 
about two. The p rec i s ion  is now suff ic ient ly  good tha t  definite biases between 
a l t e rna te  methods have been de tec ted .  Efforts to de te rmine  the cause ( s )  are 
underway.  

4 Biology 

The incidence of f i sh  infected wi th  co lumnar is  when the Columbia 
R ive r  w a t z  is cold does not s e e m  to  be marked ly  s m a l l e r  than when the  
water is warrri .  



xxvi HW-80560 

By using S r g O  it a p p e a r s  tha t  deposit ion of ca lc ium in the skeleton 
of c ray f i sh  o c c u r s ,  c o n t r a r y  t o  es tabl ished b e l i e f ,  in the  exoskeleton before  
the  molt  of the c rayf i sh .  

The  ske le t a l  re ten t ion  of Sr85 f r o m  S r T i 0 3  w a s  observed  t o  be 
0 .  1570 of the  admin i s t e red  dose  10 days  a f t e r  oral adminis t ra t ion  t o  minia-  
t u r e  swine ,  
t i m e s  g r e a t e r .  ) 

(When given as the  chlor ide,  the absorp t ion  of Sr is about 50 

Pig sk in  exposed to  vapor  of showed absorp t ion  and peak 
deposit ion in the  thyroid of 0 ,  970 of the  or ig ina l  sk in  act ivi ty .  
with aqueous solut ions of NaI showed about 3-470 uptake,  

E a r l i e r  work 

Young female  min ia tu re  swine w e r e  found t o  develop s e v e r e  nephr i t i s  

f rom the injection of rad ium m o r e  r ead i ly  than o lde r  an ima l s .  . T h e r e  is a 
possibi l i ty  that  this  is not s t r i c t l y  a n  age  dependent effect s i n c e  equivalent 
d o s e s  pe r  kg of body weight w e r e  admin i s t e red ,  and the  o lder  an imals  had 
m o r e  fat .  

Infest inal  perfusion s tudies  using rats are being pe r fo rmed  to find 
the ef fec t iveness  of var ious  chelat ing agents  i n  removing  plutonium f r o m  
the an ima l  body. DTPA i n c r e a s e s  the  excre t ion  of plutonium into the GI 
t r a c t  by way of the bile by about 1070, 
However,  the g r e a t e s t  amount of plutonium 2s still exc re t ed  v ia  the  in t e s -  
t inal  t r a c t  I 

U r i n a r y  exc re t ion  i n c r e a s e s  by 2070~ 

Two samples  of Pu23902  dus ts  w e r e  r ece ived  f r o m  the  Br i t i sh  
Atomic Energy  Authority, Alder mas ton ,  England. One was  p rcpa red  by 
oxidation of the delta meta l  at 120 C and the o ther  at 450 C .  
were carefu l ly  s i zed  and cha rac t e r i zed .  Compar isons  wil l  be made  with 
iocal ly  p repa red  dus ts  I 

Both dus t s  

Continued delay in obtaining t h e  new dog r u n s  has  begun to  s e r i o u s l y  
affect  the inhalation r e s e a r c h  program 
s t r u c t e d  tha t  a re  designed to serve fo r  a few months .  

T e m p o r a r y  r u n s  are being con- 
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Diethyldi thiocarbamate,  admin i s t e red  to rats d i r ec t ly  before  whole- 
body radiat ion,  w a s  found to have no rad iopro tec t ive  effect .  
appeared  that t h e r e  may have been s o m e  s y n e r g i s m .  

In f ac t ,  it 

Male rats irradiated with 150 r a d s  of neut rons  showed no loss of 
reproduct ive capaci ty .  L i t t e r  s i z e s  w e r e  no rma l .  However,  when i r r ad ia t ed  
f ema les  w e r e  mated  with ncni r rad ia ted  m a l e s ,  fecundity and litter s i z e  
dec reased .  

Radioiodine gas deposited on one s u r f a c e  of the leaf w a s  found to 
diffuse through the leaf at the rate of 0. 1 c m  p e r  hour .  S ince  the  leaf 
(co leus)  has no s t o m a t a l  openings on the  upper s u r f a c e ,  the  p a s s a g e  is p r e -  
sumed t o  occur  through the waxy ou te r  cu t ic le  of the upper  exposed s u r f a c e .  
Th i s  tends  to question r e p o r t s  f r o m  o the r  l abora to r i e s  that ascribe the 
penetrat ion of iodine through the l eaves  as occur r ing  through s t o m a t a l  open- 
ings ,  

To f u r t h e r  define the lo s s  of 1131  deposited on plants in  the field,  
l eaves  containing radioiodine were exposed to  different  t e m p e r a t u r e s  in the 
l abora to ry .  Azce lera ted  r emova l  o c c u r r e d ,  but lasted for only 24 h o u r s ,  

A body t e m p e r a t u r e  t e l eme te r ing  s y s t e m  developed by the Nucleonics 
instrurrientation group w a s  ca l ibra ted  and t e s t ed  in sheep .  
sys t em was  found t o  be within acceptzb ie  z l in i ca l  s t a n d a r d s .  

Accuracy  of the 

5 ,  P r o g r a m m i n g  

Calculat ions indicate in te res t ing  benefits  f rom mixing U 2 3 8 0 2  and 
T h o Z  in the s a m e  fuel chcinne-l in a so f t - spec t rum r e a c t o r .  S ince  both TJ 238 

a d  thorium c r o s s  sec t ions  a r e  highly dependent on r e sonance  absorp t ions  , 
and s ince  the i r  resonances  do not ove r l ap  s ignif icant ly ,  the r e sonance  
cap tu res  in  each  m a t e r i a i  can  occur  without reducing those in the o t h e r .  
This  effect  might be exploited by inc reas ing  the fe r t i l i ty  of the r e a c t o r ,  
reducing the r e sonance  e scape  probabi l i ty  without having to  ad jus t  the 
la t t ice .  and reducing  fuel  cycle  cos t  through extending the fue l  reac t iv i ty  
l i fe t ime.  
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Idealized evaluat ions of seed  blanket reactor s y s t e m s  sugges t  tha t  a 
neutron mult ipl icat ion f a c t o r ,  k, approaching unity may be n e c e s s a r y  t o  
develop the  full potential  of the seed blanket concept .  

TECHNICAL AND OTHER SERVICES 

T h e r e  w e r e  eight  new plutonium deposi t ion c a s e s  confirmed by 
s p e c i a l  bioassay ana lys i s  dur ing  the  month. S ix  r e su l t ed  f rom inhalation 
of contaminated air dur ing  the fire in the  Redox F i n a l  P roduc t s  Concen t r a -  
t ion Building (233-S) ,  and one case r e su l t ed  f r o m  a contaminated in jury  
rece ived  in  the Weapons Manufacturing Building (234-5 ) .  A l l  s even  w e r e  
e s t ima ted  t o  be deposi t ions of less than 1% of the  maximum p e r m i s s i b l e  
body burden (MPBB plutonium, with bone as r e f e r e n c e ,  is 0. 04 pc) .  
eighth case, es t imated  t o  be a deposit ion of 370 of the MPBB, w a s  detected 
by rout ine b ioassay  sampl ing .  
or iginal ly  es t imated  t o  be less than 1% of the  MPBB resu l t ed  in its r e m o v a l  
f r o m  the  list of confirmed deposit ion c a s e s .  
who have rece ived  in t e rna l  plutonium deposi t ion at Manford is 334 of which 
242  are cu r ren t ly  employed.  

The  

A r e e v a l u a t i o n  of a deposit ion case 

T h e  to ta l  number of individuals 

Concentrat ions of fallout m a t e r i a l s  in  the air of the Pac i f ic  N o r t h -  
w e s t  continued t o  decrease during Janua ry .  

8 / m  was the iowest  r eco rded  s ince  the Fall of 1961. 
months of November and December ,  1963, w e r e  1 , O  and 0 . 9  pc B/m , 
res  pc (ct ively . 

The monthly ave rage  of 0.  6 pc 
3 Averages  for the 

3 

Meetings and consultations w e r e  held wi th  AEC -TAB personnel ,  and 
o the r s  f rom NRDL and Rand,  in connection with a new project  on pos tnuc lear  
a t tack  economic -biological  in te rac t ions .  

In connection with c u r r e n t  AEC -GE ef for t s  at economic d ivers i f ica t ion  
f o r  the T r i - C i t i e s  , work  has begun extending previous Tr i -C i ty  A r e a  economic 
modeling and ana lyses .  
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A statistical ana lys i s  is being per formed f o r  IPD on a test of the  
effect of annuli  th ickness  (of s p i r e - c o r e  and can -co re )  on AlSi  bonding 
in tegr i ty  m e a s u r e m e n t s .  

The minimum va r i ance  inventory method fo r  t h e  cont ro l  of Z-P lan t  
component M U F ' s  is now being applied by NMM. 

Under the  2000 P r o g r a m ,  d iscuss ions  were held r ega rd ing  the 
possibi l i ty  of developing a technique fo r  studying flow in  heterogeneous 
porous media  analogous t o  the  hydrodynamical  concept of ' ' s t r eak  functions.  t t  

Under the  4000 P r o g r a m ,  additional understanding of the complex 
p o c e s s  of par t ic le  packing has been gained by the  s u c c e s s f u l  ana lys i s  of the 
geomet ry  of multiple s p i r a l s  e 

Sta t i s t i ca l  anaiysis  w a s  begun of data re l a t ing  to second phase pa r t i c l e s  
in di lutely alloyed dingot u ran ium.  Resu l t s  should he lp  de t e rmine  dependency 
of dens i ty  volume f rac t ion  of s u c h  pa r t i c l e s  on a l loy  composi t ion,  t ime ,  and 
t e m p e r a t u r e  of both solut ionizing and precipi ta t ion annea l s .  

On 6000 P r o g r a m ,  f ina l  data obtained f rom E D P M  "tr iangular"  diffu- 
sion model  have been submi t ted  fo r  evaluation by p r o g r a m  or ig ina tor .  

S ta t i s t ica l  ana lys i s  was s t a r t e d  of data f r o m  a s tudy  t o  invest igate  
beetle populations of se l ec t ed  communi t ies ,  

SUPPORTING FUNCTIONS 

PRTR output fo r  J a n u a r y  was 1482 Mwd, fo r  a n  exper imenta l  t ime  
T h e r e  w e r e  f ive opera t ing  efficiency of 7870 and a plant efficiency of 6870. 

per iods  dur ing  the month, two of which w e r e  t e rmina ted  manual ly  and three 
w e r e  t e rmina ted  by s c r a m s ,  A s u m m a r y  of the fue l  i r r ad ia t ion  p rogram as 
of J a n u a r y  31, 1964, fol lows.  
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In-Core  
Maximum 
Average  

In -Bas  in 
Buried 
Chemica l  
P r o c e s s i n g  
P r o g r a m  
Tota ls  

P r o g r a m  
A ' 1 - p ~  u02 Other  Totals  PUO2-UO2 

No. Mwd N o .  Mwd 
- - _ L  

N o ,  Mwd No.  Mwd No. Mwd -. - 7 - 
c 6 982.2  79 9 349.8 

251.7 221 .3  
163 .7  118 .4  

8 5  10 332 .0  

43 3 726 .4  26 2 882. P 24 1 1 5 0 . 2  93 7 758.7 
1 7 . 3  1 7 . 3  

67 4 275. 1 - - -- 32 2 3 0 9 2  - 35 1 9 6 5 , 8  - 
75 6 035.7 67 5 830. 1 103 10 500 .0  1 7 . 3  246 22 373 .1  

Note: (Mwd/Element )  x 20 = -Mwd/tonU f o r  U 0 2  and Puo2-UO2.  

A to ta l  of 59 r e a c t o r  outage hour s  w e r e  charged t o  r e p a i r  work.  Main 
i t ems  w e r e :  

Ins  t r u m  en t s  32 hr  
Valves 11 h r  
Process Tube to Nozzle  Gaskets  6 h r  

The  J a n u a r y  heavy water  inventory indicates  a loss of 700 lb for the 
month. 

S t a r tup  work for the H 2 0  modera t ed  P R C F  continued dur ing  the month, 
which included preoperat ional  tes t ing ,  completion of pro jec t  except ions,  
modifications to the faci l i ty ,  adminis t ra t ive  prepara t ions  and s o m e  r e p a i r  
work. At month-end the fuel follower sec t ions  fo r  the rods are the last ma jo r  
i t ems  still needed. 

F E R T F  test 4-0, us ing  a defective Al-Pu  e lement ,  w a s  completed.  
Cons iderable  difficulty wi th  airborne radioact ive contamination was encoun- 
t e r ed  in the loop annex cel l ,  equipment  room and tunnel. A i r  ac t iv i ty  
p rob lems  w e r e  evaluated while F E R T F  test 4 - 1, uti l izing another  defective 
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Al -Pu  element ,  was  being per formed.  As a r e s u l t ,  vent l ines  to the  pump 
hoods were instal led upon completion of FERTF t e s t  4-1, thereby  e l imina -  
t ing  the  air act ivi ty  p rob lems .  

A p re l imina ry  schedule  was  p r e p a r e d  for the chemica l  p rocess ing  
of 35 Al-Pu  fue l  e l emen t s  in March .  

Tota l  technical  shops  opera t ion  product ive t ime for the per iod  was  
20, 130 h r .  Distr ibut ion of t i m e  w a s  as follows: 

Man h r  70 of Tota l  
N -Reac tor  Depar tment  
I r rad ia t ion  P r o c e s s i n g  Department  
Chemica l  P r o c e s s i n g  Depar tment  
Hanford Laboratories 
Hanford Utilities and Purchas ing  Depar tment  

2 681 
3 602 
482 

13 365 - 

13. 3 
17. 9 
2.4 
66.4 - 

Tota l  productive t i m e  fo r  Labora to ry  Maintenance was  23, 300 h r  
of 24,  600 h r  potentially avai lable .  Of the total productive t i m e ,  91% w a s  
expended in suppor t  of Hanford Labora to r i e s  components ,  with the r e m a i n -  
ing 9% di rec ted  toward providing s e r v i c e  fo r  other H A P 0  organiza t ions .  
Manpower uti l ization ( in  hour s )  for Janua ry  was :  

A .  ShopVUork 
B. Maintenance 

1. Prevent ive  Maintenance 
2 .  E m e r g e n c y  or Unscheduled Maintenance 
3 .  Normal  Scheduled Maintenance 

C .  R&D Ass i s t ance  

2 400 
8 400 

2 500 
1700 
4 200 

12 500 

The  heavy w a t e r  inventory at the end of J a n u a r y  1964, showed a loss 
of 701 lb ($9623) for the  PRTR.  Heavy w a t e r  s c r a p  genera ted  dur ing  the 
month amounted to 2127 lb, r e su l t i ng  in  a $2574 charge to opera t ing  cost. 
Heavy water accumulated at month end for r e t u r n  t o  SROO amounted to 
11, 006 lb, valued at $137, 818. Fif ty-f ive drums (27, 445 lb) of heavy wa te r  
w e r e  rece ived  dur ing  the month, valued a t  $375,448. 
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Cumulat ive da ta  on Hanford v i s i t s :  

Number of V i s i to r s  
In Janua ry  Since June 13, 1962 

Vis i tors  C e n t e r  1 0 3 4  61 319 
P lan t  Tours  38 n. a. 

H A P 0  professional  r ec ru i t i ng  act ivi ty  th i s  month is s u m m a r i z e d  
below: 

P lan t  Offers  Acceptances Reject ions Open Offers  
V i s i t s  Extended Received Received a t  Month End 

P h .  D. 8 5 2 1 4 
BS /MS (Di rec t  

P lacement )  4 4 0 1 
BS /MS ( P r o g r a m )  1 6 17 27 

Seven technical  graduates  were placed on permanent  a s s ignmen t .  
Four  new m e m b e r s  were added to the  r o l l  and none t e rmina ted .  
P r o g r a m  to ta l  is 67. 

C u r r e n t  

Authorized funds fo r  nine act ive p ro jec t s  to ta l  $ 7 ,  592, 500. The  total 
e s t ima ted  cost of t hese  pro jec ts  is $10, 839, 000. Expendi tures  on them 
through December  31, 1963 w e r e  $2 ,038 ,000 .  

Manager ,  Hanford Labora to r i e s  

H M  Parker: JEB:dph 
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REACTOR AWD mTELs LABORATORY MONTHLY REPORT 

JANUARY 1964 

TECHNICAL ACTIVITIES 

MATERIALS - 02 PROGRAM A.  FISSIONABLE _ _  

lo Metallic Fuel Development 

N-Reactor Fuel Evaluation, 
i r r a d i a t e d  t o  2500 MWD/T i n  KER-4 has started. 
piece t o  a 3100 WD/T outer  tube t h a t  has been previously examined 
and reported upono 
no ind ica t ions  of warp9 surface bumping or r ipp l ing ,  c lad  s t r i a t i o n s ,  
crud deposi ts  o r  corrosion e f f e c t s ,  and the  brazed end closure and 
inner  bore appear unchangeda Destructive examination ind ica tes  no 
def ic ienc ies  i n  the  performance of t h e  closure o r  t he  associated heat- 
a f fec ted  zones i n  t h e  f u e l ,  c lad,  and bond, Some micro and macro 
cracks have been observed i n  the f u e l ,  but  these a r e  believed t o  have 
been produced during pos t - i r rad ia t ion  handling of the  compofient. 

Examination of an N-inner f u e l  camponent 
This is the  companion 

Super f ic ia l ly ,  t he  component performed well  with 

Specimens of an ixmer tube irradiated t o  3100 WD/T have been pulse 
annealed t o  980 C i n  support of reac tor  hazards s tud '  ?.so Fuel volume 
increases  of 19,, 26, and 38% were obtained f o r  times a t  temperatures 
of 0, 5, and 30 minutes, respec t ive lyJ  Metallographic examination of' 
the pulse annealed specimens shows t h e  development of a l a rge  popula- 
t.ion of gaseous voids i n  the  f u e l  matrix t h a t  co r re l a t e s  with the  
measured volume increases ,  The f u e l  component showed no evidence of 
loca l ized  clad strain o r  failure, and no evidence of re lease  of 
a c t i v i t y o  

I r r ad ia t ion  of Firx Carbide Uranium Fuel?  
the a b i l i t y  of a sabmi&rL d i s p e r s l m  of uranium carbide t o  reduce 
uranium swelling, t h ree  NaK-filled capsules w i l l  be i r r ad ia t ed  i n  
t h e  ETR t o  evaluate t h e  perl'wmance of fue l  rods produced f'rom c h i l l -  
c a s t  uranium s h o t ,  Two oi' these capsules each contain two f u e l  rods 
i d e n t i c a l  i n  uranium composition, but with one having a uranium car- 
bide s i z e  of 2-5 microns prclduced from arc-melted uranium and the  
other  a carbide s i z e  of i e s s  than 0 1 5  micror,. produced from the  uranium 
shot ,  The t h i r d  capsule contains two f u e l  rods with the fme carbide,  
One capsule, GEH-14-609, has been irradiated f o r  one cycle i n  t h e  ETR 
and has accumuiated an exposure of O d 5  at$ burnup 
f o r  ' th is  capsule i s  003 at$ burrlupo 
rad ia t ion  t h e  capsule operated a t  a maxlmum core temperature of about 

In  a tes t  t o  inves t iga te  

Goal exposure 
During t h e  f i rs t  cycle of' i r-  
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420 C. 
reac tor  f o r  t h e  second cycle i n  order t o  a t t a i n  the  t es t  design 
f u e l  temperature of 600-625 C. 

The capsule w i l l  be moved t o  another loca t ion  i n  t h e  

Target Element Development 
E n t a l  lithium-aluminum t a r g e t  elernents i n  KER Loop 2 was completed 
after the  elements had accumulated 124 days of exposure a t  f u l l  
reactor  power. 
and the  elements appeared unchanged as a result of i r r ad ia t ion .  

I r r ad ia t ion  t e s t i n g  of e igh t  experi- 

Examination of t he  t a r g e t s  i n  KER Basin was made 

Four addi t iona l  t a r g e t  elements have been prepared f o r  i r r a d i a t i o n  
i n  the  KER Loops. Two of these elements are of advanced design 
and contain a nominal 3.2% na tu ra l  L i  i n  A l ,  and the t a r g e t  cores 
have been bonded t o  the  A 1  can. In addi t ion,  t he  a x i a l  hole i n  
the  t a r g e t  core has been omitted. 
i den t i ca l  design t o  those previous3Ly i radia tedc  One of these  has 
a composition of 2 w/o Li (0.20 w t j 6  L i  ) and w i l l  serve as a 
reference element while the  other  contains a nominal 8 w t $  na tu ra l  
L i  . 

The other  two elements are of 

Co-producer Target Elements. 
production t e s t  FT-645-D were compl.eted on schedule. 
nave an aluminum-lithi? core, 0.44.0-inch diameter containing O.5@ 
L i  enriched with 63% L i  
f irst  cladding is  coextruded aluminbum over the  f e r t i l e  core t o  pre- 
vent  tritium diffusion i n t o  the  Zircaloy jacket.  Aluminum end plugs 
are welded i n t o  t h e  counterbored ends t o  complete t h e  gas sea l ,  then 
X-rayed t o  assure weld i n t e g r i t y .  
then coated wi th  dry graphi te  and inser ted  i n t o  Zircaloy sleeves. 
These sleeves had the  supports pre-welded i n  poEition t o  assure  
t h a t  no aluminum contamination of t h e  weld would occur, 
assembly the  t a r g e t  elements were evacuated, back f i l l e d  wi th  helium, 
then end plugs were welded i n  pos i t ion ,  Each elemerk was checked 
f o r  helium leakage by means of a helium mass spectrometer leak 
t e s t e r ,  x-rayed f o r  weld defec ts ,  then autoclaved f o r  72 hours i n  
300 C water. 
t o  NRD f o r  f i n a l  assembly w i t h  t he  dr iver  elements, 

Target elements f o r  t he  co-producer 
These elements 

The t a r g e t  cores are double clad.  The 

The aluminum clad elements were 

After 

F i f teen  t a r g e t  elements, 26 inches long, were delivered 

Weld Development - Target Elements. 
aluminum t a r g e t  elements c lad i n  aliminum and Zircaloy w i t h  supports 
can be divided i n t o  three  phases, 

The welding of 18 l i t h ium-  

Welding of aluminum end caps i n t o  the coextruded aluminum clad, &inch 
diameter rods was done manually by ‘the TIG process using AC and argon 
shielding gas. 
caps were handled w i t h  a l ea the r  glove, but t h i s  was eliminated when 

Some poros i ty  was encountered when one group of end 

/ I /  I 



tongs were used t o  place t h e  end caps i n  posit ior, ,  
checked by x-ray, 

Tb.e welds were 

Second, a t tach ing  of Zircaloy Eupports t o  the  ZircaLoy cL&dding 
tubes was done by res i s tance  pro jec t ion  welding g r i o r  t o  loading 
the aluminum clad cores i n t o  t h e  Zfrcaloy sleeves. 
mandrel was used. Welds were checked by des t ruc t ive  tests on an 
iden t i ca l  tube and supports before ,  during, arid at t h e  end of t h e  
group used i n  the  ac tua l  tes ts ,  

A copFer 

Third, welding of Zircaloy end caps i n t o  the  Zircaloy tubes a f t e r  
they  had been loaded with t h e  aluminum c lad  cores was done i n  the  
308 Building under the d i r ec t ion  of Lloyd Lemoc, 
i n  a helium f i l l ed  glove box using t h e  TIC processl  P r io r  t o  welding 
t h e  glove box was evacuated t o  insure  t h a t  the  elements would contain 
helium as a heat t r a n s f e r  medium between the  aluminum and the Zircaloy 
clad.  After welding,? the elements were helium l eak  checked and 
x-rayed 

Welding was done 

Corrosion Rates of Aluminum-Lithium Alloys, A s e r i e s  of corrosion 
tests have been designed t o  determine t h e  dm,ger of exposure of 
l i t h i u m  containing aluminum a l loys  t o  reac tor  water, Short term 
corrosion data i n  100 C water up t o  110 hours ind ica tes  t h a t  i n  the  
f i r s t  20 hours annealed a l l o y s  containing up t o  3 9  L i  corrode twice 
as fast as the  cold worked a l l o y s o  However, the  1100 aluminum 
standard and the  0.55 LI a l l o y s  behave exac t ly  t h e  opposite wi th  t h e  
higher weight gains i n  t h e  cold worked condi%ion. Corrosion rates 
of the  O o 5 $  Li  a l loys  and 1100 aluminum were the  same, whereas the  
other  compositions showed an increased corrosion r a t e  with increasing 
l i t h i u m  content ,  After 30 hours there  were no fu r the r  weight. gains 
f o r  any of t h e  alloys and all observabie swface  reac t ion  had stopped, 
ind ica t ing  tha t  the l i th ium conter;t,s had beer. dqde+,ed t o  the  point  
where m l y  the aluminum corrosior, r a t e s  were the m i n  contr ibut ion.  

Fluted Fuel Element I r r a d i a t i o n ,  The two N-single tube f u e l  elements 
wi th  f l u t e d  outer  surfaces  which are being i r r ad ia t ed  i n  the  ETR have 
successfully completed nine cycles  of' i r r a d i a t i o n  i n  t h e  M-3 pres- 
sur ized loop f o r  an accumulated exposure of abcut, 1800 IWD/To 
the  e ighth  reac tor  cycle (i600 kaJD/T), t h e  eiemcnts had undergone a 
volume increase of 0.99. The elements have been operating a t  a 
maximum spec if:,^ power of about 130 kw/ft w i t h  a corresponding core 
temperature of' 520 C o  
replacement f o r  the  s t a i n l e s s  s t e e l  basket which i s  cu r ren t ly  being 
used for holding the  elements i n  place i n  the  locpal This replace- 
ment should resul t .  i n  an increase i n  t h e  pcwer level f o r  t h e  remainder 
of t h e  i r r a d i a t i o n ,  

After 

A Zircaloy-2 basket h a s  been prepared as a 
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Cladding Deformation Studies ,  Pos t - i r rad ia t ion  examination con- 
t inued on Zircaloy-2 c lad  uranium rods from capsule i r r ad ia t ions  
t o  determine t h e  s t r a i n  c a p a b i l i t i e s  of Zircaloy-2 cladding as a 
function of cladding thickness cladding thickness uni fc . rmi- t~  , 
and temperature Results from visual examlnatiorL and diameter 
me2surements from the  94 specimens i n  t l h i s  t e a t  and the  correla-  
t i o n  of cladding s t r a i n  l imits  with cladding thickr-ess uniformity 
have been reported previously. 

Detailed measurement.s are being obtained on transverse sec t ions  of' 
some of these rods t o  assess t h e  p l a s t i c  s t r a i n  beha*-.ior of the 
cladding a t  s t r i a t i c n s  of known pre- i r rad ia t , ion  geometry" 
specimens examined t o  date, aboutl 155 of the total cladding s t r a i n  
occurred i n  the s t r i a t i o n s  of two specimens, About. 4 L I  of t h e  t o t a l  
s t r a i n  occurred i n  the  s t r i a t i o n s  of a t h i rd ,  ar~d i n  t h i s  specimen 
t h e  necking occurred from both the ins ide  and outs ide  surface of the 
cladding. Metallography is being completed on a fourth rod i n  which 
t h e  cladding necked severely and then ruptqureaO Results from t h i s  
rod should complete the p i c tu re  of t h e  progressive stages from the  
first indicat ions of t h e  plastic i n s t a b i h t y  to t h e  ultimate rupture ,  

On 

Alternate Uranium Composition.. 
the  e f f e c t s  of a l t e r e d  f w l  amposi t ions upon f u e l  element fabr ica-  
t ior , ,  corrosion behavior, end i r r a d i a t i o n  swelling res i s tance ,  

Studies are i n  progress t o  determine 

The comparative i r r a d i a t i o n  behavior of s ing le  tube f u e l  elements 
(1.790'' OD x O 0 9 7 5 "  ID> fabr ica ted  from standard N-fu31 composition 
and ars a l l o y  containing 400 ppm Fe and 800 ppm A 1  w i l l  be deter- 
mined from high t e q e r a . t u r e  100p i r r a d i a t i o n s ,  
in these mi t e r i a l s  a r e :  510 ppm C 137 Fe, 6 k l  127 S i  fcr the  
standard composition and 5.37 ppm C c  386 Fe 83'7 A I ,  3rd 47 S i  f o r  
the  altered f u e l r  
t r e a t e d  and structural charac te r iza t ion  of t h e  ingcts ,  primary ex- 
t rus ions ,  coextruded fuel., and compkted f u e l  eiemerks i~ i n  
progress, Wjor  d i f fe rences  are cbserved m greifi s ize ,  second phase 
p a r t i c l e  d i s t r ibu t ion  and ho!: hardness tetweeIt the two materials 

The major impuri t ies  

The groductiori t es t  f u e l  e1emat.z were beta h e a t  

Second Generation N - Q u t - E r  SGGport.. 
8. st ronger  N-outer fuei sapport has been swcessfu33.y demonstratedu 
It was necessary t o  s e t  UF t he  too1irj.g i~ t h e  633 WPt resistance 
weld.er t o  obtain forging pressures of' 12 tax, 
cat ions f o r  t h e  new support a r e  permanent set. c h a r a c t e r i s t i c s ,  The 
new support exceeds the  permanent set  Crlter. if is  

?;e ho t  farging method of making ---- 

The primary qualif ' i- 
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i s  continuingo Alloy buttons were prepared by a r c  melting. Hard- 
ness measurements were taken and metallography i s  being completed 
on the  as-cast  buttons,  During t h i s  month the  a l l o y  buttons were 
hot ro l l ed  i n t o  sheet  which w i l l  be cut  i n t o  corrosion coupons and 
given various heat treatments, The prepared coupons w i l l  be auto- 
claved under varying conditions of temperature and pHo 

It was o r ig ina l ly  proposed t o  study the  corrosioii rates i n  cold 
worked material as well as heat  treated materialo However, several. 
of the a l loys  are s u f f i c i e n t l y  b r i t t l e  t o  preclude giving them an 
appreciable amount of cold work, 
are 2 and 3 w t $  Nb, 4 and 5 w t $  Zr, and 2 through 5 w t $  combined Zr 
and Nb. 
so lu t ion  hardening 

The compositiofis of these a l loys  

The hardness of these a l loys  can be a t t . r ibu ted  t o  so l id  

Uranium Sulfur Alloys, 
heated f o r  24 hours ( 4 5 O - l l O O  C ) ,  and water quenched, have been under 
inves t iga t ion ,  This study has been completed, and a report  on t h e  
work done t o  date is  i n  preparat ion,  Metallographic s tud ies  ind ica te  
l i t t l e  or  no gamma s o l i d  s o l u b i l i t y  of s u l f u r  i n  uranium. 
information was observed i n  the 0-1 w t $  s u l f u r  range, 

Samples of uranium-sulfur a l loys  (0-1 w t $  S )  

No eu tec t i c  

Hot Headed Closure Studies 
and machined f u e l  element sec t ions  revealed a number of small edge 
defects .  These edge defec ts ,  rounded edges and laminations due t o  
t h e  back-extrusions process ,  wculd tend t o  generate defects  i n  t h e  
pro jec t ion  weld and tend t o  promote crevice formation .I 

Wcroscopic examination of 65 hot-headed 

After the  elements were remachined, inspection revealed t h a t  19 were 
sa t i s f ac to ry ,  32 had one t o  two small defec ts  remaining, and 16 were 
t o t a l  r e j e c t s ,  It is believed that most of the 32 can be used a f t e r  
remachining although there w i l l  be var ia t ion  iri t h e  width of t h e  
exposed uranium, The r ing  project.ion. sppactng on the caps can be 
varied t o  accommodate the  exposed uranium width variati.cn, 

Brazing Alloy Corrosion Rates. Earlier corrosion data indicated t h a t  
ca tas t rof lc  weight losses occurred i n  the  lol-200$ Be range of Zr-Be 
a l loys  after 500 hours i n  pH 10, 360 C water. These same losses were 
not observed i n  pH 7 ,  360 C waterc Now, after 2500 hours of exposurec 
increased weight losses  have begun t o  appear i n  the  same concentration 
range i n  the  pH 7, 360 C water t e s t ,  
range i n  pH 10 has spread t o  0 ~ ~ 8  30 2,2$ Be after 1500 hours, 
a l loys  appear t o  be! very composition sens-ltive as ve l1  as struct.ure 
sens i t i ve ,  
pH l eve l s  compares very favorably w i t h  pure Zircaloy-2. 

In the  meantime the weight loss 
These 

Zircaloy-2 containing uranium up t o  1$ and t e s t ed  a t  both 

E---- 
-m - 

http://variati.cn
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Corrosion of N-Reactor Fuel m t e r i a l s  by High Temperature Salt. 
Short t i m e  corrosion r a t e s  of Zr-2 c lad  uranium i n  high tempera- 
t u re  s a l t  were measured t o  d2t.emine t h e  feasibility of s a w  
spec ia l  heat  treatments of irradi8.t t d  ~ L C L S  hi, ~ j l t  SGitkiea V: 

Lircaloy-2 and uranium were inuuersed i r ~  & s d t .  mix.;uw st' gC7; 
barium chloride md LO$ sodim ck.lori3e at 58G C (18W F )  f a r  two 
periods of f i v e  minutes each, 
l ium brazing alloy were given the same treatment., except a t  a 
temperature of 900 C (1650 F), 
was uniform and noncatastrophic, 

I 

Samples of Zircaloy-2 p lus  5s beryl- 

Corrosion, 8 l t h m g h  f a i r l y  .rayid, 

Creep Penetrat j  onu An apparatus f o r  3,C+.e.rntinirig +.he h s t  hardmss 
of materials as a function of time, Teni.*lii4a,tilre c c  : h a d  has been 
b u i l t  and i n s t a l l e d o  
tungsten carbide ball i n  contact with two samples while temperature 
i s  controlled by immersion of %est capsules i n  a nitrate sa l t  ba tho  
Final indention diameter IS a measure of hot hardness and creep re- 
s i s tance  o Samples of Zircaloy-2 m-d uranium have men inves t lga ted  
w i t h  t n i s  apparatus, Further Invest igat ion t o  obtain values over a 
range of temperatures arkd loads 1 s   CY 111 progress, 
"Creep Penetration Testing Procedure" wili be avai.lab1.e by the end 
cf January, 

Load (100-1000 I b s )  is aFplied t o  a 10 mm 

A repor t  on 

Extrusion of S i l i con  Cladding A l l o y s .  A ter qa6ntit.y of' two 
aluminum-silicon a l loys  were extrudTd for  IFD Production Fuels 
Section t o  evaluate t h e  feasibiiity of' csirxg the alleys f o r  clad- 
ding material i n  t h e  hot d i e  s i z i n g  prc>gramo The twa a l loys  were 
Al, 10% S i ,  I$ Ni: 0.5% Fe and Al, 6% Si, 1% Ni 0.5'7% Fe ,  1s Mg 
which are believed t o  have gclod cormsion performanceo 
appeared t o  extrude sa+,izf 'sI~t.a-i ly 6-t ti ?d ti; 1 :,cdL;c:t -or! .rhc:r. 
heated t o  300 t c  400 C 3  CmP:L&rabi I- e.xtrti5:ai-i d ie  pickup vas 
experienced i n  the beginr-ing, rec;ulting i n  rough exr  ru s im surfaces  .. 
This conditior, was corrected by  e1tifziii3g the i x ~ i  USitriIi lubr ic t tn t  
and speed> 

Both a l l o y s  

The material  was all ext-ruded ir l to ~ f f i . 1 , ~  C U G ~ ~  f c : ~  us2 a5 .!3 claddirlg 
c o q o n e n t s ,  
extruded i n  t h e  near fG;ture:, 

S i l icon  ~r i3 .c~y  tube3 i'cr C!E Z i a i i i i n g  c ~ . v p c n ~ ~ t . ~  w i l l  be 
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Wtallagraphic  examination was made of one transverse sec t ion  from 
t h e  c d t e r  region of a hot die s i zed  element irradiated i n  a center  
pos i t ion  of t h e  reac tor  columno 
boundary t ea r ing  was found. The dimensional changes tha t  occurred 
are  believed t o  be due t o  an iso t ropic  growLh re su l t i ng  from crys ta l -  
l o g r q h i c  texture introduced during t h e  canning of these  f u e l s ,  

No evidence of poros i ty  o r  g ra in  

Comparison of the  uranium microstructures of hot d i e  s ized  and A1-Si 
canned elements ind ica tes  t h a t  t he  temperatures and mechanical loads 
present during the hot  d ie  sizing process were s u f f i c i e n t  t o  cause 
observable s t ruc tu re  d i f fe rences ,  Further examination of elements 
from severa l  s t eps  i n  t h e  canning process i s  i n  progress, 

S t a in l e s s  S t e e l  Clad Niobium Tube Fabricat ion,  A 316 stainless s t e e l  
c lad Nb-lp Zr tube was produced by a combination of hot  extrusion and 
cold swaging. 1020 s t e e l  was used as a s a c r i f i c i a l  mandrel, 'IC ex- 
pedi te  removal of the  steel ,  a s teel  tube was u t i l i z e d  and f i l l e d  with 
s o l i d  graphi te ,  The graphi te  could be la ter  removea by d r i l l i n g ?  
permitting full length access of ac id  f o r  steel removal. To i v u r e  
a bond all t h e  i n t e r n a l  surfaces  of t h i s  b i l l e t  wcre cathodically 
cleaned and sealed by e lec t ron  beam? ?ldi.ng., 

The extrusion b i l l e t  was pieheated t o  11~0 C and extruded from the  
2$' extrusion container i n  8 00030" t.hick graphi te  s leeve t o  3/kt'  
diameter, 
graphite d r i l l e d  out and the. 1020 s t e e l  zhemical3.y rcbmoved, leaving 
the  0.020" t h i c k  s t a i n l e s s  c lad OJokY' i' ick Mb Tube, 

The extrusion was then  cold swaged t3 2 1 *I diameter, t he  

A di f fus ion  ltatyer between the  stai.nknss and Vb was j u s t  d i scern ib le  
when examined a t  E?. magntfication o f  750Xs Samples cf the  e.;xtrusion 
were prepared and heat trea+.ed a t  temperatures of 900, 1000, and 
1100 C for  times of orie anu three hours a t  each temperature, 
nation of t h e  samples indicated t h a t  the diffueior- wid th  inczeased 
la a l l  s i x  samples, +he amount of growth being proporti-onal t o  tohe 
time and temperature) 
t he  s t a i n l e s s  from t h e  Nb a t  the interface indicated that t h e  dif- 
fus icn  bond was very b x i t l e  as t h e  samples separated considerably 
easier as t he  width of t h e  d i f fus ion  layer  ir,creasedo The as- 
extruded material was by far the  most, d i f f i c u l t  to ;eparate> 

Exam- 

Feei t e s t s  t o  determine t h e  esse of Eeparating 

Further work along t h i s  line w i l l  require the use of' u nmzerial at 
the  in t e r f ace  to promote borLding md preverrt, the  formation of' 8 
br i t : J e  compound layer 

mr me t a l l u r g  i c a l  De c on t Eemina t. i on of U r  an i  iun 
decays by a s e r i e s  of radiosctive decay steps 

The U-238 isotope 
t o  produce a number 
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of high energy alpha emi t t ing  elerrients of which the  p r inc ipa l  one 
is Th-230, 
have reached equilibrium i n  Th-230 and V - 2 3 4 .  coritents 
of pyrometallurgical decor , t . au .a t  i.c,m vt- r e  iiwk tly nle1t: inti  a 1 - 
able  s tored uranium ( 3  years or rnme  id) ir:! z,lrcclrii.a cr*u.c.ibizs 
and holding f o r  th ree  hours a t  llcCl0 C, tiler:. ~:iz;stlir~ Into Q graphi te  
mold. Results were very encouragingo 
1.7% of the  o r ig ina l  a c t i v i t y  remains i n  t h e  c a s t  i i ~ ~ E t T i 1 . ~ ~ ,  t h e  
balance being held i n  the  slag c r u m  oi"+ tlhe c r w i b l e .  Addi t ions  of' 
powdered zirconia  maintained the  alpha act,:-vity Bit 1. "$ of :lie cri-  
g ina l ;  however, UO:, addi t ions  lowered %he aip'ha a c t i v i t y  t c  1.45 of 
t h e  originalo 
and run t! Tough t h e  normal melting p~'roce3ilrss 
remained,, but when melted with le$ '302, * t h e  acxXvi.ty was lowered t o  

Uranium more than six months s ince separation w i l l  
A series 

On t.he basis of alpha counting 

Whe; OJ$ na tu ra l  t h e r i m  * w 8 ~  ad.de.6 t o  the ur9ylium, 
5 Is $$ ~ r l ~ k ~ t i  a c t i v i t y  

4.1$. 

Th Dria Fuels Development . 
of l c l w  uniform bulk dens i ty  (65 5-67 3% TD) 'tSal-Ml" thor ia  was 

Approximately one ton  (632 f u e l  elements) 

canmd. This material was shipped t.0 the  I r r a d i a t i o n  Processing 
Department on January 17, 1964, 
of low dens i ty  "Sol-Gel" t h o r i a  using new equigment recent ly  in- 
s t a l l e d  . 

Work was begun on tlhe second ton 

Fbprin:ental work t o  achieve a high dens i ty  t h o r i a  mxtu re  tha3 
u t i l i z e s  a maximum percentage G f  the  material  as d e l i v e r 4  produced 
encouraging resul-ts. 
power vibra t ing  t eb le .  
cle 3 x o n i c a l l y  controlled v i o r a t a r s  vi 11 subatmi t ia l ly  increase 
this  f rgure 
eqxipment WLS startedd 
b r a t o r  was COmFl€t€d. 

A dens i ty  of 62.5% was obtained using a low 
It is anticipated that b m h  pneumatic and 

Ymxil la t ion or' e l ec t ron ica l ly  ::ontrolled vibrat ion 
2.~zsaZls+,ian of R gfieicina~ic inp&ctiori v i -  

Rupture Testing of Irradiated Fuel  Eienent; u J  I W .  \3n? N-Reactor 
inner  f u e l  element irradiated t o  1'ToC W , ! T  in KER, was rupture 
t e s t e d  i n  the  IRPd This elemwt. l ~ x i  5 ':Orii?d tapered end tap, and 
it was defected with a O o O 2 9 "  hale h? +.Le m.d c t q .  
of incubation a t  300 C ,  the f ~ r l  elerriei+r 't-eghrL r:i~fu.rin,+ 
was cooled a t  the  cur ren t  N - R C Q C ' T Z ~  shutCcwn ra te .  Examinatdon of 
the f u e l  element showed the C:.G c a ~  had c c m  compiet5ly ! c c ~ e  and the 
rupture extended about. a n  i w h  daw:; the i'w: el .ment  f o r  t h c  e n t i r e  
circumference, 

--- ---AI-... 

A f t . i - r  162 minutes 
The water 

2 I Corrosion and Water Qua1.it.y Studies 
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Coated samples of aluminum a l l o y  x-8001 were exposed a t  the down- 
stream end of process channels in F-Reactor t o  process water 
( t rea ted  r ive r  water) a t  pH 6& containing 108 ppm sodium di -  
chromate , 

Stress  Corrosion Crackmg of H-Reactor Crossheader. 
conducted t o  determine whether reaming the pigtai l -connect ion f i t t i n g s  
of t he  s t a i n l e s s  s t e e l  H-Reactor crossheaders would result i n  sus- 
c e p t i b i l i t y  f o r  s t r e s s  corrosion crackingo F u l l  sca le  portions of the 
crossheader, which included one OF two p i g t a i l  f i t t i n g s  welded i n  
place,  were exposed i n  boi l ing 42% &C12 solution f o r  periods of 65 
t o  150 hours, 
header pieces, both opposite t h e  fittings and a t  the  welds, Longk- 
t u d i n a l  cracks were a l s o  produced i n  the bevel-thread region of the  
f i t t i n g s  on only the samples exposed f o r  150 hours 
f i t t i n g s  were somewhat l e s s  suscept ible  t o  cracking than unmodified 
port ions of the crossheader, 

T e s t s  were 

Signif icant  craclring was produced in each of the  cross- 

Thus, the reamed 

Testing of W O H  i n  KER Loops, 
crud detectors  (thermocouple elements) was discharged from KER-1 a f t e r  
going t o  goal exposure, 
t he  e n t i r e  t e s t .  No increase i n  cladding temperature occurred during 
the  t e s t ,  which was wi th  ammoniated coolant a t  gH 10, V i s u a l  inspec- 
t i o n  showed l i t t l e  or no deposit. of crud on the discharged elements,, 
A second iden t i ca l  pa i r  of crud detectors ,  one upstream and one down- 
stream, was charged i n t o  KER-io 

The f i rs t  p a i r  of instrumented U@ 

Their performance was s a t i s f a c t o r y  during 

Final  design was completed f o r  a cermet (UO2-440) core crud det.ector 
which w i l l  be capable of longer exposures an3 higher heat f lux  than 
the  present detectors ,  Two such elements are  now being fabricated., 

Operation of KER-1 (carbon s t e e l )  w i t h .  ammonium hydroxide was con- 
tinued during the  montho During a seven-day period a t  Low tempera- 
t u r e  with a pH of 1 0 o l p  the  rate of loss  of ammonia was O J  lb/day, 
which is higher than the  OeO3 lb/dny observed a t  high temperat.weJ 
The t o t a l  gas concentration was a l s o  several  times grea te r  than a t  
high temperature; t h i s  is a t t r ibu ted  t o  increased rad io lys i s  of ammonia. 
Hydrazine was observed as a, steady rad io lys i s  product and apparently 
inhibi ted the  buildup of rad io ly t ic  02 and H2028 a6 no gross formation 
of e i t h e r  occurred during t h i s  low temperature operationo 

Water q u a l i t y  i n  KER-1 remained good during both high and low tem- 
perature  operation a t  pH LOo 
so l id s  005 t o  4 0 5  ppmo 

Turbidi ty  w a s  O c 5  t o  L O  ppm, t o t a l  
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A test was run i n  KER-1 t o  determine the  crudding cha rac t e r i s t i c s  
of ammoniated coolant a t  pH below 10. The pH was held a t  9.5 f o r  
seven days, during which no gross crud buildup or  r e l ease  was i n -  
d icated by the thermccouple elemerits ,j acCi-dit,y -bursts  ,~ <;I' ::r.cld 
concentration in the  coolant, The pH 'WBS tncr; reduced ts 6,i> for 
fou r  days; crud data f o r  t h i s  period. are ~t yet con1;'Lme 

Operation of KER-4 ( s t a i n l e s s  steel) continued u t  gH 10.1 using N€l4OH. 
The r a t e  of loss  of ammonia was 0.18 .Lb/day a t  lci temperature and 
0.05 lb/day a t  high temperature, Wmer qualisy remained good, Tur-  
b i d i t y  was 005 t o  L O  ppm; t o t a l  S G l i d E  O o S  t o  '2'5 ppmo 

Loop KER-2 ( s t a i n l e s s  s t e e l )  was coriverted f r i j n i  LiOH te NH@Ho 
Pr ior  t o  the  conversion at pH 10 w i t h  LiOH, the  t o t a l  dissdlved gas 
and concentrations were high due t o  r ad io lys i s  of t he  coolant 
(about 60 cc/kg t o t a l  gas and 18 ppm 02). During low temperature 
operation a t  pH 8.5 with m O H ,  these concentrations decreased s ig-  
n i f i c a n t l y  ( t o  about 12 cc/& t o t a l  gas and 6 ppsn 9) a f t e r  t h ree  
days. Coolant pH was then increased t o  9 0 3 - 9 0 5  and t o t a l  gas in-  
creased ( t o  about 20 c c / k g )  while 02 d.isappeared. 
demonstrate t ha t  even a t  pH 8& N Q O H  conditioned coolants i n h i b i t  
r ad io ly t i c  oxygen formation Coolmt, quali.t,y was acceptable during 
t h i s  period, although total so l id s  concentrazioiis increased somewhat, 
Ion exchange cleanup operation i s  being empioyed fcr both coolant, 
pu r i f i ca t ion  and pH cont ro l  

These r e s u l t s  

N-Reactor Steam Generator TGbirigo 
attacked 304 s t a i n l e s s  s t e e l  t\ibi.ng from N-Reactor steam generator 
4A was t e s t ed  i n  TF-7 w i t h  520 F, 1700 psig, pH 1'3 l i t h i a t e d  water 
fo r  43 days t o  determice the rate gf Frqzgac icc  cf G F i i j L i k  l eakc  
"he l eak  r a t e  varied betveen operating ~ e r ~ o d s  irsm 5 t , ~  20 rL/hour 
except f o r  one three-day period as about 30 d ~ y 5  of  exposure, when 
t h e  leak  r a t e  was 300 m l / h r o  ktsL1ograpkic exami.n&,ticm revealed 
t h e r e  was not any wire drawing iir cs.ust,fc embrit+,lement, 
t i o n a l  samples were similarly tested I n  TF-7 and f a i l e d  within a 
few hours due t o  axi increase in S I Z E  of'  he pinhole def'ect by 
cracking, 

.A sec t ion  cf in te rgranular ly  

Two addi- 

All t he  samples had been grevxjus ly  e x p s i t d  &C. 390 C ,  3G00 p i g  
until a pinhole developed a+, t h e  i r & q y m u i a r l y  u tm?ked  areas 
It i s  f e l t  t h a t  t h i s  drastic m e t h d  3i' prGducing the pinho.le l eak  
was probably responsible f'or the fa i . lw?s  Qbserved,, 
make pinhole defec ts  by d r . i l l i q  A O o O C ~ - i ~ ~ ~ r ~ .  d.ia.aetw hole from the  
OD of t h e  tubing i n t c  t h e  intergranular  a,t.ts::k A.EM were c o t  s i x -  
cessf 'ul? 

.Atterrpta t3 
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A t es t  employing tubing defected by pre-exposure t o  300 C, 
3000 psig water is i n  progress i n  TF-2 i n  550 FP 1340 ps ig ,  pH 10 
ammoniated water, The leak rate remained constant  at 9-14 ml/min 
f o r  18 days, then went t o  zero after a shutdown period,  
second shutdown, the rate increased t o  54 ml/hr f o r  one day, then 
r e t u n e d  t o  zero. 

After a 

Samples of in te rgranular ly  attacked N-Reactor stem generator tubing 
were removed from TF-4 after 2 ,  4, 6 and 8 cycles  t o  a s u l f m i c  ac id  
decontamination process followed by r ec i r cu la t ion  of high temperature 
watero The decontaminations progressively widened the  at tacked area 
a t  each gra in  boundary u n t i l  by the  eighth cycle a11 the  grains  i n  
the  at tacked area had f a l l e n  auto 
in te rgranular ly  a t tacked were no t  corroded, 
in te rgranular ly  a t tacked were not. increased i n  width or  depth, 

Areas which had not  been previously 
The a reas  which had been 

Effect  of Cleaning Solution on N Fuel Elements. Chemical cleaning of 
bhe N-Reactor primary system is being considered t o  remove heavy r u s t  
deposi ts ,  
termine the  corrosion res i s tance  of N-Reactor f u e l  elements t o  a pro- 
p r i e t a r y  ammonia-EDTA cleaning so lu t ion ,  
24 hours a t  250 Fo These conditiocs are mort: severe than  those 
planned f o r  use i n  N-Reactor i n  order t o  acce lera  . m y  adverse 
e f f e c t s  of the cleaning so lu t iono  
the  cleaning wi th  3 oz/gal of a 50:50 mixture of NaOH-NaN02. 

A t e s t  was performed i n  the  TF-8 carbon steel loop t o  de- 

A k$ so lu t ion  was used f o r  

The system was p, s imted  following 

Examination of the  f u e l  elements revealed no a t t a c k  t o  t h e  Zircaloy-2 
components. However, t h e  elements had remained i n  stagnant water 
f o r  two days following t h e  cleaning which caused 2-?-mil deep p i t s  
on the carbon s t e e l  support shoes, 
loosened magnetit-e from t h e  loop walls and t h i s  had p la ted  out on 
the f u e l  e1ement.s t o  form a t h i c k ,  black,  slippery coat ingu 
N-Reactor piping does not  contain a m g n e t i t e  f i lm y e t ,  t h i s  p l a t ing  
out is  probably not ind ica t ive  of what w i l l  happen i n  N L  

A l s o ,  t h e  cleaning solut ion had 

Since 

Following the  cleaning, the f u e l  elements were exposed two weeks t o  
rec i rcu la t ing  500 F deionized water at pH 10 (NH4OH). The elements 
were i n  good condition following t h i s  exposure, Corrosion samples 
of Zr-2, s i l v e r  p la ted  s t e e l y  copper tubing, and 17-4 pH s t a i n l e s s  
s t e e l  were a l s o  exposed t c  the e n t i r e  test and none showed any ad- 
verse e f f e c t s  of the chemical cleaning, 

Fre t t ing  of N Fuel Supports, F r e t t i n g  corrosion. s tud ie s  on. N-Reactor 
fuel  elements i n  flowing, nigh temperature, pH 10 water wi th  applied 
ex terna l  vibrat ions were cont inued; A range of induced vibrat ions 
from 50 t o  90 cps a t  5 cps increments w 8 s  s tud ied ,  The inner fuel 
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element supports had failed during a previous t e s t  a t  these 
conditions but  remained i n  exce l len t  condition. during t .h i s  t e s t ,  
The t e s t  is being repeated. 

S t a b i l i t y  of Valve Packing. Sone of the mlves  i n  t h e  N-React-cr 
primary system have TeflorL-impregnated asbestsols packing rings 
which are contacted by t he  f l u i d  passing through the valve, 
Samples of t h i s  packing were t e s t e d  a t  535 F in pH 10 ammoniated 
coolant. The weigb.t loss  r a t e  fcr t h e  packing was ahout. O.l$ per  
weeko No measurable buildup of chlor ide or' f luo r lde  was observed 
in the coolant, and no significant change i n  pH occurred &uing  a 
one-week test ,  Additional. tests are being conducted a t  200 F. 

Anodic Passivation Studies  of Corrosion by Decont+am.inants, 
on the anodic passivation c h a r a c t e r i s t i c s  of carbon steel were 
continued. Scanning tests with aera ted  d ibas ic  ammonium c i t r a t e  
were completed, It was fomd tha t  t he re  was a passive region a t  
room temperature i n  the  concentration range of Ool M t .o 1.0 M 
d ibas ic  ammonium c i t r a t e  A t  elevated temperatures-there wag 
grea te r  corrosion and narrower passive regions, 

Studies 

Preliminary r e s u l t s  from t e s t i n g  oc s o l u t i m s  of d ibas ic  ammonium 
c i t r a t e  and 0.01 M EDTA a r e  encouragingo The addi t ion  of' EDTA t o  
t h e  ammonium c i t r z t e  solutions broadens the passive region and re- 
duces the passive region current, dens i ty ,  
a c t s  as an i n h i b i t o r o  

This ind ica tes  t h a t  EDTA 

Chemonuclear Studies ,  The H-1 Loop was dezonta;?izn.ated t o  reduce 
a c t i v i t y  and t o  obtain a clean systern f o r  testif ig of the chemo- 
nuclear production of' hydrazine f ro=  Z ~ ~ C L Z L E I  !!r- Eilkalim 
permanganate-sulfamic acid procedure was l.ised., ar..d a DF of about 
10 was obtained, 

3" Gas-Atmosphere Studies 

EOnetics of t h e  Reaction Co;! + H 2  + H2G + CCo 
ability of the  experimental dam,  t h e  equipmcrLyl f a r  studying t h e  
water-gas reac t ion  was m A i f i e d  t r _  inc lude  (1 .) erxlosed thermocouple 
wells i n  t h e  reaction zone x i  p lace of w9.x seals  ('2') 8 s  in f ra red  
analyzer having a carbon monoxide s e m i t i v i t y  rar?ge of 0 t s  2$ GO, 
and (3 )  a n  e l e c t r o l y t i c  hygromeser f z r  moisture arzaiyses i n  the range 
0 t o  19. 
data which a r e  consis tent  afid cor:s:der& re: labk . 

To xiprove ';he relz- 
-y_.---. 

Experiments made 7 J i t h  '-he above iiTr9vemeR.t-s have given 

Eight runs were made a t  905 f 5 C h w . i !  va.ry:!rg c3rbon diclxlde but 
constant hydrogen concenwations R e  scatxer i f  r a t e  cmst8nt.s 
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calculated from an empirical  equation wa6 less than 8s and the 
average value agreed almost exac t ly  with the  best l i t e r a t u r e  value, 
Continuing work s t r e s s e s  the  e f f e c t  of carbon monoxide and hydrogen 
on the  reac t ion  k ine t i c s ,  

Radiolysis of Carbon 6ox ide -Wate r  Vqor Mixtares. 
on the  r ad io lys i s  of carbon monoxide and water-vapor mixtures ind i -  
cated tha t  an Arrhenius plot of the  108-ev y ie lds  of hydrogen and 
carbon dioxide was l i n e a r  t o  approximately 350 C j  b u t  above 350 C t h e  
100-ev y ie lds  were much larger t.han expected, These large values 
were a t t r i b u t e d  t o  t h e  thermal react ion becoming important above 350 C u  

Previous results 

Experiments i n  the absence of  a rad ia t ion  f ie ld , ,  however, showed t h a t  
the t h e m 1  react ion is not significant. below 500 C and cor*tribut,es 
only s l i g h t l y  even a t  600 C. 
were very ca re fu l ly  repeated and revealed t h a t  the LOO-ev y i e lds  
(2 values) indeed were not  unusually high u n t i l  above 500 C o  

The experiments i n  a r ad ia t ion - f i e ld  

It is believed t h a t  the earlier r e s u l t s  arose because of Localized 
high temperatures i n  the  ampoules due t o  locat ion r e l a t i v e  t o  t h e  
heaters. Additional experiments t o  determine t h e  e f f e c t  of hel ium 
gas on the  rad ia t ion  chemistry of the  C02-H20 react ion ind ica te  that; 
t h e  energy absorbed by the  helium is approximately as e f f ec t ive  as 
t h e  energy absorbed by the carbon monoxide. 
data prevents a more quant i ta t ive  statement a t  the present t ime, 

The uncertainty i n  the  

Rate Constants i n  the  Carbon Dioxide-Graphite System, 
r a t e s  have been measured for TSX graphite in fiowirig carbon dloxide 
and in a carbon dioxide - 4.185 carbofi moncAide mixture. From data  
obtained a t  800 t o  900 C ,  s p c f f i l z  rate ax:E*:ants were ca lcu la ted ,  
Coxprison w i t h  data on CSP graphite ‘was made; the CSF being purer 
i s  found t o  oxidize at 8 lower ra te ,  si3 expectedo Of  interest IL,C 
t h a t  the  apparent inh ib i t ion  of t h e  b1xmout by carbon monoxide is 
general ly  less i n  the  case of TSX graphite U n T i l  a temperature of 
about 900 C i s  reachedu 

Oxidatior, 

The r a t i o  of over-all  o X i d i 3 T i G n  ra tes  %sx/RCs~ for 100% carbon di-. 
oxide arid f o r  a mix tu re  C J f  952$ carbor, dioxide an4 k8$ carbon 
monoxide was dezermined oo rnnge from 2 t o  15, 

Thick Film Effec t s  on t h e  Hydridirig of Zircaloy-2Y Previcus experi- 
merits have indicated chat as The Zr02 film on Zircaloy-2 grows i n  
thickness,  it becomes permeable tao  hydrogen gas even irl t h e  presecce 
of an oxidizing agent”  
has  confirmed e a r l i e r  work. Zircaicy-2 coupons w i t h  preformed oxide 
f i l m s  of 0, 50, 100, 200 and 500 mg/dm2 were exposed to helium 

- 
A secofid experiment has been s t a r t e d  which 
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contaminated w i t h  2% H2, 2% CO, and 0.1$ H20 at temperatures of 
350 and 450 C (662 and 842 F). 
or 500 mg/dm2 pre-films showed evidence of gae ph-ase hydr1dir.g 
a t  both 350 and 450 C,9 whereas samples w i t h  0 and 50 rr7/drn2 were  
normal with no gas phase hydridirigo Fsr the 103 rng,dm' samples, 
the increase i n  hydrogen content was greater thar, ncrmrll but could 
be accounted f o r  by hydrogen pickq asso;: fated with a he corrosion 
process,  
f o r  safe  exposure of Zircaloy-2 i.rl a hydrogen conrthining atmosphere I) 
Data t o  date pred ic t  that as the  weight gain and/or temperature 
increases,  the  H20/H2 ratio cf the N stack gas must also i rxrease 
t o  prevent hydriding of the Zr-2 p r ~ s s u r ~  tubes, 

After  24 days, samples w i t h  200 

These r e su l t s  show %here is an upper wei.ght gait l i m i t  

Zirconium Graphite Compatibility Locp0 
p a t i b i l i t y  loop is  now operat ionalo 
the  loop involved the  measurement of the  rate of t r a r s p o r t  of H20 
through an ac tua l  N-Reactor tube block, 24 inches long. These data 
a r e  required t o  d e t e m n e  the dew point in. the  reac tor  gas required 
t o  supply H20 t o  a process zube a t  r a t e s  sufficiefi t  t~ t r h i b i t  hy- 
dr iding,  
constant known moisture coritent around the  l o q S  a n d  weighirg a l l  
the water which d i f fuses  through t.he graphi te  en a magnesium per- 
chlorate bed suspended f rcIm a recording baiscce t 
at 400 and TOO C (752 and 1292 F! show t h e  bar t o  be qu i t e  permeable 
t o  water vapor with the  d i f f l s i o r  rate essentially temperature 
independent between 4CO and 700 G o  Imt;.al results ind ica te  t h a t  
a moisture content of 50 ppm (-5% F dew poinr,) would meet the  oxi- 
dat ion demands of the process tube,  

The zirco,r,im graphite com- 
...rp. 

The first experimental use of 

Diffusion r a t e s  are measured by c i r cu la t ing  helium of 

Measurements made 

4, Process Tube Develomierit. 

Process Tube Testar,gc 
at. room temperature orL a series of hydr:-ded Dl -2React.c;.r pr..xess tube 
specimens containing 275 ?grn I 180 p~rn., acd 90 pprn hydrc,geri 
hydrided tubes were defecte.3 b y  n ~ ~ i k d  s.'i;>t.s., .:38 mm (l* .ir..cbes) long, 
and their burs t  Fresswes conTare.d w ; t k  rha t .  of 6 simi:la.rby d2f'ected 
unhydrided specimen, 
presence of the hydride WBE 7 , ; ~  
2g02$ at  275 ppmu All specimens frzij-et! .with a f u l l  'Length f r a c t u r e  
very b r i t t l e  ir, character w1t.h i : .v . ie  ;*JY LX evidence of shear- The 
effect of prec ip i ta t ion  mder  si;rPss on the arientati.on of hydride 
p l a t e l e t s  i n  Zircaloy tub.rrLg h&s also bsep e x m i n e d ,  Specimens con-. 
t a in ing  90 ppm hydroger, were heatted WI 3C;O C (572 F) tc dissolve the 
hydrides and allowed t o  tCli2!l .s . iw'iy .in the f w ~ a c ~  while fnr,ernal 
pressure was maintainedY f k o ~  s t x e s s s  cf ~%<;ICJ!:~ psi  an.? 25,000 p s i  
were invest igated-  A t  both s t r e s s  levels a s t r m g  or.i.er!t,ation of 
hydrides i n  the radial d i rec t ion  was rLc!+,ed, 

EWittle f rac ture  t e s t e  h a w   bee^ perfmmed 

The 

The ,reductiorl .iri -burs t  gresmre  AUC t o  t h e  
at. 9C: ~ p n i  16 G4$ 6.t 180 ppm ; and  
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ProJect CAH-922 Irradiated B u r s t  T e s t .  
t h i s  f a c i l i t y  i s  on hand. 
involves e l e c t r i c a l  and mechanical connections between t h e  vessels 
and the  instrument panels, 
taminated and modified t o  f i t  the  project arrangement, Cornpietion 
is estimated a t  93$ versus a scheduled 98$. A 3O-dacy extension of 
the project has been requested. 

All of the equipment f o r  
The major portion of work remaining 

The prototype vessel w i l l  be decon-. 

N-Reactor Steam Generator Tubing, 
massive flaw areas i n  exce8s of 56 of the tube w a l l  is currently 
under way. 
of 840 hours of exposure 50 tes t  conditions of 3000 p s i  and 300 C 

The evaluation of tubing with 

Half of the specimens (three) have failed a f t e r  a period 

(572 F). 

Crush Tests of N-Reactor Fuel and Dummy Elements. 
tests have been performed upon carbon s t e e l  dummy spacers and short  
fue l  elements individually and fn tandem while confined in  81 length 
of N-Reactor Zircaloy-2 pressure tube, 
the energy absorption capacity tha t  would be available i n  a f u l l  N- 
Reactor pressure tube i n  the  eve:t  the fuel-dummy charge was sub- 
jected to ax ia l  forces,  The details of t h i s  report a re  published 
i n  a report en t i t l ed  ''Crush Tests of N-Reactor Fuel and Dummy Elements ," 
HW-80436 

Axial compression 

The purpose was t o  determine 

5 ,  T h e m 1  Hydraulic Studies 

I?-Reactor Studies, Laboratory data obtained i n  the heat sransfer  and 
f lu id  flow experiments wi th  the full-scaI.e, electrically-heated model 
of an N-Reactor fue l  column wi th  prototypic out le t  piping were ~ r c -  
cessed by means of t h e  d i g i t a l  computer program described las t  month, 
This program was designed, primarily,  f o r  the conversion of' instrumerd 
readings into engineering parameters, development of flow-pressure 
drop relationships? and cornparisms of powers and flows calculated 
from different  s e t s  of readings t o  determine e r rors  and uncertainties 
i n  the calculated values. 

Liquid-phase flow versus pressurle-drop relationships were developed 
from experimental data obtained at 1200 psig fo r  a l l  portions of the 
system. These relationships a re  being used in a mod.ified program t o  
develop two-phase t o  single-phase pressure drop r a t io s ,  For various 
portions of t h e  system, pressure drops were proportional t o  some power 
of the flow, the powers f a l l i ng  i n  tqhe range of 1.8 t o  2,0,0 as would 
be expected i n  a system having both f r i c t iona l  and expansion-contraction 
losses 



Flow rates calculated from two independent s e t s  of instruments 
showed good agreement; generally within 1$ Agreement between 
the calculated powers was not as good as t h a t  obtained f o r  flow 
comparisons Powers ca lcu la ted  from wa.-r,er f l ~ w  i ' i i t e k  and tem- 
perature r i s e s  were generally about 5% lower t h a n  thcs2 calc.uhated 
from e l e c t r i c  current  and voltage measurements, C d . c d a t f o n  
methods, assumptions, and correctlor, fac tors  are b z h g  examined i n  
an e f f o r t  t o  improve t h e  agreement, 

Mdi f i ca t ions  t o  t h e  computer program t c  allow ca icu la t ions  of two- 
phase t o  liquid-phase pressure-drop rat,:os were ccmpleted, T h i s  
modified program w i l l  also calculake boiling l m g t h s  1.17 each of the 
three flow channels in the f u e l  c c r l m i  nodel ar!d w113 separate  t h e  
t o t a l  pressure drop i n t o  f r i c t i o n a l  and momentun eha,r,ge losses, 

Emergency Cooling of N-Reactor Fuel, Laboratory experiments were 
performed t o  inves t iga te  surface temperatures and rates of steam 
generation i n  N-Reactor f u e l  elements under cer ta i r ,  conditions of 
emergency coolingo The conditions s tud ied  were for  the case where 
emergency cooling would cease f o r  a short  period of t ime,  allowing 
the  temperature of the  f u e l  t o  increase t c  approxi-mtely 1500 F, 
snd then be re-establ ishedo The problem is of :interest. s ince  the  
steam t h a t  would be generated could not be vented t.0 t h e  atmosphere 
and would cause a pressure buildup w i t h i n  the  r eac to r  bui lding,  

The tes t  sec t ion  consisted of two9 6-foot long,  s teel  tubes, one 
placed within the o ther  t o  form a 0 ~ 1 6 0 - i n ~ h  flcw annulusu 
e l e c t r i c a l  heating element vas placed in s ide  the  inner tube t o  bring 
t h e  tes t  sec t ion  t o  the desired temperst-ure before t h e  water coolant 
was introdaced t o  the  t e s t  Se2tiCG, T'l-!?r;r,i-,.cjbpies w r e  attached 
along t h e  lengths  0:' both tubes and w r e  fed TQ fast: respome re-  
corders f o r  continuous readout, 

An 

The tes t  procedure, consisted of hea t ing  the +,est secticr! w h i l e  it 
was dry,  
ce r t a in  flow under cold condi t icns  , Preszures, tempera?,ures and 
flow were recorded while t h e  test  sF'c+,ion lo s t  i t s  s t m e d  heat and 
returned t o  t h e  teqeratLcre af the wster, Tests  were rui at flow 
r a t e s  of 6 and 2 g p m .  

A water source was theri valved i n  that .  w m k i  produce a 

The data thus obtained are being processed, bu t  Fxiicat,ions a r e  t h a t  
the f i l m  coe f f i c i en t  varied fron aboLt 105 Btu , /h r - f t2 - "F  at 1500 F 
t o  1350 Btu/hr-ft2-oF a t  a L S C  F swf'we ?emperatwec. 
t u r e  decrease of t h e  s u r f w e  wks f a i r l y  conktam w i t h  tJirce from 1500 F 
t o  about 900 F (- 20 sec)  at  which s:c.int, **here i > c c ~ r r ~ 1 3  a rapid 
temperature decrease (- 6 sec )  tG bboi.!~ 3SO F 

The tempera- 

The f'low ra te  change 

http://s:c.int
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was negl ig ib le  when t h e  tube was open t o  the  atmosphere while t h e  
pressure v v i a t i o n  was a rapid 10 p s i  f 10 ps ig ,  The temperature 
a t  which thL switch from film boi l ing  took place was about as pre- 
d i c t ed ,  but the  res i s tance  t o  flow through t h e  t e s t  sect ion from 
steam generation was less than expected. 

C r i t i c a l  Flow of Steam-Water Mixture. 
mental data f o r  t h e  c r i t i c a l  flow of high pressure steam-water mix- 
t u r e s  was p e r f o m d .  
v a l i d i t y  of t h e  various critical flow models proposed i n  l i t e r a t u r e  
by determining t h e  correspondence between theory and experiments 
performed a t  high pressures, 
were obtained with a shor t  piece of pipe (L/D = 20) a t  upstream 
pressures approaching 2000 ps ia .  
and 525 Btu/lb were considered, 
unexpected results. As long as a two-phase mixture entered the  t e s t  
pipe,  correspondence between the  da ta  and the  more advanced theor ies  
exis ted.  
mass veloc i ty  wi th  5 s  accuracy a t  a c r i t i c a l  p ress  r of 600 p s i  and 

predic t  xnass ve loc i t i e s  within lo$ a t  these  conditions.  When com- 
pressed water entered the  tube and was required t o  f l a s h  t o  a steam- 
water mixture within t h e  length of the  pipe.* the loca t ion  of the 
primary choking was observed t o  occur a t  t h e  entrance of t h e  pipe 
r a the r  than a t  the  e x i t  where it is normally assmed t o  e x i s t ,  
During t he  existence of upstream choking, the  pressure a t  the  en- 
t rance of t h e  pipe was observed t o  remain a t  the sa tura ted  value 
regardless  of flow rate, This behavior is similar t o  t h a t  observed 
i n  short tubes a t  low pressures  and temperatures (HW-77594) and is 
suggestive of the metastable flow system observed i n  that invest iga-  
t i o n o  
short tube and such behavior was not, expected, A report  summanzing 
these experiments and r e s u l t s  is i n  preparat ion,  

Analysis of preliminary experi-. 

The purpose of t h i s  ana lys i s  was t o  test  the  

In  these experiments c r i t i c a l  flow data 

I n l e t  enthalpies  of 420, 460, 480 
The experimental data demonstrated 

For example, the  Fauske theory(1) predicted t h e  c r i t i c a l  

stagnation enthalpy of 525 But/lb, The Levy model be was observed t o  

Normally, a pipe wi th  an L/D r a t i o  of 20 is not considered a 

(1) H. Fauske, "Contribution t o  the  Theory of Two-Phase, One Component. 
C r i t i c a l  Flow " ANL-6633 USAEC Research and Development Report ., 
TD-4500, 18th Ede, October 1962, 

(2)  S o  Levy, "Prediction of Two-Phase C r i t i c a l  Flow Rate," GmP-4395 
USAEC Research and Develogluent &port .$ October 1963 . 
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Present Reactor S tudies ,  
e lec t r ica l ly-hea ted ,  f u l l - s c a l e  model of a charge of K-V self-  
supported f u e l  elements i n  a smooth-bore Zircslcy tube ,  i t  was 
observed that, the pressure drop acrass t k  tube ~; \ juld irlcrtase 
withoux reasono Pressure drop me8,sl~retnents were talctr. f o r  tiic 
first 23 f e e t  of t e s t  sectiori and compared with  aeazaremmts 
f o r  the last f i v e  feet of t e s t  sec+,.Lun, 
was learned t h a t  t h e  downstreain pressure drop was larger than the  
upstream drop. Since the  best explanatlcx for this difference i n  
pressure drop would be a partis.:: plug in t h e  dowrLstream annulus, 
the  downstream hydraulic head was remaved f a r  exaxriinatiorA of t h e  
t e s t  sect ion,  It was fourla +,hat the annillu~c was par?.f,ly plugged 
wi th  broken ends of the ceramic piece& used t o  suppo'rt the 
e lec t r ica l ly-hea ted  fuel model in process tube ,  This condition 
a l s o  ex is ted  a t  the thermocouple flange loca ted  f i v e  feet upstream. 

During labora tory  s tud ie s  w i t h  an 

Fmm thid c m p w i s o n  it 

The broken ceramic pieces were removed and t h e  test section re- 
assembled, 
l i s h e d ,  
pieces would continue t o  break off m3 plug t h e  anfiulus, t he  t e s t  
sec t ion  was removed and disassembled and all ends of the supports 

W e r e  broken o f f ,  The test  secaicln was reassembled and i n s t a l l e d  
ir: t h e  low pressure t e a t  transfer f a c L 1 i t y  f o r  fu r the r  tes t ing" 

The annulus Flwged again as soon as flow was estab- 
Since it was thee apparefit tChar the ends of t he  support 

6 Shielding Studies 

N-Reactor Shield Evaluation, During January installation of t h e  
N-Reactor s h i e l d  evEtluatior, Inrtrumentatiori was completed, and an 
i r l i t i a l  experimerct - a s  performed with t he  smaii core l.08,di.ngo For 
the first. test setu.I;;> twz,  fori cha.mber5 a id  twe fo i l  kt;slZers w r E  
inserted in t h e  boftom si" the  ~+.h.imbl.e, Gamma ray f i u x e s  were mea- 
sured and the  gold and cadmium-covCr-C(?. g;j'ld f o i l s  rl;T.ce.ived s u f f . ~ -  
cient ac t iva t ion  t o  allcw cxirl.t.ingJ These. f o i l s  were exposed f a r  
approximately 25 kilowatt. m i r u t e s  Test' se+,up N o o  2 c:olr.si.lsted cf 
t h r e e  ion chambers aad S I X  fc.Ll holders v h x h  f.ll.l.ed. the enti.re 
thimble from bot.t,om tc t,op., 
t h i s  setup However, foil ac t iva t io r :  *~JB,S r.ot ob%xe?rl, bec9,use Gf 
f u e l  irradiatior. recr r ic+ior , s  durir.g ~ k . 1 - 5  pa+, of t he  smll. t o r e  
phys ics  t e s t  

G a m a  ray masilremen.ts w?re tlaken for 

Test setup NoG 3 was a tesx rw espec ia l ly  tc allow i r r sd l a t ion  of 
the  sh ie ld  plug t h i m b l e  a:d w w  conducted dzrecr ly  aft;er core neu- 
tron spectrum measuremems ~ T P . ~  e?mcu~, ted h e i i w 3  detectc;r  was 
placed in t h e  thimble bo5t.orn irra2ie4t,ed et 5 Kw (orn%tl l  core power) 
f o r  four  minutes, and backgrourld ~ 5 3  counted, The d ? ) ; c t G r  was 
then removed from t h e  thimble and f j i i e 3  -4i-h F . ~ L i . i d  a t  p r q e r  
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pr,. ?sure.  
lz?.hium6 detector  was operated fo r  10 minutes a t  a reactor  power 
l eve l  of 5 ilw a t  t h e  bottom of the  sh i e ld  plug thimble, 
t e s t  setup No. 3 was inser ted ,  This consisted of the  f i l l e d  
helium3 detector  (at  the  bottom of the  thimble) 
chambers and f i v e  f o i l  holders.  
a t  5 Klw f o r  30 minutes, Preliminary ana lys i s  of the data ind ica tes  
t h a t  s ign i f i can t  ac t iva t ion  of the gold and cadmium-covered gold oc- 
curred f o r  a dis tance of approximately 25 inches up f r o m t h e  bottom 
of t h e  thimbleo Suff ic ien t  flux vas available at the bottom of tohe 
thimble t o  s a t i s f a c t o r i l y  operate the helium3 and lithium6 de tec tors  
A t  t h e  end of each of these tes ts  t h e  f o i l s  were removed and countedn 
A t o t a l  of 18 gamma measurements and 22 f o i l  ac t iva t ion  measurements 
have been made t o  date, 

While the  helium3 de tec tor  was being f i l l e d ,  t h e  

Then, 

t h ree  ion 
The e n t i r e  test setup was i r r ad ia t ed  

Ereliminary ana lys i s  of these data ind ica tes  a high thermal spectrum 
i n  the  sh ie ld  plug thimble f o r  the  small core configuration, 
t rapola t ing  these preliminary data t o  the full core configuration, 
it i s  indicated tha t  f o r  comparable power dens i t i e s ,  t he  f u l l  core 
w i l l  produce measurable f l u  l e v e l s  i n  the  sh i e ld  plug thimble and 
through the f irst  few inches of the inner shield regions,  

Ex- 

The data obtained from small core tests a r e  cur ren t ly  being analyzed 
i n  d e t a i l .  Full core zero power physics tests a r e  expected approxi- 
mately the  second week i n  February, 
i r r a d i a t i o n  measurements during power ascension tests i s  being pre- 
pared , 

A tes t  repor t  t o  cover shielding 

MAC Code Development, 
mitted f o r  publ icat ion giving an expanded and corrected 31-group 
cross  sect ion l i b r a r y  f o r  MAC code arLd a l s o  giving a I$-group 
l i b r a r y  which w i l l  enable users  t o  make calcuia3ions i n  about half  
t he  computer t i m e  wi th  l i t t l e  s a c r i f i c e  i n  accuracy. 

A formal report  has been prepared and sub-, 

7. Graphite Studies 

Oxygen Bomb Calorimeter, Cal ibrat ion and modification of t he  calo- 
rimetry equipmerit. i L c  continuing , 
i n s t a l l e d  on the  galvanometer, increaslng its sens i t iv i t .y  by a 
f ac to r  of 4, 
working s a t i s f a c t o r i l y o  Measurement of heat transfer coe f f i c i en t s ,  
between the calorimeter and water jacket,  and heat generation rates 
due t o  stirring of the  calorimeter water are in  progress,  

A multiple-deflectrisn device was 

The new stirrer assembly has been i n s t a l l e d  and is 
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B o  WEAPONS = 03 PROGRAM 

Research and development i n  t h e  f i e l d  of plutonium metallurgy continued 
i n  support. of t he  Hanford 234-5 Building Operations and weapors develop- 
ment programs of t he  University of Cal i fornia  Lawrence Radiation 
Laboratory (Project  Whitney). 
separa te ly  via d i s t r i b u t i o n  l ists  appropriate  t o  weapons development work. 

Details of these a c t i v i t i e s  a re  reported 

C o  I(EACT0R DEVELOPMNT - 04 PROGRAM 

1. Plutonium Recycle Program 

Fuels Development 

Fuel Element Refurbishing, 
element inspection and refurbishing equipment were prepared. 
This equipment is t o  be i n s t a l l e d  i n  t h e  proposed addi t ion t o  t h e  
PRTR basin.  

Design c r i t e r i a  f o r  underwater f u e l  

Fuel Element Rejuvenation. 
cess fu l ly  completed i t s  t h i r d  cycle of i r r ad ia t ion ,  after operating 
with a maximum surface heat f l u x  of 375,000 Btu/(hr)(f t*) .  

The rejuvenation f u e l  element suc- 

Fuel Element Development. 
fuel element f o r  monitoring v ibra t ion  i n  EDEL-1 was completed. 

Assembly of an eddy current  de tec tor  

The twelve outs ide f u e l  rods each contain an eddy current  c o i l  
surrounded by Z r Q  i n  a matrix of v ibra t iona l ly  compacted U02. 
X-ray exanination of t he  completed rods shows minor migration of 
U02 i n t o  the insu la t ing  Z r Q  medium. T h i s  may a f f e c t  optimum ir- 
rad ia t ion  exposure i f  t he  elerer,t, is l a t e r  charged 5nto the  PRTR, 
Following assembly, t h e  element will be charged u t @  EDEL-1 f o r  a 
per iod of d e f i n i t i v e  tests t o  co r re l a t e  rod motion wi th  observed 
f r e t t i n g o  

PRTR Fuel Fabricat ion,  
put i n t o  operation to fabr ica te  f u e l  elements f o r  the PHTR. The 

A new v ib ra t i ana l  compaction f a c i l i t y  was 

new f a c i l i t y  is i n  the south line i n  Room l3& 308 Building; the  
north l i n e  was previously set  up t o  f ab r i ca t e  D W R  elements. 
l i n e  is  capable of compacting two f u e l  rods a t  a time on a 30 t o  
@minute cycle;  ac tua l  vibrat ion times are  1 5  t o  20 minutes. 
rods are compacted t o  87$ TID. Five v ibra t iona l ly  compacted c lus t e r s  
were fabr ica ted  f o r  t h e  PRTR, t.wo cf t h e  c lus t e r s  u t i l i z e d  a new end 
closure which eliminated the  crevice between the cap and can, 
i r r a d i a t i o n  examination of v ibra t lona l ly  compacted f u e l  elements has 
shown corrosion a t t ack  ir? the  crevice region on some fue l  r o d s , )  

The 

The 

(Post- 
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Three swage compacted f u e l  elements were fabr ica ted  f o r  t h e  PRTR" 
Tire of t h e  elements were made wi th  new, as-received tubing (00@30f1 
rill ins tead  of 0.035") which permitted 2$ more f u e l  t o  be loaded 
i n t o  each rod, In  addi t ion,  the  starting tubing length was i n -  
creased; t h i s  permits more var ia t ion  i n  the  d i s t r ibu t ion  of p a r t i c l e  
s i z e  in the  f u e l  which, i n  tu rn ,  permits more economic u t i l i z a t i o n  
of the  fuel. material. 

Elevated temperature tests in t he  f u e l  outgassing f a c i l i t y  permitted 
an increase i n  the minimum temperature to 500 C1 with no s ign i f i can t  
increase i n  t h e  total outgassing cycle time, The higher temperature 
will be more e f f ec t ive  in removing v o l a t i l e  impuri t ies  i n  the f u e l ,  

A review of t h e  present ,  over-& 1 PRTR Vipac process i s  near ly  
complete. 
operations are under studyo The study is  complete enough a t  t h i s  
t i m e  t o  ind ica te  some i n i t i a l  ac t ion  plans f o r  i n s t i t u t i n g  an i m -  
proved, formal q u a l i t y  control  plan.  

The e s s e n t i a l  materials receiving and f i n a l  assembly 

During t h e  last  month and a halfp 1200 pounds of uranium dioxide were 
prepared and canned for dens i f ica t ion  by high energy r a t e  impaction, 

Weld closures were made on 20 Zircaloy-clad, Physics elements f o r  
experiments i n  ?!?-Reactor, 

The core material f o r  the  36-inch PCTR rods has been dens i f ied  by 
impaction 

Swageable type end closures (no crevice between end caps and clad- 
ding) were made on 20 PRTR $-inch diamet.er v ibra t iona l ly  compacted 
fue l  rods, 

Examinatior, of PRTR Fuel Elements. 
storage i n  the PRTR Basin an  irradiated (600 MdDiT) U@ f u e l  element 
developed a longi tudinal  cladding sp l i t . ,  
during examination immediately af'ter the element was discharged as a 
leaker in October 1961. 
located approximately 18 inches from the  bottom of an outer  f u e l  rodp 
Unexpected oxidation and subsequent swell.ing of t he  fue l  had occurredu 

Dwing approxinately two-year 

No defect  was d iscern ib le  

The &inch wide, 12-dn.ch long s p l i t  is 

Tne p o s s i b i l i t y  of catastrophic  defec t  propagation i n  i r r ad ia t ed  U02 
f u e l  elements must be considered i n  es tab l i sh ing  time limits f o r  
underwater storage of elements awaiting reprocessing or  r e - i r r ad ia t ion ,  

Anticipated cladding f a i l u r e s  by massive zirconium hydrid-ing oc- 
curred in four  U02-pU@s PRTR fue l  rods,  
was predicted from suspicion of oil contamination of t he  fuel during 

Ir, each case t h e  f a i l u r e  
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fab r i ca t ion ,  
Pu@ f u e l  elements t h a t  were fabr ica ted  j u s t  p r i o r  t o  discovery 
of an o i l  l eak  i n  a piece of f u e l  processing equipmento A 
spec ia l  i r r a d i a t i o n  t e s t  of these elements l e d  t.o failures of 
t h ree  f u e l  rods which supplied s t rang evidence tht i t  oil con- 
tamination was the  cause of the  recent series of PRTR fue l  element 
failures, Further evidence was gained from t h e  four th  predicted 
rod f a i l u r e  when a U@-Od+8 wt$ pU02 rod containing f u e l  which a l s o  
passed through the  defec t ive  process equipment failed after 
400 MdD/T exposure. 

Three of the clad f a i l u r e s  occurred i n  UQ2-1 wt$ 

Al-Pu Element Post-Failure I r r ad ia t ion  Performance (I The satis- 
f a c t o r g r o n f a i l e d , - Z i r c a Z y - n d e d  A L P u  spike 
fuel element operating under power reactor  conditions was demon- 
strated. An Al-Pu spike enrichment f u e l  element (#SO88) suspected 
of failure during earlier operation i n  the  PRTR was i r r ad ia t ed  
406 hours i n  the  water cooled (250 C a t  537 gm/cm2) Fuel Element 
Rupture T e s t  F a c i l i t y  (F"). The exposure accumulated by t k g  
element during i r r a d i a t i o n  i n  the  rupture loop was 0.047 x loLu 
fissions/cm3, t o  complete a total of O032 x 1020 f i ss ions /c rn~.  
Preliminary p o s b i r r a d i a t i o n  examination revealed severely cracked 
and hy6rided Zircaloy cladding i n  t h e  fa i lure  region'  
only minor swelling occurredo Fuel a l l o y  corrosion products were 
eroded and some evidence of Localized in te rgranular  a t t a c k  of the 
f u e l  was noted. There were n.o indicat ions of waterlogging i n  
spit: of the  presence of water throughout t h e  nonbonded, core-clad 
gapo Mnitored a c t i v i t y  re leases  ind ica te  t ha t  approximately 4 mg 
of o r  O o l  cm3 of f u e l  a l l o y  was released t o  t.he coolant during 
the  loop t e s t ,  Fiss ion product r a t i o s  i n  the coolant shoved the  
release mechanism t o  be predominantly fissior, r e c o i l ,  
s t a t e  a c t i v i t y  re lease  rate was a t t a m e d  dining the early wages 
of loop i r rad ia t ior .  and d id  riot i n t e r f e r e  wl th  reactor operation. 

However, 

A. steady 

Cladding Evaluation, Ultrasonic impect ion,  of O0505-inch ID 22-2 
tubes w a s  Ini t ia ted. ,  These tubes are used t o  fabrica+,e f u e l  rods 
f o r  t h e  PKTR by v ibra t iona l  compactiona 
tne 200 inspected tubes were re jec ted  because of s igna ls  or ig i -  
nat ing on the  inner surfaces Some of these r? j e c t  indicrekicns 
appear t o  be caused by d i r t  or o t h e r  foreigr, matterial on t h e  inner 
surface,  However, some r e j e c t s  are vetlido After clesnr,h~g; ques- 
t ionable  tubes thek  still show defec ts  w i l l  be sectioned f o r  
metal lurgical  examinat ion 

AFpmximately 2O-25$ o f  
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Corrosion and Water Qual i ty  Studies  

Heat Exchanger Tube Examination. 
heat, exchanger failed i n  November 1963. 

A tube i n  t h e  PKCR rupture monitor 
The heat exchanger tubes 

are 0.035-inch wall, 3/8-inch diameter, seamless 304 staGLless s t e e l  
An eddy current  probe WEBS used i n t e r n a l l y  on the  f a i l e d  tube t o  
loca t e  the  area of failure. Four positive ind ica t ions  of ID defec ts  
were seen in a @-foot length of the tubingo 
t u b a  was removed from the heat exchangero 

Tlhis sec t ion  of t h e  

Examination of the  removed secLion of tubing showed the f a i l u r e  re- 
sulted from wear against  a support p l a t e .  Approximately 22 mils of 
the wall on one side cf the tube had been removed, arid a s p l i t  
about &inch long was centered i n  t h i s  area, 

The tubing was sectioned i n  tiie areas where the  ID defec ts  were indi-  
cated,  
on t h e  I D  of the tube.  
about 15 mils i n  diameter and from 5 to 10 mils deep; and (2)  elonga- 
ted p i t s  about 35 mils long,  2 t o  5 mils wide, and 10 t o  20 m i l s  deep 
No other  nonuniform attazk was seer, on the  tube wall. 

The eddy current  ind ica t ions  were caused 'by c1mteP.s of p i t s  
The p i t s  were of two type& : (1) round p i t s  

Under the exposure ccnditiorm (< 150 F - 66 C - pH 10 deionized 
heavy water)9 p i t t i n g  a t t a c k  of the stainless steel  heat exchanger 
would not be expected, 
t h e  tubing which were dissolved out., There i s  no r e l a t ionsh ip  be- 
tween t h e  ex terna l  erosior, and the  in t e rna l  p i t t i n g .  

The p i t t i n g  may be related t o  inclusions i r i  

Zirconium cmcent ra t ions  i n  the  PRTR primary coolant were signifi- 
cant ly  above fiormab three dsys .  Some fre+tlr,g i s  possible;  severe 
f r e t t i n g  i s  u k & e l y o  

The laboratory f o r  plutonium deccntmnination s tud ie s  was completed., 
and test.s of plu-tonium oxide d x s o l u t l o n  were started, 

Reactor Components Development 

Shim Rod Development. 
is complete and the assembly has been operated i n  t h e  environmental 
mockup a t  170 F f o r  about 250 hours, 
has been with s t ick ing  and binding of the lead screws and shim rod 
elements, This is a t t r i b u t e d  t o  (1) out-cf-tolerance shim rod 
elements which cause binding of the lead screw under ce r t a in  condi- 
tions, and (2)  c lose f i t t i n g  ball  bearing lead screws which do not 
have a "tolerance" fo r  foreign m z t e r .  Currently, the  assembly i s  
operating s a t i s f a c t o r i l y  

Assembly of one second generation shim rod 

The only d i f f i c u l t y  encountered 

UNCLASSIFIED 



M 
F: 
vi 
k 
P4 
Cn 

2 
+, rn 
El 
-4 

G 
Q) 
Q) 

G Q )  
4 9  

0 u) 
In 
0 

? 

a 

i! 
0 
k 

0 
-9 
k 
0 
4 
k 
Pi 

w 
I 

3 Cn 
0 
k 

$ r i  
Q) 
0 
-P m 

Q) 
k a 

a, 
k 
Q) 
k 
k 

z a 
0 
k 
9 Q) 

9 l-i 
Q) 
9 
k 

0 
-P 

a 

a 
cd 
$ 

c, 
0 Q) 

P 
Q) 

5 
b a 
9 
P 
(IJ 

k 
0 
h 
a 

rl 
d 
0 z 

a 
'3 
0 
0 

d 
aj 
5 
k 

M 
G 

B ?3 

Q) 
k 

cd 
%I 
0 

m 
2 a, 

9 
cn 
-4 

% 
2 
3 

h 
P 

111 a 
8 4  

Q) 
ri 

2 
Q) 
3 a 

k 
QI 
rc! 
5. 

0 
P s 

tn 
cn 
a, 
k 
PI 

0 
0 

0 
iJ -P 

k 
k 
s 
2 

-P 
0 
9 a 
Q) 
k 

0 

Lo 
Q) 
ho a 

r4 
Q) 
Q) z 

0 

c4 
Q) 
a, a 3 0 

k 

a s I-i 
Q, s 
k 

a 
4 a 

Q) 
-P 

Q) 
Pi 
0 

2 
h a a 
Q) 

-P 
ri 0 

VI 
ri 
d 
Q) 
k 

E 

0 
-P 

4 
2 
d 
pc 

d 
Q) 
d) 
P 

9 d 
a 
3 
k 
r54 
0 

Q) 

9 
s 

3 
x B 

-P 

- 
0 
CV a 

Q) 

3 
d 

w 
d 

-3 a 
m 
Q) 
bo a 
P 

-d 1 Q) 

Q) 
P 
3 +s 

Q) 
k 
-4 
3 

+, 
d 
Q) 
B 

0 

Q) 

5 B ri 
cd u k 



UNCSIl?IED A-25 HW-80560 

t r ans i en t  analyses of iden t i ca l  excursions car r ied  out by analog 
and d i g i t a l  computer methods. 

BKTR Increased Power Density Study. 
being made of several  possible means of increasing the  PRTR pcwer 
deusi ty  at i t s  present power l eve l  by reducing the  f u e l  loading 
size. 
accumulation of exposure and recycle of plutonium through the 
reactor  and a t  the  same time would permit f u e l  t e s t i n g  a t  more de- 
manding conditionso For i n i t i a l  purposes, f ive  case6 of decreasing 
core s i ze  were considered, 
from 85 tubes t o  55 or  43 tubes, and shorkening f u e l  from 88 inches 
t o  60 o r  48 inches. 
flux would be - 800,000 Btu./hr-ft2. 
increased t o  about L5$. 
been investigated.  

A preliminary assessment, is 

This would have the  benefi t  of increasing the  r a t e  of 

These involved reducing f u e l  loading 

In the  smallest core ccnsidered, peak heat 
Enrichment would probably be 

Chaaging of the  f u e l  geometry has not ye t  

Fuel Re-use. Further s tud les  on the f u e l  re-use concept have been 
i n i t i a t e d ,  
was a heavy water moderated type, so t h i s  riew work w i l l  expand the 
previous work t o  include three  additional, reac tor  types,  
k c l u d e  a boi l ing l i g h t  water moderated reac tor ,  a pressurized 
water reactor ,  ana a simulates spec t r a l  e h i f t  r eac to ro  

Previously the  only t,hermal reac tor  type considered 

These 

Other expansion in scope w i l l  include two cladding t,ypesp zirconium 
and s t a in l e s s  s t e e l ,  and a spec i f ic  power rating of 20 Mu/ton fo r  
a l l  the  reactor  types, Previously, 10 Mw/ton was used, 

The economic parameters t o  be used w i l l  be l a rge ly  unchanged except 
where appropriate t o  allow fer expansion t -c c ther  reac tor  types,  

Thermal Hydraulic Studies 

Heat Transfer Condftians f o r  Higher Power Densit ies i n  the  PmRo 
Five d i f f e ren t  cases of power densi ty  Increase were studied f o r  
the PRTR as a meam of achieving fue l  exposure goals more rapidly 
and increasing the  d i v m s i t y  of fue ls  t e s t i n g  programs, The cases 
involve decreasing the  numbc of aet.ive f u e l  chaniels t o  as l o w  as 
43 and/or decreasing the actdve f u e l  length t o  as short  as 48 icches 
while holding the total power l eve l  at 70 M W .  

The r e su l t s  of a thermal hydraulic analysis  show t h a t  the  power 
densi ty  i n  the core could reasonably be increased up t o  3.6 times 
the  present l eve l  without encountering flow i n s t a b i l i t y  and without 
re laxat ion of the boiling burnout safety limitso 
represent a peak heat flux of 80lrO00 Btu/hr-ft2 a t  normal power 
l e v e l  conditions,  

This would 
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In each of t h e  cases s tudied,  t h e  f 'ollowicg ge:;srzl t !~.se.s w r e  
applied : 

Axial = 1.31 peak/avg 
Radial = logo peak/avg. 

3. 

4. 
5 Present fuel element ccn f iga ra t i ca  - 19- m d  ?x.r ,dh . 
60 

Percent of t o t a l  pover appearing a3 heat: f l u  
from f u e l  surfaces  equals 9 5 ~ ~  
Uniform d i s t r i b u t i o c  i;f f u e l  emW-.ment 

Outlet  temperature from maximvm tube eyua1.s 540 F. 

The analys is  ind ica tes  t h e  d e s i r s b i l i t y  cf decreasi.ng fk,e n o m 1  
o u t l e t  temperature t o  $22 Fo 

All cases s tudied which include a chting;e cf' the Ixmbe.r of ac t ive  
f u e l  channels would requi re  a change of t h e  flow mor,ftlcr sensing 
elements and would require  chacging the  f lcw restziet i rLg sr i f ices  
whfch are present ly  upstream of the fae; elements, The cases in -  
volving shor t e r  f u e l  lengths would require the  f ~ e l  rods t o  be 
cut  sho r t e r  and t h e  f'uei hanger rods t o  be adJusted t o  achieve 
optimum nuclear physics parameters, 

Pressure Transients i n  t h e  PRTRo A dociunent 3 s  hepirig w i t t e n  which 
presents a simplified thermodynamic analysis t , ~  be used t o  evaluate 
pressure t r a n s i e n t s  f o r  t h e  PRTR primry syst;e=,m0 
p a r t i c u l a r  i n t e r e s t  i s  t h e  failure c.f t h e  rea:kr ts c-xz.sm wher, 
pumping power fo r  tJk p - l m r y  system is h b t o  I r .  t h i s  case.9 8 s  
vapor is generated and pressur2 rises, a p r k s s ~ ~ m  t u p  Is reache3 
which scrams the r eac to r ,  The problem then is tc. ALt:terrrLir;e t h e  
m a x i m u m  pressure rise ard det.em.irLe t h e  r q u i . z e d  3afcty rei.ief 
capacity of the system, 

The preblem of 
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The so lu t ion  t o  the equations describing t h i s  problem has been 
programmed f o r  t he  coxnputer and the  e f f e c t s  of reactor  in le t .  
temperature and ini t ia l  pressurizer  gas volume were considered 
The r e s u l t s  of these calculat ions f o r  i n i t i a l  conditions of 
120 IW, 9600 gpm, 1040 psia pressur izer  pressure9 1165 psia 
scram pressure and 427 F inlet temperature were determined, 
Nonuniform power generation with a maximum-to-average power of 
103 was used i n  all caseso The r e s u l t s  indicate  t h a t  t he  s i z e  
of the  r e l i e f  valves would not be a problem since they would not 
even open a t  t h e i r  s e t  point  of 1265 ps i a ,  

2,  Plutonium Ceramic Fuels Research 

Plutonium Ceramics I r r ad ia t ion  Program, A program Sa under way t o  
s tudy  th5  i r r a d i a t i o n  e f f e c t s  upon plutonium ceramics and cermets, 
The materials under study are i n  the  form of small, t h i n  wafers t o  
allow a high burnup r a t e  t o  be a t t a ined  a t  r e l a t i v e l y  low tempera- 
tures, The mater ia ls  present ly  under i r r a d i a t i o n  a re :  PUN9 PuC? 
pU@, B-Pu2O3, and PUN-W and W-PU cermets, These mataerials were 
prepared by pneumatic impaction, arc-meltingp and/or s in t e r ing  

One sample of puC has already been examined out-of-reactor and samples 
of PIIN and Pua2 are scheduled ifit-o Radiometallurgy Operation during 
February 1964, 

I r rad ia t ion  of UN-20 wt$ PUN Capsules, 
PUN s o l i d  so lu t ion  p e l l e t s  were fabr ica ted ,  Powders of -325 mesh 
UN and PUN were blended, pe l l e t i zed ,  and heated f o r  f i v e  hours atl 
1800 C i n  213 atmosphere of ni t rogen,  
was EA solid solution of puN i n  UM, as ider, t if ied by x - ray  d.Lffrac- 
t i o n ,  These p e l l e t s  were then s in te red?  cexe r l e s s  grGWdt and 
loaded i n t o  stainless s t e e l  capsules with &Q guard p e l l e t s  a t  each 
end, The stainless s t e e l  capsules with welded end caps were then 
shrunk-fit! into heavy wall aLuminum sleeves and a second set  of end 
caps were welded CL 

Three capsules of UN-20 w t $  

The productl of this reaction 

These capsules vi11 be i r r ad ia t ed  i n  the MTR a t  a c q E u l e  surface 
hea t  f lux of 218 w/cm2 (- ?00,003 B t u / ( h r ) ( f t . 2 ) )  which w i l l  give a 
cent ra l  f u e l  temperature of about, 1300 GI. 

Thorium Ni t r ide"  ThN-PUN combinations may be qui te  a t t r a c t i v e  as 
breeder f u e l s ,  Single-phase Th.N was synthesized for use i n  prepara- 
t i on  of ( T h - P u ) N  compounds fer phase and i r radiat l ion s tud ie s ,  ThN 
i t s e l f  i s  a re f rac tory  w i t h  almost unknown propert ies  and will also 
be studied i n  the  pure form, Thorium met.al was n i t r ided  by soaking 
-100 mesh powder a t  900 C under 2/3 atmosphere of pre-purif ied 
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nitrogen. 
quently decomposed under vacuum at 1750 C to form W. The 
lattice parameter of the single-phase, cubic ThN is 5J.59 f 
0.001 A. 

This treatment resulted in Th2N3 which was subse- 

Thorium Cermets. 
were fabricated by the Nupac process. 
of Th-25 w t $  Puw, Th-50 wt$  €+A($, Th-25 w t $  B-Pu2O3. 
samples will be used for compatibility and volatility experi- 
ments . 

Four thorium metal-pictcjnium oxide cermets 
The cermets consisted 

The 

Metallography. 
facility is capability of producing q u a l i t y  photomicrographs of 

Zlae primary goal in activating the metallography 
- -  

alpha active samples, 
samples may be examined within the glove box through a cover 
glass, or outside of the glove box as specified by a supplemental 
Radiation Work Procedure. 

The equipment has been designed so that 

Photomicrographs were made of U@-cermet samples with the re- 
cently installed Bausch and Lomb research metallograph. 
were mde of different contamination barriers w i t h  several com- 
binations of illumination and magnification. Samples were com- 
pared and photographed bare, through a cover glass, and through 
8 thin plastic coating as described by Bierlein and Miller in 

.Tests 

m-79845 

Brew Furnace. All equipment necessary for operating the Brew 
furnace in flowing hydrogen has been installed and trial runs 
will be made in the very near future, 
feet per hour at temperatures of 2800 C are anticipatedo 

Flow rates of 250 cubic 

Plutonium Research Facilities 
facilities in the 308 Building are approximately l.59 complete. 
The new facilities include five nitrogen-atmosphere piutorrium 
glove boxes and additional x-ray diff'rattion equipmrit. 
ment being placed in the glove boxes will perrrjlt the measurement 
of electrical conductivity thermoele c t r .i c powe r .v thernsloni c 
emission, thermal expansion, vapor pressure, mid. themrral dif- 
fusivity of plutonium-bearing miterialso 
thermogravimetric and differeritiai thermal amlyses are also  
included. 

The new plutonium research 

Equip- 

Capabilities f o r  

3.  Ceramic (Uranium) ktels Research 

Fuel Element Rejuvenation, 
reJuvenated, Zircaloy-clad I102 f u e l  element at a s w f h c e  heat 

Successful oye,.ro.ric?r- of a twice- 
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flux of 375,000 Btu/(hr) ( f t 2 )  fu r the r  demonstrated the  f e a s i b i l i t y  
of extending f u e l  element l i f e  (and thus reducing over-al l  clad- 
ding costs ) without u t i l i z i n g  burnable poisons o r  without resortif ig 
t o  spec ia l  Phoenix f u e l  combinations, 
by in se r t ing  new, enriched U02 i n t o  the  cen t r a l  cav i ty  and remot.ely 
rewelding. 
(from MPR) f o r  des t ruc t ive  examinationo 

The element was rejuvenated 

The i r r ad ia t ed  element w i l l  be returned t o  Hauord 

Transmission Microscopy of Single Crystal  U@. 
(0.002 cxn t h i ck )  containing mztallfc uranium has been examined by 
op t i ca l  t rwsmiss ion  microscopy using in f ra red  f i lm at temperatures 
t o  700 C o  The uranium inclusions exhibited no discernible  chawe 
i n  s t ruc tu re  a f t e r  being heated in vacuum t o  1000 C u  
i n  the  op t i ca l  transmissior, (between 0.65 and O c 9  p) wi th  increasing 
temperature is  a t t r i bu ted  t o  a shift t o  longer wavelengths of the  
absorption band. 

Single c rys t a l  U02 

A decrease 

. ThQ2 I r rad ia t ion  Studies ,  A del ibera te  defected tho r i a  element was 

A 0.0025 cm (0.010 inch)  hole was d r i l l e d  
i r r ad ia t ed  i n  the  
operating sa fe ty  limits, 
i n  the s ide of an aiuminum c lad ,  v rbra t iona l ly  compacted tho r i a  
element. 
power f o r  a period of Z a 5  hours. A t  t he  end of t h i s  period the  
loop coolant a c t i v i t y  was ~OO,OOO ,-. of loop coolant,  Reactor 
power was reduced and a decrease i n  a c t i v i t y  noted, Upon re turn  t o  
f u l l  power f o r  a 20-minute period, the  a c t i v i t y  l e v e l  returned t o  
t h a t  previously recordedo A t  the  end of the  addi t iona l  20 minut,es 
of operation a t  f u l l  power,, the  reactor  was shut down and t h e  t e s t  
element discharged, A noniiefected tho r i a  element was charged f o r  
i r r ad ia t ion  during the  remainder of t he  cycle 

GEH-4 F a c i l i t y  u n t i l  loop ac%ivi ty  exceeded 

The eiemerLt was i r r ad ia t ed  in t h e  MTR GEH-4 Loop a t  f u l l  

rmn , 

Two other thoria. elements were returned to Hanford f o r  destruct ive 
examinat ion  <) 

I r r ad ia t ion  of Uranium Monosulf'ide A smll urarmm monosubf ide  
sample has been discharged from ETR after 154.5 e f fec t ive  full power 
days wi th  an estimated exposure of' 3.5 x 1020 frssicn/cmj (12,000 
MHD/toriu, 1 44 at$ burnup j r) 

Fission Product Migratlona 
f i s s i o n  products re locate  Ln U@ under an applied po ten t i a l  gradient"  
A po ten t i a l  gradient of i v/cm was applied t o  an i nd i r ec t ly  heated, 
i r r ad ia t ed  U@ sampleu The s m p l e  was h e l d  a t  1800 C f o r  20 hours, 
I n i t i a l  experiments were rui i n  reducing atmosphere, The isotopic 
d i s t r ibu t ion  wa8 normalized t o  the  uranium present i n  each sec t iono  

Preliminary r e s u l t s  ifidicate Pu and some 
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Experiments t o  eliminate the  p o s s i b i l i t y  of uranium di f fus ion  
in a substoichiometric sample are i n  progress.  

Thermionic Emission, 
emission experiments have a r r ived  and canstruct ion of t h e  
apparatus has started. 
c q l e t i o n .  

A number of compnents f o r  the thu.rmior,ic 

The necessary instrumenteation is near 

Fabricat ion of Cermets, 
impaction of 130 wtk UO2-Mo i n t o  molybdenum tubingo 
a stainless s teel  clad,  80 vol$ U02-stainless steel ,  four-rod 
c lus t e r ,  complete with impacted stainless steel end caps and 
spacing brackets was begun, 

Hardware was fabr ica ted  f o r  pneumatic 
Loading of 

4. Basic Swelling Studies 

I r r ad ia t ion  Program 

!lWo i r r a d i a t i o n  t e s t i n g  capsules wnich were previously brought t o  
operating conditions a t  625 C (1157 F)  and 425 C (797 F ) ,  respec- 
t ive iy ,  are operating s a t i s f a c t o r i l y ,  

According t o  present plans two more i r r a d i a t i o n  tests w i l l  be con- 
ducted during t h i s  f i s c a l  year ,  One capsule w i l l  be charged i n  
Apri l  o r  B y  1964, and w i l l  contain high pu r i ty  uranium specimens 
of varying geometries, It w i l l  be f o r  the purpose of observing 
what e f f e c t  varying the specimen shape and cross section has on 
the  nature  and amount of i n t e r c r y s t a l l i n e  d i s t o r t i o n  and/or f i s s i o n  
gas accumulation, The other  i r r a d i a t i o n  t e s t  which is planned f o r  
charging some time i n  June ' . r i l l  involve a 70 Kg/m2 high p- pessure 
capsule f o r  which the design was Jus t  compl.cted, 

A study i s  cur ren t ly  being conducted by instrument development 
personnel on a s o h d  state +,emperatwe con t ro l l e r  ghicn is under 
consideration as a replacement f o r  t h e  coctrcl iers  cwref i t ly  in 
use a t  the reac tor ,  
a b i l i t y  unobtainable i n  components of ot.her t y - p s .  
been the  major problem with the  un i t s  cow i n  se rv i ce ,  

Solid slate devices of fe r  a high icvel. r e l i -  
Reliability has 

Second Phase Distr ibut ion i n  D i l m e  Alloys or' I J ren i im 

O f  the  30 d i l u t e  alloyed dingot specimens included in the study 
which features t.hree levels of a l l o y  content a t  each of 10 d i f -  
f e ren t  heat treatments ,q nine have been reppl.icated ar.d photographed 
i n  the  electron microscopeu 
Zeiss P a r t i c l e  Size Analyzer have been precessed ir, accordance w i t h  

P a r t i c l e  s i ze  data obt,ained from t h e  
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50 

quan t i t a t ive  metallographic techniques on f i v e  of t he  samples i n  
order  t o  obtain information on the  densi ty  of p a r t i c l e s  of the  
dispersed phase and t h e i r  s i z e  d i s t r ibu t ion .  
ca lcu la t ions  show t h a t  t h e  population dens i ty  and average par tdcle  
size of t he  second phase are s i g n i f i c a n t l y  a f fec ted  by both com- 
pos i t i on  and heat  treatment, 

We s t a t i s t i c a l  

Preliminary evaluation of t h e  quan t i t a t ive  metallographic results 
reveals  some in t e re s t ing  phenomena. 
condition, containing 150 ppm Fe and 100 ppm Si., had,9 i n i t i a l l y ,  a 
high concentration of p a r t i c l e s  i n  the  0 , l  t o  0.4 micron range" A 
so lu t ion  anneal i n  the  high alpha range a t  643 C (1190 F )  f o r  seven 
hours followed by a water quewh reduced the small p a r t i c l e  con- 
cent ra t ion  by a f ac to r  of t h ree  and s l i g h t l y  increased t h e  number 
of p a r t i c l e s  i n  the 1.0 micron range, An addi t iona l  treatment of 
one hour i n  the medium alpha range at 590 C (1094 F )  resulted h 
a s l i g h t  increase of 0,l micron p a r t i c l e s ,  
i n t e r im  report  on t h i s  port ion of the  program has been wr i t t en  and 
is undergoing revis ion t o  be issued a s  HW-80349. 

A specimen i n  the  alpha-rol led 

A rough draft of an 

I r r a d i a t i o n  Damage t o  Reactor Metals 

Alloy Select ion 

Two capsules containing r e f r ac to ry  metal t e n s i l e  specimens i r r a d i a t e d  
111 the  ETR G-6 cold water f a c i l i t y  were opened for  examinationo 
TZM9 Mo, and W-25 Re specunees were corroded t o  t h e  ex ten t  that .  
i d e n t i f i c a t i o n  of t h e  specimens was possible orily through weight 
measurements, 
of corrosion, 

The 

Sfmilsr specimens of Cb and Ta alloys showed no signs 

A temperatwe e f f e c t  was observed Ir! t h e  t e n s i l e  proper t ies  of 
Inconel 625 and Hastelloy N u  These specimens were i r r a d i a t e d  at 
50 C (122 F )  and 280 C (+536 5') t o  an ex&ot;ue of a'bout 1 x lo2' n v L  
Room temperaTure t e n s i l e  data f o r  Inconel 625 indicated that t h e  
280 C (536 F) i r r a d i m i o n  cassed an increase m y ie ld  s t rength  of 
about- 35$ wi th  co charge i n  t G t A a l  elongation, Fcr t h e  50 C (122 F )  
i r rad ia t ior - ,  a 58% increase i n  y i e ld  ssrength was &served with a 
marked decrease i n  tcml elongation, 

Hastelloy N specimens i r r ad ia t ed  a t  280 C (536 F )  shoved a. 25$ i n -  
crease i n  y i e ld  s t rength compared t o  a 57s increase f o r  t h e  50 C 
(122 F )  irradia-tioc,  The 50 C (122 F )  irradia5im also caused a 
l a rge  decrease i n  t o t a l  elongation as compared t o  the 280 C (536 F )  
i r r a d i a t i o n .  
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In-Reactor Measurement of Mechanical Propert ies  

The f i n a l  in-reactor  creep t e s t  on 20$ cold worked Zlxcalay-2 i s  
now i n  progress. 
s t r e s s  and 377 C (711 F) .  
creep r a t e  appears t o  be 1.9 x 10-i,ho 

This t es t .  is being c;ir,iiiuct.ed et 20,Oi~iI p s i  
After 2 00 hours or' operation, table 

A heating element capable of producing specimen temperatures of 
2090 C (3800 F)  f o r  short  periods of time and 1648 C (3000 F)  f o r  
sustained periods of time has been developed f o r  possible  use i n  
high temperature in-reactor  t e s t i n g d  
0, 080-inch diameter molybdenum wire noninductively wound a Bower 
is supplied t o  the  element through coaxial  water cooled copper 
leads from a D O C o  source. The element draws approximately 130 amps 
at 17 vol t s  for a specimen temperature of 1648 C (3000 F). In  
tests, the  element was f ixed i n  a three-inch diameter, 1.2-inch long 
s t a i n l e s s  s t e e l  cylinder which was immersed i n  a water bath. 

The heating element is  

A t  the  present time there  is one capsule with a 20$ cold worked 
Zircaloy-2 specimen and three  capsules with annealed 304 s t a i n l e s s  
s t e e l  specimens ready t o  be charged i n t o  the reac tor ,  

I r rad ia t ion  EXfects i n  S t ruc tura l  mterials 

The purpose of t h i s  program is t o  inveat igate  the combined e f f e c t s  
of i r r ad ia t ion  and reac tor  envirorment on t h e  mechanical propert ies  
of s t r u c t u r a l  mater ia ls .  
determination of mechanical propert..y climges produced i n  metals by 
i r r ad ia t ion  a t  elevated temperatures, 

Special  atlterLtion is  being given t o  the  

Tensile t e s t s  were performed i n  A.LS1 348 and 304 type s t a i n l e s s  
s t e e l  specimens which were i r r ad ia t ed  a t  tempxhtures betveen 282 
and 300 C (540 and 572 F )  i n  the ETR G-'r hot water l . c~op 

and 1.5 x 1020 fin (fast) w x c -  tested st rconi tenrysr&,ure and at 
300 C (572 F).  
head motion alorLe was used as a mebsiire of elongation, Recently, 
an extensometer was developed for  us? s t  temperatures up t o  300 C 
(572 F). 
tensometer on iden t i ca l  specimens fron, thc symc quadrants which were 
previously t e s t ed  a t  300 C (572 F )  w i t h o u t  6 ~ x 1  ex tensme te r .  As was 
the  case i n  the room temperature t e s t s ,  the exbensometer w&s removed 
shor t ly  a f t e r  reaching 0.2% offset  ard t h e  renmhder of the  elonga- 
t i on  was measured by crosshead rricjt ion 
temperature, both wi th  and wi+,hout, &n cxT;L?xiSonieter, ind ica te  t h a t  

S ecimens 
which had received integrated rieutrm exposures Gf 6,0  x 10 B 9 nvt 

In  previous tes ts  perf'orrrlcd at  3CjC C (5'12 F)> CFOSS- 

Tests were performed at 3GG C (572 F); Lt . i l i z ing  the  ex= 

'Tests cmduc-ced at room 
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t h e  greater  portion of the  e r ro r  incurred is  introduced during 
t h e  i n i t i a l  loading up t o  the  0.2% of f se t .  
crosshead motion as a measure of elongatson i n  the p l a s t i c  range 
i s  acceptable f o r  t e s t s  conducted a t  room temperature. 

Hence, the use of 

The d u c t i l i t y  of these materials as indicated by t o t a l  elongation 
was found t o  be 5 6  less a t  300 C (572 F )  than a t  room temperature 
when an extensometer was used f o r  measuring elongation. However, 
without an extensometer, tests at 300 C (572 F )  showed the same 
apparent elongation as was observed a t  room temperature. This 
r e l a t i v e  e r ro r  was la rge  because of the ra ther  low values (6-8$) 
being measured, These values, however, are typica l  of i r rad ia ted  
roaterials. This c lea r ly  points out the vi r tue  of using high 
temperature extensometry even on a r e l a t ive ly  hard-beam machine 
such as the Pnstron. 

Both the i r rad ia ted  and control t ens i l e  and 50-hour s t ress - to-  
rupture t e s t s  w i l l  be performed on Instrofi t e n s i l e  machines suit- 
ab ly  adapted f o r  t e s t ing  a t  1292 F (700 C ) .  The necessary pre- 
l iminary equipment f o r  t h i s  adaptation is e i t h e r  being designed 
or  assembled, and includes a hinged three-element furnace and 
temperature control equipment fo r  use frA bo%h types of t e s t s ,  

Damage Mechanisms 

The objective of this program is t o  determine the  mechanism by 
whdch defects produced by neutron bombardment in t e rac t  wi th  dis-  
locations t o  modify the p l a n k  deformation charac te r i s t ics  of 
metals. The investigation is currently concerned wi th  the ro le  
of i n t e r s t i t i a l  imyiirities in alpha- 1rc.n 

Tests were run on Fermvac "E" tO determine t,he temperature de- 
pendence of the  lower yie ld  goint ,  ac t iva t ion  energies, snd tlhe 
e f f ec t  of st.rain rate a t  240 K (-28 F) .  
on a zone-refined iror. sample at  294 K (70 F). 

Qne test was also run 

I n i t i a l  analysis of these r e su l t s  indicates  the primary e f fec t  of 
impurities is t o  modify the  temperature dependence of f * . $  xhe 
effect ive s t r e s s  on the dislocat, ions,  The p ro f i l e  of the bar r i e r  
controll ing p l a s t i c  flow i s  not changed, but the ba r r i e r  height 
fo r  a given temperature of deformation is s l i g h t l y  lower for the 
purer material Pan in-kerpretation of the mechanism responsible 
f o r  t h i s  e f fec t  i s  being developedY 

Eighteen i ron specimens have been received a f t e r  i r rad ia t ion  t o  
an exposure of about 1 x 10l8 n v t ,  
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Corrosion specimens of 348 stainless steel .  exposed 19 days i n  
t h e  ETR-CT loop, cycle 52, have recently h e m  dexe1cL  &:qies 
were exposed t o  a flux l e v e l  of 9.4 x 1013 rlv fa&%, a t  w a t e r  
temperatures of 280 C (536 F) and pH 9 (LiOH). WeJgiit. losses 
on t h e  f i v e  descaled irradiated specimens ranged from 21.5 mg/dm2 
t o  29,l mg/dm2 with an averege of 25.0 mg/dm2. &rIal losses for 
five descaled ex-reactor specimens ranged f run 3 2 ~ 5  mg/dm2 t o  
37.1 mg/# w i t h  an average of 35 . 3 mg/dm2. 
whether t h i s  d i f fe rence  is due t o  rAeatrom irradiation & d i f -  
fe rence  i n  water chemistry between the EFR i m p  and t h e  ex-reactcr 
loopo The ETR loop wa'xs corit,%iris 0.8 ppnn of oxygen compared t o  
<50 ppb of oxygen i n  t h e  ex-reactor loopo 
t e s t i n g  environment are similar f o r  both t h e  i r r a d i a t e d  and non- 
irradiated samples. 

It is n.ot bown 

Oxide losses t o  t h e  

ATR Gas LOUD Studies 

High Temperature Pyrometer. 
been received and is i n  the  process of being checked out,  
a two-color pyrometer which is usabie over the  range of 800 t o  
3000 C (1472 t o  5432 F ) .  The s e n s k g  head can be mounted on a 
t r ipod ,  or  a f ixed  s tand,  The ind ica to r  and recorder are mounted 
i n  a separate  portable cabinet ,  

The Mi lh t ron  recording pyrometer has 
This is 

Primary Piping. 
Haynes 25 piping has passed inspection and is being sent, t o  a sub- 
contractor f o r  bending t o  final dimensions., The pipe is expected 
t o  be ready f o r  f i r ra l  i rqezt3.DrA the f irst  week i n  February 1964, 
and de l ivery  will be about Wrch 1, l g b L  

The welded two-inch schedule 40 Hastelloy X and 

The backup order of seamless iIaynes 25 piping w%s ready f o r  f i n a l  
inspection on January 20, 1.364. 
e a r l y  i n  February 1964, 

Delivery of t h . i s  pipe snould be . 
Design T e s t  l17Z0 
f o r  the ATR loop were terrnir,ated af ter  188 cyA.es ,  
leakage was detected during the testmg:.  
should be complete February 1, 1964. 

Thermi and beading t e s t s  cf Gsayioc cmnect ions 

TLe rep2rt. crL t h e s s  t e s t s  
N o  h e l i u m  

Corrosion of High Temperature A l l c y a .  
termine the corrosion resistance of v6.rioli.s supzralloys in wet 
helium at  1700 F (927 C), 
greased, and exposed t o  wet hcliurfi 5t 1'70L1 F f o r  three t e s t  periods 
of 100 hours each. 

P test: wac, conducted 1,o de- 

Coupons were ibriided orL 3;'O paper, de- 

The ya,r t ib , l  p ressur t  l2f water vapor in the  
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helium atmosphere was maintained at 1 5  i 2 t o r r .  After each tes t  
period the  samples were weighed on a microbalances and some samples 
removed f o r  metallography. In order of decreasing oxidation re- 
s i s tance  a t  300 hours,  the  a l loys  t e s t e d  were hastelloy N (0.3 mg/cm2), 
Hastelloy X-280, Hastelloy Cy Inconel 600, Haynes 25,  InconFl 625, 
Incoloy 800, Inconel 718, Inconel 702,2 and R-235 ( 3 0 6  mg/cmC). 

Samples of superalloy weldments Hastelloy X-Hastelloy X (Hastelloy X 
f i l l e r  wire),  Haynes 25-Haynes 25 (Haynes 25 f i l l e r  wire )p and 
Hastelloy X-Haynes 25 (Hastelloy X f i l l e r  wire)  were exposed t o  
flowing He + 0.55 02 + 0.54$ M2 a t  one atmosphere and 1200 C (2192 F) 
f o r  seven days. Welds were made on one-fourth-inch p l a t e ,  which was 
mchined t o  a thickness of one-Tenth-inch md abraded or;, 240-x emery 
p r i o r  t o  corrosion testingo (A 5escr ip t ion  of the welding procedure 
may be found in  a document e n t i t l e d  ‘ iissimilar M t a l  Welds of 
Certain Superalloys and S ta in l e s s  S t t e l s , ”  R. Lo Knecht,, Hw-78574, 
August 1963 . ) 
The Hastelloy X material re ta ined  i t s  metal-lic i n t e g r i t y  and was 
covered with a tenacious oxide f i l m ,  
da t ion  r e s i s t a n t  as the  parent metal. 
various stages of degradation, ranging from severe penetrat ion t o  
c o q l e t e  consumption, whether welded t o  Hastelboy X c)r t o  i t se1 , f .  
When welded t o  Hastelloy X p  t h e  weld zone appears t.0 have corrosion 
tendencies roughly intermediate between Haynes 25 and Hastelloy X. 

The weld zone appears as oxi-  
The Haynes 25 material was i n  

The t e s t  proved so severe that. only qua1:itative observations can be 
mde0 The oxidation resistmice of Haynes 25 w i l l  determine th .e  oxi-  
dation res i s tance  of P, Hayneb ?5-Hastelloy X coupleu 

Gas Analysis , 
Mtallurgy Operation has beer, moved from t h e  326 Building and i n -  
s t a l l e d  I n  i t s  permanent locat ion I n  the  314 BuildirJgu The automatic 
a t tenuator  i n t eg ra to r  has been connected and the analysts system is 
performing very w e l l  f o r  H2? W r  Nz,, Cu,, and CO c o n t m i n a t i a i  i n  HE; 
over the  range of i ppm t G  1% of anyy o r  all, componentso Repro.- 
d u c i b i l i t y  of standard samples i s  P 1% or bettero Detailed ca l ibra-  
t i o n s  are due t o  start imnediately w i t h  t he  exception of t h e  low ppm 
range which must await thc  a v a i l a b i l i t y  of ultra pure heliumo Parts 
are on order t o  add a silica g e l  column for 6% analysis. 

The gas chromtograph under de wlopment by Chemical 

i)yn.mic W t e r i a l s  Testing Apparatuso 
of t h e  loop on January 3, 1964, a t  a temperature of 2500 F and the  
loop operated s a t i s f a c t o r i l y c  
January 7, 1964, it was noted t h a t  one thermocouple had failed,  

Embcock and WiLcox ran a tes t  

When. the  loop was restarted on 

B & W  requested pe r m l  s s ion to move thermocouple to a more 
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su i t ab le  locat ion and t h e  r e - t e s t  was scheduled f o r  January 13 ,  
1964. 
performance test  has been made. 

No fu r the r  word has been received as t o  whether the f i n a l  

Neutron Dosimetry 

Instruments a r e  being tested t o  measure fast-neut-ron spectra .  
types of systems are being studied, one using t h e  He3(n,,p) react.ion 
and another the Li(n,a) reac t iono  
t i c l e s  produced by the react ion cause ion iza t ion  i n  sdid-state 
detectors  which i s  proportional t o  the energy of the  incident  neutron 
plus the energy released by t he  reaction. 
systems w i l l  provide a means t o  monitor the  efiergy spectra  of neu- 
t rons with energy exceeding about 02j mev. 
valuable in :,:adiation-damage s tudies  where i r r a d i a t i o n s  are performed 
i n  f a c i l i t i e s  fo r  which it i s  not possible  o r  p r a c t i c a l  t o  ca lcu la te  
t h e  spectra ,  
spectra ,  

Two 

In each case the charged par- 

When developed, these 

Such 8c capabi l i ty  is 

It a l s o  w i l l  provide a means t o  ve r i fy  c a l c u k t e d  

The detectors  have recent ly  been ca l ibra ted  a t  severa l  energies using 
monoenergetic beams generated by the posi t ive- ion acce le ra to ro  
systems a re  current ly  being used t o  monitor neutron. spec t ra  i n  t h e  
N-Reactor core during t h e  physics s t a r tup  tests, 

The 

Neutron- Flux Monitoring 

The degree of consistency t o  be expected i n  f lux monitoring w i t h  
threshold Eonitors was estimated from r e s u l t s  obtained i n  the ETR 
G-6 SE f a c i l i t y .  Integrated f luxes a t  various v e r t i c a l  pos i t ions  
were calculated mirig nickel  m-d i r o n  monitors f o r  two separate  
i r r ad ia t ion  periods,  each comprising three  cycles ,  For all v e r t i c a l  
pos i t ions  values of 8 0 2  mb f o r  N i  and 61.9 mb f o r  Fe were used f o r  
t h e  e f fec t ive  cross sec t ions ,  Corrections f o r  t he  thermal burnout 
of CO-58 and ~0-581n were madec 

Intercomparison of the r e s u l t s  f:rom the long term monitors and flux 
values provided by ETR operations showed a -mxim~un deviation of 
about 30$ with most of the  s e t s  of data  agreeing to w 1 t h . m  l5$. 

60 Gas-Cooled Reactor Studies 

Gas-Graphite Reactions , Sys+,ems involving zar’bon, carbon monoxide, 
and carbon dioxide were .irradi%t,ed i f i  sealed quartz capsules i n  a 
Hanford reactor  a t  about 550 C o  
graphite weight were measured, and the nature of deposited materials 
was examined, 

Changes i n  gas conipcis.ition and 
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!The radiation-induced disproportionation of CO a t  pressures of 
1.5 t o  18 atm was measured. The l o s s  of CO was accompanied by 
the  formation of C Q  and black so l id s  which were deposited mi- 
formly on the walls of t h e  containero me yie ld  of C02 vas Ate- 
pendent upor, the  CO pressureo Electrofi micrsgraphs of the depcsits 
showed two d i s t i n c t  s t ruc tures ;  one similar t o  carbon black and 
one believed t o  be polymerized carbon suboxide. 

The radiation-induced reac t ion  between graphi te  and C@ was measured 
st about 550 C in t h e  pressure range 1.5 t o  45 atmo 
and (2% were consumed3 re su l t i ng  i n  the f c m a t i a n  of COO 
of t h e  number of mole6 of Co;1 reacted ta rn3les of CO formed was 0 ~ 8 6 ,  
In  contrast  t o  the w2ue of Wj #which would haxe been observed if 
the familiar reaction, C + CQ = 2 CO) were the only one occurring, 

Both graphite 
The r a t i o  

In t h e  pressure range 105 t o  61 atrn and the  temperature range 360 t o  
675 C there  was negl igible  thermal reactfon between graphi te  and 
carbon dioxide,  In the temperature range from 1200 t o  1400 C and 
the  pressure range 17 t o  19 a t m t h e  r a t e  of react ion with C@ was 
rapid,  and t he  reactiori product was COG 
ponded to the  familiar equation, C + C@ = 2 COO 
work, Rw-67241, has been issuedu 

The stoichiometry corres- 
A report  on this 

Oxidation of Large Graphite Samples by Water Vapor. Work has been 
continued t o  determine %he e f f e c t  of diffusion when large graphite 
bars oxidize i n  flowirig helium con.ta,inic.g small quan t i t i e s  of water 
vapor. 
pression 

It was previously reported [IWm579726 A )  tha t .  the rate ex- 

applied t o  thi! react ion of a TSX g r q h i t e  sample exposed 50 7000 ppn 
water vapor i n  helium atl 725 t o  813 Co 
inches long, O o 5  inch in diameter, and weighed about 65 g o  
a l so  pointed out that the activa+,ion energy of 33,2 kce,l/mole was 
lower than expected f o r  9 smple of t h i s  s i z e ,  

The graphite sample was 12  
It w5.s 

The r a t e  measUremr;.ts, have now been extended t o  857 C on t h i s  same 
sample and a remsed rate expressior.,, 

has been calculated,  This i n  much better accord with : resul ts  obtlained 
on samples 1 .5  and 2 inches in dlarnet.er, as the revised ac t iva t ion  
energy is, a s  would be w - p x e d , .  greater t*han t h a t  found f o r  t he  
l a t t e r  samples .3 46 . 5 kcs l  /mole The law tictivation energy obt8ined 

UNCLASSIFIED 



UNcLASSIFIEG\' A-38 HW-80560 

e a r l i e r  f o r  the O+inch sample is due t o  an anomalously low 
value f o r  the  r a t e  measured a t  813 C. The newly derived r a t e  
expression i s  i n  reasonable agreement w i t h  an expression cal-  
culated from data reported fo r  an even. smiler TSX gaFhit:e 
saaple (August 3.9631, v i z  

Rate (hr ' l )  = 3.24 x 10 7 e- 59.2 x d / R T  

Here, as expected, the  ac t iva t ion  energy i s  even higher, although 
oxidation r a t e s  in  the  same temperature range? 725 t o  860 C, a r e  
i n  good agreement with those fo r  +,he Oo5-inch diameter sample, 

Fbte measurements w i l l .  be extended t o  TSX graphi te  sampl.es, @,75, 
L O  and 3 .5  inches i n  diameter, 

7. Baronated-Graphite Studies 

Boronated Graphite I r r ad ia t ions ,  
capsule continues t o  operate s a t i s f a c t o r i l y o  

The first long-tlerm i r r a d i a t i o n  
The temperatures 

have increased somewhat during the  pas t  month but are w e l l  within 
the  acceptable tolerance limit of f 150 F. 
sect ions are operating a t  915 and 900 F, respect ively,  and the 
maximum var ia t ion  i n  the mcnitored samples is 3 Fo 
(nominal) sec t ion  is operating a t  725 F and +,he maximum var ia t ion  
of sample temperature is 27 Fo 

The two 1000 F (nominal) 

The 650 F 

The pressure of the  stagnant helium i n  t h e  capsule continues t o  
decl ine slowly, indicat ing a small l eako  
estimated a t  5-10 cm3/day (ISTP), A leak of this magnitude i s  in-  
consequential w i t h  respect t c  t h e  irra3iztLcr. part of the experi- 
ment but may cause d i f f i c u l t y  i n  monitoring t he  rate zf helium 
formation from the (n,cy) react ion,  

The leak r a t e  has been 

Photomicrographic s tud ies  of' t h e  boronated graphite have provided 
useful information concerning +,he s t ruc+,ural  differences of t h e  
nominally 5 and 7 WT$ "grey" Etnd "black's materials. The photo- 
rmcrographs reveal the  foilowing information on s t ructure:  

5 wt$  Black - simlar t o  a m  i f i c i a l  p o l y c r y s t a l l i n e  g r q h i t e  

5 wt$  Grey - modified, nonhomogeneaus s t ruc ture  Some 
areas are unaffect.ed; other  areas p r t i a l l y  
r ec rys t a l l i zed ,  

7 w t $  Black - rncdified,, norihoacjgeneous structure 
areas are  unaffected; o%her areas partially 
r ec rys t a l l i zed ,  

Some 
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7 wt$ Grey - almost t o t a l b y  r ec rys t a l l i zed  s t ruc tu re ,  
No evidence of random or ien ta t ion  within 
the  r ec rys t a l l i zed  p a r t i c l e s  although the  
par-kicles a r e  randomly or ien ta ted  with 
respect  t o  each other ,  
of B4C p a r t i c l e s  a r e  reduced, 
believed t o  remain in t h e  recrys ta l l ized  
s t ruc tu re  t o  a grea t  ex ten t ,  

The number arld s i z e  
The boron i s  

Wchbed  parts f o r  t he  second long-term boronated graphite capsule 
were ordered during the  month and have been partially completedo 

A sample loading f o r  the  24-2 capsule very similar t o  t h a t  of 
Capsule 24-1 is  being consideredo 
t o  begin soon and pre- i r rad ia t ion  measurements w i l l  be taken as 
soon as the  samples a r e  completed. 

Preparation of the  samples is 

During the  past month a s e r i e s  of t e s t s  was s t a r t e d  i r i  order t o  
determine the  e f f e c t s  on the  heat t r a n s f e r  cha rac t e r i s t i c s  of a 
nonconcentric annulus between a hot and cold body i n  l i n e  contact ,  

8, Aluminum CorrosioG and Alloy DeveloDment 

C-1 Loop. The f i rs t  corrosior, t e s t  of aluminum-clad f u e l  elements 
was s t a r t ed  i n  the C-1 Loopo The t e s t  charge cons is t s  of a t r a i n  
of e ight  f u e l  elements with A1-Pu cores clad i n  x-8001, A-288,, and 
KYZ aluminum (all Fe-Ni a l loys) .  The temperature of the  upstream 
element is being measured by a thermocouple inser ted  i n  i t s  coreu 
The t e s t  i s  being conducted a t  a bulk o u t l e t  temperature of 290 C 
and a t  neutral. pHo 

9.  M t a l l i c  Fuel Development 

I r r ad ia t ion  of Th.orium-Uranium h e 1  Elements, The i r r a d i a t i o n  of 
th ree  tubular  Zircaloy-2 clad thorium = 2,5 wt$ uranium fuel ele- 
ments continued i n  the ETR P-7 loopu 
of i r r ad ia t ion  the  elements had achieved an  integrated exposure of 
1.5 x 1020 fissions/cm3 (4200 E/WD/T). During the h i s t  i r r a d i a t i o n  
cycle the  fuel elements operated a t  a max.imun core temperature 

A t  tlhe end of the  f i f t h  cycle 

Bf 540 C J  surface heat  flux of 65 cal/sec-crn2 8.7 x 105 Btu/hr-ft 1. 
and a spec i f i c  power of 60 watlts/gm (183 

Thorium Fuel Defect Test ingo 
heat  treatment upon bond - t rength  a peal test is being developedu 

I n  an attempt t o  index the  e f f e c t  of 

Tooling which will permit the specimen t o  r o t a t e  during pealing of 
the  Zircaloy-2 cladding was designed, bui lx ,  and tested during the  
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montho 
Baldwin Universal Testing mchine .  
by machining circumferential  grooves through t h e  claddine and 
s p l i t t i n g  t h e  r e su l t i ng  bands longi tudina l lyo  
i s  bent upward t o  provide a tab, 
t a t i o n  as t h e  tab i s  being p d l e d .  
of 275-300 pounds per inch of' t ab  wi.dth is required t o  pea l  the  
cladding as extruded . 

The tool ing i s  used i n  conjunction with the  60,000-pound 
Specimens a re  being prepared 

One end of t h e  band 
The specimen holder permits ro- 
Preliminary data show a force  

Thorium-Uranium Alloys,  The fabr ica t ion ,  i r r a d i a t i o n  and defec t  
corrosion behavior of the Th - 2.5 w t $  U - L O  wt$ Z r  a l l o y  has 
been described, 
pos i t ions  on t h e  s t ruc ture ,  f ab r i ca t ion  and defect  corrosion be- 
havior of thorium base a l l o y  f u e l s  have not been thoroughly s tudied.  
A program has been i n i t i a t e d  t o  s tudy these e f f e c t s .  

The e f f e c t s  of higher zirconium and uranium com- 

Nine addi t iona l  alloys have been double vacuum a r c  melted i n t o  
seven &inch long x 2,p-inch diameter ingots  weighing approximately 
25 l b s  each. 
l eng th  of each double melted ingot  and compared with those taken on 
the s ing le  melted ingots ,  

Five Br ine l l  hardness readings were taken along the 

Very l i t t l e  difference i n  hardness was noted between f i r s t  and 
second meltingo Side-wall qua l i t y  of' the double melted ingots  
was far superior  t o  the s ingle  melted ingots .  
been machined f o r  copper canning and will be extruded t o  b i l l e t  
s tock  fromwhich Zs-2 clad rods w i l l  be made f o r  defec t  corrosion 
t e s t i n g ,  

These ingots  have 

10, USAEC-AECL Cooperative Program an Development of lleavy Water 
Moderated Power Reactors 

Thermal Hydraulic Studies 

Analysis was continued of t he  two-phase pressure drop experiments 
performed t o  deterrrdre the pressure loss  behavior of various piping 
components at t yp ica l  react.or operatfng cor,dit.ions 
ponents which were examined include 2 x 3-dnch and 12 x 2-inch pipe 
expansions, contractions of 3 x 2-2.nch, 2 x l$ - inch)  and 2 x 1-inch 
pipe,  2-inch valves of gate and Globe design and a 1,551-3inch 
diameter o r i f i c e  i n  a 2-incn pipe,  
1200 p s i a  and covered q u a l i t i e s  up to &$I, 
formed with a s t r a i g h t  pipe sec t ion  and ~t +inch radius bend, pro- 
vided data on the pressure parameter e f f e c t  a t  pressures of 800, 1200, 
and 1600 p s i a o  

Tnose com- 

These experiments were run a t  
Othe r  experiments, per- 
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The ratio of the two-phase pressure loss to the single phase 
liquid pressure loss  was calculated for the various components 
and plotted a6 a function of quality with flow as a parameter, 
The expansion and contraction sections were formed by abrupt 
diameter changes, so they may be considered a sudden ex-pansion 
and contraction, The single phase pressure losses for these 
sections were compared with theoretical values, and it was found 
that the expansion losses were an average of 82$ of the calculated 
values, while the contraction losses ranged from 37 to 1 0 6  grea%er 
than calculated, The two-phase to single-phase ressure loss  

2 x 3-inch expansions all coincide closely with the ratio for 
straight pipe throughout the quality range and were insensitive 
to flow in this range, 
ran bebow the straight pipe ratio at the lower qualities and above 
at qualities greater than l3$. The 3 x 2-inch contraction had 
ratios which were quite scattered, due primarily to the lack of 
fully developed flow at the inlet to the cont,ractian, 

ratios for the 2 x l$=inch contraction and the 12 P x 2-inch and 

The ratio for the 2 x 1-inch contraction 

The experimental two-phase to single-phase ratios for straight 
pipe at 800, 1200 and 1600 psia were compared to ratios from the 
bbrtinelli-Nelson correlation, the Bankroff variable density model 
and the Levy momentum exchange model. 
the pressure range was with the momentum exchange model. A t  1600 
psia, Levy% model coincided with a smooth curve through the data; 
at 1200 psia, the model agreed withfn 12$, while at 800 psia, t h e  
model was 7% bow at 21$ quality and a maximum of 19$ low throughout 
the quality range, 

The best agreement throughout 

Previously reported were correlations of the two-phase to single- 
phase ratio of mrioue bends and a t e e  as fulctions of the s t ra ight  
pipe two-phase tc single-phase ratio, 
based on data obtained at 1200 psier, 
a three-inch radius bend was calculated from the data at 800 and 
1600 psia anad plotted against the corresponding straight pipe ratio 
at those pressures, For a straight pipe ra t io  greater than l o r ,  
all the data grouped in 6 band which included the earlier 1200 psia 
data, The band spread was small. enough to allow a single correla- 
tion of the bend ratio to be satisfactory for the 800 t o  1600 psia 
range, For examplep at a straight pipe ratio of 2 , 5 ,  the three- 
inch radius bend r a t io  at, 1600 psia was 5,9; at 1200 psia, it was 
6,1 and at 800 psia, it was 6,gU It is reasonable to assume that 
the correlations of the other bends would apply satisfactorily 
through the 80s to 1600 psia range. 

These correlations were all 
Subsequently, the ratio for 

A complete report on t h e  two-phase pressure drop studies is being 
prepared , 
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11, Advanced Reactor Concent Studies 

Fast  Supe rc r i t i ca l  Pressure Power Reac tmu 
received on the  rough draft of the  report:' or. t h i s  sxudy arid 
several  revis ions are being made in t h e  reperr,. 
cost  estimates f o r  power from 500 and 1000 Mwe reac tor  p l an t s  
a r e  being added, Revisions should be completed and t h e  report  
submitted f o r  publ icat ion a t  mofith end,, 

Commits ha,ve L ; t a  

Approximte 

Mil i tary Compact Reactor Plutonium Studies  ,, Addi.t iona i  s tud ie s  
on t h e  e f f e c t s  of subs t i t c t ing  plutonium f o r  uranium ,n t h e  
Mil i tary Corrrpact Reactor have been complzteL Dwcriptions of 
the  s tudies  and the results obtained are being issued i n  an i n -  
formal document as a supplement t o  HW-7944gO The study included 
a review of previous ca lcu la t ions  f o r  plutonium-fueled l E R  cores,  
reca lcu la t ion  of f u e l  temperatures anti coolant pressure drops by 
more prec ise  methods using F'UGUE and S T W  c o q u % e r  >rograms, and 
ana lys i s  of a tungsten-reflecked core ta determine p o t e n t i a l  
weight-saving advantages through reduction of s h i e l d  weights, 
Calculations of r e a c t i v i t y  changes due t o  burnup of the plutonium 
f u e l  f o r  a l l  cores considered were also repeated w i t h  allowance 
made f o r  i so topic  changes ir, the  fuel during burnup, 

Recalculation of the  conditions f o r  previously s tud ied  core cases 
indicated e s s e n t i a l  agreement wi th  those previously calculated,  
except f o r  t he  compact cores using plutonium f u e l s  of advanced 
("gr idplate"  and "honeycomb") design, For all cores less than 
9 inches i n  diameter, a diameter increase of 0 2  inch was required 
t o  increase t h e  fue l  imen to ry  sufficien31.y t o  canpensate f o r  t he  
increased burnup r e a c t i v i t y  requirements indicated by the  revised 
calculat ions 

For the  ceramic fueled compact ''honeycomb" core (r7 ,2 inches 
diameter), the  use of physical  g roper t ies  of UIY rather than U02 
t o  represent  t he  aunt f u e l  resu l ted  i n  s ignlf icact  improvement 
i n  t he  indicated c a p a b i l i t i e s  of t h i s  core ,  
higher thermal conductivit,y of UN t o  app ly ,  an increase i n  coolant 
channel diameter was germit+,ed, r e s a l t i n g  in a lowering cf the  
pressure drop across  the  core from 65 t o  25 psi., 

By assunling %he 

For the  7.7-inch cermet "gr idplate"  fueled core ,  early - m u & l  
ca lcu la t ions  had been based on a rough apgroxirr.tIim. t o  Tlhe fue l  
geometry, s ince time did m t  permit more detaile'l ca.i.culations 
For the present  analysis. ti more precise ml3d.d of fue l  geometry 
was used f o r  computer ca , lcu la t ionso  Sn order to maintain f u e l  
temperatures s u f f i c l e n t i y  the  use of sml le r ,  more c lose ly  
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spaced f u e l  
35 t o  about 
tungsten o r  

channels was required,  boosting the  pressure drop from 
70 p s i y  For corp&rison9 calculatdons were made assuming 
molybdenum ra the r  than niobium as a cermet base. Coxi- 

siderable  improvement i n  t h e m 1  performance was indica ted ,  No 
calculat ions were made of t h e  core nuclear requirements f o r  such 
f u e l s  . 
In s tudies  of a tungsten-reflected reactor ,  a cermet-pin fueled 
concept with a core 10 inches i n  diameter and 10 inches i n  length 
was studied, This reactor  had a 5-inch th i ck  tungsten shield,  as 
compared with the  c0mposit.e BeO-W sh ie ld  assumed fo r  the  other cases 
s tudied,  Total  reac tor  weight, including sh ie ld  f o r  t h i s  concept, 
was s l i g h t l y  l e s s  than t h e  smallest (?-inch 1 reac tor  previously 
analyzed. Weight saving w a s  34s) compared t o  the  MCR reference 
design used, 
the  tungsten r e f l e c t o r ,  bcrcn s t r i p s  on the  cm.+,rol drum were assumed 
t o  be backed with a 2-cm th i ck  layer  of metal h$=.ide (e ,g ,  
augment the  effect iveness  of the  poison, 

In order t o  provide s u f f i c i e n t  control  s t rength w i t h  

YH) t o  

To obtain a rough estimate of comparative cos ts  f o r  fuel ing t h e  
plutonium fueled cores and the reference uranium f u e l e d  MCR design,v 
basic  fue l  mater ia l  (U + pu) costs  were est-mated f o r  a l l  cores,  
using standard AEC uranium pr ice  schedules and assuming a plutonium 
cost  of $10 per gram P U - Z ? ~ ~ ~  
f o r  all plutcnium fueled cores; f o r  the smaller cores ,  calculat ions 
indicated plutlonium would be competitive with uraniumi even i f  p lu -  
tonium costs  were taken 3-c $25 t o  $40 per gram PU-239. 

Fuel mater ia l  cos ts  were markedly l e s s  

Large Sodium Cooled Fas t  Reactor Study" The cross section se t  reported 
last month is still not sa t i s f ac to rye  Analyses made with  t h i s  set; 
show a strange behavior of when sodium is voided and/or tr6m- 
verse leakage corrections a r e  appl iedJ  The problem a r i s e s  from an 
attempt to use "corrected" magnesium sca t t e r ing  cross sect ions as a 
subs t i t u t e  f o r  sodium i n  a fast neu t rm erLergy spectrum, 
"corrected" magnesium cross  sectmri gives a poor approximation i n  
Mv and Kev neutron energy range, UnfGrtwLarely, the  sodium cross 
sec t ion  cannot be corrected by hand because the magnesmm causes a 
d i f f e ren t  energy spectrum, thereby a f f ec t ixg  the  effect . ive cross 
sec t ions  of t he  other mater ia ls  i n  the  corev A special  "physics 
chain" cross sect ion data tape will be required with r ea l  sodium 
cross sect ions included, Whtie t h i s  i s  irA preparation, ex i s t ing  
cross  sect ion s e t s  will be usedo CalculakicrLs have been s t a r t e d ,  
using the 16-group Hansen-Roach cross secttior. set, However, the 
number of mater ia ls  avai lable  on the  present, set is somewhat l imi ted ,  

The 
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Hydride Control Studies ' 
f e a s i b i l i t y  s tud ies  on t -he  u-b iLiza t iGr .  c . T  :z. A~iTt?.i  L ;, :;.id-? r,f 
variable composition. for csrltrol. of raxt..xs .~ ar.i;3.:es -:f t.r.e 
evolution and absorptron of hydri.;gen bjr z i . c i  x..i ai kydr j  182 W e Z i  
performed by Chemical Wta l lu rgy  0perbt.l c7no Hydrides w i t h  cmpos i -  
t i o n s  from ZrHoo27 t o  ZrH1, were s tudied ir; tIh2 prellrrdnary .in- 

isothermal constant-volume closed system at 750 C showed t . h a t  905 
c oxupletion, based on sa tura t ion  values, 'was obt.aia.ed fo r  hydrogen 
absorption i n  from 3 to 24 minutes,$ and f a r  desorption. i r i  frcm 
2 t o  8 minutes. 
cant changes i n  hydrogen content can be achie-ired hi re la tdvoly  
shor t  times, and (2)  the  changes i n  hydrogen carittent are not so 
rapid as t o  preclude t h e  overr iding of resul t , ing r e a c t i v i t y  changes 
by other  means, 
a variable-composition hydride f o r  control purposes appears 
feasible from a stajndpo'int of thermal s t a h i l . i t y o  

I n  order t.0 p.rDvidc s q - p x k : g  ds t ,a  f c,r 

ves t iga t ion  recent ly  comple z edu  AbsorptFGn-.~ess~.tirJii t e s t s  i n  an 

The prel3-min.ary dahs indicatt? that (1) s i g n i f i -  

Ch t h e  basis of t h e  prel iminmy data, t h e  use of 

Sonar Bower Systems, A review of energy storage ard conversion 
methods i s  being made tlo permit a better preli .dnary evaluation 
of the  most- promising novel approaches ta a czmplete system, 
Further study of the  a p p l i c a b i l i t y  of radioisotope hea t  sources 
f o r  t h i s  se rv ice  ind ica tes  t h a t  supply l imi t a t ions  would probably 
restri;.% the  use of such systems t o  moderate power low duty cycle 
applfcwkions 
which could be performed i n  tne thermal hydraulics laboratory OR 
means of gc?,crat ing sound i n  water. 

Consideration is bei.ng given tlo possible experiments 

Computer Codes f o r  Parame%ric S tudies  
s tud ie s  on the  M i l i t a r y  Compact Ret3dx-x -~.ti.i.i 2,ed t , w l  ccmputer 
codes f o r  the  evaluatisr. of the.rmnal hydrau1.i c pesf mffince and f u e l  
temperatures Althcugh t h i s  vas use fu l  i n  ! ~ b ~ ~ i l r i i ~ g  corisistenkly 
accurate  results the time co~surned i.ri cal.ciii.s.ting acd keypunching 
the  input information 'was exceEsive,> As 8 r e su l t  :::f this ,  work was 
begun on out l in ing  the  amour~t; ~f WOI:K. n e e s s a r y  t.!j s m p i i f y  the  
input procedure ~, par t lcu la . r ly  fc:r ?..he pwxm&cri :. cr sccpi.ng t y p e  
of s tud ies .  The codes p s o ~ o m i  for UYC irl tkk_ea% st.udi.e.s are x 

The Ci,l:rer:.t p&.r&,rnetric 
.---.I 

STHTP - Heat con.duct LorL code .. 
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The STHTP and FUGUE codes were used i n  the &CR studyo The MAGNON 
code has not yet  been completely wr i t t en  or  debugged" The fo l -  
lowing i s  a br ie f  ou t l ine  of code modifications which a re  being 
i n i t i a t e d :  

(1) FVGUE (and most l i k e l y  MflGNOP?) must have the  input 
changed t o  readi ly  accept multiple cases wi th  changes 
i n  flow channel dimensions, STHTP has th i s  fea ture  
now and t h i s  technique w i l l  be used f o r  t he  other  twr , ,  

(2)  Mathematical models of various fue l  configurations 
must be selected f o r  ana lys i s  and input ca lcu la t ion  
procedures, necessary f o r  each coder must be s e t  upo 
As a result of the MCR study, input calculat ion pro- 
cedures f o r  th ree  models have been set upo These a re :  

( a )  Square channel gr idpla te  fuel 
(b) Round channel honeycomb f u e l  
( c )  Pin-type f u e l o  

In addition, the following three configurations may 
be added l a t e r :  

( a )  Hexagonal channel gr idpla te  o r  honeycomb f u e l  
(b )  Plate-type f u e l  
( c )  Concentric ring f u e l  such as ANP used, 

These modes a r e  adequate f o r  any parametric s tud ies  t o  
be run i n  the  near fu tu re ,  

(3) Each of the above calculat ion procedures can then be 
programmed as subroutines t o  the appropriate codes, 
programing these as input subroutines, it is easy t o  
add the calculat ions f o r  addi t ional  fue l  configurations,  
which w i l l  most ce r t a in ly  ariseo 

By 

Hydride W e r a t o r ,  
conium hydrogen system at  750 6 (1382 F )  have been measured over the  
composition range Z r I b  2 t o  ZrH1 $8 i n  a closed. system where no hy- 
drogen was admitted or'vented during the experimento In  six absorp- 
tion experiments t he  time f o r  
from three  minutes t o  t h i r t y  minutes (16, 10, 3 >  8, 30, 20 minutes 

Rates of absorption and desorption i n  the  z i r -  

sa tura t ion  t o  take place var ied  

t i o n  is probably due t o  oxygen contamination, I n  the  s i x  desorption 
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D. D I V I S I O N  OF RESEARCH - 05 PROGRAM 

1. Radialtion Effec ts  on Metals 

This program i s  d i rec ted  toward  ST ebi M i x 3  rlix XP.~XE~ cff'ect, 
of impiirities and neuhon i r rad ia t ior t .  I?: Y E  y y y + x L  2s a~cd 
s t ruc tu re  of s p e c i f i c  metals, and d E h d . i : p ,  f LX, ~ ? x r ~ L l y  a c t i  - 
vated recovery processes how t h e  damage stut;e c a i  be altered, 
Present s tudies  involve s ingle  md pclycrystal i  ine spec.i.mens of 
molybdenum, n icke l  .9 and rhenium. 
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klybdenum f o i l s  deformed i r L  tension t o  s t r a i n s  of 1, 2 ,  5 r  and 
200 574 have been precharazterlzed by x-ray techniques arLd ericapsu- 
l a t ed .  These s ecimens w i l l  be irradiated t o  two l e v e l s  of ex- 
posure, 5 x 1018 and 5 x 1019 nvt (E > 1 Jkv)" The goal of t h i s  
experiment i s  an understanding of the  e f f e c t  of d i s loca t ion  
dens i ty  on the d i s t r i b u t i o n  of po in t  defec ts  produced by i r r a d i a -  
t i on .  

Studies of x-ray l i n e  broadening i n  i r r a d i a t e d  molybdenum f o i l s  
are continuingo !Two orders of the  (100) ref lectdon,  i o e o r  (200) 
and (4001, have been analyzed i n  t h e  case of 8 high pu r i ty  (< 10 
ppm carbon) f o i l  i r r a d i a t e d  t o  1019 nvt  (E > 1 W V ) ~  The r e s u l t s  
show t h a t  t he re  is no p a r t i c l e  s i z e  broadening after i r r a d i a t i o n ,  
a l l  t he  broadening being the  result of l a t t i c e  d i s t o r t i o n s ,  Pre- 
l iminar results obtained with a s imi la r  f o i l  irradiated t o  

placements; the magnitude of t ne  increase i n  s t r a i n  at the  higher 
exposure i s  roughly proport ional  t o  the increase i n  exposuren 

7 x 101 8 nvt indicat.e a lower value of st.ra%l due t o  l a t t i c e  dis-  

S t r a in  r a t e  cycling experiments w i t h  po lycrys ta l l ine  molybdenum are 
continuingo 
rates of 1.67 x 10-5 and 8.33 x 10-5 sec' l  and a s t r a i n  rate change 
f a c t o r  of 10 have revealed t h a t  the  e f f e c t i v e  ac t iva t ion  volume f o r  
thermally ac t iva ted  deformation i s  of the  order 10m19 cm3. This is 
an exceptionally high value when compared wi th  r e s u l t s  obtained f o r  
i ron,  niobium, and tarLtalumo However, s ince the  stackirLg fault 
energy of molybdenum is believed t o  be appreciably g rea t e r  than 
those of Fe, Nb, and Ta, the  observed value may be compatible with 
the  mechanism of c ros s - s l ip  cf screw d i s loca t i cns ,  Such 8. con.clu- 
sion i s ,  of course, highly te r i ta t ive ,  and rnuch m m e  experimental 
work is requiredo Attempts t o  conduct t e n s i l e  t e s t s  orL pc lycrys ta l -  
l i n e  molybdenum a t  i95 and 177 K (,-lo8 and -321 F )  were unsuccessful 
even a t  a s t r a i n  r a t e  of ~ 6 7  x 10-5 sec- l ,  because of extreme 
b r i t t l e n e s s  of the specimens; tests conducted i n  iced br ine  a t  
255 K (0 F )  have proved successful in pre l in ina ry  experimentsp 
order t o  extend these tests t o  lower temperatures, it w i l l  be neces- 
sary t o  test s h g l e  c r y s t a l  specimens, 

Tests conducted a t  room temperature wi th  basic  s t r a i n  

In 

A molybdenum s ing le  c r y s t a l  t e n s i l e  specmer, containing approximately 
450 ppm carbon was deformed i n  tension af ter  an exposure of 1019 nv-t 
(E > 1 W V ) ~  and then or iented f o r  sect ioning p a r a l l e l  t o  (111) 
planes,  Sections cut  from t h e  g r i p  ends disclosed defec t  s t ruc tu res  
iden t i ca l  t o  those observed i n  wideformed t h i n  f o i l s ;  only a l imi ted  
number of d i s loca t ions  were seen, Channels were not observed i n  
t h i s  region of the  c r y s t a l ,  showing that very l i t t l e  deformation had 
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Application of t h e  wafering +.ecliT:,ique has been extended t c  
sect ioning high p u r i t y  polycryEtal l ine iror,  specimens, Wafers 
3 mm i n  diameter and 0 0 6  mm thick-were sectionzd from a 
Ferrovac-E specimen with a siLic.3 whee5. and  t h n m e d  chemically 
i n  a bath composed of two part5 i i j K 1 3 ~  wii S I X  p?art. 1!;10p F i m i  
pol ishing was performed i n  & p r r c h i ; n c  +:%x Gcad c lec t ro iy t e  
a t  a p o t e n t i a l  of 18 volts. 
ring-shaped, with an edge thickness  of 0.4 mm. 
i s  placed i n  the  gap of the  s p l i t  object ive lens  i n  t h e  Ph i l ip s  
EM-200 e lec t ron  microscope, it i s  situated i n  a mGnetic f i e l d  
wi th  an i n t e n s i t y  of the  order lOOC Oersteds, 
of the  sample under observation i s  c o t  directly supported, some 
deformation takes  place as the  sample IS inser ted  i n  t h e  niicrs- 
scope and is t r ans l a t ed  through t h e  s p x t i c  i‘x.l.ci ol’ the lensn 
The extent  of deformation introduced i n  the  microscope i s  being 
iiives t i g a t  ed . 

Specimers ;repared i i i   his rrmxier are 
When t h e  specimen 

SirLcc t.hat portion 

An a r t i c l e  e n t i t l e d  “Dislocation Channeling in Irradiated k l y b -  
denum” was published i n  the December 1963 issue af Jourrlal of 
Applied Physics; one of the  i l l .us t ra t icm was used cii t he  cover 
of the journa lo  

2 Plutonium Physical Metal.lurgy 

The object ive of t h i s  program i s  t,a de?cffiirAe :mlt2 o r  t h e  basic  
physical  metal lurgical  properties of h igh  purit j7 p~* :~s rAi i zn  and t o  
establish the  e f f e c t  of c e r t a i n  s p x i f i c  alI.cyifi2 s.C2:3-it:i~.ms on 
these proper t ies .  

An experimental study of the o r e q  c h a r a c t e r x i t i c s  ~ f ‘  tke stable 
phases of plutonium and def ormat.xx &z.irAg phhse t:r ar!.sfe.rnizt icc 
under constant compressive stress j. 2 .A . A  *- 3 k - p  ..I[>.. ~ . , - e s s  The st.$!ady s t a w  
creep r a t e s  of t h e  d e i t a ?  ganmz, h2.C be:-.& ghasftb IJWF~ b e n  fcu7.d 
t o  be r e l a t ed  t o  the  applied strksr; a i d  t x r c p m w r e  by t h e  propor-. 
ti o n a l i t  y 
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t he  value of 5 f o r  pure metals. 
5.5 f o r  k were experimt t a l l y  determined f o r  sr,eady s t a t e  creep 
of the beta and delta phases of plfitonium. This proporr iona l i ty  
i s  not  e n t i r e l y  valid f o r  s teady state creep of t he  gamma phase 
because the value of k varies from 2.7 t o  7 atl s t r a i n  r a t e s  of 
O.Ol$/hr t o  10$/hrr respect ively;  Q was determined t o  be 24 Kcal/ 
mole . 

VtElues of 30 Mcal/mole f o r  Q and 

High p u r i t y  e lec t ro- re f ined  plutonium has been received from the 
Los Alamos S c i e n t i f i c  Laboratories f o r  basic  r2search s tud ie s  and 
f o r  comparison wi th  se lec ted  high quality as-reduced and vacuum 
cas t  netab 
of metal have very few inclusions and apsroximately the same amount; 
and d i s t r i b u t i o n  of microcracks. The k ine t i z s  of t he  beta t o  alpha 
transformation of t h e  two metals are comparable below 75 C (167 F )  
wi th  the d i f fe rence  i n  reac t ion  r a t e s  being withir ,  experimental 
e r r o r o  However, t he  beta  t o  alpha reac t icn  rate of the  e lec t ro-  
re f ined  metal i s  g rea t e r  than t h a t  of t h e  as-reduced metal above 
75 C r  For example, the  incubation times f o r  fr-itdation of trans- 
formation f o r  the e lec t ro- re f ined  metal and t.he as-reduced metal 
a r e  800 and 4000 seconds,9 respec t ive ly ,  a t  69 C (l92.,2 F I L  

Wtal lographic  observation revealed thak  both types 

The high p u r i t y  LASL plutor,:um has been evaluated from the stand- 
point  of i t s  use i n  r o l l i n g  and de fo rmt ion  studies,  In the  as- 
received condition it i s  ava i lab le  as c a s t  bars e s s e n t i a l l y  L 3  cm 
i n  diameter, Such s tock i s  not adaptable to r o l l i n g  and must be 
recas t  i n t o  t h i n  sheets, Since i x  is highly desirable t o  maintain 
t h e  i n i t i a l  p u r i t y  of t h i s  mat.erfa,l,  preparations have been made 
t o  c a s t  .in place using high dens i ty  magnesium oxide molds* Such 
procedure w i l l  not only minimize the amount of mater ia l  required 
but will a lso  eliminate the contamination poten t ia l  which a r i s e s  
i n  t he  crucible  during the  normal casti.rAg process. 

Metallographic examination and dens i ty  measurements of the BS- 
received mterial indica te ,  on the  assumption of high pu r i ty ,  t h a t  
microcracking is a sigr , i f icant  problem, Sirice it i s  reasonable t o  
assume t h a t  these int-ernal  fla.ws will influence the r o l l i n g  behavior, 
microcracking m u s t  be minimized. 

A br igh t  f i e l d  e l e c t r o l y t i c  e tchant  f o r  unalloyed plutonium con- 
s i s t i n g  of water, e thy l  a k o h o l ,  and n i t r i c  ac id  yeported by Battelle 
has been under inves t iga t ion  f o r  use i n  op t i ca l  and e lec t ron  micro- 
scope s tud ie s ,  Various concentrations and e lec t ropol i sh ing  condi- 
t i ons  have been u t i l i z e d "  G r a i n  boundaries have been revealed,  but 
only under conditions f o r  which m oxide la,yer a l s o  forms on the  



- 

Xxaminations and lkasurcnients 

Routine examinations and measurements are or w i l l  be reported as 
part  of the sponsoring research and development proiJrarns 

111 
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Physical and Mechanical Pronertv Testing Cell Pro,iect CGH-857 

Dilatometer and h e a l i n g  Furnace. 
has been delayed by pa r t s  shortages,  Shipment was reschedule6 f o r  
t h i s  month, All p a r t s  f o r  r epa i r  of the  dilatometer were received 
and i n s t a l l a t i o n  is i n  progress,  

Repair of t he  armealing furnace 

Equipment 

Microhardness Blister f o r  I CelL The q w t a t i o n  received from a 
commercial vendor on a bas ic  microherdness tes-cer with a r e c t i l i n e a r  
s tage  was much higher than expectedo 
sought t o  guide future ac t ionql  

Additional information i s  being 

Metallograph Camera. 
which w i l l  automate a s e r i e s  of five r epe t i t i ve ,  sequent ia l  steps 
t h a t  are followed during t h e  preparation of each micrograph used i n  
construction of a photomosaic, 
reduce operator fa t igue  and associated 'human errors . ,  

Preliminary design was completed on a system 

The purpose of th i s  system i s  t o  

High Temperature Tensile Testing h c h i n e o  
ponents have been received and a r e  being mocked up f o r  f i n a l  t e s t i n g  
and t r a in ing  of operators 

Most of the  major com- 

Stereo Zoom Hot Cell mcroscope,. 
zoom macroscope is still i n  progress at the  vendor's p l an t ,  
object ive end prisms were ins ta l . l ed  and adjustments made which 
improved the qua l i t y  of' t he  tmnsmi t ted  imageb 

Final. adjustment of the s t e reo  
New 

Remote Induction Furnace.. Modifications were mde cn the  remote fn-  
duct icn furnace and associat-ed equipment was i n s t a l l e d  ir, ''B" Cel l  
so t h a t  an i r r ad ia t ed  N-Reactor inner fuel  element coulrl be heated 
t o  980 C o  
quired temperatwe at. t h ree  places along t he  length of t h e  element" 
Equipment modifications are being m d e  t.o i q r o v e  the  tlempersture 
cont ro l  and permit, colored mcving p ic tures  t o  be taken during the  
heating operation. 

One i r r ad ia t ed  eiemer,% was successful ly  heated TO the r e -  

2 . Metallography Laboratories 

During the  report  month 409 samples were processed, a t o t a l  of 552 
macrographs and micrographs taken, 1452 negatives p r in t ed ,  and 6024 
p r i n t s  processed. 

Routine Wtallography Laboratories a c t i v i t i e s  w i l l  be reported as 
part of the sponsoring research and development component's work; 
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however, items of unusual interest or representing departures 
from routine operations will be r e p x t e d  here,  

Examination of a Zircalcay-2 t i taxiium weld mne revealed medie  - 
like particles resembling hydride in the Zircaloy adjacent. to the 
weld. More extensive examination, however, rewale3 that this 
needle-like phase, which was oriented nearly peryendicular to the 
weld interface, was not zirconium hydride but was apparently sub-. 
grains of Zircaloy which had picked up, by diffusion, enough 
titanium to alter their etching characteristics. 

Replicas from two metallographically polished 304 stainless steel 
specimens were examined in the electron microscope. 
lytic polish-etch technique was used to prepare the surface of 
one specimen. The second specimen surface was cathodically vacuum 
etched. 
005 ricron were easily hidden by shadows from the chemically 
roughened regions in grains of the electrolytically etched specimen. 
Quantitative analysis for size and distribution of particles, to 
include those less than Oe5 micron in diameter, cannot, therefore, 
be accomplished using this technique. 
less than 005 micron were located in grains of the cathodically 
vacuum etched specimen, but with some difficulty. The matrix of 
the specimen is preferentially attacked during cathodic etching 
and, generally speaking, the particles rise above the surface of 
the sample. The one-step, or negative replica, technique trans- 
forms the protruding particles on the specimen into depressions 
in the plastic replica, Vaporized heavy metal, deposited onto the 
plastic from an acute angle, characterizes the particles by subtle 
shadows in the depressions. 

An electro- 

It was found that particles having diameters less than 

Particles having diameters 

3. High Temperature Lattice Test, Reactcr 

ICITLTR Vault Thickness Calculations 
criteria were established to allow shield thickness calculations for 
the HTLTR vault. 
for their analysis and a MAC calcylation. u t i l i z i n g  these input data 
is presently being programmed here, 

Revised core and shield region 

These data hwe  been. forwarded to Vitro Engineering 

High Temperature Lattice Test Reactor Prototy e 5 0  
all phases of the HTLTR prototype are 9@*teo Fabrication work 

Detail  design of 

being performed by J o  A. Jones was h ; a l t e d  on January 10 due to lack 
of funds, The status of some of the main items cf the construction 
effort are : 

UNCLASSIFIED 
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(1) Fabrication of t he  s t e e l  containment s h e l l  is  65$ 
complete, The shell is now ready f o r  the  thermal 
insu la t ion  t o  be i n s t a l l e d ,  

(2) Concrete foot ing f o r  tlie shell is 106 complete, 

(3)  Graphite fabrica%ion which includes t h e  core and 
keys, core supporting timbers recuperator and the  
bus bars is 94$ c o q l e t , e ,  

(4) E lec t r i ca l  work i s  3@ complete, 

(5)  Fabrication of the  main heat exchanger is lo@ completeo 

Most of the  materials required f o r  completion of the  prototype a r e  
now on s i t e ,  

The heater  t e s t i n g  mockup was heated t o  temperatures up t o  1020 C J  
During the  heat.ing up period the mockug was evacuated t o  a p r e s u r e  
of about 2,5 i n  Hg a b s d u t e  t o  remove moisture from the  various 
components, Approximately three gallons of water have been removed 
from the  mockup t o  datqe, 

Operation of t h e  mockup was terminated on Janmry 
the f a i l u r e  of the heating element., This fsil .ure was a t t r ibu t -ed  TC 
air  leaking through the  sight. tube during the  vacuum condition, 
thereby oxidizing the  heating element, 
replaced and the  mockup 1 s  now ready t o  be pGt, back i n  operat ionn 

1964, due t o  

The heating element has been 

A l l  fabr ica t ion  work has zeased on both safety and control  rodsu 
The stepping motor m d  cGntrols f o r  use i n  both assemblies has been 
ordered, The drawings of the  driving head prototypes a re  complet.e, 

4, Assembly of Elements fo r  N-Reactor Physics Tests 

Special  V-fuel assemblies constructed t o  contaixL flux monitoring pins 
and f o i l s  were assembled f o r  use i n  N-Reactor physics t e s t s ,  Two 
d i f f e ren t  assemblies were made, one f o r  a cold water t e s t  and the  
other f o r  use a t  t h e  n o m 1  N-Reactor cperating coolant pressure and 
temperature, The cold test  elements were clad i n  uribonded 1100 
aluminum w i t h  welded end closures,  The elements f o r  the  hot t e s t  
were prepared from regular N elements which were a l t e r ed  by 3rflling 
i n  t h e  ends t o  a depth of four  irxhes t o  accommodate uranium rods 
containing monitoring pins, The erAd closures  consisted of unbrazed 
Zircaloy-2 r ings welded i n  place" 
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5 ,  EBWR Fuel Elements 

EDWR Plutonium Fuel Element Fabricatiori MorE T l i E i r k  40C EBidR-si ZE. 
f u e l  rods, containing Nupac UO2-1.5 w t $  h,0z3 lxve been fabr ica ted  
f o r  the  PRCF, 300 of them by means of t he  res3nan-c bepan vibratory 
compaction technique Ef fo r t  is cant-inuing en an enlarged Scizie 
t o  determine and i s o l a t e  the  variables encountered i n  all s t eps  of 
the process ,  
measures t o  increase t he  acceptance rate of vibrational1.y compacted 
f u e l  rods, as w e l l  as decrease t h e  amount of s c a t t e r  i n  data obtained 
during i n i t i a l  f ab r i ca t ion  studies, 

Future t es t s  will be supplemented wi th  q u a l i t y  control  

Cladding Procurement 
received from the  manufacturer, 
these, 1243 remain t o  be t e s t e d .  
examination of tubing used for  f ab r i ca t ion  of PRTR f u e l  rods by 
vibra t iona l  compaction, 

An add i t iona l  554 EBWR c:laddi.ng tubes were 
Of 

Testing i s  cur ren t ly  delayed by 
A t o t a l  of 2593 are on s i te .  

I r r a d i a t i o n  Testing Program f o r  EBWR Prototypic me1 Rodso Ten 
capsules (GEII-14-517 through 526) containing v ib ra t iona l ly  cam- 
pacted UO2-lO5 wt$  Pu02 were in se r t ed  i n t o  the MTR on January 13, 
1964, Three addi t iona l  capsules (GEH-14-527 through 529) were 
shipped t o  the  MTR on January 17, 1964, f o r  i n se r t ion  i n t o  the  MTR 
i n  February. 
contain impacted oxide f u e l  which was vacuum outgassed a t  600-700 C 
p r io r  t o  v ibra t iona l  compaction, 
f u e l  was 82.3% TD (range 79.1-84,3;"5 !ID), 
capsule f u e l  indicated 103 and 106 ppmo 

The capsules employ near-EBWR-size Zircaloy tubing and 

Average bulk dens i ty  of capsule 
Carbon ana lys i s  of the 

Two capsules containing v ib ra t iona l ly  compacted TJ82- 2 5 -&$I Pu@ a r e  
t o  be discharged from the  ETR on Eilarch 2, 1964, Estiuated exposure 
a t  discharge may be s l i g h t l y  g r e a t e r  than the  goal of 1.43 x 1020 
fissions/cm3 (5000 MWD/ton of f u e l )  One capsule (GEH-1.4-421) con- 
t a i n s  impacted f u e l  and crte capsl-ilc (GEH-14-424) contains & physical 
mixture of UO2 and P U O ~ ~  

A mockup of a 42=rod c l u s t e r  f o r  i r r a d i a t i n g  EBWR f m l  rods i n  PRTR 
(16 replaceable rods)  was assembled and provided t o  the Thermal Hy- 
dra i - l i c s  Operation f o r  hydraulic flow t e s t i n g .  The t e s t s , 9  conducted 
w i t h  cold (12 C )  water, indicated a pressure dw; of Z 8 8  g/cm2 
(5 .9  p s i )  a t  a flow r a t e  of 6.3 l i t e r / s e c  (100 gpm), which corres- 
ponds c lose ly  t o  the  value obtain.ed w i t h  a stEtn.da.rd PRTR c l u s t e r  
under near-s imilar  conditions.  
t o  provide an a r t i c u l a t e d  element comprisirig LT.-'rcd assemblies 
the modified design 24 rods (12 in emh assembly) wotlld be replaceable 

The flow t e s t ,  diumy w i l l  be modified 
In 
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6,  NASA Fuel Development 

HW-80560 - 

Tungsten Honeycomb Fuel. The four th  of a series of tungsten- 
molybdenum extrusion experiments designed t o  establish conditions 
f o r  tungsten-tungsten bonding has been extruded, 
s is ted of seven 0.045'' t h i c k  parallel tungsten p l a t e s  equal ly  
spaced i n  0.060" deep notches ins ide  a 0.125'' wall, 1.875" OD tung- 
s ten s leeve.  
machined molybdenum sheet  and the e n t i r e  assembly vacuum canned 
i n  a 0.200" wall pressed and s in t e red  molybdenum can. 
was preheated t o  2000 C (a 200 C d i f f e r e n t i a l  was noted between 
f r o n t  and r ea r  of the b i l l e t ,  with the  rear a t  1800 C )  and extruded 
a t  60 in./min ram speed and g:1 r a t i o ,  No lub r i can t  other  than 
water dag i n  the  container  was used. The d i e  was ZrO coated with 
a goo cone and had been used f o r  one previous extrusion.  
examination shows an exce l len t  surface on the  extrusion,  good sur-  
face on the tungsten tube with no ind ica t ion  of lack  of bonding 
between the tube and p l a t e s ,  
t h e  t ransverse d i r ec t ion  but otherwise uniform i n  thickness,  
spacing and s t r a igh tness ,  
the coarse grained s t ruc tu re  of the molybdenum f i l l e r  pieces .  

The b i l l e t  con- 

The spaces between t h e  p l a t e s  were f i l l e d  with 

The b i l l e t  

Visual 

The p l a t e s  are somewhat wrinkled i n  

The severe wrinkling i s  probably due t o  

Tungsten4Jrani.u Coprecipitation, 
demonstrate t h e  f e a s i b i l i t y  of f ab r i ca t ing  a cermet f u e l  material 
containing submicron size U@ p a r t i c l e s  uniformly dispersed i n  a 
tungsten matrix,  The work i s  being done under the sponsorship of 
Lewis Research Center, NASA, The approach under inves t iga t ion  i s  
the  coprec ip i ta t ion  of tungsten and uranium from so lu t ion  t o  produce 
a m t r i x  containing 10, 20, and 30 vel$ U020 I n i t i a l  development 
work using uranyl n i t r a t e ,  UNHr and ammonium paratungstate ,  APT, 
as s t a r t i n g  materials has revealed the  following problems: 

A program has been i n i t i a t e d  t o  

1. The ammonium paratungstate  has a r e l a t i v e l y  low solu- 
b i l i t y  requir ing l a rge  volumes of solution i n  t-he 
i n i t i a l  s tages  of the  process. 
ammonium metatungstate, has been procured from Sylvania, 
Chemical and Pkta l lurg ica l  Division 

A more soluble  tungs ta te ,  

2. The insoluble  uranyl tungs ta te ,  uo~w04, is l e s s  dense than 
the  p rec ip i t a t ed  tungsten r e s u l t i n g  i n  p a r t i a l  separat ion 
during centr i fuging.  Vacuum f i l t r a t i o n  and thickening of 
t h e  s l u r r y  p r i o r  t o  separat ion are under inves t iga t ion .  

3. Optimum pH value has not  been es tab l i shed"  Basical ly ,  
tungsten is  so luble  i n  'basic and ac id i c  so lu t ions  wh i l e  
uranium is  t h e  reverse., S o l u b i l i t y  of pH data i s  being 
obtained 
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Examination of I r r ad ia t ed  Cermet Fuel P l a t e s ,  Examination of a 
NASA-supplied UOptungsten cermet p l a t e  af ter  i r r a d i a t i o n  i n  the  
ETR was completed, 
stable, Upon opening the NASA-constructed tes t  capsule, t he  outer  
molybd.enum box and t h e  s t r u c t u r a l  and supporting members were in-  
t a c t .  Disassembly of the  nested boxes revealed that  t h e  two inner 
tungsten boxes and t h e i r  support wires had become broken during or  
subsequent t o  the i r r a d i a t i o n o  The f u e l  p l a t e  was i n t a c t ,  but the  
temperature monitoring wires were missing. Thus, t h e  p l a t e  tem- 
peratures  a c t u a l l y  a t t a ined  during i r rad ia t ion .  could only be in= 
ferred from other  data, 
operated a t  a temperature g rea t e r  thaxA 3000 C during t h e  irradia- 
t i o n ,  No s ign i f i can t  quan t i t i e s  of f u e l  were lost from the  p l a t e  
during i r r a d i a t i o n ,  although a few p a r t i c l e s  of UOz had been 
vaporized or  otherwise l o s t  from near the  surface,  
evidence of gross  swelling or other  d i s to r t ion ,  nor was t he re  any 
evidence of chemical reac t ion  between the  U02 and tungsten,  

The p l a t e  remained chemically and dimensionally 

Appearance of t he  p l a t e  ind ica tes  t h a t  it. 

There was no 

Cermet Joining and Fuel Element Fabricat ion Development , Pneumatic 
impaction bonding of tungsten clad,  tungsten-UQ2 cermet p l a t e s  i s  a 
new technique that  was used f o r  f ab r i ca t ing  a small square honeycomb 
g r i d  sec t iono  As presen t ly  developed, t h e  j o i n t s  between the  
tungsten-UO2 p l a t e s  are f i l l e d  with packed tungsten powder and 
formed i n t o  a solid bond by pneumatic impaction, 
p l a t e s  is prevented by mild s t e e l  mandrels which are removed by 
chemical techniques af ter  imgaction. The tungsten c l ad ,  tungsten-U02 
cermet p la tes , ,  0,029-inch th i ck ,  were supplied by NASAo The use of 
pure tungsten powder i n  the j o i n t s  would el iminate  possible  ''hot 
spots".  However? twgsten-UO2 cermet powder could be used f o r  The 
j o i n t  if desired,  

Deformation of t h e  

Cermet Fuel Development 
cermet p l a t e s  were fabr ica ted  by pneumatic impaction. The U02 and 
tungsten p a r t i c l e  sizes were less than 1 micron, 
mately 0.025-inch p l a t e s  were used i n  s tud ie s  concernin.g UO2 loss 
during thermal cycling at high temperatures, 

'Two tungsten fo i l .  clad,  80 vol& W-UO2 

The t h i n ,  approxi- 

A vibra t iona l  compacting technique was employed f o r  loading 80 vel$ W- 
U02 powder g r i d  assemblies p r i o r  t o  d e r s i f i c a t i o n  by pneumatic im- 
pact ionc 
Two 1/8-inch hexagonal honeycomb grids ,  2 inches i n  diameter and 
2 inches i n  length,  were fabr ica ted  by t h i s  process,  
hexagonal mild s t e e l  bars are held a t  both ends w i t h  hexagonal 
broached p l a t e s  i n  order t o  maintain aligrment during pneumatic im-  
paction. After impaction, t he  mild steel mandrels were removed by 
chemical techniques, 

Initial packed dens i ty  of g rea t e r  than 6 6  TD was obtainedo 

The ~ / 8 - i n c h  

Good gr id  dimensions were obtained" 



A- 58 

Ekjgnetic ForceWelding. A bond was made on t h e  longi tudina l  
joint of a 1-inch wide sec t ion  of a 2-inch OD x 0.020 wall  
tungsten cylinder (supplied by NASA), To obtain more t e s t  
pieces  f o r  t h i s  experiment, one of two 2-inch wide sec t ions  
supplied by NASA was cut  i n  ha l f .  
excessively during the  weld operation; bonding was obtained 
with t h e  second sec t ion ,  
cut i n  ha l f  and  used f o r  weld parameter s tudies ,  but it broke 
i n t o  small pieces  during the cu t t i ng  operation and could not be 
used. 
tungsten-UO2 cermet used i n  o ther  welding s tudies .  

The f i r s t  sec t ion  cracked 

The second %inch long p iece  was t o  be 

This tungsten seemed t o  be considerably more b r i t t l e  than 

Vibration Testing of Cermets, Work has been i n i t i a t e d  on vibra- 
t i o n  t e s t i n g  of W-UO2 cermets. 
capable of t h r u s t s  up t o  50 lbs  and frequencies up t o  10,000 cps 
i s  being employed f o r  these tests. 
have been vibrated a t  room tenperatures  t o  f a i l u r e  f o r  the pur- 
pose of t e s t i n g  the  f e a s i b i l i t y  of t he  concept. 
ind ica te  the  p o s s i b i l i t y  of micrccrack formation i n  the tungsten 
matrix during vibrat ion.  

An electrodynamic v ibra tor  

To date, two cermet g r i d s  

These tests 

A system is now being fabr ica ted  which w i l l  enable v ibra t ion  
t e s t i n g  t o  be car r ied  out at elevated temperatures. 
t e s t s  are now being planned t o  simultaneously subjec t  specimens 
t o  t h e r m a l  cycling and vibrat ion.  

I n  addi t ion ,  

Spalling Studies on W-U@ Cermets, 
a plasma i s  being invest igated.  
i n  an H2-Ar induction plasma. 
p a r t i c l e s  showed g rea t e r  mechanical s t a b i l i t y  and lower f u e l  loss  
than samples w i t h  larger U02 p a r t i c l e s ,  

Spal l ing of W-U@ cermets i n  
The samples were thermal cycled 

Samples containing small U02 

Cermet Fitel Loss Studies .  An in tens ive  inv-estigation of t h e  
accelerated fue l  loss from cermet fue l s ,  r e su l t i ng  fr(7rn thermal 
cycling has shown: 

(a )  a decrease i n  U02 p a r t i c l e  s i z e  s i g n i f i c a n t l y  reduces 

( b )  accelerated U02 l o s s  from thermal cycling results from 
f u e l  loss; 

t he  mechanical and chemical i n s t a b i l i t y  of the  metal 
matrix and cermet cladding, L e o J  the  thermal expansion 
differences;  and 

pu r i ty ,  being a f fec ted  by hydrogen, water vapor o r  
oxygen, and matrix metal surface pu r i ty ,  

( c )  f u e l  loss i s  function of atmosphere and atmosphere 
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The results of this study have led to a very significant improve- 
ment Jn t h e  fuel loss characteristics of c e m t  materials. 

J&na+ Reactor and F'uels; Iabsra tory  
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N-Reactor Lat t ice  Parameter and Spectral Measurement Tests a t  Startup 

N-latt ice parameters t o  be determined include p, C,, E, the  neutron temper- 
ature,  and the  r-value of the  epithermal f l u .  The spa t i a l  and energy de- 
pendence of the f lux  i n  the  concentric tube fue l  is t o  be determined using 
Pu-Al, Un235-Al, f u e l  enrichment uranium, depleted uranium, Lu, Eu, Aut 
and Cu pins, both bare and cadmium covered. 

The i r rad ia t ion  of the special ly  instrumented f ie1  elements i n  the cold small 
N pi le ,  and subsequent disassembly and p in  counting has been canpleted. 
simultaneous i r r ad ia t ion  i n  the PC!El provided monitor pins of each type 
i r rad ia ted  i n  a highly thermal spectrum and these were counted along with 
t h e  above pins t o  monitor decay ~ 4 . w  possible counter d r i f t .  All data 
have been processed using computer program ABlDAC aad i n i t i a l  reduction is 
s t a r t e d .  

A 

The fue l  elements required for the  hot tes t  have been welded and are present- 
l y  being autoclaved. 
l e t e .  

Other arrangements f o r  t h e  hot t es t  are nearly camp- 

NPR Util izat ion Studies 

U t  il. i sat ion 
To t e s t  the 
t i ons  f o r  a 
yzed 

Other 

See Reactor 
Program and 

studies  of the NPR have continued during the  past  report  period. 
analytical, methods employed, temperature coeff ic ient  calcula- 
reference NPR l a t t i c e  have been car r ied  out and are  being anal- 

Theory and Code Development sections under Plutonium Recycle 
a l s o  EXPEBIMEN!UL REACTOR PHYSICS FACILITIES section. 

UNCLASSIFIED 
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In strumentat i on 

Sa t i s fac tory  performance of N Reactor pbysics test  instrumentation has 
been achieved. All instnunentation and special  mechanica devices were 
in s t a l l ed  and made operational p r i o r  t o  the  i n i t i a l  f u e l  loading, 
t i o n  of t he  system was designed, procured, and i n s t a l l ed  i n  cooperation 
with Instrument and E lec t r i ca l  Development, IPD, Engineering assis tance 
was provided on a s h i f t  basis. No s igni f icant  instrumentation failures 
occurred t o  impede the  progress of t h e  t e s t s .  

A por- 

Testing was continued on the  f i s s i o n  counters f o r  use i n  t h e  N Reactor low 
l eve l  flux monitoring channels. 
viewed, tes ted,  and modified as necessary. 

The f l u  monitoring system is  being re- 

Evaluation of t he  N Reactor f u e l  rupture monitoring system has continued 
with t e s t i n g  a t  KE Heactor of one production model gamma spectrometer. 
Using natural  uranium i n  the loop water, tests were made t o  determine the 
general system capab i l i t i e s  and necessary operational adjustmentso Comp- 
l e t e  t e s t  data w i l l  be presented i n  8 report  prepared by the cooperating 
group--Control, Instruments, and Systems AnaJ.ysis, MIDe 

Tests a t  the PRTR fuels tes t  loop i n  which a fi-Al a l loy  element having a 
defect ive cladding was purposely in s t a l l ed  i n  the  loop revealed a 100-fold 
increase i n  delayed neutron a c t i v i t y  over t he  clean loop condition. The 
gamma spectrum analysis  instrumentation indicated a general fac tor  af LO 
increase i n  signal up t o  about 4 MeVo 
functioning s a t i s f a c t o r i l y  although d i f f i c u l t i e s  with commercial so l id  
state amplifiers have been noted. 
tape system seem t o  have been s a t i s f a c t o r i l y  resolved, The only major 
i n s t m e n t I  f a i l u r e  t o  date  has been a hig? voltage power supply, 

In  general, the instnunentation is 

Intermit tent  t roubles  with t h e  paper 

System. Studies - 
N Reactor steam generator simulation s tudies  are being extended t o  include 
the  ana lys i s  of major systems tied together ,  
cmhine the  secondary loop flow simulation with the steam generator simu- 
l a t i o n  f o r  study on the new computero 
t i o n  diagrams f o r  t h i s  purpose have been completed. 
ture,, constants, un i t s ,  and descr ipt ions is approximately 80s complete . 

F i r s t  e f f o r t s  w i l l  be t o  

Process control  equations and simula- 
A l i s t  of nomencla- 

A revised N Reactor primary system simulation was s t a r t ed  which includes 
a three-delayed group reactor  k ine t i c s  model with fue l ,  water, and graphite 
heat t r ans fe r  and r e a c t i v i t y  e f f ec t s ,  the primary s i z e  of t h e  steam gen- 
e ra tor ,  a t.wo-group primary pump and hydraulic system simulation, and the 
pressurizer  . Also, the primary coolant volume contraction r e su l t i ng  from 
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scrams and power l e v e l  changes was included, 

A new nmencla ture  l i s t ,  which was compiled f o r  the  aver-al l  N Reactor 
simulation, removes ambiguous subscr ipts  and makes the symbols used i n  
e q w t i o n s  and simulation diagrams easier t o  ident i fy ,  
campiled f o r  punching on IBM cards t o  facilitate updating t h e  information 
and pr in t ing  of new namenclature lists. 

The new l i s t  was 

The N Reactor pressurizer  simulation was simplified f o r  inclusion i n  the 
over-all  system simulation and t es t  m s  were made t o  determine the  per- 
formance. The check runs campared faxorably with the  more complex model. 

A revised N Reactor primary flow system simulation was tested f o r  correct  
functioning of the pump drop-off c i r c u i t  and was found t o  be sa t i s fac tory .  
Also, several  repeat  runs were made t o  determine the  e f f e c t  of an e r ro r  
found i n  the  canputation of t he  primary loop i n e r t i a l  values. 
was m t i c e a b l e  but not su f f i c i en t  co inva l ida te  information gained i n  
previous runs. 
systems remained the same. 

The e f f e c t  

Estimates of good cont ro l le r  s e t t i ngs  f o r  t he  primary flow 

The N Reactor control  system simulator i s  i n  the process of fabr icat ion.  
A l l  s ign i f icaa t  material is  on s i t e  or on p r a s e  of early del ivery.  
Completion of the number of con t ro l l e r s  required f o r  the secondary system 
simulation run is expected ea r ly  i n  February. 

MlDAS programs being wr i t ten  f o r  simulation study of N plant  reac tor  
k ine t ics ,  primary coolant systemJ steam generators, and secondary coolant 
loop are about 70 percent complete, 

Two noise t e s t s  were made on the  N Reactor, The first tes t  consisted of 
R 15-minute recording a t  low power l e v e l s p  the second a two-hour recording 
a t  approximately t e n  times the  pawer leve l  of the first t e s to  The power 
dens i ty  spectrum of the output of' a neutron detector  i s b e i a g  analyzed t o  
determine per t inent  cha rac t e r i s t i c s  of t he  processo 

A simulation is being prepared t o  study the  N Reactor system characteris-  
t i c s  when cold water is injec+,ed i n t o  the reac tor .  
i s  complete except for d e t e m  :,tion of the  appropriate consta.nf;s. 

The simulation diagram 

SEPaRATIONS 

C r i t i c a l  Experiments with P u b - P l a s t i c  Mixtures 

Further c r i t i c a l  mass experiments were conducted wjth Fu%-polystyr=ne 
compacts and the  Remote Split-Table Machineo Seven c r i t i c a l  core config- 
urat ions consis t ing of rectangular prisms were assembled during the  month. 
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The plutonium concentration of the  core mater ia l  was lo12 g /cc  (2.2$ Pu240), 
wfth a H/Pu atomic r a t i o  of 4 5 .  
Lucite were used on the assemblies, one of which consisted of a rectangular 
prism. wrapped with cadmiurr. sheet and r e f l ec t ed  with Lucite, to determine 
the e f f e c t  of the  cadmium on re f l ec to r  savings. Comparative data were 
obtained f o r  the  e f f e c t  on c r i t f c a l . i t y  of canplex r e f l e c t o r s  c o n s i s t k g  G f  
steel p la t e  and Lucite. 
results a r e  discussed i n  more d e t a i l  below, 

VariouJ r e f l e c t o r  combinations involving 

The various c r i t i c a l  assemblies and expmimental 

In order t o  reduce the data frcm the c r i t i c a l  experiments t o  an equivalent 
''clea,n'' system, it i s  necessaxy t o  apply correct ions for the e f f e c t s  of 
the control md sa fe ty  rod channels on c r i t i c a l i t y o  To obtain addi t iona l  
data f o r  evaluating these e f f ec t s ,  experiments were performed with a rec- 
tangulax parallelopiped of 6-i.n. x 7-in. cross  sec t iona l  dimensions f o r  which 
previous c r i t i c a l i t y  information was available. The bas ic  d i f fe rence  i n  
the current experiments was that the  control  and safe ty  rods were of t he  
r e f l ec to r  removal type r a the r  than of t h e  f u e l  removal type previously used, 
The c r i t i c a l  length of the  parallelopfped when r e f l ec t ed  with 6-ino t h i ck  
Lucfte on a l l  surfaces was 22.06-in.; t h e  c r i t i c a l  mass was 1701 a Pu, 
which is 1,44 Kg less than t h e  value obtained previously wfth the fue l  re- 
moval type of rods, Wkth the  two ends of the  assembly unreflected,  t h e  
critical length was 26,0-ia0 and the  c r i t i c a l  mass was 2003 Kg Pu, or about 
O S  IQ less than previously measured. 
cumulative e f f e c t  of the  control  and sa fe ty  rod channels, are canprised 
of several d i f f e r e n t  effects :  
leakage d o n g  the  channel; neutron absorption i n  the  s t e e l  channel and 
its  drive mechanism; and decreased r e f l e c t i o n  due t o  t h e  void i n  the  re f lec-  
t o r  through which the dr ive  mechanism operates.  

These differences,  which show t h e  

Displacement of fuel by the channel; neutron 

Critical data  were obtained f o r  a rectangular prism of 12-in0 x 12-inV 
base dimensions which was f u l l y  wrapped with O9O3-in0 cadmium sheet and 
re f l ec t ed  on all surfaces with 6-i.nG thick Lucite. The critical core 
height  was about g-in., and the c r i t i c a l  mass under these conditions 23J 
Igg Ri0 I n  t h e  absence of t he  cadrrmfullla shee t ,  the c r i t i c a l  mass for an 
assembly wikh the  same base dimensions would be about half  of this value 
or -1.3 Kg h, which ind ica tes  t h e  e f fec t iveness  of the  cadmium. The pur- 
pose of t h i s  experiment was t o  determine the effect ,  of cadmium. i n  reducing 
the r e f l ec to r  savings of the  Lucite, or other hydrogenous (water)  r e f l e c t o r s ,  

Addition& data were obtained with complex r e f l e c t o r s  f o r  evaluat ing the 
e f f e c t  on c r i t i c a l i t y  when neutron poison sheets  or absorbing materids 
are interposed between the  reac tor  core and its r e f l e c t o r  ( h c i t e  in this 
case) .  
(a rectangular prism of cross sectional dimensions 12-in0 x 12-in.)  which 
was otherwise unreflected.  

Various r e f l e c t o r  canbinations were usea on one end of t h e  assembly 

C r i t i c a l  experiments were conducted w i t h  t h e  

UPJCLASSIFIED 
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following mater ia l  a t  the in te r face  between t h e  core and i t s  8-in.  t h i ck  
end re f lec tor :  
ium, 2)  Oo061-in. s t e e l  p l a t e ,  3 )  0.25-in0 t h i ck  s t e e l  p la te ,  and 4) 8-ino 
th i ck  Lucite r e f l e c t o r  only. 

1) a 0019-in,  t h i ck  s t e e l  p l a t e  containing 0.3 w/o gadolin- 

The results of t h e  experiments show t h a t  a O.lg-in, steel p l a t e  would re-  
duce the  r e f l e c t o r  savings of t h e  8mino h c i t e  by a O 0 6  cm, whereas t h e  
O.lg-in, steel p l a t e  containing 0.3 W/Q g a d o l i n i u  reduced the r e f l e c t o r  
savings by 0.8 cm; thus  t h e  G d  i n  the  s t e e l  accounted f o r  m l y  0,2 cm 
of the  t o t a l  decrease, 
t h e  reduction i n  r e f l e c t o r  savings on placing a Oo03-in. t h i ck  cadmium 
sheet at the  in te r face ,  
an ana lys i s  w i l l  be made t o  check the  s ta ted  Gd content i n  the  s t e e l .  

These values a r e  t o  be campared with 2 .7  an, 

The ineffect iveness  of the Gd. is not explained; 

GAMTEC - A Neutron Slowinsr Down and Thermalization Code 

Several major revis ions and improvements have been made i n  the  GAM'I'EC Code. 
These changes reduce t h e  amount of input data and improve the  theo re t i ca l  
accuracy of the  code. The revis ions are as follows: 

a, The input ins t ruc t ions  were modified such that only correct ion cards 
w i l l  be required f o r  problems following t h e  i n i t i a l  probl.em of a run. 

b e  The recent rev is ions  i n  GAM-I, which include resonance theory calcula- 
t i o n s  f o r  isotopes other than $38 and Th232, have been adapted, 

c ,  Corrections have been made t o  G A M 4  which result i n  more accurate 
treatment of the  resonance capture contr ibut ions t o  the  multigroup 
constants i n  GAM!I!ECo 

d o  W E C  present ly  punches the  multigroup constants  i n  a f o m % t  f o r  t he  
HFN multigroup d i f fus ion  code, In t he  fu ture ,  GAMTEC w i l l  t i l s o ,  by 
option, punch the  multigroup constants i n  t h e  SNG and S code formats, 

SMC - A Monte Carlo Code f o r  Spherical Geometry 
uy_- --_I__ 

A Monte Carlo code, SMC, has been wri t ten f o r  studying neutron slowing 
down and d i f fus ion  i n  multi-region f ini t .e  assemblies, 
c r i t i c a l i t y  i n  spherical  geometries containing one-to-three material. 
regions. The SMC code w i l l  utilize group averaged cross  sect ions with up 
t o  1600 energy groups. 
and debugging i s  present ly  under way, 

Srar: will cmpute 

The major components for  SMC have been compiled 

UNCLCaSSIFIED 
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'ITheory of Measurement of Neutron Spectra 

One of the most d i f f i c u l t  and long standing problems i n  reactor  physics 
involves the  measurement of the neutron spectrum., pa r t i cu la r ly  i n  the  
neutron energy range between therma,l and fast  systems. 
theory f o r  predicting c r i t i c a l i t y ,  i n  other than predminantly t h e m  
systlems, must a l s o  y ie ld  values f o r  the  neutran spectrum, 

Yet any sui table  

One of the  methods of measurement which has been used in fast systems., 
and which i n  theory now appears prmis ing  for  spectrum measurements i n  YU 
systems a t  the  Cr i t i ca l  Mass Laboratory, is described i n  the following. 
The method requires that a number of f o i l  materials, whose act ivat ion 
cross sections are known, be i r rad ia ted  i n  an experimental assembly, 
A set of theore t ica l  reaction rates a re  then generated fram the  theoret i -  
c a l  f l u  t o  be compared. Warn a comparison of these reaction rates, a 
se t  of correction flrnctfons can be generated which indicate  the  region or 
regions where the assumed theore t ica l  flux departs from t h e  t rue  experi- 
mental valueo 

A study of the  method has been made by generating a set  of reaction rates 
i n  t h e  Wiper-Wilkins spectrum calculated fo r  a 500 g/# plutonium n i t r a t e  
solution, f o e o  t h i s  spectrum was taken t o  be the  t rue  experimental one. 
The %heoretical  f lux  was then taken as another Wigner-Wilkins spectrum- 
t lhat  for  a 100 g/g plutonium. n i t r a t e  solution, The analysis was performed 
f o r  neutror, energies i n  the range O-l.lg eV u t i l i z i n g  six typical  f o i l  
materials; AL239, $35, Lu175, L d 6 ,  Eul51., and Inl150 
of t h e  theore t ica l  flux (100 g/g Pu) t o  the eqer3menta.l f lux (500 g/B Pu) 
was found %o be sat isfactory for  the  six chosen materials, 

The convergence 

C r i ~ i c a l  Mass Laboratory Xnst~uraentiat,i,on .- 
Work has proceeded on t-he design of E L ~  on-line noise anaZysis system f o r  

-the Cr i t ica l  Mass IaboratoTy. The proposed system w i l l  have 40 frequency 
channels and provide a continuous display of the amp1itud.e spectrum., with 
readaut being accompl.fshed with a a i g i t a l  p r in te r  or  X-Y recorder. 
vision will be made t o  incorporat,e a yeact ivi ty  meter should the  theory 
prove workable 

Pra- 

Consulting Services on Nuclear Safety C r i t i c a l i t y  Hazards 
I -- -Iy---I-uy-pY---- 

1.. Nuclear Safety i n  €E 

'Two new specifications were issued. i n  Rlj: 

K-8 Storage and Transporting of EBbw Fuel Elements i n  309 
mild ing  ( PRTW &rat ia- -- UYI 
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M-3 - Storage and Handling of EBwi f i e 1  Rods in 309 Building 
1 PRCF Operation) 

The void date on temporary spec i f ica t ion  No.3 (Storage of C and J) 
Fuel Elements Prior t o  Testing i n  100-K) was extended fram January 1, 
1964 t o  July 1, 1964 . 
A nuclear sa fe ty  inspection was made of the  new Vibra-Pak machine 
area i n  the 308 Building f o r  Ceramic Research and Development. Six 
glove boxes are s e t  up i n  t h i s  area f o r  processing dry ho;! and UQ. 
It was confirmed that each of these  glove boxes could be covered by 
NOSL Specif icat ion J-1, This spec i f ica t ion  permits up to 3.5 Kg of 
Ar i n  a glove box providing there  a r e  controls  to prevent overbatch- 
Png and preclude the introduction of l iqu ids .  

Favorable ccanments were received fram the  AEC, Division of Operational 
Safety, concerning the proposed GE Class I shipping container f o r  
f i s s i l e  mater ia ls .  A work order has been issued t o  have three  con- 
t a i n e r s  fabr icated f o r  test purposes. 
during March, 

Testing is planned t o  begin 

2 ,  Nuclear Safety i n  CPD 

Par t ic ipa t ion  on the  Redox C r i t i c a l i t y  Review Camit tee ,  i n  connection 
with the f i r e  i n  the  2 3 3 4  Building on November 6, 1963, has termi- 
nated with the completion of the review. 
now been resumed a t  Redox, 

Standard operations have 

A nuclear sa fe ty  evaluation of the 2-9 crib, baaed on neutron pulse 
measurements and s o i l  sample analyses, is about SO$ camplete. The 
r e s u l t s  w i l l  be submitted t o  Research and Ehgineering during February. 

Maximwa material bucklings far U 

Planning, 
123 m"2, and 136 mm29 respect ively,  
30% lower than the bucklings f o r  uranium metal rods i n  l i g h t  watero 
This information is from a general. study now i n  progress on enriched 
U Q  systems, 

rods i n  light water with enrich- 
ments of 2.7, 3.g5 and 5.0 w/o $ 4 5 were provided t o  Advance Technical 

The values obtained f o r  the  three enrichments were 102 m'2, 
These maximwn bucklings are about 

3 .  Nuclear Safety i n  NRD 

UNCLASSIFIEI) 

, 

The nuclear safety study of N-fue ls  processing in the  333 Building f o r  
NFD i s  about 90% completeo Two rough draft documents have been issued. 
t o  MID and HL management for comment: Rw-8O3l2 RD summarizes t he  
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r e s u l t s  of t he  study, and HW-80313 Rp gives revised nuclear sa fe ty  
specif icat ions f o r  N-fuel processing. 

' 4, Nuclear Safety Training and Education 

!The Course B, Group I1 lec ture  s e r i e s  i n  nuclear sa fe ty  f o r  CPD was 
cclmpleted on January 23, 1964. 
sessionsu The next session., Group 111, w i l l  begin i n  February. This 
se r i e s  i s  oriented toward the  non-technical supervisors and s p e c i a l i s t s  
who have need f o r  further understanding of the  nuclear sa fe ty  problem 
and of c r i t i c a l i t y  control prac t ices ,  

The course was camprised of e ight  

-- Separations Instrumentation and System Studies 

I n i t i a l  calculat ions were made to evaluate methods of monitoring large, 
fnhanogeneaus waste car tons t o  determine the  amounts of included plutonium. 
 the calculat ions indicate  that a detector  reading taken a t  a s ingle  point 
on each face of t he  carton would be inadequate and analyses are being con- 
t inued t o  determine the effect iveness  of complete surface scanning Over a 
time int.erva1 of several  minutes. 

Genera  systems requirements were studied regarding the  development of a 
plutonium X-ray (17 keV) sample counting instrument which w i l l  be used t o  
measure the plutonium content. i n  l i qu id  sample v i a l s ,  

Design and partial fabr ica t ion  was completed on a so l id  state portable 
gmm, spectrmeter instrument t o  provide measurement of plutonium i n  hoods 
and glove boxes, The instrument, with a s c i n t i l l a t i o n  detector ,  w i l l  
monitor the 384 keV photons from plutonium, 

NEUTRON CROSS SECTION PRClGRAM 

Scattering-Law Measurements f o r  EQO at. 9 5 O ~  
__L 

The t r ip l e -ax i s  spectrometer a t  lOg-a (E  vas inoperative most of the month 
while rn.odifications were being made t o  allow the use of the adjacent beam 
f a c i l i t y ,  44, for s lowneut ron  sca t t e r ing  measurements by time-of-flight , 
The planned modifications t o  the t r i p l e -ax i s  s p e c t r m e t e r  have been essen- 
t i a l l y  completed.. The r e s u l t s  previously obtained on the neutron scat-ter- 
ing from 95OC +O have now been reduced t o  the scattering-law representat ion,  
These results show s igni f icant  i n t e rna l  inconsis tencies  i n  same regions 
which w i l l  require f'urther measurern.ents, A series of measurements designed 
t o  determine the apparent systematic errors has been planned. 
of the energy s e n s i t i v i t y  of t he  analyzing spectrometer has been completed . An analysis 

UNCLASSIFIED 
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Time-of-Elinht rnectroscow for Slow-Neutrons 

Developnent of ccnaponents f o r  the measurement of slaw-neutron ine l a s t i c  
sca t te r ing  by time-of-flight has continuedo Modification of the shield- 
ing of the t r ip le -ax is  spectrometer at l O 5 - K E  t o  provide access t o  the  
beam hole 4-B has been substant ia l ly  completed, 
i n  slow neutron detectors has progressed t o  the analysis  of e lectron d r i f t  
ve loc i t ies  i n  several  counter gases. 
determining discrepant reports  of d r i f t  ve loc i t ies  i n  B q  , 
measurements were obtained fo r  additional gas mixtures using helium- 
methane and helium-carbon dioxide. 

The study of time j i t t e r  

Dese results should be of value i n  
Time- j i t t e r  

Fast-Neutron Cross Sections 

The computer program CONTOUR which emphasizes cer ta in  features of fast- 
neutron cross section var ia t ions has been almost completely debugged, 
Listings of the master tape of Hasford t o t a l  cross  section results were 
transmitted on request t o  Princeton University, Atomics International,  and 
Eos Alamos Scient i f ic  Laboratory. Samples of D, N, and 0 have been pre- 
pared f o r  future  measurement. All of these elements are t o  be measured i n  
ccmpounds. 
are being prepared. 

The blank samples t o  correct f o r  other elements i n  the  canpounds 

REACTQR D E V E L O m  - 04 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Phoenix Fuel Program 

lo Util izat ion of the  ZODIAC Busrnup Code 

me choice of the burnup time step increment, At has an important 
e f f ec t  on the resu l t ing  reactivity=time curve* In past Phoenix 
reactor calculations,  f a i r l y  coarse A t ' s  were selected t o  save time 
and reduce machine cos ts ,  
burnup routine makes it now possible t lo u t i l i z e  a f i n e r  time mesh 
and t o  obtain more accurate resul t ls ,  

T!x development of the automat;i.c ZODIAC 

The ef fec t  of At choices was investigated for  a 100 kg Mark 1 Phoenix 
core. N o m i n a l  time increments of 500, 1000, 2000, 4000, and 8000 FPH 
were selected and r eac t iv i ty  time curves produced. 
in te rva l  (from a machine cost  viewpoint) m i g h t  be about 2000 Full 
Power Hours ( F P H ) ,  
one percent i n  keff f o r  a 10,000 PPH Phoenix-type core, 

A prac t ica l  time 

Such a choice seems t o  introduce an er ror  of about 
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2 Ber?/llium-Plutoniurn &stems 

A ser ies  of &-At systems containing a var ie ty  of Pu c a p o s i t e s  are 
presently being analyzed. Such systems twe of i n t e re s t  i n  connection 
with the Phoenix program) because the  re la t ive ly  hard spectrum o b t a h -  
able i n  a Be medium might r e s u l t  i n  a favorable reactivity-time char- 
a c t e r i s t i c ,  
tant f igure of merit f o r  these cores, For example, f o r  a core with 
20 a/o Pu-240 plutonium, the  optimum 240 burnup-to-buildup r a t i o  i s  

The burnup-to-buildup r a t i o  of Pu-240 represents an impor- 

I 

1092 1- x 7 J  This i s  nore than twice as high as the  comparable 
value' fo r  a watehmderated core, 
Be/h systems would warrant f'urther investigation. 

On t h i s  basis9 it would appear t h a t  

3 , Calculations for Proposed PPA-Phoenix Experbents 

Critical. experiments i n  the PPA (possibly the  PCTFi) have been pro- 
posed t o  obtain in tegra l  data  charac te r i s t ic  of Phoenix-type cores. 
The ear ly  experiments w i l l  probably u t i l i z e  20 w/o w1-A1 d iscs  with 
polyethylene or Be moderatorso 
have s ta r ted ,  
systems ( "thin" p l a t e s )  
into account, 

Calculations for Pu-Al-CIQ media 
Thus far the  analysis  has been r e s t r i c t ed  t o  homogenized 

Future studies w i l l  take heterogeneities 

Cr i t i ca l  and Cr i t i ca l  Approach Ekperixknts 

Low Exposure gU@-U+ Lat t ice  Studies i n  the  PCTR 

!Fhe Ceramics Research and Development Operation is working on the  fue l  
for  these experiments, 
core material .  
addi t iona l14  cans were impacted, but w i l l  have t o  be redone i n  order t o  
achieve the required density. 
t o  complete the  job. 
sized? and then vibrat ional ly  compacted in to  the  flael rods, 

High energy impaction is being used t o  densify the  
Fifteen cans of 99$ TODO material have been produced, An 

The 35 cans should provide enough material 
The 99% TODO material must s t i l l  be ground, pa r t i c l e  

Approach-to-Critical Experiments Using EBNR Fuel 
p__ q__ 

UNCLASSIFIED 

The Oo?l inch l a t t i c e  templates are i n  the approach-to-critical tank i n  
the  TTR reactor  roan, 
appraximately 400, have been loaded i n  t h i s  l a t t i c e .  
be completed when suf f ic ien t  fuel  is obtained from Ceramics Research and 
Development Operation , 

A t  the  present timej all available fue l  rods, 
The experiment w i l l  
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HpO Moderated Experiments in the  PRCF 

In  t h e  WRCF, l i g h t  water-moderated core, a control rod consis ts  of a clus- 
t e r  of four separate cadmium cylinders which have the  same diameters as 
the fuel rods. 
the care. 

The four cylinders are i n s t a l l ed  in l a t t t c e  posi t ions i n  
The l a t t i c e  i s  hexagonal with a l a t t i c e  spacing of 0.71 inches. 

In order t o  estimate the r eac t iv i ty  worth of the  control rod, an ef fec t ive  
radius of a single control rod that has equivalent neutron absorption rate 
as the four separate rds, i s  being calculated. The Monte Carlo method is 
being used f o r  the  calculation and the main pa r t  of a flow chart  i s  almost 
ccmpleted. 

A report ,  "EXF Ekperbents with H20 Moderator," has been approved and 
issued as an informal document, HW-80092. 
experiments which are t o  be conducted i n  the l ight  water-moderated PRCF. 
The experiments axe divided into: 

This report  describes c r i t i c a l  

1. 
2. 
30 
4. 
5. 
6 .  
7. 
80 
9 .  

Load-to-Cr i t i c a l  Experiments 
Rod and Sheet Worth and Calibration Experiments 
Moderator Level Worth and Sens i t iv i ty  Measurements 
Void Measurements 
Kinetics Studies 
Substi tution Measurements 
Neutron Spectrum Measurements 
Temperature Coefficient Measurements 
]Flux Waver se Measurements 

In  addition t o  describing the  experiments, the document provides the 
formal  approval f o r  conducting the e-eriments i n  t h e  PRCF, 

Process specif icat ions for  the QO-moderated PRCP have been reviewed and 
comments forwarded t o  the author. 

Preparation and planning f o r  the EBW? experiments a re  proceeding. 
so far have been mainly on the void measurements and determining the re- 
quirements f o r  a poison inject ion mechanism f o r  the @/r experiments. 

Ef for t s  

$0 Moderated Experiments i n  PRCF 

me noise which was recorded during the  noise experiment i n  the Q O  mod- 
erated PRCF has been frequency analyzed t o  obta in  the  t r ans fe r  function 
of t he  loading. 
a value of /v5.5 f o r  the  r a t i o  of the delayed neutron y ie ld  t o  the  neutron 
lifetime8 

Preliminary analysis  of the t ransfer  function r e s u l t s  i n  
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!The moderator l e v e l  coefficgents have been calculated from data obtained 

3 a t  moderator l e v e l s  betweem69 inches and lo5 inches. 
s t r a i g h t  l i n e s  have been f i t  t o  the  coef f ic ien ts  as a funct ion of (H)" 
where H i s  the  moderator height at which the  coef f ic ien t  was measured. 
slopes of t h e  s t r a i g h t  l i n e s  are proportional t o  the  migration lareas. 
s t r a i g h t  l i n e  was obtained f o r  the  dnta  i n  t h e  top r e f l ec to r  and another 
f o r  the data i n  the  core. The two straight l i n e s  in t e r sec t  at the l e v e l  
where t h e  ends of the  safety rods remain i n  t h e  r e f l e c t o r  i n  t h e i r  out 
pos i t ion ,  

Best f i t t i n g  

The 
One 

Reactor meory 

The Modified Heavy Gas E q k t i o n  and Light Water-Moderated Systems 

The neutron flux d i s t r ibu t ions  produced by the  modified heavy gas equation 
f o r  inf ini te . ,  homogeneous, l i g h t  water-moderated systems were compared t o  
tha,t produced by program SPECTRX So me modified gas equation produces 
accurate flux d i s t r ibu t ions  f o r  uranium sys-tems up t o  a A = loo, where 
A = 2 (2200 meter absorption cross  section)/(  f r e e  atom sca t te r ing  cross 
sect ion)  , 
for A <  O o 3 0  
neutron flux d i s t r ibu t ion  i s  adequately described by t h e  modified heavy gas 
equation f o r  water-uranium and water-plutonium systems, A report  of t h i s  
work has been prepared f o r  inclusion i n  t h e  October, November, December, 
1963., Physics Research Quarterly Report . 

Accurate f l u  d i s t r ibu t ions  were produced f o r  plutonium systems 
Since many thermal reac tors  have a A l e s s  than 003, the  

High Ehergy Ine la s t i c  Scat ter ing 

The s t a t i s t i ca l .  model code which w i l l  calculate the  exc i ta t ion  probabili-  
t i e s  of d i scre te  energy l eve l s  of a t a r g e t  nuclide is  being debuggedo 
References on the  subject indicate  that t h e  p r o b a b i l i t i e s  are functions 
of' the  i n i t i a l  and f i n a l  s t a t e s  o f  the t a rge t  nuclide only, provided t h a t  
t he  s t a t i s t i c a l .  model is val id ,  This model is v a l i d  only f o r  high energy 
banbarding neutrons e For Lower neutron banbarding energies, the more 
detailed propert ies  of the  canpound nucleus must be considered, 
approach is a l s o  under study, 

This l a t t e r  

Code Develqment 
-I 

Bcternal Distribution o f  Machine Anal?rsis 

The l a t e s t  ac t ive  vers ion of Hanf'ord;s multi-energy transport-theory 
ana lys i s  (GE-HL Program %=I) was forwarded t o  Argonne National Labora- 
t o r y  f o r  cooperative externah d i s t r ibu t iono  Major improvements in nuclear 
ana lys i s  capab i l i t i e s  contained i n  t h o  deck, and not previously ava i lab le  
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o f f - s i t e  a t  a similar l e v e l  of general i ty  include: 
act ivat ion,  (2 )  c r X i c a l  metr ic  tensor,  ( 3 )  k i n e t i c  normal modes, ( 4 )  full 
use of numeric rounding. 

(1) Angular sensor 

Review of Vol. 111 of RBU documentation is  complete, suggested act ions by 
reviewers have been inser ted,  and t h e  manuscript has been submitted f o r  
publ icat ion as a formal document, HW-80003. 
of the RBU system decks and l i s t i n g s  i s  under way i n  an t ic ipa t ion  of ex- 
t e r n a l  d i s t r ibu t ion .  
first phase of cleanup. 
period, t he  RBU output program appears t o  operate i n  a sa t i s fac tory  manner. 

Zn addition, a general cleanup 

Successful execution of a tes t  problem followed the 
Aside from minor a l t e r a t i o n s  during Its checkout 

Adaptation of the  PRTR lg-rod c lus t e r  analog t o  RBU provided addi t ional  non- 
serious d i f f i c u l t i e s  during the month. Considering the long running time 
ant ic ipated f o r  the ana lys i s  (10-20 hours, estimated) a thorough checkout 
of the analog t o  achieve near optimum (RBU) operating conditions seems 
warranted. 
lem descr ipt ion m,tcl"e and not system execution problems , 

In t o t a l )  t he  difficulties now being encountered a re  of a prob- 

RBU Basic L i b r a m  

To provide a more f l ex ib l e  descr ipt ion of the cross  sect ion data i n  the 
RBU Basic Library, an addi t iona l  delta range is being added. This w i l l  
allow I n  a t o  vary l b e a r l y  with In Eo 
code have a lso  been wr i t t en  t o  enable p lo t t i ng  of the  RBU Basic Library 
cross  sect ions by the  Benson-Lehner p l o t t e r .  These programs w i l l  aid i n  
ident i fying those energy ranges i n  which the  addi t ional  analyt ic  form i s  
more appropriate than the  present descr ipt ions.  

A M N S  subroutine and a p l o t t i n g  

BARNS- I1 

l&RNS-II i s  being revised t o  handle the additional. d e l t a  range being added 
t o  the  RBU Basic Library,  Avai labi l i ty  of t h i s  addi t ional  f l e x i b i l i t y  i n  
the Basic Library and i n  BARNS before release of t he  RBU-BARNS package i s  
considered e s sen t i a l  . 
HRG 
u 

Users of I B G  frequently w a n t  t o  t ranscr ibe the calculated group cross  sec- 
t i ons  i n t o  a form Tor subsequent input t o  Program S o  
process, a subroutine has been inser ted i n  HRG which optionally punches 
these cross sect ions i n  Program S format, 
assumed, for  which ingroup cross  sections can be read i n  or, a l te rna t ive ly ,  

To f a c i l i t a t e  t h i s  

A s ingle  thermal group i s  
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t he  subroutine provides a dummy value. 
i n  columns 73-78 of each output cardo 
normal HRG output f o r  the  case. 
ready f o r  trial use. 

Suitable iden t i f i ca t ion  i s  provided 
A l i s t i n g  of t h e  cards follows the  

The subroutine has been debugged and is 

Physics Chain 

A physics Chain naw exists which employs the use of CaMBO as a means of 
input to TESIPEST and GAM. COM130, as discussed i n  the  monthly report  of 
October, 1963, has been modified t o  allow mult iple  passes through TEMPEST 
and GAM, thus W i n g  it possible  f o r  t h e  user  t o  stack autput f rm these 
codes on a TAM Library TElpe - no 
previous m y s i c s  Chain i n  t h a t  each code other than CCMBO c lea r s  i t s  own 
storage before reading i n  and analyzing new data;’ a l so)  a f t e r  having done 
i t s  analysis,  each code has t he  f a c i l i t y  of ca l l i ng  a new l i n k  on the  chain 
by means of a variable  input number. Due t o  these changes, the transporta- 
t i o n  code VIA is no longer needed f o r  normal runs. 

This chain d i f f e r s  s l i g h t l y  from t h e  

ZODIAC Chain 

Further t e s t i n g  confirms that the  i t e r a t i v e  fea ture  of ZODIAC is  operating 
satisfactorily, 
results of a burnup calculat ion by a f ac to r  of t en  or more. 

Its use has cut  t he  amount of time required t o  obtain 

The capacity of ZODIAC has been expanded from 10 t o  18 groups. 
ec-ted toward easing other r e s t r i c t i o n s  i s  i n  progress. 

Work dir-  

An informal document, HW-80502, was issued which describes the capac i t ies  
anda input requirements of ZODIAC i n  i t s  present sta te  of development and 
gives a sam.ple case, 

Theory-mer d e n t  Correlation 

Analysis of Pu-Al Light Water Experiments 

An ml.ys i s  of computational methods is being conducted f o r  the  three  s e t s  
of Pu-Al, l i g h t  water c r i t i c a l .  experiments that have been conducted at  Fhn- 
ford: A basic  ca lcu la t ion  of keff f o r  
each experiment has been calculated. using HFN with four-energy groups. 
Cross sect ions fo r  t he  two fast groups (11.7 keV t o  10 MeV, and 2J8 eV t o  
11J keV) were obtained f rm GAN-I. For the thermal. ( 0  t o  0.683 eV) and 
epithermnal (0,685 eV t o  2,38 eV) groups, average cross sect ions were obtained 
f rm cell .  calculat ions using THERMOS. The thermal group energy spectrum 
was generated both wi th  the  Brown-St. John and Nelkin sca t t e r ing  models. 
The Pu.-240 cross section f o r  t he  epitheMgal group was calculated,  i n  addition 

The &., the  Hx, and the 5 W/O, 
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t o  t he  TRWMOS method, using the  MRIA approximation fo r  calculat ing reson- 
ance integrals;* 
on t h e  thermal f lux shape was invest igated and, f i na l ly ,  a test  case was 
run using the t i g h t e s t  l a t t i c e  Hx case t o  determine what e r r o r s  might re- 
sult fran using t h e  cyl indrical  c e l l  model, fo r  the  l a t t i c e  c e l l ,  

The influence of the  PU-240 resonance peak a t  1.054 eV 

In br ie f  summary, t he  basic calculat ion (using Nelkin sca t t e r ing  model f o r  
water) predic t s  values of 
range frcan 1-54 high a t  the tight l a t t i c e  spacings t o  1-44 low a t  la rge  
l a t t i c e  spacings, 
higher. 
experimental values. Consequently9 these e r ro r s  represent what might be 
expected were one t o  pred ic t  c r i t i c a l  loadings with no experimental data 
t o  serve as a nox=maliza-tion. 

f o r  the various c r i t i c a l  loadings that 

The r e s u l t s  using t h e  Brawn-St. John model run 4% 
It should be nuted t h a t  no attempt has been made t o  "f i t"  the  

The resonance in t eg ra l s  ( f o r  the  Ai-240, 1.0% eV resonance only)  run 
consis tent ly  higher when ca,lculat.f -1 with THERMOS than  by the NRU approxi- 
mation, 
N 20% f o r  the  5 w/o 

The difference ranges f r a  zv 54% f o r  t he  1.8 w/o & Pu-A1 f u e l  t o  
Pu-Al fue l  

W n u p  Exp er iment s 

Pu-A1 Fuel Elements 

m e  experimental data obtained from the  destruct ive sampling of element 
5108 have been received and the evaluat ion of t he  da t a  has been i n i t i a t e d .  
The element is  a plutonium-aluminum alloy f u e l  element which i n i t i a l l y  
contained 2.57 W/O Pu, of which 16.5 a/o was Pu-240. 
iradiated i n  t he  PRTR during the  period April  2, 1962, t o  August 31, 1962, 
and received an exposure of 33.1 Wd. Ten rods were subsequently selected 
frm the  element and sampled, 

The element was 

The processing of two other H, Pu-Al elements i s  progressing. 
of samples on element 5111 have been dissolved, and the preliminary burnup 
r e s u l t s  appear t o  be of the stme quality as the data on elernerit 5108. 
the scrut iny of t h e  experimental procedures of Chemical Research Operation 
appear t o  have produced experimental data which is of higher qual i ty  .than 
that obtained on e a r l i e r  elements. 
assembly of elements 5103 (S, h-Al - 100 Mwd), S1@ (Hx h-Al - 150 Mwd), 
and 5187 (Pu@-U% 
scanned as sQon as possible,  

The majority 

Thus 

Reqmsts have been W . e  f o r  t he  dis -  

100 Mwd). R o d s  from these elements w i l l  be gamma 

The PRTR G a m ~ l a  Scan Fac i l i t y  has been redesigned t o  improve operation. 
changes made should r e s u l t  in a lower background counting r a t e ,  and more 
posi t ive positioning of the  fue l  rod with respect t o  the scanning head. 

The 
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cor re l a t ion  c a l c d a t i o n s  using t h e  ALTHAEA code, one-dimensional option, 
have been done f o r  the case of t h e  & Pu-Al fuel  elements, Bput cross  
sec t ions  were obtained using THERMOS a.nd HRG f o r  the d i f fus ion  cLlculation 
i n  Burnup parameters were not a l t e r e d  from those used i n  zero- 
dimensional ALTHAEA except that t h e  thermal disadvantage f a c t o r s  are now 
determined frm a diff’usfon c d c u l a t i o n o  In t h e  first attempt the f u e l  
rods were considezed t o  be one burnup region containing seven mesh poin ts ,  
After t h i s  descr ip t ion  proved, successful, t h e  f u e l  rods were described 
as seven burnup regions containing one mesh p o h t  each and matched the  
d e t a i l  that is avai lab le  cxprimencially from, macmdril l .  samples (see 
September, ~ 9 6 3 ~  monthly report.) 

!I!he A.LlXA.EA c;Llcu?..at3ion using the  description of a fuel  rod as one region 
agrees well with the variation of Pu isot.opic camposition as a f’unction of 
burnup obtained expr imen ta l lye  For the var i a t ion  of Pu-241. attnn percent 
as a f’uncthon of burnup, the AL- one-dimensional results are i n  better 
agreement; W i t h  experimental results than were the  zero-dimensional calcula-  
t i o n s ,  As with the zero-dimensional AL’TBAEA, two sets of c ross  sec t ions  
were considered, Since diffusion theory underpred.icts thermal disadvantage 
f w , o r s ,  one would expect that, A L T m  would not p red ic t  t he  cor rec t  d i f -  
ference i n  burnup between the  center rod, the  midcile r i n g  rod, crnd the 
outer ring rod a t  a given timeo Nor should one expext. that ALTIWA would 
preaict t h e  correct var i a t ion  of h isotopic  composition through a rod by 
describing i so topic  canposit ion through a rcd by descr ibing the f u e l  as 
seven regions unkss a number of t h e  input pwae t I e r s  a r e  adjusted There- 
fo re  the ALTHAEA one-dimension& calculat . ions weye done as stated above, 
but f m  t her changes i n  MA- are notl contemplated, ( Correlat  Lon calcula- 
‘icns for  the m&crodrill data w i l l  be reserve.d until such a time when a 
c & - d a t i m a l  tool becomes availiible, 

Isotopic analyses were provided on 3.3 plutonium samphs of PRTR-irradiated 
fuel elements i n  support, of t h e  P lu toniw Recycle Program. O f  these,  14 
were macrodrill samples frm U% element. Noo 1041,u 8 were macrodrill 
samples from U$ element. Noo 1109, 8 were burnup samples from Al-Ni-m 
element rJo0 5111, and 3 were rechecks f rm  Ibl -Ni-Bu element Noo 51.080 

The PRfITR secondary activity coolant m.onit;or was revlwed and several sug- 
gest ions were made for 5 t s  improvemento 

The prototyye aural-s ignal ing mon.it,or, developed f o r  use with t h e  .PRTR 
automatic con t ro l l e r ,  was completed and I s  i n  r o u t i n e  use. It will be 
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used i n  present form u n t i l  the final model can be fabricated.  

A complete instruc"con manual for the EBTR l iqu id  effluent gamma monitors 
is being prepared, 

The anrtlysis of t h e  power density spectrum of the PRTPi v ibrat ion way 
completed by u t i l i z i n g  f i l t e rs  t o  measure d i r ec t ly  the power densit, spec- 
trum i n  each of t h e  f i l t e r  ranges. The data  were c q u t e d  and turned over 
t o  the  Mechanical Equipment Development Operation. 
determine the  or igin of vibrations i n  the  €?RTR s: stem, 
ducers located on the  process tubes provided the vibrat ion signals. 

The t e s t s  were run t o  
Vibration trans- 

b t e n s i v e  e f f o r t s  haxe been made to place the  400 channel m l y . ~  
full operation with exis t ing t ine-of-fl ight equipment at the  Van de Graaff 
f a c i l i t y ,  Satisfactory performance has no-t yet  been obtained. 

i n to  

Analysis of U r a n i u m  Cr i t i ca l  - Ekperiments 

A se r i e s  of homogeneous uranium c r i t i c a l  systems have been analyzed t o  a id  
i n  the checkout of the cross section data f o r  uranium on the  updated RBU 
Basic Library, as well. as comparing va;rious methods ~f spectral  averaging 
these data, 

The c r i t i c a l  systems were "well thermalized" (i.e.> la rge  H/U r a t i o s )  bme  
spheres. 
1% of the  experimental value, 
employed 

The calculated effect ive multiplication f ac to r s  were a l l  within 
The W-TEMPEST-HFN calculat ional  method was 

The Yankee c r i t i c a l  experiments were analyzed, using the Nelkin sca t te r ing  
model f o r  water and a canpr i son  of ke r f r  s was made with the  Brown-St . John 
scat ter ing model, 
than the B,S,J. model when going from tight t o  loose l a t t i c e s ,  

The Nelkin k e r f ' s  ranged from Qo5$ higher t o  l$ lower 

Preparations have been completed fo r  t he  f o u r t h  in a se r i e s  of high temp- 
erature t e s t s  of materials i n  n i t rogen ,  Samples of Nip thoria dispersed 
Ni, Hastelloy-X coated with alumin-, Hastelloy-B, Mo9 and 'Inconel 600 
samples w i l l  be heated t o  1200 C i n  the nitrogen atmosphere. 
will be contained i n  a Hastelloy-IX box of in te rna l  dimensions 5-1/2 x 5 4 2  
x 18 inches and 3/8 inch w d l .  thickness, and held i n  racks of graphite, 
kstel loy-X,  or  ceramic brick. Samples of Uq;l, B4C, and possibly BM, each 
i n  capsules of N i  and graphite, w i l l  &.so be included i n  the t e s t  which is 

The samples 
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t o  run f o r  800 t o  1000 hours. 
f o r  use in  the  control  rods and neutron chopper coll imator,  
be surrounded by an argon atmosphere while i n  the  furnace,  

The l a t t e r  materials a re  being c o r d d e r e d  
The box w i l l  

A graphite r,::+w.ter element, 2 inches i n  diameter and 4-1/2 feet i n  length, 
has been kw:.ted i n  a preliminary reac tor  mockup assembly, m e  heater  passes 
through a y1indr.I.cal hole t ravers ing the 4 foot  length of a 4 inch x 4 
inch graphite bar, and i s  connected t o  a low voltage tmnsformer by graphite 
and copper leads ,  A l ayer  of insu la t ing  br icks  surrounds t h e  heater  rode 
%e heater and b r i cks  are contained i n  a s teel  box which can be evacuated 
and then f i l l e d  with nitrogen, 
at 5 kW (1000 amps), and reached 960 C after about 24 hours, 
a t tanpt  t o  remove fur ther  impurit ies from the  atmosphere, t h e  system was 
pumped down while  s t i l  hot. A leak i n  a s ight  tube, used f o r  pjmametric 
temperature measurements, directed a stream of a i r  at. the  heater, causing 
an eventual break at about the  midpoint. A new heat ing e1men.t; of smewhat 
smaller diameter, has been constructed and i n s t a l l ed ,  The smal1e.r diameter 
w i l l  permit higher temperatures t o  be developed a t  currents  of about 1000 
amps. The t e s t s  are t o  provide su f f i c i en t  informstion fo r  the heater  ele- 
ment design of t h e  HTLTR and fo r  construction of f u l l  scale  prototype heaters  
t o  be tes ted  i n  t.he la rger  mockup assembly, 

In an i n i t i a l  run, the  heater was operated 
Later, i n  an 

The construction of t he  outer s h e l l  of the  la rger  mockup has  been cmple ted  
and most of the insu la t ing  material  f o r  it is  on hand. A t  t he  moment, work 
on it has been stopped because of lack of funds. 

A report, HW-80536 "Proposed Techniques for & Measurements i n  t he  HTLTR, '' 
is being wri t teno  This report  proposes several  methods f o r  determining the  
mass of poison required t o  adjust  a t e s t  c e l l  i n  a l a t t i c e  t o  a ruut ip l ica-  
t i on  of uni ty  and severai methods for  confirming the spec t r a l  adjustment. 
The need f o r  t h e  development of mater ia l s  with the  proper neutron ac t iva t ion  
characteristics and the  a b i l i t y  t o  withstand high tem.peratures is emphasized. 

A report, Kw-80540, "HTLTR Time-of-FIight Spec t rme te r  (Neu.tron Chopper), " 
has been wr i t t eno  
suf f ic ien t  d e t a i l  fo r  the preparation of design drawings. 

It. gives the spec i f ica t ions  f o r  the neutron chopper i n  

l " R 0 M  FLUX MONITORS 
u-j_ 

The four uranium integrated exposure measurement smplesI ,  i r r ad ia t ed  a t  KE 
3eactor with the plutonium elemental detectors, were analyzed using a mass 
spec t rme te r  The following isotopic  compositions were obtained; 
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IsotoDic Abundance ( Percentage) 

HW- 80 560 

Original Sample 1 Sample 2 8ample 3 M p l e  4 

1.1-238 5.380 6 a43 6 n80 ? 8 4  8.92 
U-236 0.201 2084 4.82 8.61 11 -77 
u-235 93 0 937 89 0 52 87.08 81 098 77 71. 
U-234 1 . 082 1022 L 3 O  1.47 1.60 

Now t h a t  these da ta  are avai lable  t o  determine t h e  integrated neutron 
exposurer it w i l l  be possible  t o  compare the  experimenizl changes i n  iso- 
top ic  c a p o s i t i o n  of the  plutonium regenerating elements t o  the  calculated 
changes expected. If sa t i s f ac to ry  agreement i s  obtained, t h i s  phase of the  
experiraent w i l l  be concluded and a report  prepared, 

Work continued on the  boron-11 beta-current generator  neutron flux monitor 
concept and a t h i r d  experimental monitor was designed and i s  being fabri- 
cated. Considerable laboratory t e s t i n g  was car r ied  out following irradia- 
t i o n  t e s t s  with the  second monitor t o  determine the  cause f o r  t he  excessive 
noise current being generated, 
v a p c  i n  the detector  chamber and i n  the  r i g i d  metal-sheath conductor could 
be one cause o f  t he  problem and that a second possible  cause could be ion- 
iza t ion  of the air  surrounding the  leads t o  the  detector  element. The 
complete 20 f e e t  long assembly f o r  the t h i r d  experimental monitor is being 
careful ly  cleaned and w i l l  be evicuated in an attempt t o  a l l e v i a t e  t h e  
problem, This assembly, now nearly complete, w i l l  contain a boron-11 
detect ing element plus  one addi t ional  lead wire t o  be used t o  measure cable 
e f f e c t s ,  I r rad ia t ions  w i l l  c m e n c e  i n  a KW-Reactor f a c i l i t y  as soon as 
the monitor is completed and sealed. 

The r e s u l t s  indicated that included water 

Arrangements have been completed, with the acceptance o f - t h e  Production 
Test Request, f o r  the  t e s t i n g  of the  experimental microwave neutron f lux 
manitor concept a t  KW-Reactor. The necessary tes t  loops were assembled 
and plasma capsules have been fabricated.  Two t e s t s  have been planned. 
The first w i l l  provide measurement of the  resonant frequency of the  n i t ro-  
gen plasma f i l l e d  capsule; t he  frequency change should be proportional. t o  
the neutron flux impinging the  capsuleo The planned second test  w i l l  con- 
sist of two waveguides coupled by a gas cylinder.  . The s ignal  l e v e l  coupled 
t o  the  re turn  wavpguide should be proportional t o  the neutron f lux .  The 
planned +?sts w i l l  be of short  duration with later long-term experiments 
t o  be conducted a t  a DR-Reactor f a c i l i t y .  

NONDESTRUCTIVE TISTING RESEARCH 

Electromagnetic Testing 

A major advance has been made i n  the concept of the  multiparameter eddy 
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current nondestructive t e s t i n g  device which w i l l  s implify the ca l ibra t ing  
and operating procedures. I n i t i a l  appl icat ion of the  new concept t o  j u s t  
one parameter readout channel of a ,multiparameter t e s t e r  showed tha t  a 
ca l ib ra t ion  which would have previously required several  hours can now be 
accomplished i n  a few minutes. The new technique w i l l  expedite t he  appli- 
cat ion of the  rmrltipammeter test t o  new pr&lems and should increase cus- 
tamer confidence and acceptance of the new t e s t e r s .  The new modification 
w i l l  permit the  ca l ibra t ion  of t he  t e s t e r  t o  be accomplished by the posi- 
t ion ing  of multidimensional control levers ,  each of which simultaneously 
s e t s  a l l  the coeff ic ient  potentiometers i n  the transformation (summing) 
sect ion associated with one parameter readout. The operator w i l l  addust 
the control  levers  t o  obtain t h e  desired degree of discr iminat ion between 
the  d i f f e r e n t  parameter readout channels, Previously, t he  coef f ic ien t  
p o t e n t i m e t e r s  were set afi,er a r a the r  laborious rout ine including measure- 
ments of the e f f e c t s  of individual parameter var ia t ions,  s e t t i n g  up a 
matrix representing the  re la t ionships  between parameters and eddy current 
s ignals ,  the  computation of 811 inverse matrix, and t h e  s e t t i n g  of each 
coef f ic ien t  potentiometer i n  accordance with the  values of the  inverse 
matrix elements. Following this,  the individual s e t t i ngs  of t he  coeff i -  
c ien t  potentiometers would be trimmed t o  give opthum instrument perform- 
ance. The new modification w i l l  eliminate a l l  of the  foregoing s teps  except 
the  last one. 

The newly required mechanica7 w d i f i c a t i o n s  a re  being incorporated i n  the 
multiparameter tube t e s t e r  - P ))sing developed. 

A prototype 3600 phase shifter was b u i l t  f o r  use with the  1004 eddy current 
tube t e s t e r .  Tests show that the phase shifter expedites the set-up of 
the tester and s implif ies  i t s  operation. 
O u 5  percent over i t s  f u l l  range, The prototype operates a t  any one of f ive 
frequencies; 100 KC, 200 ICC, 400 KC, and 1600 KC. 

Amplitude va r i a t ion  i s  less than 

Heat Transfer Testing 

The new dual radiometer emiss iv i ty  independent heat t r a n s f e r  t e s t i n g  con- 
cept was experimentally demonstrated on aluminum clad f u e l  elements con- 
ta in ing  mica bond defects ,  A l a rge r  range of infrared emissivity d i f f e r -  
ences than  normally found i n  newby fabricated f u e l  elements was used i n  t he  
experiments, Some of the  fue l  element surfaces were p a r t i a l l y  covered wi th  
hammer dents  t o  determine the e f f e c t  of a bumpy surface,  
inch i n  diameter could be detected i n  al l  cases. Based on these r e su l t s ,  
use of the  method t o  study the  e f f e c t  of i r r ad ia t ion  On the  heat t r ans fe r  
qua l i ty  of f u e l  element core t o  cladding bonds appears t o  be one possible 
appl icat ion.  

Bond defects  3/8 
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Areas having low emissivity were produced on the  cladding surfaces  of fue l  
elements by pol ishing t o  a mirror f i n i s h ,  
obtained by pa in t ing  with black tempera paint,  flame heating, and. rubbing 
the  a reas  with a c lo th  t o  remove any loosened pa in t ,  %e l a t t e r  s tep is  
necessaxy t o  reduce non-uniformities i n  heat t r ans fe r  through the  paint  s o  
t h a t  it w i l l  have l e s s  e f f e c t  on the  surface temperatures sensed by the  
radiometer 

High emissivity areas were 

Experimental results were almost e n t i r e l y  independent of surface emissivi- 
t i e s  of the samples, even though var ia t ions  i n  the  or ig ina l  s igna l  due t o  
emissivity differences were as grea t  as s igna ls  frm the  3/8 inch diameter 
mica defec ts ,  
obtained by inser t ing  a constant s igna l  from an osc i l l a to r  i n t o  the  output 
of one radiometer, 
an apprent unknown s t ray  s w c e  which is "seen" by the  second radianeter .  

Improvement over the  e a r l i e r  dual radiometer method was 

This compensates f o r  a constant in f ra red  signal from 

A bond f rac ture  occurred in.one of t he  dented h e 1  elements upon subse- 
quent thermal cycling during t e s t i n g ,  Once i n i t i a t e d ,  t he  f r ac tu re  propa- 
gated during each t e s t ,  The element had been t e s t e d  several  times p r io r  
t o  denting with no e f f ec t  on the  bond, It i s  f e l t  that the  surface dent- 
ing was a strong fac tor  i n  i n i t i a t i o n  of the  f r ac tu re  since no f r ac tu res  
have occurred during several  hundred other f u e l  element t e s t s  (one of the 
bench standards has been t e s t ed  one hundred times with no de te r io ra t ion  of 
the  bond). 
during the  cooling portion Gf t he  thermal cycle,  

The f rac ture  ir!.itiated near t he  cap end of t he  f u e l  element 

Investigation of a. possible new concept i n  analysis  of heat t r ans fe r  t e s t  
data is  under way. 
should be applicable t o  a wid.e va r i e ty  of: heat t r ans fe r  t e s t i n g  problems. 

This concept is based on basic  heat flow theory and 

Zircaloy-2 I!Qdride Detection 

Process tube sect ions prepared by Chemical Metallurgy, HI,, f o r  burst t e s t s  
by Materials Engineering, KE, are beiw used t o  evaluate the  eddy current 
hydride mapping equipment 

A t o t a l  of 18 tube sect ions have been tesl\;ed t o  date and the  hydride con- 
t e n t s  a r e  being determined metallographici~illy. Four of the  sect ions were 
prepared 'by an e l ec t ro ly t i c  method, and no hydrogen content was detected 
by the  eady current equipmento These r e s u l t s  were conf'irmed by metalbo- 
graphic examinationo No fur ther  samples a re  t o  be produced by the  electro-  
l y t i c  method, N v e  samples had been prepared frm. a length of tube con- 
ta in ing  longitudinal gauges about .020 inch deep and 2j inch wide, m e  
signal var ia t ions  caused by t h i s  surface condition were grea te r  than the 
signals from, the  hydrided areas  containing 500 ppm hydrogen and obscured 
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the  t e s t  r e s u l t s  as reported last month. 
samples are not t yp ica l  of acceptable process tubes and, at present,  it is 
f e l t  that such gouges w i l l  not be a problem t o  in-reactor tests,  

It has been determined that these 

Scans during present hydride tests are made on a l a t h e ,  
length of tube srwnple t o  about 21 inches. 
developed t o  handle longer samples and perform t e s t s  a t  frequencies of 44 
KC and 455 KC simultaneouslyo A ro t a t ing  transformer w i l l  be used i n  the  
i n i t i a l  model t o  couple t h e  t e s t  c o i l s  t o  the other c i r c u i t s .  

This limits t h e  
A r o t a t i n g  t e s t  head is being 

A sample of process tube has been machined t o  produce a bench standard 
having eight  s teps  i n  w a l l  thickness frcrm 0.205 t o  0,272 inch. 
frm t e s t s  with t h i s  standard show that the  44 KC detector  is independent 
of w a l l  thickness down t o  about 0.235 inch, 
i n  the standard do not a f f e c t  the  455 KC detec tor ,  

Resul t s  

The w a l l  thickness va r i a t ions  

Fundamental Ultrasonic Studies 

In  order t o  a n a l y t i c a l l y  study t h e  ul t rasonic  wave behavior assoc ia ted  with 
l iquid-sol id  and sol id-sol id  interfaces ,  it i s  necessary t o  obtain phase 
ve loc i t i e s  and at tenuat ion coef f ic ien ts  f o r  t yy ica l  so l ids  (such as 
metals) 
equipment on hand and shear veloci ty  measurements w i l l  be made possible  
with transducers now on order,  

Longitudinal veloci ty  measurements are e a s i l y  obtained with 

The measurement of a t tenuat ion coef f ic ien ts  i s  more d i f f i c u l t .  The 
analytical studies  cu r ren t ly  being conducted dea l  with plane, constant 
am.plitude waves which a r e  spatially i n f i n i t e ,  Such waves are d i f f i c u l t  t o  
generate experimentally because of d i f f r a c t i o n  e f f e c t s  which accompany the 
transmission of waves from transducers of f i n i t e  s ize ,  

The d i f f rac t ion  results i n  interferences,  i n  t h e  near or Fresnel f ield,  
between plane and spherical  waves leading t o  undesirable va r i a t ions  i n  
wave amplitude and phase, Also,, i n  t he  far or Fsaunhofer f i e l d  the  waves 
become spherical  and, because of beam spreading, a correct ion is necessary 
t o  obtain true, plane wave at tenuat ion coef f ic ien ts ,  As prac t ica l  trans- 
ducers a re  not ideal p i s ton  radiators ,  however, the  accuracy of these cor- 
rec t ions  i s  questionable. 

The usual solut ion is t o  confine the  a t tenuat ion  measurements t o  wave 
propagation dis tances  which do not exceed the  extent  of t he  Fresnel f ie ld .  
The amplitude var ia t ions  are then averaged over t he  transducer face ,  
Actually,, sane eqe r imen te r s  have found that the. useful distance over which 
the attenuation can be measured is about twice the  extent of the Fresnel 
f i e l d  , 
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To demonstrate t he  accuracy of determining at tenuat ion by t h i s  method 
a previously measured sample of aluminum was re-evaluated, 
tudinal  wave at tenuat ion was found t o  be uniform over a dis tance approxi- 
mately equal t o  twice the  mesne1 f i e l d  length and t h e  measured attenua- 
t i o n  coef f ic ien t  agreed well with values quoted i n  t h e  l i t e r a t u r e .  
method therefore  appears t o  be va l id .  

The longi- 

The 

m e  e f f e c t s  of surface curvature on c r i t i c a l  angle tests of compressively 
s t ressed samples has been investigated.  Unstressed samples were prepared 
which had surface curvature i n  excess of that measured on the s t ressed 
samples, When these curved samples were compared with an opt ica l ly  f l a t  
sample no differences i n  c r i t i c a l  angle signals were measurable, 
basis the signal changes observed on the  s t ressed  samples a re  assumed t o  
be due t o  the compressive load. 

On t h i s  

USAEC-AECL COOPERATIVE PROGRAM 

Nondestructive T e s t i m  of Sheath Tbbing 

The nechanical system of the prototype sheath tubing t e s t e r  was a l t e red  
s l i g h t l y  t o  accept eight-foot lengths of 30 mil w a l l ,  500 mil diameter 
Zircaloy tubingo Ut i l iza t ion  of the prototype s t a t i o n  t o  t e s t  various 
climeters and w a l l  thickness of Hanford tubing has continued. The t e s t e r  
has shotrn i t s  general u t i l i t y  i n  t h a t  tubing of various diameters with w a l l  
thickness ranging fram 17 mils t o  50 m i l s  have been t e s t ed  with t h i s  u n i t o  
Fcr each t e s t  the 3/16 inch diameter spherical ly  focused c rys t a l  i s  aligned 
so that  shear waves a t  4 5 O  a re  generated within the tube w a l l s .  
case, s ignals  from the standard notches appear a t  in t e rva l s  of time which 
agree with the propagation time f o r  zigzag shear waves, 
gate positioned so t h a t  both inner and outer diameter defect s igna ls  pass 
through, defects  down t o  one nil depth i n  17 t o  50 m i l  w a l l  Zircaloy tub- 
ing a re  r e l i a b l y  located,  

In  each 

With the  defect  

Destructive ana lys i s  wi th  adequate photographic records of defec ts  located 
i n  the  r e j e c t  tubes received frm AECL i s  nearing c m p l e t i o n ,  
defects  located by the  tester have been located destruct ively,  The ampli- 
tude of t he  u l t rasonic  s ignal  received frm t h e  defects  agreed within 20% 
of i t s  measured depth on a l l  but one defect .  
both the ax ia l  and circumferential  tests with amplitudes l e s s  than the  
maximuIll defect  depth observed by sectioning, A t  one section the  defect  
appeared as a crack oriented 4 5 O  t o  t he  tube w a l l  and extending through 
504 of i t s  tube wallo 
which appeared t o  have extensive hydriding along the  deeper defec ts ,  
Test records of the  remaining r e j e c t  AECL tubes not sectioned have been 

All t e n  

This defect  was located by 

Ekamination of the samples a l s o  revealed a reas  
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assembledo 
tion and c a p a r i s o n  t o  AECL test r e s u l t s .  

mese records and tubes are being forwarded t o  AECL f o r  evalua- 

Fabrication of standards using a punch f i t t ed  i n t o  the  Rockwell hardness 
tester is continuing with good successo 
punched, measured opt ica l ly  fo r  depth and then polished off t o  within 0.1 
m i l  of t he  desired depth, 
notch on the  outer surface.  Inner surface notches w i l l .  require  more e f f o r t ,  
however, 
hardness t e s t e r  s o  that notches can be punched on the  inner surface up t o  
one inch i n  frm the  tube end, Due t o  the added d i f f i c u l t i e s  of measuring 
and polishing, these notxhes w i l l  require  more time t o  f ab r i ca t e  and the  
notch depth accuracy w i l l  decrease, 

Notches 15 mils i n  lenhth a re  

This e n t i r e  operation requires  one hour per 

An auxi l ia ry  lever  arm modification was incorporated on the  

Fabrication of a c m p l e t e  set of 1, 2, and 3 m i l  notches i n  10, 17, 25, 45, 
and 65 mil w a l l  tubing has been accomplished with the  Rockwell hmdness 
punch, These standards w i l l  be used t o  gather data f o r  t he  AECL coopera- 
t i v e  program f i n a l  repor t ,  Preliminary tests ind ica te  the  notches are of 
a good quality., and t h a t  by u t i l i z i n g  the 3/16 inch diameter c rys ta l ,  one 
m i l  notches can be detected i n  65 m i l  w a l l  Zircaloy tubing. 

Modifications were accomplished on an e a r l i e r  draft of t op ica l  report ,  
m-??h6lr., "Ultrasonic Response of Notches i n  35 M i l  Wall Zircaloy Tubing.'' 
This report  w i l l  be published i n  the  near future. A second report  describ- 
i ng  the instrument and techniques developed f o r  measuring u l t rasonic  t rans-  
ducer cha rac t e r i s t i c s  is  under preparat ion with the rough draft 504 cmp- 
l e t e ,  

BIOLOGY AND MEDICINE - 06 FXOGRAM 

Mmospher i c Physic s 

The mathematical model fo r  the  lateral growth of a d i f fus ing  p1um.e of 
material  dispersed t o  the  a-ttosphere derived fran Hanford ground source 
data was shown t.0 apply a l s o  for  some elevated source re leases ,  Indepen- 
dent ve r i f i ca t ion  of the model was made using data  from 16 re leases  a t  
200 f e e t  height made during 1955-1956, 
determined from wind veloci ty  measurements a t  the  release height 
ment between the new model and the data was far superior t o  the  power func- 
t i o n  used e a r l i e r ,  

m e  wind v a r i a b i l i t y  f ac to r  was 
Agree- 

The experimental data of the scavenging act ion of r a i n  with zinc su l f ide  
p a r t i c l e s  have been analyzed. 
millimeter diameter raindrops (which include most numerous drops i n  na tura l  
r a i n s )  and 3.:4 t o  ~3~8-micrametes  diameter p a r t i c l e s ,  

These data were taken with 0 3 6  t o  l.5- 

After defining the 
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scavenging efficiency to be t he  r a t i o  of the number of p a r t i c l e s  collected 
by a raindrup to the number i n  the drop 's  path, the  following characteris-  
tics may be noted: 

lo The collection eff ic iency observed with a drop diameter of 0,4 
millimeter is greater  than those observed with l a rge r  drops, 

20 

30 

4. 

These 

All raindrops show e f f i c i enc ie s  greater  than loo f o r  ZnS p a r t i c l e s  
l a rge r  than 13 microns diameter. Pa r t i c l e s  must, therefore ,  be 
moving t ransversely i n t o  the  cylinder swept by the fall ing rain-  
drops, 

The col lec t ion  eff ic iency increases qui te  rapidly with p a r t i c l e  
s i ze  i n  the general region of' 10 microns diameter, and 

There i s  a minimum col lec t ion  eff ic iency f o r  aL1 p a r t i c l e  s izes  
with intermediate drop diameters ( i n  the  region of 0,8 m i l l i -  
meter drop diameter). 

cha rac t e r i s t i c s  do not conform with those current ly  used f o r  pre- 
d ic t ion ,  The theore t ica l  calculat ions of Langmuir show, instead: 

lo A rather f la t  peak i n  eff ic iency with drop sizes of 102 m i l l i -  
meters, and a low eff ic iency a t  004 millimeter diameter, and 

2. A rapid increase i n  eff ic iency with p a r t i c l e  s i ze  f o r  very 
small par t i c l e s ,  asymptoticaLly approaching 1.0 as a maximum. 

The t en ta t ive  explanation of the  Hanford r e s u l t s  is as follows, Those 
p a r t i c l e s  that barely miss the  drop as it f d l s  gain another opportunity 
f o r  contact when the f l u i d  convergeince i n  the wake and e l e c t r o s t a t i c  
a t t r a c t i o n  carry the p a r t i c l e s  i n t o  the  raindrop wake, The vor t ices  
present i n  the wake provide a c i r cu la t ion  which can impact the p a r t i c l e s  
on the trailing or upper s ide of t he  raindrop, 
raindrop, these vor t ices  remain attached t o  the  drop RS it falls and 
provide a la rge  time in te rva l  for p a r t i c l e  col lect ion.  
la rger  drops, the vor t ices  may be shed before the  p a r t i c l e s  can impact, 
While the  vor t ices  are attached, p a r t i c l e s  there in  f a l l  with respect t o  
the  drop and are  a t t r ac t ed  toward the  drop by e l e c t r o s t a t i c  forces .  
co l lec t ion  of the  heavier and 1.arge:r p a r t i c l e s  is thereby favored, The 
wake explanation has support i n  that data taken by Kinzer & Cobb with 
f r ee ly  f a l l i n g  water drops i n  the  laboratory show a peaking i n  eff ic iency 
f o r  drops of 0.4 millimeter diameter, Collection i n  the  wakes of f a l l i n g  
drops has also been observed by several  other researchers,  and even mathe- 
mat i c d l y  demonstrated by Pearcey and Hill 

In  the  case of t he  smaller 

In the case of 

!The 
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In  inst.rumentation work) the wind camponent meter c i r c u i t r y  was modified 
t o  include a f i l t e r  system t o  remove the heat ing current noise frequencies 
fram t h e  turbulence signal, Field operation t o  date  has shown t h i s  mod- 
i f i c a t i o n  t o  g r e a t l y  improve the  signal t o  noise r a t i o ,  
on the portable mast were campared i n  an extensive s e r i e s  of operation& 
tests, 
limits, but the sixth channel consis tent ly  behaved e r r a t i c a l l y ,  and w i l l  
require  correction , 

Temperature sensors 

Eive channels were found t o  be well within required accuracy 

Radiological ghysics 

A f ie3d par ty  took a shadow shield whole body counter t o  Anak;tuvuk Pass) 
AlaskaS and measured the rad ioac t iv i ty  i n  the Eskimos t he re  again,  Pre- 
liminary repor t s  say that the  amounts of Cs137 i n  these Eskimos have 
decreased fram the high values of l as t  summer, 

Studies with the  plutonium counter were aimed a t  reducing i t s  background. 
A p a r t i a l l y  cmple ted  graded shield (lead-csldmium-copper) reduced the  back- 
ground under the  plutonium X-ray photopeak by about 2096 and under the 
canbined X-ray and Am241 photopeaks by about 40%; these were backgrounds 
of t he  empty counter, Placing a s ingle  u n i t  of the  counter inside t h e  
large well-crystal  s c i n t i l l a t i o n  counter of Radiological Chemistry and 
operating the  two i n  anticoincidence produced a subs tan t ia l  reduction i n  
background , 

The pos i t ive  ion V a n  de Graaff operated s a t i s f a c t o r i l y  during the month, 
Last year t he  accelerator  was avai lable  f o r  eq-erimental work 774 of the 
time; t h i s  i s  20% more than t he  preceding year,  

The neutron eff ic iency of a L i I  s c i n t i l l a t o r  moderated by e i t h e r  2 or 
3-inch diameter boron-loaded polyethylene spheres proved t o  change t o o  
rapidly with energy to be the adjunctl t o  pulse shape discr iminat ion that 
we desired,  

A ca l ibra t ion  of the precis ion long counter using the S(n,p) r eac t ion  
gave e f f i c i enc ie s  of 1,012 at  4.8 MeV and 0.73 at  14,6 MeVo 
favorably with 0.965 and O o 7 5  obtained f r a  the  l i t e r a t u r e ,  

These campare 

The proportional counter f o r  the  neutron spectrometer began t o  work and 
t e s t i n g  is giving encouraging r e s u l t s ,  Pulse shape discr iminat ion w i l l  
be used t o  r e j e c t  gamma rays,  !L'he counter gives pulses of the r i g h t  shape 
f o r  t h i s  purpose. me resolut ion s t i l l  needs t o  be improved. 



UNCLASSIFIED B-27 HW-80560 

Good-geanetry transmission experiments are i n  progrebs t o  se l ec t  ma te r i a l s  
t o  tes t  as neutron sh ie lds ,  

Calorimetric measurements of Fm147 were resumed, 

The new calorimeter i s  meant f o r  use i n  alpha or be ta  ray measurements 
and i n  rad ia t ion  dosimetry, 
ing the  rad ia t ion  then i n  the  present gmma-ray cCor imeter ,  
means smaller heat capacity and shorter  time constant,  Development ver- 
s ions of the  new calorimeter gave time c o n s h n t s  of 2 t o  20 minutes 
depending on the  insu la t ion  used, canpared with 13 hours f o r  t he  present  
one, Sens i t i v i t i e s  were about t he  same as i n  the  present one, 

These require very m c h  less mass f o r  absorb- 
Less mas6 

Studies of an improved pulse forming c i r c u i t  f o r  an ionizat ion chamber 
reader advanced t o  the  point  where fabr ica t ion  of a reading device was 
s t a r t ed ,  

Instrumentation and System Studies 

Progress was achieved on the  biological  f u c t i o n  telemetry system with the  
develcpment and t e s t i n g  of a new transducer and t ransmi t te r  f o r  animal 
temperature measurement Laboratory t e s t s  were sa t i s f ac to ry ,  A t rans-  
ducer fo r  resp i ra t ion  r a t e  measurement was designed using a breath-cooled, 
self heated thermistor which controls  an o s c i l l a t o r  t h a t  i s  energized 
once per breath,, 
model i s  being fabricated,  
miniature blood pressure transducer; however, the  blood pressure measure- 
ments a re  considerably more d i f f i c u l t  than temperature and breathing rate 
measurements 

The laboratory r e s u l t s  were p r m i s i n g  and a packaged 
Work was continued on the  development of the  

Successflrl modification was made t o  the controls  of the special  s l i d ing  
v d v e  used i n  experimental animal inhalat ion s tudies  at t he  Biology Lab- 
oratory,  The modifications reduced the  60 cycle noise and vibrat ion t o  
acceptable l e v e l s Y  The problem of incorrect  transducer switching, caused 
by animal movements, was r e c t i f i e d  by a new mounting procedure, 
experimental system is present ly  being used i n  biology f i e l d  tests. 

l’he 

Design was completed on the  detector  assembly head t o  be used with an 
alpha energy analysis  a i r  monitor f o r  the  Biology Inhalation Laboratory,, 

Progress was achieved on the  development of a special  radiological  sgec- 
t r m e t e r  monitor t o  be used i n  f i e l d  t e s t s  by Biology personnelo 
so l id  s t a t e  s ingle  channel analyzer and the  high voltage supply port ions 
have now been completed. 

The 
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Development e f f o r t  was i n i t i a t e d  on a pulse shape discriminator for 
dosimetry experiments, 
phototube noise pulses fram pulses  generated by NaI(T1) c r y s t a l s  at pulse 
heights equivalent t o  those exci ted by plutonium. X-rays. 
benef i t  may be the  use of t h e  method f o r  pulse shape discr iminat ion i n  
neutron detect ion experiments. 

The discriminator w i l l  dis t inguish  mul t ip l ie r  

An addi t ional  

Engineering development was provided and the  basic  c i r c u i t  design estab- 
l i shed  f o r  a pulse r i s e  time discriminator c i r c u i t  f o r  use between propor- 
t i o n a l  counters and a multichannel anaLyzer, 
i n i t i a t e d  on the  c i r c u i t  which w i l l  be applied i n  neutron dosimetry inves t i -  
ga t  i ons 

Prototype fabr ica t ion  was 

Ekperiments were conducted with spec ia l  low-noise, large-area mul t ip l ie r  
phototubes, using a combination s c i n t i l l a t o r ,  i n  an e f f o r t  t o  develop a 
sens i t i ve  combined alpha and beta de tec t ion  method, 
achieved using selected phototubes and a mosaic pa t t e rn  f o r  the  employed 
s c i n t i l l a t o r s  

Promising r e s u l t s  were 

Progress was made on the  fabr ica t ion  of a second da ta  s t a t i o n  f o r  t he  HAP0 
Radiotelemetry System. 
Was s t a r t e d "  
w i i i .  05 used fo r  general t e s t i n g  of aJ.1 data s t a t i o n s  when completed. 
number of t he  data s t a t i o n  c i r c u i t  drawings were a l s o  prepared, 

The s t a t i o n  was es sen t i a l ly  completed and t e s t i n g  
Work was i n i t i a t e d  on a special  t e s t  funct ion chassis  which 

A 

Additdona1 f i l t e r s  were designed and fabricated f o r  use i n  the  wind com- 
ponent meter system, which w i l l  be employed i n  atmospheric physics s tud ie s ,  
Tine i n s n i l l a t i o n  of these f i l t e r s  w i l l  complete the or ig ina l ly  planned 
development and modification e f f o r t  and extensive laburatory t e s t s  will 
%her1 be carried out. 

Work was essen t i a l ly  completed. on t h e  real-time f luorescent  p a r t i c l e  
de tec t ion  and measurement instrumentation t o  be used i n  atmospheric physics 
p a r t i c l e  t ranspor t  s tud ies ,  
a descr ip t ive  report  i s  being prepared, 

Field t e s t s  appeared t o  be sa t i s f ac to ry  and 

Qperational t roubles  pers i s ted  i n  the commercial d i g i t a l  voltmeter port ion 
of the portable mast data logging ana recording system, 
t h e  vcitmeter manufacturer w i l l  be asked t o  resolve the problem, 

It appears that 

Development e f f o r t  was i n i t i a t e d  on a special  s ingle  electron counting 
system which i s  t o  be capable of detect ing and counting every el.ectron 
emitted f rm t2he cathode of a multiplier phototube, 
employed i n  dosimetry s tudies ,  

The system w i l l  be 
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USHINGTON DESIGNA!I?ED PnGGRAM 

Isotopic Analmis Froaram 

Isotopic analyses were provided on program samples during the  month i n  
accordance with current schedules , 

Studies of t he  operational chazac ter i s t ics  -of the mass spectrometer equip- 
ped with the  newly in s t a l l ed  sc in t i l l a t ion- type  ion detector  continued 
after p a r t s  were received f o r  repa i r  of t h e  50 kV ion-detector power sup- 
ply,  A baf f l e  was ins t a l l ed  between the  e x i t  s l i t  of t he  spectrometer 
and the detector  aperture t o  prevent sca t te red  ions from reaching the  
detector ,  
of the spectrometer improved t o  the v d u e  it had been with the or ig ina l  
ion-detector. 
measured t o  be Oo28 psec0 
t h e  basic p a r t s  of the  vacuum-lock sample changer, 

Following i n s t a l l a t i o n  of t he  ba f f l e  t h e  abundance s e n s i t i v i t y  

The ef fec t ive  dead time of t he  ion-count iw system was 
The vendor has s t i l l  been unable t o  de l iver  

EXPERIMENTAL REACTOR PHYSICS FACILITIES 

PCTR Operation 

The PCTR operated rout ine ly  during the month. 
uled shutdowns caused by electronic  f a i l u r e s ,  

There were three  unsched- 

A set of f o i l s  was i r rad ia ted  i n  the  thermal column for standardization, 
A t  the  same time a s e t  of similar f o i l s  was i r rad ia ted  i n  t h e  N-Reactor. 

NEs7 process tubes,  cross-header tubes, and process water were measured 
f o r  nuclear p u r i t y  , 

Operation 

The TI33 was operated on a two'nights a week basis f o r  t he  University of 
Washington Graduate Center, There was one unscheduled shutdown caused 
by an e lec t ronic  failure, 

Subcri t ical  F a c i l i t y  

The first loading of the  EBM f u e l  was s ta r ted ,  using an 0.71 inch lat-  
t i c e  spacing i n  water, 
t o  date and loaded i n t o  the tank, The predicted c r i t i c a l  loading based 
on t h i s  incomplete loading i s  500-52.0 fuel rods, 

Approximately four hundred rods have been'received 



UMGLASSIFID 

CUSTOMER WOWK 

3-30 HW-80560 

Weather Forecasting and Meteorological Services 

Meteorological and climatologica3. consultation services  included addi- 
tional work on the  13-Reactor accident calculat ions and review of proposed 
release r a t e s  of oxides of ni t rcgen from a chemical processing p l an t ,  

Meteorological services,  viz., weather forecas ts  and observations9 and 
claimtological services  were provided t o  p lan t  operations and management 
personnel on t i  routine basis, 

Weather Summary 

Type of Forecast Number Made 

93 
62 

178 

$ Reliability 
82.9 

80.2 
81.0 

January was considerably warmer9 drier, and windier than usual ,  

Mass -- Spectrometry 

Isotopic analyses were provided on 5 saraples of uranium i n  support of 
HAP0 lf233-production studies 

Zris tmei i ta t ion and System Studies -- 
Engineering drawings and specif icat ions were cmple ted  regarding control 
c i r c u i t s  for  use i n  the 324 Building. 
c inat ion Demonstrations., HLu 

The work was done f o r  Waste C a b  

All of the  commercial instrumentation has now been received f o r  use i n  the  
V.-235 fuel enrichment measurement system designed f o r  Metal Fabrication 
Development, &b Several. of t he  instruments were modified to f i t  estab- 
lished system requirements, One detector assembly i s  being fabricated,  

Ann automatic range se lec tor  c i r c u i t  was designed f o r  use i n  a commercial 
control c i r c u i t  fo r  Coolant Systems Development, H L b  

Circuit board layout work was completed on the  final.  model s o l i d  state 
count-rate in tegra tor  un i t ,  which w i l l  dr ive  an e l ec t rmechan ica l  r eg i s t e r ,  
f o r  Radiological Development and Calibrations,  HLo The integrator w i l l ,  
be used w i t h  portable neutron dose rate instruments t o  provide a measure 
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of accumlated doseo 

Bids f o r  a c m p l e t e  system of temperature cognpEtrators t o  be used as out- 
of-l imit  detectors  a t  the  100-KW t e s t  f a c i l i t y  were reviewedo No bidder 
met specif icat ions,  
contract  w i l l  be undertaken. 

Either a revis ion of the  spec i f ica t ions  or a negotiated 

Preliminary ins t ruc t ions  f o r  t he  creep capsule da t a  logger were given t o  
acquaint Reactor Metals Research personnel with t h e  system before proceed- 
ing with i n s t a l l a t i o n  a t  the 1OO-KW Reactor. 
operated successfully throughout t he  month, 
t i ons  were incorporated as fu r the r  debugging progressed, Writing of t he  
system operation and maintenance manuEll s t a r t ed  and when the  manual i s  
completed, an ins t ruc t ion  c l a s s  for operation and maintenance personnel 
w i l l  be held. 

The data ' logging  system 
A few minor design modifica- 

A high pressure mercury a rc  lamp f o r  use i n  development of a remote dls- 
placement measuring system was received and given preliminary checks, 
was determined t h a t  sa fe ty  procedures i n  handling such lamps w i l l  be es- 
tabl ished because of the extremely high pressure and strong ultra v io l e t  
spectrum associated with the lamp, 

It 

A second s e r i e s  of p ic tures  were taken of e lec t ron  microscope p l a t e s  t o  
t e s t  the  a b i l i t y  of a mocked up dimension r e c t i f y i n g  camera t o  res tore  
origin& dimensions t o  p i c tu re s  of metal surfaces .taken by re f l ec t ion ,  
p r i n t s  res tored proper r e l a t i v e  dimensions t o  surfaces viewed a t  8') 12', 
16" 20' 24' , and 2'7" , The magnification var ied i n  the r a t i o  of 
205/1,05 fo r  t h e  21' versus the  8" pic ture ,  Prints are now being made t o  
obtain the  same magnification at  a l l  a.ng1.e~ t o  a s s i s t  evaluation of the 
results 

The 

The Los Alamos program. for l e n s  design on a 7090 computer has been run on 
their  sample problem and on a Kanford design problem, The sample problem 
was successful; however, three attempts t o  obtain an improved wid,e angle 
l ens  design f o r  borescopes have f a i l e d o  
modified f o r  a fourth try, 

The design ins t ruc t ions  have been 

Fabrication of a new traverse  mechanism was ccmpleted and t e s t ed ,  
runs i n  an ex-reactor tube a t  B Area were a l s o  made. Data from these 
runs are  being used t o  ca l ib ra t e  t he  device and evaluate i t s  performance, 
Data analysis  of the  first run a re  encouraging, 

Test 

UNCLASSIFIED 



UNCLASSIFIED B-32 HW- 80 56 0 

A t raverse  mechanism i s  being designed f o r  use i n  the  N Reactor graphite 
t raverse  holeso 
about 50% camplete 
experience with developmental models and the  t raverse  mechanism used i n  
t h e  old reac tors ,  

Fabrication has a l ready  begun although the  design i s  only 
The design incorporates improvements suggested by 

During the five-week period (December 15 t o  January 19) included i n  t h i s  
report ,  

60 

7. 
80 

90 
10 * 
11 0 

12 0 

522 manhours shop work was performed, This work included: 

Fabrication of 10. glass  bear ings f o r  CPD waste pumps. 
Fabrication of a t raverse  mechanism f o r  the  old reac tors .  
Repair of one crane periscope for Purex, 
Repair of four camera shut te rs ,  
Fabrication of two c l i p  spacing measurement probes f o r  Physical 
Testing 
Repair of one microscope and a metallograph f o r  Chemical 
Metallurgy, HL, 
Repair of %wo pan-bore camera probes f o r  Testing Methods,, 
Fabrication of a lens m w t  t o  adapt a p a i r  of binoculars  f o r  
focus t o  within f ive  f e e t o  
Repair of a theodol i te  f o r  Atmospheric Physics, 
Repair of an M-2 borescope f o r  Physical Testing. 
Repair of the  opt ica l  system of a balance f o r  Radiometallurgyo 
Fabrication of miscellaneous windows, discs ,  insu la tors  and 
microscope sllldes f o r  twelve d i f f e r e n t  customers 

Physical. Testing 

Inspection service was provided M Reactor Department on an emergency basis 
t o  determine the  pos i t ion  and the  extent of damage of leaking tubes i n  
the Graphite Heat &changers, The breaks i n  the  tubing were found t o  
always be i n  exactly the same pos i t ion  ia the  u n i t ,  Other tubes were 
inspected by the  eddy current method and t he  information turned over t o  
M Reactor engineers f o r  t h e i r  information and act ion,  

Ultrasonic flaw detec t ion  was applied. on the  North head of Steam Generator 
4-A at  N Reactor i n  preparat ion f o r  t he  welding of l i f t i n g  lugs t o  retube 
the  generator 

A program i s  under way t o  determine the stress re l iev ing  and annealing 
k ine t i c s  of s t a i n l e s s  steel. The purpose i s  t o  provide data f o r  t he  e v d -  
uation of stainless as a replacement f o r  Inconel i n  the K Reactor r e s i s t -  
ance temperature detectors  
w e l l  as the  corrosion resistance, of t he  various stress re l iev ing  conditions,  

Tests w i l l  deternine thermal d i s t o r t i o n  as 
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Laboratory t e s t s  have now shown that the  wear of tube under the  ba f f l e  
p l a t e s  can be detected i n  the  PRTR stainless s t e e l  heat exchanger HX-50 
Tests showing simulated ba f f l e s  and machined w a l l  reductions indicate  t h i s  
condition can be detected and ident i f ied  f o r  w a l l  reductions of 0,020 
inches or greater  and that O,Ol5 inches seem t o  be the  threshold of sensi-  
t i v i t y ,  EXidy current techniques are applicable t o  t h i s  problem. 

Work is  proceeding on t h e  scoping of a storage tank examination f a c i l i t y  
t o  be in s t a l l ed  i n  the  324 'Building i n  conjunction with the  Waste Calci- 
nation Demonstration Program (WCDP). 
integrated,  remotely operated s t a t ion  f o r  measuring such parameters a s  
w a l l  thickness, surface temperature, i n t e r n d  pressure, content hmogeneity 
and changes i n  proper t ies  f o r  the  prototypical  storage tanks, 

"his f a c i l i t y  w i l l  comprise an 

A f ac to r  of two increase i n  the  s e n s i t i v i t y  of the apparatus being 
developed t o  simultaneously measure the  e l e c t r i c a l  r e s i s t i v i t y  and t h e  
densi ty  of plutonium during phase changes has been achieved with modifica- 
t i ons  t o  the spring support and contact assembly, 

The high voltage power supply has been received, modified, and tested f o r  
the capacitor discharge program, 
before the  system can be completed t o  i n j e c t  high quant i t ies  of energy i n  
small specimens t o  achieve instantaneous heating, 

W y  a few items have ye t  t o  be received 

Another bonus has been rea l ized  from the  introduction of the  u l t rasonic  
t r ans l a to r  f o r  l oca t ing  leaks i n  the  plant  telephone l i n e s .  Cold weather, 
which used t o  c u r t a i l  t he  seatxh f o r  leaks with the  soap solution, has no 
e f f ec t  on the t r ans l a to r  and, allows the  telephone crews t o  provide a 
higher l eve l  of service during t h i s  season of t h e  year,  

Pressure vessel  surveys were continued through t h e  fourth quarter of 
las t  yeax and i n t o  the first quarter o f  t h i s  year  t o  u l t rasonica l ly  
measure thicknesses a t  possible corrosion points ,  assuring the  safe  
operation of t h i s  equipment as well as maintaining a lower insurance 
r a t e  

C WUTEB FA6 ILITIES 

Analog-computer u t i l i z a t i o n  was as follows: 

1.76 Hours Up Time 
24 Hours Scheduled Downtimne - 16 Hours Unscheduled Downtime 

216 Hours Total 
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The times given above include d l  of f - sh i f t  operation (swing s h i f t  and 
week ends). 

Problems considered during the  month were: 

1. PRlTR Vibrational Analysis. 
2.  
3 N Reactor Pressurizer Simul.ation. 

N Reactor Primary Flow Simulation. 

The new m a l o g  canputer i s  nowbeing test.ed 
tions; t e s t i n g  i s  approximately 40% complete, 
number of operational d i f f i c u l t i e s  are  becoming apparent. 
t o  be corrected before t h e  computer i s  placed i n  service f o r  general pur- 
pose useo  

canpl.iance with specifica- 
As t he  tests proceed, a 

These w i l l  need 

A one-week c l a s s  on the operation of the  new cmputer  was completed, 
one-week maintenance c l a s s  was schedluled f o r  the week s t a r t i n g  January 20. 

The 

INSTRWNT EVALUATION 

A l l  seven of the  o f f s i t e  fabr icated 
hand and shoe counters, as obtained 

combined alpha- beta-gamma s c i n t i l l a t i o n  
on the i n i t i a l  order, have passed 

acceptance t e s t s  and are ready f o r  p lan t  services.  
on three. more counters fabr icated by a d i f fe ren t  manufacturer, In  several  
instances, incorrect  p a r t s  had been i n s t d l e d  and the  de t ec t ion  effic5ency 
appeared marginal f o r  several  of the  probes 

Testing was continued 

Effort was continued i n  updating the Model I1 Scintran p r i n t s  and purchase 
specifications The bid package, necessary for o f f s i t e  fabr icat ion,  was 
~ ~ ~ ~ p l e t ; e d  

Ehgineering evaluation was conducted and design modifications incorporated 
regwding the  use of' Lucite l i g h t  pipes f o r  a specI.al, set of e f f i c i e n t  
sc i n t  i l l a t  ion d.pha- beta-gamma c Ounter probes 

Manager 
PHYSICS AND INS!IFIWNTS LABORATOWY 

R S  Paukrncs 
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CHEMICAL LABORATORY 

RESEARCH AND ENGINEERING 

FISSIONABLE MATERIALS - 02 PROGRAM 

IRRADIATION PROCESSES 

Overheated N-Reactor Fuel Studv 

An NPR inner  f u e l  element irradiated t o  about 2300 MWD/T and cooled 
approximately s i x  months was induct ive ly  heated t o  980 C successively i n  
th ree  pos i t ions  along i t s  length,  The object  of t h e  experiment was t o  
charac te r ize  t h e  swelling or o the r  changes i n  an element when water i s  
lost  from the  coolant channel and the  element overheats, 
temperature was reached smoothly i n  f i v e  minutes, s l i g h t  swelling occurred 
during the  ensuing f i v e  minutes a t  temperature, When t h e  element was held 
for  30 minutes a t  temperature, swelling was more ponoullced, The f u e l  
cladding d id  not rupture, 

When t h e  goal 

Experiments are planned f o r  f u l l  length  heating of an irradiated element 
followed by steam and water quenching. 

Disposal t o  Ground 

A study i s  underway t o  define more accurately t h e  minimum ground-water 
t r a v e l  time from t h e  1301-N Crib t o  the  Columbia River, The primary 
purpose of t h i s  study is t o  determine t h e  e f f e c t s  on t r a v e l  time of 
surface spr ings  which w i l l  probably develop along t h e  riverbank, 900 
feet from t h e  c r ib ,  (The Advisory Committee on Reactor Safeguards postu- 
l a t e d  t h a t  t h e  predicted 11-day minimum t r a v e l  time may be appreciably 
reduced due t o  t h e  underground channelling of wastes from the  c r i b  t o  the  
riverbank spr ings,  1 
a s i te  a t  100-H Area, which has similar hydraulic c h a r a c t e r i s t i c s  t o  
100-N Area, where springs have developed over a period of time, 
results determined from conductance-paper analogs of t h e  two s i t e s  w i l l  
be compared, a d  ac tua l  t r a v e l  time from t h e  107-H Basin t o  t h e  r iver -  
bank spr ings  w t 1 1  be determined from measurements of radioiodine con- 
cent ra t ions  i n  samples t a k e n  a t  these loca t ions ,  
i nd ica t e  t h a t  a sa fe ty  f ac to r  of from 10 t o  20 i s  incorporated i n t o  t h e  
11-day minimum t r a v e l  time estimated f o r  100-N Area, This  s a f e t y  margin 
i s  due primarily t o  t h e  f a c t  t h a t  the  ac tua l  s o i l  permeability is 
appreciably less than the  value assumed i n  the  earlier 100-N Area t r a v e l  
time estimate, 

F ie ld  phases of the  study involve inves t iga t ion  of 

Flow 

Preliminary evaluations 
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SEPARATIONS PROCESSES 

Purex Solvent Studies  

A 250 ml sample of Soltrol-T3P solut ion (C-5) ,  contaminated w i t h  fission 
products 
if gossible  

was received from the h r e x  plant f o r  examination t o  determine, 
tk.c reason f o r  t h e  unusual.ly h i q h  ruthenium rz tcn t ion  . 

‘J.’vo 1.incs o f  invcstiKntion were employed-. Chs chromtttortrrtphic tLzlcZlysis, 
ailred LLL d i scovc r iw  vhether  o r  n 9 t  a vohl,5.le rut,tlcni um-containiniy 
ori;u!iic co:r:*.?l.ex \w.s formed % senaz.atcd the m i x t u r e  In to  ?,Arm ~ Y H C  L i ivs 
m t z r  and 1cw-boilin;- dccomposi tion ?ro.iuet s Only 
iodine was detected y o n  analysis of t h e  f r ac t ions ,  t he  o ther  f i s s i o n  
!~roducts  presumbly remaining i n  t he  indect ion system 
tography exFerimemt was run t o  determine whether o r  not n silica g e l  
co1ur.a greywed. v i t k  S o l t r o l  170 would be as cf fec’  ive i n  renovin: 
fis:;ion i?roduct corpplexins agents f r o n  i i  Ti3P’-Sol.trol so lu t ion  a s  it i s  
w i t r i  Soltrol alone ‘21-i~ r e s u l t s  of t h e  ex?erir,ient showed that ‘i’W is  
more t i c h t l y  he ld  by the  s i l i c a  ijel than are t h e  usual. Soltrol impuri t ies ,  
Further feed-level. f i s s i o n  product a c t i v i t y  broke t;hrout*h tile c o l w a  
after the passage of only two column volumes of t he  I’urcx so lven t ,  
indicat ing t h a t  t h i s  treatment will be of l i t t l e  value i n  cleaning up 
used Purex solvent: although it may be s i g n i f i c a n t  t h a t  appreciable 
quan t i t i e s  of ruthenium were held u~ on t h e  g e l  at t h e  top end of t h e  
column: 

Soltro.1 and T31’ 

A l i q u i d  chroma- 

f r i l z u r y l  Amine Extraction of Weptunium and Plutonium from Purex liJiJ 

A flowsheet f o r  recovery of neptunium and plutonium from Purcx 1WK and 
subsequent f u r t h e r  treatmefit i n  the Purex 3A-1C col.umns (J-Cell) was 
t e s t e d  using ac tua l  Purex 1 K J  as feed,  Feed f o r  t h e  F-Cell por t ion of 
t h e  flowsheet was produced by s t r ipp ing  t h e  t r i l au ry l .  a ~ i n c - S o l t r o l  
organic w i t h  a hydroxylamine s u l f a t e  so lu t ion .  Behavior of ruthenium, 
cerium and zirconium-niobium during TBP-Soltrol ex t rac t ion  of t h i s  feed 
solut ion was comparable t o  t h a t  reported e a r l i e r  f o r  traced simulated 
feeds,  
sulfate  s t r i p  solut ion t o  prevent ex t rac t ion  of‘ plutonium i n t o  TRP- 
Soltrol under 3A column conditions - 

It  was necessary t o  add ferrous sulfamate t o  t h e  hydroxylamine 

Scrap Recovery Flowsheets - 
The current  flowsheet under study for  234-5 Building processing of scrap 
containing Dlutonium, uranium and thorium involves co-extraction of 
urrzniurn and thoriu.;? i n t o  Ti3P-Soltrol i n  t h e  f i rs t  c011m.n. Batch contact 
s tud ie s  have establ ished operatin? conditions for  adequate recovery of 
uranium and thorium i n  t h e  first columrn: I t  i s  expected t h a t  mini-mixcr- 
s e t t l e r  runs t o  denonst rate t h e  flowsheet will be cornnleted during February 



Ion Exchmge Contactor Development 

I n i t i a l  s tud ies  of  t h e  Redox protatype eountercwrent  anion exchange 
column (described i n  t h e  December monthly repor t ,  HW-79999 C) have been 
completedo 
using thorium as a stand-in f o r  plutonium, showed t h e  unit t o  be stable 
wi th  dependable r e s i n  movement of 9 t o  9 inches occurring i n  every 
pumping period, The time required ~ ' C P  resin movement ranged from 11 t o  
13 percent, wel l  below a plant spec i f ied  maximum of 20 percent ,  Waste 
losses at a steady state were typically less than  0 , J  percent although 
f luc tua t ions  t o  009 percent were observed, 
grams thorium per liter of resin, 
days, 
fu r the r  t e s t i n g ,  
of t h e  pumpws a b i l i t y  t o  
the  contactor w i l l  continue, 

A three-day continuous run simulating ac tua l  use conditions, 

Resin loading averaged 7 
The run was terminated a f t e r  t h ree  

A new pun had been started when a bellows f a i l u r e  prevent,ed 
A new r e s i n  p u p  mit is being constructed and t e s t i n g  

as wel l  as pvpul17' t h e  resin bed around 

The e x i s t i n g  Purex anion exchange mockup w i l l  be modified t o  v e r i f y  t h e  
r e l i a b i l i t y  of r e s i n  movement fop a proposed Purex cont.actor modification, 
The dependence of t h e  eontactor a p m  pumging var iab les ,  ac id i ty ,  flow 
r a t e s ,  and temperature w i l l  be studied,  

Polonium-210 Processes 

Current proposals for bismuth i r r a d i a t i o n  and processing f o r  PO-210 
recovery include a l t e r n a t e s  for recovery and recycle  of t he  i r r a d i a t e d  
bismuth, During t h e  month, bismuth recycle  has been s tudied  from the 
standpoint of containmer,t contzols and processing steps t h a t  would be 
r e  qui red 

Actual containment requirements for recycle  bismuth w i l l  depend on the 
Folonium decontamhation, quan t i t i e s ,  t h e  chemical form, and t h e  operating 
conditions, The a b i l i t y  of polonium t o  migrate OF escape from the  
bismuth will a l so  be a f ac to r ,  Since the re  si-e l i t t l e  dzta on most of 
t h e  items, only rough eonclusions can be made on t h e  has i s  of a c t i v i t y  
and MPC,  comparisons w i t h  Pu.239, na tu ra l  u r a n i t r m ,  and PRTR Pu-Al a l loy ,  
Preliminary conclusions a re  as f o l l o w :  

1, For a Po-210 DF of 100 o r  l e s s ,  gloved=box handling of recycle  b i s -  
muth i n  m y  chemical form wiX.1 almost ce r t a in ly  be required. 

2, Gloved-box handling i s  probably necessary for s Po-210 DF of l o 2  t o  
l o 4  f o r  many chemical forms ( e s p e c i a i l y  pa r t i cu la t e  s o l i d s ) ,  
t h e  c loser  a DF of l o 4  i s  approached the  more questionable the need 
f o r  gloved-box h a n d l i n g  for  so? i d  metal pieces,, 

However, 
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3c. With a Po-210 DF i n  t h e  range of 10  4 t o  IO5$ it is l i k e l y  t h a t  
ven t i l a t ed  open-face hoods can be used, 
similar t o  t h a t  f o r  uranium and thorium, 

Such handling would then be 

The preceding conclusions do not t ake  i n t o  account any addi t iona l  shield-  
ing  o r  remote-handling requirements t h a t  might be encountered i n  recycle 
bismuth due t o  ac t iva t ion  of i n i t i a l  o r  added impur i t ies ,  Both be t a  and 
gamma a c t i v i t y  would be present as a r e s u l t  of ac t iva t ion  of impuri t ies  
i n  the bismuth, The long-lived isomer of Bi-210 (2,,6 x 106 years )  would 
a l s o  be present i n  small amounts, Residual amounts of Po-210 and short- 
l i ved  Bi-210 would a l s o  be present,  

B - C e l l  processing of the  first of the thorium (metal) t a r g e t  elements was 
sompleted during t h e  month, This included d isso lu t ion  i n  the  in -ce l l  
one-slug d isso lver ,  scavenging of protactinium w i t h  h 0  multi-stage 
batch ex t rac t ion  of t h e  uranium wi th  10 percent TBP, an5 i s o l a t i o n  i n  
small volume by s t r ipp ing  with d i l u t e  caus t i c ,  
ing  of the  remaining two slugs, t h e  uranium f rac t ions  will be combined, 
further decontaminated i f  necessary and removed from the  c e l l  f o r  f i n a l  
cleanup and product i s o l a t i o n  i n  the  laboratory,  Isotopic  analyses of 
the dissolved s lug are  not complete, but t h e  one p a i r  of values so far 
reported f o r  U-232 and U-233 content is i n  good agreement w i t h  t h e  weighted 
average of e a r l i e r  analyses on small samFles machined from various 
pos i t ions  i n  the  slugo The f a c t  t h a t  t h e  two s e t s  of an8;fses  were 
performed by d i f f e ren t  analysts and by d i f f e r e n t  a n a l y t i c a l  methods is 
p a r t i c u l a r l y  g ra t i fy ing  and lends addi t iona l  confidence t o  t h e  curves 
being used as a p lanning  basis f o r  current  production s tud ie s ,  

Following s imi l a r  process- 

ln suppor+,ing laboratory wozk, experiments were aimed at. defining the 
prosessing scheme t o  be used f o r  t h e  f i n a l  gu r i f i ca t ion  of t h e  above 
mater ia l ,  Scouting work was also continued on protactinium scavenging 
3r adsorption processes, on ways t o  improve t h e  thorium processing 
capacity and/or decontamination po ten t i a l  of the  Redox and h r e x  p lan ts ,  
and on close-coupled processing schemes, 
quantity of t h o r i a  spiked wi th  Pa-233 and uranium was prepared by spray 
ca lc ina t ion ,  Leaching s tud ie s  are i n  progress t o  determine whether t h e  
protactinium and uranium can be removed without d i sso lv ing  t h e  t h o r i a ,  

In  support of the la t te r ,  a 

Production of Thoria by Spray Calcination 

A b r i e f  study of t he  po ten t i a l  of radiant-heat spray ca lc ina t ion  f o r  t h e  
conversion of thorium n i t r a t e  so lu t ions  t o  target-grade t h o r i a  was com- 
p le t ed ,  using t h e  84x1, x 10-ft3, ''Cold'' laboratory u n i t ,  It was found 



t h a t  t h o r i a  of high pu r i ty  and low n i t r a t e  and moisture content was 
readi ly  produced, (The fact, t ha t  t h e  aprs. d-oplets  do ant i tsn:cr t  t b t .  
walls of t h e  ca l e ine r  nrinimzzes pick-Qp of corrosion p r c d u c t s J  Tap 
density of the  oxide was r a t h e r  iaw ;.about# 3 g tc9) :  hawever, ii could be 
e a s i l y  pressed t o  65-70 percent t h e o r e t i c a l  densi ty  at modest? pressures 
(40 t s b ) ,  The as-pressed p e l l e t s  were Guite s t rong  and cohesive and 
could be readi ly  loaded i n t c  cans, 
high as 87 percent t h e o r e t i c a l  densify High energy->rate cDmpaction 
(Dynapak) gave a product of vlirtlially *c.heoretical dens i ty ,  which was 
suitable for  crushing, gsadfrrg and lribwatior,al. compactLon, Surface a rea  
of' t h e  as-produced powder was aboxt 3 sqv.are meters;'gm and mean p a r t i c l e  
s ize  about 1 micron. 
unsuccessful, probably because the p a r t i c l e  s ize  was larger and t h e  
surface a rea  smaller than ORNL has found optimum f o r  SOL-Gel feed, 

The pressed p e l k t s  s in t e red  to as  

Efforts; +yo form a stable geL from t h e  powder were 

Pa r t i cu la r ly  noteworthy were the  ease and high rate of d i sso lu t ion  of t h e  
pressed p e l l e t s  In  fluoride-catalyzed n i t r i c  ac id ,  
grated after a few minutes ewosure and were completely dissolved i n  
l e s s  than 15 minutes, corresponding t o  apparent pene t ra t ion  raies of 
about 8400 mg/om*/hr (based on the s s p e r f i e i a i  wea of t h e  p e i l e t ) ,  
t r a t i o n  rates of s in te red  or Dynapaked material  were mrzclr, h w e r  (by 
f ac to r s  of about 20 t o  2% 
HW-80531, "Tests af' Thoria P e l l e t s  and Their Pmductlon from Radiant- 
Heat Spray Calcined Thoria by Pressing, S in te r ing ,  and High .Energy Rate 
Impact 1 or, I' 

The pel]-ets d i s in te -  

Pene- 

Details a re  summarized i n  an iaformal r e p m t , ,  

Thorium Processinq 

In  addition t o  t h e  foregoing, work on spray eahcinatron, t h e  ORNLdeveloped 
Sol-Gel process i s  cur ren t ly  being considered f G r  Hanford application as 
a means of preparing low cost, high densi ty  t h o r i a  for recyc?!e i n  the 
production of gccleang' U-2330 

A modified Sol-Gel process being studied cons is t s  of four  s teps  i n  which 
thorium n i t r a t e  is deni t ra ted  iq t he  presence of steam; t h e  t h o r i a  
product is dispersed as a s o l  i n  water with  n i t r i c  a c i d  added i n  t r a c e  
quan t i t i e s ;  the sol is dried to form a cake;  arid f i n a l l y  the cake is 
f i red t o  1150 C t o  produce a near t h e o r e t i c a l  density produ, n t  sur tab le  for 
v ib ra t iona l  compaction, 
i n i t i a l  deni t ra ted  t h o r i a  t o  about 9,8 g/c- f o r  t h e  f i r e d  product,, 
program was i n i t i a t e d  t . G  study t he  four phases of t h e  process wi th  emphasis 
on app l i cab i l i t y  t.0 e x i s t i n g  H a f o r d  equipment ci 

The t a p  densi ty  increases  from 4 g / c c  fo r  the  
A 

The preliminary work ind ica tes  t h a t  low viscosity s t a b l e  thor1.a so ls  can 
be prepared i n  concentrations u.p ta "7 ,M, thoria,, 
sens i t i ve  so l s  were prepared i n  t h e  rmge af 8 E t o  9 t ho r i a . ,  t h e  more 

Tnixotropic age- 



C-6 

concentrated t h e  sol, t h e  more age-sensitive and gel-l ike the  mixture, 
Sols  prepared a t  8 
aged without drying t o  th ixot ropic  and near-solid ge l s ,  
ind ica te  t h a t  high v i scos i ty  o r  th ixot ropic  so ls  prepared w i t h  high 
t h o r i a  concentration can be revers ib ly  d i l u t e d  t o  f l u i d  sols, 
of water and/or ammonium hydroxide can be used t o  cont ro l  the v i s c o s i t y  
of  t h e  sols, 

t h o r i a  concentration, though i n i t i a l l y  f l u i d ,  
Studies  a l s o  

Additions 

Americium Extraction 

Americium(II1) was extracted from 2 E aluminum n i t r a t e  = 0,2 M n i t r i c  acid 
so lu t ions  with t he  quaternary amine, Aliquat 336, i n  a xylene-diluent. 
The results show a t h i r d  power dependence of t h e  ex t r ac t ion  coe f f i c i en t  
upon amine concentration, Eo values ranging from Oo05 f o r  lC8 volume per- 
cent Aliquat 336 t o  15 f o r  f k l  volume percent ,  

Preliminary r e s u l t s  ind ica te  t h a t  Am2' is r ead i ly  ex t rac ted  from 1 
NiibCi?S by e i t h e r  10 volume percent DBBP or 10 volume percent Aliquat 336 
i n  xylene, 
two so lventso  

E: values of 34 and 14, respec t ive ly ,  were measured for these  

The d i s t r i b u t i o n  of Am3+ between TBP-DBBP-Xylene so lu t ions  and 4"75 
NaNO -0.25 E n i t r i c  ac id  so lu t ions  was measured, 
beloa, do not suggest any syne rg i s t i c  e f f e c t s :  

The results, l i s t e d  

E: - % TB? % DBBP 
L 

.li 20 5J5 
5 15 ~ 6 3  
10 10 0.50 
1 5  5 0,30 
20 0 0010 

Neptunium-P%utonium Separation by Amine Extraction 

Softrol 170 has been subs t i t u t ed  as t h e  d i luen t  f o r  t r i l a u r y l  amine i n  
the  batch amine ex t rac t ion  of plutonium( I V )  from neptunium( V) , 
of n-octyl alcohol and dodecane were being used, but  10 percent o c t y l  
alcohol was needed t o  so lub i l i ze  2 g / l  Pu i n  a 1 5  v/o t r i l a u r y l  amine 
so lu t ion-  
the s o l u b i l i t y  of the  plutonium-amine compound without t h e  addi t ion  of 
oc ty l  alcohol, 

Mixtures 

S o l t r o l  170 apparently ha5 enough aromatic content t o  increase 

Solvent Extraction from Molten Salts 

Solvent ex t r ac t ion  of Eu(II1)  by t r i pheny l  phosphate (TPP) i n  a poly- 
phenyl mixture from LiNO-&IJO, eu t ec t i c  at 150-160 C was fouGd t o  be 

l e ,  The d i s t r i b u t i g n  coe f f i c i en t  was less than 10" f o r  a O o l  
u t ion  of TPP, Further examination of EtP(II1) ex t r ac t ion  showed 



the  magnitude of t he  d i s t r i b u t i o n  coe f f i c i en t s  t o  have the  following 
order: t r i b u t y l  phosphate (TBP) > triphenylphosphine oxide (TPPO) > TPP, 
Other ex t r ac t an t s  w i l l  be examined t o  f u r t h e r  establish t h e  order of 
ex t rac t ion ,  Thermal decomposition of  TPPO is suspected and w i l l  be 
checked, 

kASTE MANAGZNXNT AND FISSION PRODUCT RECOVERY 

CSREX Process Engineerin& 

Planned p i l o t  p lan t  work on t h e  CSREX process has been completed, 
pulse column runs were devoted t o  t e s t i n g  (a )  the  e f f e c t s  of flow r a t e  
and pulsing conditions on fission product ex t rac t ion ,  ( b )  t h e  e f f e c t s  
of adding phosphotungstic ac id  (as a p o t e n t i a l  ''headmend'' cesium p rec ip i=  
t a t )  t o  the  feed, and ( c )  of using sodium carbonate washed solvent  ( a l l  
i n  the  sodium form) on t h e  performance of the column b a t t e r y ,  
results of t h e  runs can be summarized as follows: 

F ina l  

The 

Using a tartrate-complexed feed, strontium and cesium losses as low 
as 0,2 percent were obtained i n  t h e  1 A  column at  volume v e l o c i t i e s  up 
t o  520 gph/fi2. 
gph/ft2, 
range of flow rates, 

The strontium loss increased t o  3 percent a t  710 
Cerium losses  increased from 2 t o  5 percent over t h e  same 

Lowering t h e  pulse frequency from 2 95 t o  85 percent of t he  flooding 
freguency i n  t h e  lA column usually increased t h e  f i s s i o n  product 
l o s ses  about t w o -  t o  three-fold above the  optimum values shown above. 

Cesium lasses i n  the 1B column were 2 1 percent a t  flow r a t e s  up t o  
600 gph/ft2, Corresponding strontium losses were about 0 2  percent 
Typical cerium decontamination f a c t o r s  (DF) were i n  the  range of 20 
t o  50, There was no calcium DF, 
95 percent of flooding had l i t t l e  e f f e c t  on lo s ses ,  

Varying t h e  frequency from 85 t o  

The 1BP strontium-cesium product contained, as contamination, about 
O,OOO7 g/l Fe, 0,02 g / l  N i ,  and 2 0.3 g / l  Al, 
cent ra t ions  var ied  by a fac to r  of 4 or more, 

The individual  con- 

Typical cerium losses i n  t h e  1 C  c o l i m  a t  190, 390 and 590 gph/ft2 
were 0 2 ,  2,O and 4.0!- respeic;~d*e:.:: 
however, i n  attempts t o  reyoduce t h e  runs w i t h  solvent from a 
d i f f e ren t  s e r i e s  of LA-1B runs,  

The losses were about doubled, 

Decreasing t h e  pulse frequency from 95 t o  85 percent of flooding 
generally increased t h e  cerium loss i n  t h e  1C column by about three- 
fo ld ,  
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7; The addi t ion of phosphotungstic ac id  t o  the  feed d id  not a f f e c t  cesium 
losses  o r  column performance, 
form on addi t ion of the  a c i d  t o  t h e  feed ( a t  ?I1 51, it was quickly 
re di s s olve d 

Although a y e c i a i t a t e  appeared t o  

8 The use of freshly-carbonate-washed solvent ( w i t h  no ac id i f i ca t ion )  
wns s a t i s f a c t o r i l y  clemotistmtcd. T J I C  rxbior cf:'i:ct. ot' usin:; a bas ic  
solvent was t o  increase t h e  1 A V  @i from 4 - 5  t o  '1~0. 
t h e  cerium loss  i n  the  1 A  column increased t o  1 4  percent ,  
and cesium losses were 3 and 0 . 1  percent,  respect ively.  T h i s  flowshect 
modification would el iminate  t h e  addi t ion of concentrated acid t o  the  
washed solvent a poten t ia l  cause of solvent degradation, 

As a consequence, 
The strontium 

9 .  Sodium and nickel  decontamination fac tors  of 1.0 t o  2 0 ,  and 3 t o  8,  
respect ively,  were obtained i n  the  PS columnu The typ ica l  product 
solvent from t h e  1s column contained 0,005 M sodiuni and 0,0002 
n icke l ,  

- 
Technetium Pur i f ica t ion  and Reduction t o  Metal 

Laboratory s tudies  were continued i n  the  d i rec t ion  of def ining t h e  flow 
sheet t o  be used for f i n a l  pu r i f i ca t ion  and reduction t o  metal of the  one- 
kilogram quant i ty  of CPD-recovered technetium, S i l i c a  g e l  removal of' 
Z r - i h ,  loading at  low pII onto an ILjA-401 r e s i n  column, washing with water 
and 0 1 M XiNO 
small s c h  with some of tne  actual  feed ,  
nroduct cont,minants was v i r t u a l l y  cor~lcte only an inconsequential  t r a c e  
of  -, 

and e lu t ion  with amnionium thiocyanate were pi lo ted  on a 
nccontanination from f i s s i o n  3 '  

henium remaining i n  t h e  product, 

dlut ion with th iocyanate  m s  found t o  'oc q u a n t i t a t i v t t  ( c o n t r a r y  t o  t h e  
re;>orts of  o the r  i n v e s t i p t o r s ,  vho,  however, worked i n  c i i l o r i d e  med ia ) .  
k concentration of about 1 . 5  fi appears t o  be near optiimim, and t h e  ammonium 
thiocyanate i n  tne product  so lu t ion  i s  r e a d i l y  dcs t royed  by reacting with 
n i t r i c  ac id .  Greater decontamination from lir-Iib is obtained with thio-  
cyanate than with HNO e lu t ion ,  suggesting t h e  formation of anionic zirconium 
and niobium thiocyantt 3 e complexes which s t r o n g l y  resist el.ution from t h e  
res in  

The f i n a l  i so l a t ion  of  technetium i n  a form which can be reduced t o  the 
metal i s  usually done b;q recrystallizing Jii:TcOl+ Precipitation as TcO2 
o r  Tc02,2H20 i s  being studied as an al ternate  a n p o a c h .  
dehyde t o  a s l i g h t l y  acid technetium so lu t ion  Frec ip i ta ted  a black solid 
which was shown by analysis  t o  be predominately  TI^.^^; however, t h e  y i e l d  
w a s  only 5? percent,  
( >  95 percent)  
H20, trhcreas the  hydrate d i s s o l v e d  i n  b o t h .  

Addition of formal- 

Use of hydrazine prec ip i ta ted  Tc02,2H20 quant i ta t ive ly  
The dioxide was soluble i n  d i l u t e  HflO but not  i n  ammoniacal 3 

. I 
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Cesium E x t r a c t m t s  

I n  support of the CSREX process, 4-methyl-2-alpha-methylbenzylphenetole 
was prepared and submitted f o r  t e s t i n g  e f fec t iveness  i n  ex t rac t ion  of 
cesium, 
BAMBP material is  e s s e n t i a l  f o r  ex t r ac t ion ,  
group with H I  were not successfUl. 
attempted. 
4-nitro-2-alpha-methylbenzylphenal were not successful . Ei ther  a higher 
reflux temperature o r  a more e f f e c t i v e  c a t a l y s t ,  such as HF, i s  required 
f p r  t h e  subs t i t u t ion  reac t iono  

The measured Eo of 0,05 i nd ica t e s  t h a t  t he  hydroxy group of t he  
Effor t s  t o  cleave t h e  e the r  

Other more vigorous reac t ions  w i l l  be 
Effor t s  t o  prepare 4-cyano-2-alpha-methylbenzylphenol and 

Cerium-Yttrium Adsorption on Linde 1 3 X  Zeol i te  

Synthetic z e o l i t e  Linde 13X i s  se l ec t ive  f o r  Ce'3, 
s i z e ,  it could be predicted t h a t  Y*3 (1.84 a diameter), smaller i n  s i z e  
than Ce+3 (2.14 8 diameter), wmld be se l ec t ive ly  less adsorbed on 1 3 X .  
Eber imenta l  r e s u l t s  confirmed t h a t  13X i s  s l i g h t l y '  l e s s  Y93 se l ec t ive ,  
though t he  two isotherms have the  same general configuration, 

On the  basis of ca t ion  

Generally speaking, zeo l i t e s  w i t h  t h e  higher silica-to-alumina r a t i o s  have 
shown a preference f o r  la rge ,  univalent cat ions,  Type A w i t h  t h e  lowest 
silica-to-alumina r a t i o  ( 2 ~ 1 )  has the  highest s e l e c t i v i t y  f o r  divalent  
cat ions,  
which a l s o  was divalent  cat ion se l ec t ive  Jmugh l e s s  so than Typ3 A. 

The most s e l ec t ive  z e o l i t e  f o r  t r i v a l e n t  ca t ions  was 13X ( 2 . 4 ~ 1 ) ~  

If each type of cat ion i s  prefer red  by a spec i f i c  group of anionic si tes 
w i t h  a c h a r a c t e r i s t i c  adsorption energy, as seems t o  be t h e  ease, then it 
should be poss ib le  t o  synthesize a z e o l i t e  w i t h  an optimum number OF distri- 
bution of each of t he  th ree  s i t e  groups, 
diva len t  and t r iva l en t - se l ec t ive  ca t ion  sites, may be a good s t a r t i n g  point 
t o  develop a synthet ic  z e o l i t e  t h a t  p re fe r s  Cs*, SrS2 or  Ce+3 t o  Na+, 

The z e o l i t e  l 3 X ,  possessing both 

Thermodynamic Relationships i n  Multication Systems 

The use of mass ac t ion  r e l a t ionsh ips  f o r  pred ic t ing  t r a c e  ca t ion  K d s s  i n  
systems containing 'two monovalent ca t ions  was extended t o  t r a c e  strontium 
so lu t ions ,  
exchange data i s  as follows: 

The equation used f o r  computing strontium KdDS from binary 

1 
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whcrc: KSr* and iSr* = Mass a c t i o n  quo t i en t s  f o r  t r a c e  Sr+2 i n  
A B monovalent A and B cation systems, 

A a d  B = Concentrat ion of  A+ and €3' i n  equ:val.ents 
N ;i per  l i t e r  

Computed and experimental  s t ront ium Kd's agree  within exnerimerital e r r o r  f o r  
systems conta in ing  t r a c e  s t ront ium,  IJH),+ - HC, - Na+; and IJa' - H+ w i t h  
IR-120 and f o r  NH4' - I d  systems with Decdscj c l i n o p t i l o l i t e ,  

EQUIPMENT AIJD VATmIALS 

Examination : s' Purex H-4 T i t a n i u m  Bundle Heat Exchanger 

The Purex H-4 heat exchanger was examined fo l lowing  c l ean ing  and p i c k l i n g  
by Chemical Process ing  Degartment 
Operation personnel ,  
f o r  t he  po r t ion  above t h e  shroud which could not  be immersed i n  t h e  clean-  
i n g  s o l u t i o n ,  Some t i g h t l y  adherent  black s c a l e ,  less t han  t h r e e  mils 
t h i c k ,  was p resen t  on t h e  condensate chest and t h e  t u b e s ,  
s t a i n l e s s  s t e e l  shroud support  leg,? agpearel: i n  good condi t iona ,  Metal 
surfaces were clean and b r i g h t ;  welds were i n  good condi t ion  w i t h  some 
evidence of  i n t e r g r a n u l a r  a t t a c k ,  The o t h e r  t w o  shroud suppor t  legs were 
d u l l ,  greyish-brown i n  f i n i s h  and e x h i b i t e d  non-unifom c o r r o s i m  a t t a c k ,  
i k l d s  had s u f f e r e d  kn i f e - l i ne  a t x c k  i n  the base metal  and were corroded 
through completely i n  some places,  
suppor t  legs are be ing  taken  f o r  f u r t h e r  examinLf;ion, The c e n t e r  ;a r ts  
~f s t a i n l e s s  s teel  tube  snac-ers appeared s i g n i f i c a n t l y  mwe corrciie.3 than  
outer p a r t s  - 

Waste Han;iling and Decontaii ination 
The t i t a n i u m  t c b e  bundle appeared well cleaned except  

Three or t h e  

Samples frox both  t y n c s  af shroud 

Linear P o l a r i z a t i o n  as an Evaluat ion Tes t  

L inea r  p o l a r i z a t i o n  o f  s e n s i t i z e d  304 and 304L s t a i n l e s s  s t ee l  i n  deaerated 
b o i l i n g  65 w/o ii"03 was examined as a rapid means of determining suscep-ti- 
b i l i t y  t o  i n t e r g r a n u l a r  a t t a c k ,  A s i g n i f i c a c t  d i f f e r e n t  i n  F o t e n t i a l  vs 
c u r r e n t  dens i ty  f o r  t h e  two m a t e r i a l s  occurred only after fibout 16 hours '  
exsosure i n  t h e  n i t r i c  ac id ,  
p r i o r  t o  g o l a r i z a t i o n  was not  effective i n  magnifying d i f f 2 r e n c e s  i n  p o l a r i -  
z a t i o n  behavior. ReInoduc ib i l i t y  of results was d i f f i c u l t  due t o  s t r o n g  
de2endenre o f  p o l a r i z a t i o n  (bo th  anodic and ca thod ic )  on p r i o r  specimen 
h i s t o r y  ( p o l i s h i n g ,  t ime s i n c e  p l i s h i n g _ ;  ?assivation and exposure time i n  
t h e  t es t  s o l u t i o n ) ,  

Exposure cf materials i n  HIJU - C d V I )  s o l u t i o n  
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Non-Metallic Materials 

Corning 7913 s c i n t i l l a t i n g  g l a s s  suffered no change i n  physical appearance 
o r  dimensions during prolonged exposure t o  one molar n i t r i c  ac id  a t  room 
temperature and a t  5Q C, 

A ca~bon-f ibled,  cross-linked, thermosetting polyethylene ( CAB-XL) showed 
no increase i n  b r i t t l e n e s s  and less than one percent increase i n  thickness 
af ter  29 days' exposure i n  W e x  HAX a t  50 C,  

An insu la t ing  varnish, Dory1 (Westinghouse) had (9. volume r e s i s t i v i t y  of 
1017 ohm-cm when app l i  d t o  a meta l l ic  subs t ra te  and cured, After i r r a d i a t i o n  
w i t h  Co-'O gamma t o  10 
ohm-cm, 
1000 vo l t s ;  the manufacturer's l i t e r a t u r e  ind ica ted  a breakdown voltage o f  
3000 vol t s /mi l  f o r  non-irradiated varnish, 

R ,  t he  varnish had a volume r e s i s t i v i t y  of 2 x loL4 
The 3,5 m i l  t h i c k  sample broke down under a po ten t i a l  of about 

Two samples of sh ie ld ing  window lead g la s s  (dens i ty  3"8) were exposed t o  
mixed gamma rad ia t ion  from casks of calcined waste i n  a 325-A B i l d i n g  c e l l ,  
No damage occurred t o  e i t h e r  sample during exposure t o  about 10 ' R, 
Exposure sf one sample is  continuing tt a rate of about 9800 R/hr ,  
sample i s  s t i l l  undamaged a t  3,5 x 1 0  R ,  

The 

PROCESS CONTROL AND DEVELOPMENT 

Automatic Control System f o r  Plutonium iieclamation F a c i l i t y  

l y e  cont ro l  loops associated with t h e  Gradient Control System and the  pulse - 
c m t s o l  s y s t a s  were given a f i n a l  ca l ib ra t ion  check preparatory t o  p l an t  
del ivery,  The summing amplif iers  used t o  co r rec t  the column density 
measureuent fo r  flow rate e f f e c t s  were ca l ib ra t ed  t o  compensate at  an 
amplitude frequency product of 60 inches per  minute, 
can be achieved f o r  any amplitude frequency product by adjus t ing  the  system 
t o  give zero response t o  va r i a t ion  i n  flow r a t e s ,  

Precise  compensation 

I n i t i a l  p lan t  cold runs w i l l  u t i l i z e  the  pulse  con t ro l  system, 
of the prototype gradient  cont ro l  system w i l l  await completion and accept- 
ance of major cont rac tua l  work i n  Plutonium Recycle F a c i l i t y o g  

I n s t a l l a t i o n  

Plutonium Detection T e s t  F a c i l i t y  

The t e s t  loop was operated w i t h  plutonium so lu t ions  ranging from Q,1 t o  
755 mg per  l i t e r ,  Two in - l ine  de tec tors  were t e s t e d ,  a 17  kev X-ray 
c r y s t a l  and an alpha-sensitive glass s c i n t i l l a t o r ,  Over t h e  concentration 
range t e s t e d ,  t he  X-ray device provided count rates about a f ac to r  of two 
higher than those obtained w i t h  t h e  s c i n t i l l a t i n g  g l a s s ,  Modifications t o  
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the  I a t t e r  de tec tor  are being made, however, t o  increase i t 5  s e n s i t i v i t y  
and signal-to-noise r a t i o  L1 

well, but add i t iona l  da ta  i s  reguired concerning t h i s  e f f e c t ,  Garl-rt, 
tolerance tests a re  now being Ferformed by t h e  addi t ion of cesium-i3h0 A t  
t he  low concentration so far used ( 2 J  uc per l i t e r )  slutoniwn count r a t e s  
a r e  unchanged, 

Both c e l l s  appeared t o  derrontami nate  acceptably 

C- Column Ins  t m e n t a t i o n  

Analysis o f  response c h a r a c t e r i s t i c s  of t he  C-ccdumn t o  changes i n  uranium 
concentration of t he  feed i s  an important Dart of t h e  o v e r a l l  C-column 
study, 
was devised t o  produce e i t h e r  a ramp o r  s t e p  change i n  t h e  feed  uranium 
concentration, The system cons is t s  of two storage tanks and two cont ro l  
valves with a s ing le  air operatoro A uranium photometer measures t h e  con- 
cent ra t ion  of t h e  blended so lu t ion  and provides a s i g n d  t o  con t ro l  t h e  
posit ion of t h e  dual blend valve, A ramping system enables changes i n  t h e  
concentration a t  any des i red  r a t e  between m y  two concentrations within t h e  
range l imi t ed  by the  s torage tank concentrations,  

As an a i d  i n  inves t iga t ing  these cha rac t e r i s t i c s ,  a blending system 

I n s t a l l a t i o n  of t h e  blending system has been completed and successfu l  
operat ions were achieved, 

Computer Control Studies 

Work has begun on programming t h e  GE-412 computer f o r  optimal con t ro l  of 
the  experimental C-column i n  321 Building, Several mador functions which 
t h e  computer and per ighera l  equipment must perform have been incorporated 
i n t o  t h e  o v e r a l l  cont ro l  scheme, L e o  :: 

1, Control t h e  scanner-converter t o  br ing  current  process information 
i n t o  t h e  comgmter, check t h e  da t a  fo r  being out-of-limits, compute 
time averages and variances, and store t he  information for use by 
other  sec t ions  of t h e  code, 

2, Take computed values for  t h e  s e t  po in ts  of t he  process c o n t r o l l e r s  and 
output them through digi td- to-analog converter, 

3 0  Type out periodic logs  of se lec ted  process information, 

4 Sense emergency conditions and take  appropriate ac t ion ,  

5" Using t h e  mathematical model of' t h e  processs  compute set-point values 
to optimize operation, 

6 0  Using cur ren t  and pas t  process data, update the model t o  compensate for  
process changes, and alarm i f  changes are such t h a t  a s i g n i f i c a n t  upset 
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7, Synchronize a31 t h e  above functions i n  real time through "executive" 
cont ro l ,  

The c a p a b i l i t i e s  of todayv s "second generation" process cont ro l  computers 
plus the availabil i ty of advanced software packages he lp  considerably i n  
reducing t h e  complexity of the  p r o g r d n g  t a s k ,  

ANALYTICAL AND INSTRUMENTAL CHEMISTRY 

Burn-Up h a l y  s i s  

An e f f o r t  t o  improve t h e  r e l i a b i l i t y  o f  present methods f o r  analyzing reac tor  
f u e l  burn-up has increased t h e  precision of ana lys i s  by a f ac to r  of about 
two, The m J o r  source of e r r o r  most probably was i n  t h e  stated sample 
concentration, caused by incomplete mixing of the sample p r i o r  t o  sampling 
i n  Radiometerllurgy, The procedure has been s l i g h t l y  modified t o  eliminate 
t h i s  p o s s i b i l i t y ,  

The s c a t t e r  i n  burn-up ana lys i s  i s  now s m a l l  enough t o  reveal  a d e f i n i t e  
bias between coulometric and alpha-count determinations of plutonium, 
is believed that  a major part of t h i s  bias l i e s  i n  the  half- l i fe  value 
used f o r  h-240, 
m e t r i c d l y  determined plutonium concentration and t h a t  spec i f ied  as 
or ig ina l ly  present by t h e  f u e l s  manufacturer, 
bias between t h e  alpha-count determination of plutonium and the  o r i g i n a l  
value, 

It 

A l a r g e r  bias of 3,9 percent i s  evident between t h e  coulo- 

!Phis makes a 6.7 percent 

Ef for t s  t o  l o c a t e  t h i s  bias a r e  underway. 

Since the  start of t h i s  inves t iga t ion ,  s eve ra l  samples have been re-run, 
Since the burn-up values, as determined by t h e  r a t i o  method, agree within 
the  experimental error of f 5 percent wi th  t h e  o r i g i n a l  burnup numbers, 
r a t i o  burnups are and probably have been good values, 

Detection and Measurement of Ha-203 i n  Duck Muscle 

Forty-seven-day Hg-203 was found i n  muscle from four  ducks taken in t he  
v i c i n i t y  of the 200-West swampo 
a period of time and p lo t t i ng  t h e  counts i n  the  0,28 Mev region after 
correcting fo r  in te r fe rences  t e n t a t i v e l y  i d e n t i f i e d  the  nuclide, 
t i o n  of  mercury confirmed t h e  r e s u l t ,  
1~1 Concentrated H2S04 and HNO acids  and p r e c i p i t a t i n g  t h e  mercury as 
metal wi th  ascorbic ac id ,  

Repeated gamma counting of t he  muscle over 

Separa- 
Chemistry included wet ashing wi th  

Rad?ochemical y i e l d  exceeded 90 percent ,  
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REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTOI?IU~4 RECYCLE PROGRAM 

S a l t  Cycle Process 

EMF Studies of Molten S a l t  Solutions = The s tud ie s  of  t h e  Xi + C12 = 1J iCP2  
react ion i n  various mixtures of K C 1 - L i C 1 ,  KCL-NaC1, and N a C 1 - L i C l  have 
been completed, The da ta  were considerably more reproducible than f o r  t h e  
U02(VI) system, and t he  results i n v i t e  more confidence, 
vs0 mole percent I J a C l  o r  K C 1  i n  t h e  solvent produced n e a r l y s t r a i g h t  l i n e s ,  
I n  t h e  NaC1-LiC1 system, however, t h e  behavior of U O , ( V I )  and N i ( I 1 )  a r e  
considerably d i f f e r e n t ,  Although there  may be some curvature i n  t h e  EMF vs, 
mole percent NaCl ( i n  L i C l )  p l o t s  f o r  Ni(II) ,  i n  t h e  so lu t ions  with low 
NaCl concentrations, t h e  t i t ra t ion- type  curve observed f o r  UO ( V I )  does not 
e x i s t ,  
solut ions i n  t h e  L i C 1 - K C 1  system than f o r  I J i ( I 1 )  so lu t ions ,  
more s ignif icance i s  the  observation t h a t  t h e  slopes of t h e  EMF-composition 
curves f o r  N i ( f1 )  i n  t h e  d i f f e r e n t  solvent systems increased i n  t h e  order: 
IiaCl-LiC1, KC1-NaC1,  and K C 1 - L i C L  
increased as t h e  melt chlor ide a c t i v i t y  increased; L e , ,  increasing i n  t h e  
order NaC1-LiC1 K C 1 - L i C 1  and KC1-NaC1  

The p l o t s  of EMF 

Another i n t e r e s t i n g  fea ture  i s  the  grea te r  slope f o r  fhe  U 0 2 ( V I )  
Perhaps o f  

For the  U 0 2 ( V I )  so lu t ions ,  t h e  slopes 

Plutonium Oxychloride Ecui l ibr ia  and Reaction Rates - S t b  
made of t h e  behavior o f  plutonium and uranium i n  equal-molar L i C l - K C 1  at 
concentrations (0,2 w/o Pu and 15 w/o Pu) and temperatures ( 5 0 0  t o  600 C) 
representat ive of those employed i n  t h e  C-cell demonstration runs, I t  was 
found t h a t  t h e  constants for  the e q u i l i b r i a  

? s  have been 

PUO*Cl2  = 

P u G Z C 1  = 

are such t h a t  only E* 0 

Puo2c1 + 1 / 2  c1* 
Puo2 + 1 / 2  c12 

1 [.t/o Pu can be maintained i n d e f i n i t e l y  i n  t h i s  
solut ion as plutonyl species,  even a t  C12 p a r t i a l  pressures near un i ty ,  
The rate of prec ip i ta t ion  of Pu02 from 0 2  w/o plutonyl solut ions sparged 
w i t h  02-C12 is f a i r l y  s h w ,  however, so t h a t  some solut ions containing 
more than the  equilibrium concentration of plutonyl species  can be main- 
ta ined  f o r  some time, Rapid prec ip i ta t ion  occurs when t h e  chlor ine is 
removed from the  solut ion by sparging w i t h  helium, 

Hates of oxidation of U ( 1 V )  and of Pu' IV) by 0 q - C l 2  sparging were deter-  
mined under various conditions,  
h r - l  a t  600 C )  was about twice t h a t  of Y U ( 1 V )  and t h e  r a t e s  at 600 C were 
roughly four  times as great as those a t  500 C, 
t h e  oxygen p a r t i a l  pressure i n  t h e  sparge gas than on the oxygen flow 
ra te ,  

The rate of UTIV) oxidation (roughly 2 W/O, 

The rates depended more on 

On 0 -Cl? sparging a melt containing both U(IV) and P u ( I V ) ,  oxidation 
u ( 1  6 ) d i d  not conrnence u n t i l  t h e  U(1V) had been oxidized, 



Engineering Development - Sixty  days' continuous operation of t h e  S a l t  Cycle 
Process i n  C-cell of t h e  High Level Radiochemistry F a c i l i t y  was concluded, 
Ihr ing  t h e  operating period four  U02=Pu0 
ing  operating conditions using uni r rad iafed  mixed oxide elements as feed 
materialo 
PRTR f u e l  elementgo 

co-depositions were made at vary- 

A t  present t h e  c e l l  i s  being readied f o r  load-in of i r r ad ia t ed  

F ina l  ana lys i s  received on t h e  second deposit as reported las t  month showed 
plutonium t o  uranium r a t i o s  from bottom t o  t o p  of 0,0064, 0,0076, and 
0.011 o r  plutonium enrichment f a c t o r s  of OJ1, 0.84, and L 2 2 ,  respect ively,  
The chlor ide content of t he  depositwashed as 1 / 2  inch p a r t i c l e s  ranged 
between 50 t o  140 ppm, 
less than 2,005. 

The o d g e n  t o  uranium r a t i o s  on t h e  average were 

A t h i r d  deposit  of 9.8 pounds was obtained by e l ec t ro lyz ing  t h e  salt  bath 
which had an i n i t i a l  composition of l7,2 w/o uranium and 0,068 w/o plutonium 
a t  lobo v o l t s  with an i n i t i a l  cur ren t  dens i ty  of 0,lg amps/cm2, The current  
e f f ic iency  of t he  e l e c t r o l y s i s  was 66 percent, 
sparged with 0,2 l / m  C 1 2  and 1,8 l / m  02, 
t h a t  the  plutonium content var ied  less than a f ac to r  of 2 across  t h e  c ross  
sect ion of the  deposit with a maximum occurring i n  t h e  middle, 

The 550 C sa l t  bath was 
Preliminary ana lys i s  ind ica tes  

The fourth e l e c t r o l y s i s  run at high voltage as a bath clean-up, produced 
a L25 pound highly dendr i t ic  deposi t ,  
t he  deposit contained approximately 20 percent uranium and 65 percent 
n icke l  metal r e su l t i ng  frm. a piece of metal inadvertently introduced i n t o  
the  bath before e l e c t r o l y s i s ,  
may have uses i n  i t s  own r i g h t ,  

Preliminary ana lys i s  ind ica tes  t h a t  

This type of deposition is  a cermet which 

Polyviny1chlori.de Resistance t o  S a l t  Cycle Off-Gas - Unplasticized poly- 
vinylchloride was .eqosed  t o  4 M NaOH o r  4 M NaOH-Ot,5 
sparged w i t h  chlor ine and/or hyGogen chlorTde 
from 40 t o  65 C, 
ing ac t ion  occurred and the  test specimen gained 0,2 percent i n  weight 
during 24 hours" exposure, 
tes t  specimen i n  t h e  vapor phase, 

H202 so lu t ion  
Specimen temperatures varied 

Attack was negl ig ib le  a t  50 C o r  Less, A t  65 C a bleach- 

Attack was pr imwily  on t h a t  par t ion  of t he  

Dissolution of PRTR UO2=PuOp Fuels 

Laboratory s tud ie s  have demonstrated t h e  f e a s i b i l i t y  of a two-step procedure 
fo r  d i sso lu t ion  of PRTR UO -Pu02 f u e l s ,  The uranium oxide i s  dissolved 
f i r s t  t o  produce a l o w - a d  high-uranium solut ion, ,  
plutoniuxn oxide i s  then dissolved i n  a HN03-NH F so lu t ion  a t  70-80 C, 
Corrosion s tudies  ind ica te  aluminum may be omikted during t h e  plutonium 
oxide d isso lu t ion  i f  the  temperature i s  maintained a t  o r  below 80 C;  
plutonium oxide d isso lu t ion  r a t e s  were s a t i s f a c t o r i l y  high, 
d i sso lu t ion  of t he  plutonium oxide does however, present p o t e n t i a l  c r i t i c a l -  
i t y  problems i n  t h e  Redox multi-purpose d isso lver  and may severely l i m i t  

The slower-dissolving 

Separate 

harge s i ze ,  These problems a r e  being s tud  

http://Polyviny1chlori.de
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Plutonium Recycle Fuel Processing Economics Study 

Evaluation of close-coupled f u e l  reprocessing f e a s i b i l i t y  f o r  t h e  advanced 
pressurized-water r eac to r  (APWR) case has been e s s e n t i a l l y  completed, 
The r e s u l t s  are summarized i n  the  following t a b l e  i n  comparison w i t h  t h e  
previous case designated as a typ ica l  water moderated r eac to r  (TWR) : 

MAXIMUM ALLOWED CAPITAL IHVESTMENT I N  
CLOSE-COUPLED PLANT FACILITIES 

1000 MGI, Reactor Complex with 1/6 of Fission 
Product Poisons Removed on Each Cycle 

.- 

Typic a1 Water React o r  
(Theoret ical  Optimum 
Exposure 25,000 t o  
30,000 MWD/T) 

Advanced Pressurized 
Water Reactor 
(Theoret ical  Optimum 
Exposure 30,000 t o  
40,000 MWD/T) 

Fuel Exposure A t  
Theoretical 20,000 15,000 10,000 
Or: t i xim MWD/T MWD/T m / T  

$4,400,000 
t o  

6,900 000 

4,300 000 
t o  

6,800,000 

$5,100,000 
t o  

8,000,000 

6,000 000 
t o  

9 500,000 

$6,400,000 $9,700,000 
t o  t o  

10 300 , 000 14,000,000 

8,000,000 12,500,000 
t o  t o  

13,000,000 18,000,000 

The comparison ind ica tes  t h e  maximum allowable c a p i t a l  investment i n  t h e  
close-coupled p lan t  f a c i l i t i e s  f o r  a break-even s i t u a t i o n  r e l a t i v e  t o  t h e  
a l t e r n a t i v e  of central-plant reprocessing, The zllowable c a p i t a l  invest-  
ment would be reduced approximately $1J mil l ion  f o r  each O J  m i l l / K ' J H  
savings advantage over t h e  central-plant f u e l  cycle  cos t  

The range of investment values shown f o r  each goal exposure represents  
t h e  optimized high and low value ca lcu la ted  w i t h  t he  range of u n i t  cos t  
inputs  and re turn  on investment r a t i o s  used i n  t h i s  study, Results for 
a more s p e c i f i c  set of conditions can be expected t o  l i e  somewhere i n  
between, A lr-year p l an t  l i f e  was assumed i n  a l l  cases ,  

The r e s u l t s  presented are a l s o  based on achieving an o v e r a l l  f i s s i o n  
product poison decontamination f ac to r  of 6 f o r  each f u e l  recycle from the  
close-coupled p l an t ,  This was chosen as being a reasonable t a r g e t  f o r  a 
S a l t  Cycle type process. Complete poison decontamination would increase 
allowable c a p i t a l  investment approximately $ O U 5  mil l ion  f o r  t he  APWR case 
and approximately $ O u 9  million f o r  the TWR case,  

dp, 
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The allowed c a p i t a l  investment must cover t h e  construction cos t  of t he  
close-coupled process, a f u e l  f ab r i ca t ion  f a c i l i t y  f o r  the  portion of t h e  
f u e l  recycled as mixed oxide (50 t o  25 percent of t o t a l  f u e l  supplied t o  
the  r eac to r )  and a f luo r ide  v o l a t i l i t y  un i t  fo r  processing any valuable 
by-product uranium f o r  s a l e  or  r e tu rn  t o  the  AEC. 
t o t a l  complex could be bu i l t  fo r  anything less than $5 mi l l ion ,  

It i s  unlikely t h a t  t he  

These results ind ica t e  economic f e a s i b i l i t y  f o r  t h e  close-coupled pw* A m e s s  
serving a reac tor  complex on t h e  order of 1000 We capacity when f u d  
exposures a r e  i n  t h e  range of 10,000 t o  20,000 MWD/T (90  t o  45 tons per  
y e a r ) ,  
ac tua l ly  achieved rout ine ly  i n  operating power r eac to r s ,  close-coupled 
reprocessing i s  not l i k e l y  t o  be f eas ib l e  i n  serving l e s s  than 2000 We 
of reac tor  capacity, 

However, i f  optimum f u e l  exposures of 25,000 t o  40,000 MWD/T are 

RADIOACTIW RESIDUE PROCESSING DEXELOPmNT 

Calcination Studies 

One run was completed during t h e  repor t  period i n  t h e  A-Cell spray ca lc iner ;  
a run i n  which “cold” f i s s i o n  product stand-ins were added t o  Purex waste 
t o  simulate t h e  chemical complexion of a 10,000 MWD/T waste, such as would 
r e s u l t  from high-burnup power reac tor  f u e l s ,  The feed, which was a f i n e  
slurry, was pumped and spray calcined without d i f f i c u l t y ,  Fission product 
behavior was somewhat b e t t e r  than normally observed with ac id i c  waste i n  
t h a t  only 6 percent of t h e  rad ioac t ive  ruthenium was v o l a t i l i z e d ,  Glass 
w i l l  be made from t h e  calcined powder t o  t e s t  glass behavior under high 
i n t e r n a l  r ad ia t ion  conditions, 
Hanford Purex p lan t  waste, gross beta-gamma l e v e l  is about t he  same as for  
ag;ed power reac tor  f u e l s  ) 

(Because of‘ t h e  shor t  cooling t i m e  of t h e  

Cold Semiworks Spray Calciner 

The experimental development program on t h e  18-inch diameter ca l c ine r  
continued emplo3ing a 1 6 - i n ~ h  diameter by 8,5-foot long d r a f t  tube and 
using a simulated Redox feed with borax and silica addi t ives ,  

Operations wi th  a 550 C w a l l  temperature r e su l t ed  i n  i n t e r n a l  deposi ts  i n  
the  ca lc iner  (probably because of the  presence of low melting point NaN03), 
A l a t e r  run with sugar added t o  t h e  feed t o  destroy t h e  NaN03 reduced t h e  
deposi ts  even w i t h  a furnace temperature of 800 C ,  

Calcine Melter 

Five very successful melt runs were made i n  the  cont inwus melter using a 
modified powder feeding sec t ion  and bellows discharge valve, 
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Thirty-five pounds of' g lass  were co l lec ted  i n  a 10-inch length of 8-inch 
diameter pipe during a melter operating time of 8 4 2  hours, 
was discharged from t h e  melter i n  batches forming 1 t o  14/2 inch l aye r s  
i n  t h e  pot ,  The pot of glass was not annealed and t h e  surface was 
covered with cracks, 
beneath t h e  top  l aye r  of glass, 

The g lass  

Radiographs of t h e  pot showed r e l a t i v e l y  few cracks 

Spectrographic and w e t  chemical analyses of two e a r l i e r  samples of t h e  
lithium-phosphate ORNL-type "glass" were received, 
of melt which had been formed i n  t h e  melter during e a r l y  runs before 
corrosion of t he  pot w a l l  was noted, 
melting sol ids  which formed a c r u s t  on the  melter w a l l ,  S igni f icant  
composition differences were noted i n  s u l f a t e ,  phosphate, and nickel  
content ,  Nickel content i n  t h e  non-melting c r u s t  was q u a l i t a t i v e l y  l i s t e d  
as s t rong  while t h a t  i n  t h e  regular  melt was moderate tos t rong .  The 
s u l f a t e  content of the c r u s t  was 3,2 weight percent while t h a t  of t h e  
regular melt was 16 percent ,  I n  t h e  c r u s t ,  t he  phosphate composition 
was 16  weight percent but was 42 percent i n  t h e  regular mel t ,  P a r t i c l e s  
of fused metal r i c h  i n  n icke l  content could be seen i n  t h e  c rus t  sample, 
The c rus t  sample had been subJected t o  temperatures near 900 C f o r  
possibly as long as 75 hours, whi le  t h c  regular  melt sample had been 
molten f o r  a period of  only severa l  minutes, 

One sample consisted 

The other  sample was r e s idua l  non- 

Materials of Construction f o r  Waste Calciner Melt Pots 

Crucibles fabr ica ted  from 310 and 304L s t a i n l e s s  s t e e l s  have been exposed 
t o  spray-calcined Purex-type waste containing phosphate and l i th ium 
addi t ive  a t  temperatures of 750 and 900 C for  about 68 hours, Based on 
these  s ing le  exposures both mater ia l s  appear more s u i t a b l e  f o r  se rv ice  
i n  t h i s  environment than Inconel 600, 

Continuous Glass Makinp, 

Laboratory s tudies  of  e f f e c t s  of composition ( p a r t i c u l a r l y  f i s s i o n  product 
conten t )  on g l a s s  proportions and preparations f o r  t h e  hot c e l l  g l a s s  
experiment continued, 

The month% laboratory s tud ie s  fu r the r  emphasized t h e  l a r g e  chemical e f f e c t  
of f i s s i o n  products, a t  l eve l s  expected i n  power f u e l s ,  on t h e  formation 
and proper t ies  of glasses  proposed f o r  waste f i x a t i o n ,  I n  one s e r i e s  of 
experiments, varying t h e  r a t i o  of' f i s s i o n  products t o  process chemical 
oxides i n  a phosphate g lass  system had a pronounced e f f e c t  on d r i p  tempera- 
t u r e ,  appearance and chemical r e s i s t ance ,  A s i n t e r  was obtained w i t h  > 80% 
FP oxides, glasses  i n  t h e  range of 40-70 percent FP oxides, and micro- 
c r y s t a l l i n e  s o l i d s  below 40 percent ,  
f i s s i o n  product oxides w a s  spectacularly r e s i s t a n t  t o  a t t ack  by n i t r i c  
ac id ,  overnight exposure t o  12  M ac id  f a i l i n g  even t o  d u l l  t h e  surface gloss, 

The g la s s  containing 60 percent 

ou 



The 10 and 20 percent samples, on the o ther  hand, were r ead i ly  decomposed 
by ac id  t reatment ,  In  another set of experiments, changing the  simulated 
burnup from 16,500 t o  22,000 MWD/T a l t e r e d  t h e  behavior from t h a t  of a 
sharp melting, compound-like material t o  a g l a s s ,  These s tudies  a re  
continuing and w i l l  be extended t o  include f u l l y  rad ioac t ive  systems, 
Further d e t a i l s  a r e  given i n  t h e  "Waste Fixation Quarterly f o r  October- 
December, 1963, " HW-80526 

Shipment of the  Brookhaven equipment f o r  the  hot c e l l  g l a s s  experiment is 
curren t ly  expected p r io r  t o  February 1, In t h e  meantime, f ami l i a r i za t ion  
experiments with a "cold" Laboratory apparatus have continued, including 
t e s t i n g  of severa l  a l t e r n a t e  componentso A coi led  tube evaporator was 
designed, i n s t a l l e d  and found t o  work well i n  i n i t i a l  tests,  I t  was se l f -  
draining and showed no tendency t o  plug, The new platinum inclined-pot 
melter was received and i n s t a l l e d ,  but showed only l imi ted  success i n  i t s  
f i r s t  trial, The fa l l ing- f i lm evaporator was found t o  be unsuited fo r  
use with t h e  new melter (due t o  seeing t o o  much rad ian t  heat  from the  
furnace) but i s  probably not necessary w i t h  t h e  co i led  tube evaporatora 
w i l l  be replaced with a water cooled nozzle as a melter feed device, 

It 

I n t  ermediatc-Level Waste Studies  

A p a r t i a l  so lu t ion  t o  so l id s  problems involved i n  the  treatment of ern 
alkal ine Purex waste condensate was obtained by d ive r t ing  r a w  water from 
t h e  condensate receiver t ank ,  This  raw water cons t i tu ted  about 25 percent 
of t h e  t o t a l  volume of t h e  condensate stream and was temporarily in t ro-  
duced a t  the  Burex p lan t  as a r e s u l t  of changes made during construction 
of  a new waste tank farm, Hardness i n  t h i s  volume of raw water caused 
premature ion exchange breakthrough, p a r t i c u l a r l y  of' strontium, 

Sol ids  i n  the  condensate s t i l l  pose a problem, The s o l i d s  a r e  o r  anic 

bac te r i a  per m l  w i t h i n  t h e  condensate rece iver  tank and process equipment,, 
Centrifugation of 13 l i t e r s  of  condensate yielded about 40 mg of air- 
dr ied s o l i d ,  Inorganic impurit ies were minimal. The mater ia l  exh ib i t s  no 
melting point  and shows no immediate s igns  of d i sso lu t ion  o r  gas evolution 
when contacted with concentrated n i t r i c ,  s u l f u r i c ,  hydrochloric and hydro-, 
f l u o r i c  ac id  but dissolves  r ead i ly  in concentrated n i t r i c  and s u l f u r i c  
acids  a t  elevated temperatures The material  was insoluble i n  numerous 
standard organic so lventso  Inf ra red  spec t ra  ind ica te  a carbonyl groupingo 
The i d e n t i f i c a t i o n  of t h e  s o l i d  i s  not being pursued f u r t h e r ,  

and may be l a rge ly  bac te r i a ,  Bacteria counts vary from l o 4  t o  1 0  8 

Hypochlorite was added t o  t h e  processing equipment and condensate t r a n s f e r  
basin i n  an attempt t o  a l l e v i a t e  t h e  b a c t e r i a l  problem, 
ment promising e f f e c t s  were observed; however, add i t iona l  treatments may be 
required t o  clean out t he  system completely, 

After one treat- 
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The e l ec t rod ia lys i s  un i t  was operated with ac id  condensate d i l u t e d  10:l but 
with n i t r i c  ac id  added t o  the  usual concentration of 0.02 N o  Acid removal 
on a continuous 7- +sis was maintained a t  7 5 d . O  percent a t  a-flow r a t e  of 
one l i t e r  per min-ke through t h e  d i l u t i n g  stream and 0 , l  l i t e r  per  minute 
through the  concentrating stream, About 35 percent of the  radioruthenium 
was removed under these conditions, On continuous recycling g rea t e r  than 
90 percent ruthenium removal was accomplished, 
t r e a t i n g  undiluted ac id  condensate and following e l eo t rod ia lys i s  wi th  ion 
exchange and charcoal adsorbents, 

Experiments a r e  i n  progress 

COLUMBIA R I V E R  SEDIMEXT STUDIES 

Columbia River Travel Times 

The introduction of about two cu r i e s  of 1-131 i n t o  t h e  Columbia River during 
a one-half hour period through a f u e l  element rupture  provided a measurable 
t r a c e r  f o r  t h i s  water so t h a t  t r a v e l  times and perhaps dispersion rate i n  
t h e  r i v e r  from t h e  reac tors  t o  Vancouver, Washington, can be measured, 
U S , ,  Geological Survey personnel es tab l i shed  sampling s t a t i o n s  at  bridges 
a t  Finley, Umatilla, Biggs Junction, The D ~ l l e s ,  Hood River and Vancouver,, 
Samples t a k e n  1 - 4 hours apar t  a re  co l lec ted  so t h e  a r r i v a l  times and 
d i s t r i b u t i o n  curves can be determined, The 1-131 i s  ex t rac ted  i n  approxi- 
mately 90 percent y i e l d  from t h e  3-gallon samples by th ree  CC14 ext rac t ions  
a f t e r  t h e  iodine i s  oxidized with n i t r i t e  ion i n  s u l f u r i c  ac id ,  The 1-131 
is back extracted,  p rec ip i t a t ed  as s i l v e r  iodide and counted 30 Q 60 
minutes i n  t h e  Compton-Cancelling Spectrometer, 

A recent sediment core sample from the McIJary reservoi r  was analyzed f o r  
sediment deposition r a t e  by t he  isotope r a t i o  technique and it was found 
t.hat i n  the  most recent six-month period t h e  deposition r a t e  was severa l  
times f a s t e r  than  the  normal measured rate for older  (deeper)  sec t ions ,  
Since no immediately apparent reason seems t o  e x i s t  for such an increase ,  
t h i s  observation may indica te  t h a t  s i g n i f i c a n t  scouring a t  some l a t e r  
(high water) season removes pa r t  of t h e  surface sediment l aye r ,  thus 
providing a lower average annual sediment deposition r a t e ,  
data which  may provide information on t h i s  poss ib i l i t y  a r e  being analyzed, 

Some f u r t h e r  

C 
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BIOLOGY AND MEDICINE - 06 PROGRAM 

TERRESTRIAL ECOLOGY - EARTH SCIEJCES 

Hydrology and Geolom 

An 81-node, three-dimensional, res i s tance  network was assembled and t e s t e d .  
The network had equal-grid spacing and was used t o  check e r r o r s  associated 
with resistor tolerances and continuum simulation w i t h  d i s c r e t e  r e s i s t a n c e s .  
The combined p o t e n t i a l  e r r o r ,  i n  comparison with t h e  a n a l y t i c a l  so lu t ion  
r e s u l t s ,  averaged about 0,l percent; a maximum e r r o r  of 0,4 percent was 
noted, 
thus,  po ten t ia l  e r r o r  appears t o  be about one-tenth r e s i s t o r  e r r o r ,  
information supports data from e a r l i e r  s t u d i e s  i n  which two-dimensional 
networks were used, 

One-percent precis ion r e s i s t o r s  were used i n  network fabr ica t ion ;  
T h i s  

The well-packer was used t o  attempt measurement of in-place permeability 
i n  well  699-47-35., Zones above and below t h e  t e s t  sect ion were packed-off 
t o  attempt sea l ing  by pumping a bentonite s l u r r y  and a cement suspension 
i n t o  t h e  formation, It appears t h a t  t h e  ?acker did not operate properly 
during t h e  grouting operation and ensuing tes t  ( e i t h e r  t he  top  o r  bottom 
element fa i led  t o  seat against  t h e  casing)  due t o  t h e  worn condition of t h e  
packer valve mandril, 
invest igated ( a i r  operated) as a replacement f o r  t he  present u n i t  which i s  
heavy, cumbersome and must be removed f r o m t h e  well and reset f o r  each 
operation, 
method fo r  obtaining boundary permeability measuremert; 

The procurement of a llghtweight packer i s  being 

A new packer should permit thorough invest iqat ion of t h i s  

Experience w i t h  t h e  f i n i t e  difference numerical method fo r  solving t r a n s i e n t  
flow problems involving imbibition shows t h a t  i n s t a b i l i t i e s  arise f o r  
short  time i n t e r v a l s ,  These i n s t a b i l i t i e s  are possibly caused by a singular- 
i t y  a t  t = 0, The Boltzmann transformation overcomes t h i s  s i n g u l a r i t y ,  
Phi l ips '  numerical procedure f o r  one-dimensional problems i s  being programmed 
f o r  t h e  7090 computer. T h i s  method, based on Boltzmannbs transformation, 
w i l l  be used t o  evaluate t h e  e f f e c t  of f i t t i n g  s o i l s  data w i t h  equations 
f o r  the  calculat ion of t r a n s i e n t  flow problems The method may have value 
i n  obtaininG an i n i t i a l  moisture d i s t r i b u t i o n  from which t o  s tar t  t h e  
f i n i t e  difference calculat ions i n  two- and three-dimensions. 

RADTOLOGICAL NJD HEALTH CHEMISTRY 

S e n s i t i v i t i e s  obtainable by X-ray s c i n t i l l a t i o n  counting are l imited by 
background rad ia t ion  problems, Anti-coincidence shielding by means of a 
l a rge  sodium iodide w e l l  c r y s t a l  was found t o  be e f fec t ive  i n  reducing the  
background by a factor of 3 0 5  i n  the  13-65 kev region and a f a c t o r  of 2,5 
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i n  t he  13-26 kev region, 
X-ray ,*unt ing region and t h i s  background reduction should result, i n  a 
s e n s i t l v l t y  improvement of a f a c t o r  of about 2,,5" 

The 16-26 kev region corresponds t o  the  Pu-239 

Fluorescence Analvsis 

Spectrofluorometer s tud ie s  of uranium i n  aqueous so lu t ion  showed t h a t  
as l i t t l e  as 2 x 10-9 grams could be detected by t h i s  means, T h i s  is 
within a f ac to r  of 10  of t h e  s e n s i t i v i t y  of t h e  standard calcium f luo r ide  
ac t iva to r  process, It seems l i k e l y  t h a t  t h e  aqueous method s e n s i t i v i t y  
could be increased, making t h i s  a simple, more useful ,  technique than t h e  
standard process, Quartz and n i t r a t e  ion are i n t e r f e r i n g  materials which 
must be eliminated t o  obtain good s e n s i t i v i t y ,  The uranium emission i s  
l i n e a r  wi th  concentration at least over t he  studied range of 1 x 10-6 t o  
2 x 10-9 grams, 

Radiation-Induced - H e m o l y l d  Cel l s  

The Coulter Counter - 256 Channel Analyzer assembly was moved t o  t h e  325 
Building and is now i n  operat ion,  
mulberry pollen (approximately 12 p} and ragweed pollen (approximately 
2 L  u )  is curren t ly  being ca r r i ed  out ,  and it appears t h a t  volume changes 
of 50 p3 a re  de tec tab le ,  T h i s  i s  about ha l f  t h e  volume of t h e  normal. 
e ry thrccyte  i n  i t s  biconcave form, and about one-fifth the  volume of a 
"sphered" erythrocyte , Considerable changes i n  t h e  volumes of t he  c e l l s  
were observed as a function of time a f t e r  i r r a d i a t i o n ,  Volumes of t h e  
modal species  i n  t h e  c e l l  d i s t r ibu t ions  d i f f e red  by 200 p 3  although t h i s  
e f f e c t  i s  Jus t  beginning t o  be explored, Hemolysis curves, using micso- 
spectrophotometry of t h e  re leased  hemoglobin as t h e  de tec t ion  method, 
showed t h a t  o ld  (904.00 day) erythrocytes were more suscept ib le  t o  
radiation-induced hemolysis than a population of normal 0-120 day o l d )  
ones, Of' course, i n  t he  present treatment procedure, t h e  c e l l s  have not 
aged i n  t h e i r  normal environment and so t h i s  observation must be amplified 
by fu tu re  ones i n  order t o  make any usefu l  statements, 

Calibration of t h e  assembly with 

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Aerosol SamplinR Study 

Subisokinetic sampling e r ro r s  as a function of p a r t i c l e  s i z e  were measured 
at  an  a i r  flow r a t e  corresponding t o  9 miles per hour,, 
p a r t i c l e s  and a sampling r a t e  4 percent of" i sok ine t i c ,  I: sampling e r r o r  
i n  concentration of +50 percent i s  indicated,  
increases t o  20 microns, t h e  grea te r  i n e r t i a  r e s u l t s  i n  much g rea t e r  
co l l ec t ion  than t h a t  which would be estimated from sampling flow rate alone, 
An a i r  concentration 5 " 5  times higher than t h a t  Judged by t h e  i sok ine t i c  
sample i s  obtained, 

For 5 micron 

As t h e  p a r t i c l e  s i z e  
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The apparently anomalous higher e r r o r s  at sampling flow r a t e s  1 / 2 5  iso- 
k ine t i c  than a t  1/4 i sok ine t i c  are t en ta t ive ly  ascribed t o  e f f e c t s  due t o  
a region at t h e  very center  of t h e  t e s t  f i l t e r s  through which v i r t u a l l y  
no flow occ?;lrs, This  no-flow region r e s u l t s  from t h e  inherent design of 
t he  f i l t e r  support, 
obtained t o  date, 
flow rates i s  a ser ious problem i n  i tself  s ince  a nozzle en t ry  t o  t h e  
sample f i l t e r  must be used, 
t o r t i o n  may be cont r ibu t inc  t o  the unusual e f f e c t  noted and w i l l  be 
fu r the r  s tudied,  

This hypothesis w i l l  be tes ted using a l l  data 
Obtaining a v a l i d  i sokine t ic  sample a t  these higher 

Possible entry losses and flow pa t te rn  dis- 

Iodine Studies  

The removal of methyl iodide ( a  form i n  which radioiodine i s  found i n  
i r r ad ia t ed  f u e l s )  from an a i r  stream by several  l i q u i d  scrubbing solut ions 
was s tudied;  Methyl iodide labe led  with 1-131 was prepared by the 
react ion of dimethyl s u l f a t e  and an aqueous solut ion of sodium iodide,  
The usual e f f i c i e n t  scrubbers f o r  elemental iodine such as caus t ic  and 
sodium th iosu l f a t e  were confirmed t o  be very i n e f f i c i e n t  f o r  t h e  organic 
compound of S.odine, 
e thy l  a lcohol  proved t o  be highly e f f i c i en t  f o r  removing methyl iodide.  
Pyridine showed an 85 percent e f f ic iency ,  

A small quant i ty  of s i l v e r  n i t r a t e  i n  35 percent 

ISOTOPES DEVELOPXEX?T - 08 PROGRAM 

Acid-Side Promethium Pur i f ica t ion  Process 

S i x  column runs were made during t h e  month t o  explore t h e  e f f e c t  of various 
var iables  on t h e  acid-side, HEDTA, promethium pur i f i ca t ion  process, which 
continues t o  look very promising- HEDTA concentration, pH, flow r a t e ,  
and e lu t ion  distance were var ied,  Excellent seFarations werc obtained i n  
most cases ,  although fur ther  work will be required t o  optimize t h e  f lowsheet,  

Source Forms and Encansulation Studies  

Preparative work continued on a v a r i e t y  of compounds and synthesis  methods 
which are of i n t e r e s t  as i so topic  heat source materials, Included were 
t h e  successful  preparation of strontium f luoride,  neodymium borate,  samarium 
borate ,  cerium borate,  strontium t i t a n a t e ,  and neodymium metal (stand-in f o r  
promethium metal) 
cesium borate ,  cesium s u l f a t e  and a quant i ty  of c e r i m ( I I 1 )  oxide su i t ab le  
f o r  Dynapak compaction. 

Attempts were also made t o  prepare s toichiometr ic  

Seven hundred grams of' strontium f luor ide  w i * i :  prepared by t r e a t i n g  SrC03 
w i t h  aqueous IiF followed by air drying and hea t ing  t o  1200 C t o  remove 
res idua l  moisture and IIF. The product, which X-ray d i f f r a c t i o n  showed t o  



be pure SrF2 ( <  1 percent SrO), was loaded i n t o  a Dynapak can and welded 
shut  without incident ,  
e a r l i e r  batch of SrF2, which apparently still cont.ained appreciable I:I' '. 

The can had not been compacted a t  month% end, 

.(Great d i f f i c u l t y  was experienced i n  welding an 

lleodymium, samarium and cerium borate were prepared by heating t h e  respect ive 
oxides t o  1000 C with H BO3. The products apparently have melting points 

t-hey are probably amenable t o  compaction e i t h e r  by pressing and s i n t e r i n g  
or  by Dynapak compaction, 
cesium borate,  which would contain 87 weight 2ercent cesium, were not su i zes s -  
f u l  (melts containing 50-60 percent cesium were g r q a r e d  last month) 

II > lSOb C and could not  2 e c a s t ;  however, pressing experiments suggest t h a t  

I n i t i a l  at tempts t o  prepare stoic?i.:z.ctric 

Several attempts were made t o  prepare cesium s u l f a t e  fo r  trial Dynapak 
compaction, 
decomposed t o  t h e  pyrosulfate (Cs,S207) r a t h e r  than to t h e  s u l f a t e  when 
heated, Although the pyrosulfate decomposes t o  give the  s u l f a t e  a t  
temperatures of 800-gOO C, it melts a t  about 400 C and remains l i q u i d  t o  
t h e  decomposition temperature, An attemy>t w i l i  be made, as soon as other  
work permits, t o  prepare Cs$3Ob from t h e  n i t r a t e  o r  chloride by anion 
exchange, 
CSCL 1 

All. attempts f a i l e d  because of the formation of' CsIIS04, which 

The power densi ty  from Cs2S0b should be about equal t o  t h a t  from 

Effor ts  t o  prepare a l a rge  quantity of cerous oxide by the  method reported 
las t  month [ r eac t ing  Ce02 wi th  graphite a t  1000 C) gave a product analyzing 
C e O l :  75 f as d i d  hydmgen reduction a t  1000 C, 
higher temperature i s  required t o  carry out  t he  reduction, 

It is hypothesized that  a 

A n  apparently successful attempt was made t o  prepare di-strantiurn t i t a n a t e  
!Sr2Ti04) f o r  t r i a l  Dynapak compaction, 
wi th  one mole of T i O Z p  f i l t e r e d ,  d r i ed ,  and ign i ted  f o r  16  hours a t  1800 C, 
The product was f r e e  of carbonate (no reaction with H N O  and X-ray 3 .  d i f f r a c t i o n  showed only minor t r aces  of SrTiC,  and Sr7Ti0 , 

h a s  been loaded i n t o  a can and w i l l  be c;ornpac&d as s6on 2s t h e  Dynapak 
machine is ava i l ab le ,  

Two moles of SrC03 were s l u r r i e d  

The mater ia l  

In Walling: cf 

Acting Manager 
Chemical Laboratory 
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Nc s igni f icant  changes occurred 

5, TECPKLCAL ACTIVITIES  

FISSIOILABLE I\fATTRIAZS - 52 F3GGT;APl 

Columnaris 

The rainbow t r o u t  which have been held i n  water heated 4 F above 
r iver  temperatures during t h e  pas t  summer were raised gradually from 
a temperature i n  t h e  low f i f t i e s  t o  a temperature o f  64 F t o  detemine 
whether c o l m a r i s  organisms would increase w i t h i n  the trough a t  this 
time of year, Numbers of  organisms did incr-se, as demonstrated by 
sampling over 20 columnaris organisms/ml of water flowing out of the 
troughs, 
trcughs, presumably because the fish aye resistant t o  t h e  organism, 
Temporature w i l l  be maintained at 6L F i n  t h e  trough and t h e  course 
of columnaris followed thrcugh t h s  winter monthsa 

There was no apparent increase i n  mor ta l i ty  within t h e  

A large number of white f i s h  and smaller numbers of scrap fish were 
obtained frcm the Priest EZapids ar9a and sampled for presence sf" 
columnaris, 
g i l l s ,  
fish - a carp - had body l e s ions  and these were heavily infected with 
columnaris organisms. 

Over 8% of t h e  f i s h  sampled contained columnaris on t h e  
Although t h e  r i v e r  temperatures a t  this time were 42 F, one 

BIOLffiY AND MEDICINE - 06 PROGRAM 

METABOLISK, TOXICITY, Am 'I'F1A'EFER C)F W.DIC)ACTIVE MAT?.RIA.LS 

Zinc - 
"Bcperiment t o  def ine radiation damage i n  rainbaw t r w t  from chronic 
ingest ion of zn6s was started on January 22,  3&. 
groups with 50 fish each are beirig fed 0, O d l l ,  0,1, and i , O p c  Zn65/g 
fish Monday through Friday, 
a t  s ta r t  of t es t ,  

i70ur treatment 

On the  average the f i s h  weighed 98 g 

Trout f e d  s i n g l e  dose of 2 Q O f i c  zn65 and k i l l e d  at 211  days post- 
administration have on t h e  average a body burden of 6 A  pco 
tract continues t o  show a r e l a t i v e l y  h i g h  concentration and j 0 6  )uc 
cr 54% of body burden is found in the GI t rack,  

The GI 
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Strontium 

A group of over 50 cravfish each g i v m  1 f l c  Sr3G-Y90/week f x b  sev-ral 
weeks showed h igh  accumulation in t he rap id ly  growirig g a s t r a l i t h  dtirirlg 
t he  pre-molt ps r iod ,  It. is penerally kd ieve3  Li t t ie  or 20 fixati.cn 
of calcium i n  t h e  exoskeletcn occurs d u r i n g  t h e  pre&-mc:.t p?rj.ad, bat, 
t h e  d e p o s i t i o n  cf ~ r 9 0  in tvle exaskelet9;; Gtscrved i2efore mc'it sugyests 
s i g n i f i c a n t  exchange of calcium 6nA 3trcr;iiurn daes o c c w  b~t ,ww; the 
exoskeleton arLd other tissues &iring t h i s  p?r icd ,  

http://fixati.cn
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obese condition, 
l ean  body mass ( ac t ive  body t i s s u e ) ,  then t h e  dose per kg of t h e  lean 
body mass would have been grea te r  i n  t h e  o lde r  animals than i n  t h e  ycung 
animals, 
age per se but a dose e f f e c t  relationship.  

If the  i n j e c t i o n  dose were re la ted  t o  t h e  an imal i s  

If t h i s  is the  case, th3.n t h s  age difference i s  not due t o  

Neptunium 

Neptunium-237 t o x i c i t y  i n  sheep: two groups of  th ree  sheep, including 
rams, wethers and ewes, were given 3 mgjkg Pip237N0. in Na c i t ra te  solut ion 
a t  pH 4-4 intravenously, Liver funct ion tests using 113I-labeled rose 
bengal were erformed a t  two-dav i n t e r v a l s ,  All animals d i e d  2-5 days 

changes i n  t h e  l iver  and kidneys, serof ibr inous exudates i n  the  p l e u r a l  
and peri toneal  cav i t i e s ,  and m i l d  t o  severe i c t e r u s ,  
f indings included subcutaneous, subendocardial and i n t e s t i n a l  hemorrhages, 
and ale s k e l e t a l  muscles, Bot'n groups were given f resh ly  prepared 
Np23y solution, while an earlier group which had shown 100% survival  was 
given t h e  same amount of Np237 i n  a so lu t ion  t h a t  was prepared 3-4 h w r s  
before in j ec t ion ,  
fcrm cf the  Np237 following preparation, 
examinations of  sample lJp237 solut ions are planned t o  determine valence 
changes of t h e  Np237 with timeo ) 

3 

following Np 5 37 administration, A l l  sheep shmed gross degenerative 

Less c m s i s t e n t  

This may indica te  a rapid change i n  t h e  chemical 
( d e r i a l  spectrophotometric 

Plutonium 

I n t e s t i n a l  p2rfusion studies ind ica te  t h a t  F'u238 excreted i n  t h e  b i l e  is 
influenced by DTPA therapy i n  t h e  same manner ips PU239, 
employing t h s  measurement of t h e  b i l i a r y  excret icn of plutonium 
following perfusion of various segments of t h e  i n t e s t i n e  with DTPA 
and TTHA may be used t o  determine the s i t e  of  absorption of  these 
compounds 

Techniques 

Studies involving biliary cannulation i n  animals receiving Pu239 
followed by DTPA treatmen% showed that normal l i v e r  funct ion as 
evidenced by optimum b i l e  f l o w  i s  necessary t o  determine the p a r t i t i o n  
of Pu betweer, f eces  and b i l e ,  A 4 p p ~ ~ x h a t e l y  69% of t h e  P ~ 2 3 9  excreted 
into t h e  gastrointestinal tract comes by way of the  b i l e  before DTPA 
treatment and 76% a f t e r  TITPA. h d e r  the same conaitions urinary 
excretion of Pu increases XI%, 

Inhalat ion Studies  

One dog died fou r  ysars a € t e r  a single i rkha la t ion  exposure t o  pu 239 02. 
The lung burden a t  death was 0,s )uc, 
lungs and bronchial  iynph !iodes, 
tissues was t h e  cause of deat,h, Nacpiasia was not observed, Nine 
male beagle dogs were exposed T;Q aaroso'is cjf b l O 6 0 ~  p a r t i c l e s  that 
were calcined at >biO e ,  

3mss I-esions w-;re confined to 
The severe fiLbrosis or' the pulmonary 

IJ NCLASS IF I E D  



Two sawlet3 of h23902 dus t  were received from t h e  B r i t i s h  Atomic Energy 
Authority, Aldermaston, England, for use i n  animal inha la t ion  s tudies .  
sample was prepared by oxidation of the d e l t a  metal a t  120 C, and the  other a t  
450 c, The dus ts  are products of aerosol s tudies  i n  which they were c a r e f u l l y  
s ized and characteriaed, 
(axidized at 1 2 0  C )  with more s t a b l e  dusts, including h O 2  calcined locally a t  
800 C w i l l  be done i n  dogs, 

One 

Inha la t ion  studies ccmparing the  f r i a b l e  dust  

Nine male dogs were exposed t o  calcined Ru02 aerosols. 
given 30 I.’C R d o 6  and the  o t h e r  three, s t a b l e  Ru. \ h o l e  body-retention, 
excret ion,  t i s s u e  d is t r ibu t ion ,  and biologic e f f e c t s  will be examined t o  
compare with early mouse data .  

S i x  of t he  dogs wem 

The 132 d.og colony was increased by 22 puppies. In  order t o  have dogs f o r  
experiments beginning i n  t h e  spr ing  of 1965, a goal of 50 addi t iona l  pups 
has beqn set f o r  July 1, 19& 
of an  add i t iona l  60 dog runs, temporary measures t o  house the dogs w i l l  be 
taken. This includes dividing 24 existing runs and erec t ing  20  temporary 
runs with galvanized fence panela on t h e  concrete area behind l&F building. 
Fa i lure  t o  do t h i s  means no dogs for experiments f o r  a t  least  a year a f t a r  
construction of t h e  new 60 run area  is completed. 
prcgram nmour  careers  can t o l e r a t e  t h a t  kind of  delay. 

Because o f  the holdup i n  s t a r t i n g  construction 

Weither t h e  research 

Secondary Disease 

Preliminary experiments t o  t es t  t o x i c i t y  and immune response suppression by 
anti-cancer agents such as  phenylalanine nitrogen mustard (melphalan) and 
methotrexate, as  well a s  epsilon-mino caproic ac id  ( E X A ) ,  a drug used t o  
diminish sk in  g r a f t  re jec t ions ,  showed that only  melphalan was e f f e c t i v e  i n  
lowering HA t i t e r a .  
hematocrit values, and, a t  highsr concentrations, a depression of IJBC values 
and lethal t o x i c i t y  wi th in  7-14 days. 
i n t e s t i n a l  damage similar t o  t h a t  produced by le tha l  amounts of rad ia t ion  wa8 
evident. 
chlorambucile, were comparable but HA t i ters  have c o t  been completed. 

-I 

1% also produced a body weight loss, a decrease i n  

A t  autopsy atrophied lymphoid t i s s u e  and 

The e f f e c t s  of two o th5r  nitrogen mustard compounds, b i su l fan  and 

B d j -  oprotective Agents 

The s tudy of t he  rad iopro tec t ive  e f f e c t  of d ie thyld i th ioch~bamate  ( D E )  was 
completed. 
i r r a d i a t i o n )  levels of DDC up t o  500 rr6g/kg showed no radioprotective e f f e c t  
when administered e i t h e r  20 minutes before o r  3 minutes a f t e r  X-irradiation, 
i n  fact ,  a s,ynergistic effect may be indicated.  

Under the  test  conditions (750 r and 1000 r whole-body X- 

Gas t ro in t e s t ina l  Radiation In3ur.e 

Mating of  rats surviving a neutron exposure was continued f o r  t h r e e  consecutive 
periods, 
150 rads showed recovery of reproductive capacity. 
In con t ro l  male x i r r a d i a t e d  female matings, fecundity decreased from 9/30 
t o  6/26 t o  2/27 compared t o  con t ro l  x cont ro l  values of IO/& 13/15, and 
13/16 i n  t he  t?isee matings. 

I n  i r r a d i a t e d  male x cont ro l  female matings, 2/10 males exposed t o  
Litter s i z e s  were normal, 

L i t t e r  sizes were a l s o  decreased. 
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Plant  Idutrition 

As a consequ9nce of r a t e  s tud ie s  of t h e  uptake of i o d i d e  by plants ,  it is 
possible t o  describe uptake by t he  equation CT K cs - t where CT 1s t h e  
t i s s u e  concentration in t e rcep t  ccnstant, Tke  ccmtant  I( (m slope') 
does appear t o  change slightly m t h  tbie ,  but c?vm s'ticrt in te rva ls  th.: 
value approximates 0.8 for tne ten h o w s  aver which the  study was carr ied,  
The ef f ic iency  of abscrpti.cn ( C T . k s )  - changes with bclth time and c o w e n t r a t i o n ,  
The e f f i c i ency  is maximum a t  0, i  and LOpM ICI l eve ls ,  
concentrations f o r  the time s tudied ,  t h e  absorption rat.e was uncharigea 
as t h e  concentration increased OF decreased t h e  abuorptim r a t e  f e l l ,  
The presence of these relationships swgests t k t  there are l i m i t i n g  
sites on the membrane which provide a rate l i m i t i n g  process, A t  l o w  
concentrations (0.01 pMj the solclticn is so dilute that t h e  absorption 
i s  dependent on aqueous d i f fus ion .  A t  h ighe r  co.ricen-i;raS,ions t h e  t r ans fe r  
mechanism a t  the membrane or w i t h i n  t he  root  becomes ra te  l imit ing.  

A t  these 

I n  a separa te  experiment i n  which  plants were p r e - t r e a t e d  wi th  iod ide  f o r  
varying periods o f  time it appears  t h a t  t h e  content of iodide within 
t h e  o l an t  does not a f f e c t  t h e  absorpt lor ,  rate i n t o  the  p l an t ,  
iodide is relatively constant dur ing  light and dark periods, whereas 
water absorption is highly light t3cpenden-t 

1Jptake of  

To obtain more information on mechanism l n v c l h d  i n  tthe uptake..by p l a n t s  
o f  iodide gas, coleus leaves were exposed cn one surface t o  I$ji 
and t h e  air on t h e  oppos i te  surface cf  t h e  leaf'  was recovered and tested 
f o r  the presence of I13lO 
lower surfaces  adjacent, t c  t h e  lower surface of t h e  leaf a n d  t h e  first, 
approximation of t h e  p s n e a b i l i t y  cons tan t  of the i n t a c t  eel-eus leaf  t o  
1131 tyas is in the o r d e r  o f  magnitude 0,: cm /tire 
openings on t h e  u p p r  leaf surface so tha t  passage of I1ji. acrcss the 
l ea f  wcuid app2ar t o  be  d u e  t o  passdge tl'rr:ugh t.he waxy o u t e r  cuticle 
of t h e  upper surfaceo 
been assumed t h a t  p e n e t r a t i m  of I L - ' ~  i n t o  k w e s  was de9erndent. on passage 
through t h e  stomatal c p n i n g s ,  Viile t h e  plresent ir!f srrvlation is 
+.entative, i t  diies raise cioubts r e g w d i n g  ?.\-E in te rpre ta t ion  u p s a k e  of I a 
by p l a n t s ,  

Iociins-13; was detected in t h e  air- on t h e  

Coleus has nc stomata2 

I n  r e p a r t s  f $ m  :AFL;6r l akmi to r i e s  it has previous ly  

'I 3;  

The loss of 
desorption cf 113- from thc3 leaf ,  
factors  associated with this dsscrpSiori, p lan ts  have beer; exposed t c j  TATi 

2 and t h m  h e l d  i n  the laboratory a t  diff'erent. temperatures w?KLe t h e  amouct 
of 1131 l o s t  t c  t h e  atmosphere was meammd. 
t h e  loss  of 1131 from vegetation, bu t  tkfs acsderated rernoval p e m i s t s  
only during t h e  first 24 hours ,  
s o i l  area of the  plant 1s as y e t  snce r t a in , ?  aria T'i.i~.t;her tests will be 
r equ i r ed  t o  d e t e r m i n e  whether this Was a bmrs loca t i  3ri w i t  r i m  Lhe plant 
or a problem of external transfer 5f 1131 fycIn t h e  l eaves  to t h e  soil 
area 

from p l a n t s  w&s shown in f i e l d  tw ins  to l:xcur hy a 
TO define more ca.ref-il'llx wme rJf ths 

Higher teiiips-atures accelerate 

An obs:"r-:wc transfer of' the I1ji t o  t h e  

http://abscrpti.cn


Columbia River Ecolorrv 

D-6 

I n  plankton samples, average concentrations of Zn6S and CrS1/g d r y  organic 
matter increased i n  December, while P32 concentrations were unchanged. 
Values f o r  December were 4e.0 nc, 2500 nc, and 89 nc, per  g f o r  the  respec t ive  
i sc tcpes ,  
of plankton p e r  day, 
this amcunted t o  agproximately Oob c Zn6g, 0.Q7 c Pj2,  and L 3  c cr5’ per dayo 

Daily t r anspor t  i n  idovember arnmnted t o  about 40 tons d r y  weight 
In terns of  a c t i v i t y  transported by t h e  planktcn, 

In periphyton samples, t ?e amcunt of chlorophyll observed i n  e a r l y  Decennber 
was approximately 1/5 t h a t  of  t he  November average, 
t h e  weight of’ dry organic matter per u n i t  subs t r a t e  area incr2ased by 
approximately 67% during December. Concentrations o f  Zn65, C r S l 9  and P3*/g 
of d r y  organic matter i n  December d i f fe red  l i t t l e  from t h e  iqovember averages, 
being 250, 1230, and 140 nc/g dry  organic mattey, respec t ive ly ,  1% appears 
t h a t  a l l  measurements f o r  periphyton a r e  a t  t h e i r  minimum p a r l y  values a t  t h i s  
time , 

Tota l  dry weight and 

Terrestrial Ecology 

Populations of a d u l t  darkling bee t l e s  were measured i n  sagebrush and greasewood 
ccrn7unities during t h e  l a s t  year, 
?3setles i n  September and November there  were minimal populations o f  6-7 
bee t les  p e r  square meter in bo th  ;).abitats. 
data a r e  being developed t o  determine the  extent of mineral t r a n s f e r  thrcugh 
insect port ions of t h e  communities, 

During t h e  period of mass emergence of 

1,lineral a n a l p e s  and biomass 

Vegetational co l lec t ions  a r e  continuing i n  the  Blue Nountain and Cascade 
a reaso  Sarnples o f  t h ree  e l k  and two deer were obtained i n  t h e  Cascades through 
scoFeration of t h e  Washingtcn S t a t e  Department of  Game, 
samples are being obtained a t  t h e  s i tes  adjacent t o  fallout co l l ec to r s  in these  
areaso 

Snow and water 

Chromosome Studies  

F e r i 7 h w a l  leukocvtes of m i n i a t u r e  swine were successf i d l y  cultured i n  
ir, v i t . ro  svstems and y i e l d e d  adequate numb?rs cf c e l l s  t h a t  are su i t ab le  
f c r  de ta i led  micromorpiioloqicai s t u d y  of  t h e  chromosomeso 
prcgress t o  d e ~ x r m i n ~  i f  t h i s  t e s t  svstem may provide a s e n s i t i v e  means of 
cjetecting damage i n  animals w i t h  body burdens  o f  bone-seekirig radionuclides, 
Preliminary ana lys i s  o f  t h e  microphotographs o f  t he  chromosomes of t h e  
rmnia ture  p i g  ind ica te  a d i p l o i d  chrornosome number the  same as t h a t  of t he  
domestic pig (21V=38). 
tG ccrnplete cu l tur ing  and ana lys i s  of microphotographs of  chromosomes from 
r e w e s e n t a t i v e  i r r ad ia t ed  and  non-irradiated animals,) 

Studies a r e  i n  

(It i s  an t ic ipa ted  t h a t  seveyal months w i l l  be required 
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Biotelemetry 

D-7 Hb1-80560 

A body tenperature telemetering s.ystm developed by Nucleonic Instrumentation 
was ca l ibra ted  and t e s t ed  i n  sheep. 
acceptable c l i n i c a l  standards,  
t o  permit continuous monitoring and print-out of r e su l t s .  

Accuracy of t h e  system is within 
Refinements are being made i n  t h e  system 

k f*nageP 
BIOLOGY IABORATO Y 

I@ Kornberg : 88 
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TECHPJICAL II\!TYRCFTAI!GE DATA - B I 3LOGY LA R3FAT DRY- 

I. Speeches Presented 

a, Papers Presented a t  Society Yeetings and Symposia 

Sullivan, 14. F. X l e  sa l t  influence i n  i n t e s t i n a l  r a d i a t i c n  in ju ry ,  
Sjymposium on I n t e s t i n a l  Function, 
January 15-18, 1964. 

San Juan, h e r t o  Rico, 

IJWgate, F, P. Life i n  Greece, Hsdlth Physics Society, Richland, 
iiashingtcn, Jmuary  31, 1964. 

C. 

d.  

Seminara (Off-site and Local) 

Park, J, F. Biclogical  effscts of inhaled radioact ive p a r t i c l e s ,  
U S ,  Naval Research Unit, Tdas"lgton S t a t e  Ih ive r s i ty ,  Pullman, 'dash 
January 6, 1964. 

Seminars ( B i  clogy) 

Park, J. F. Chronic t o x i c i t y  of inhaled pu i n  dogs, Janualy 8, 196h0 

Liu, DeH,'d. Toxicity of i n d u s t r i a l  chemicals t o  f i s h ,  

Eastl ick,  H, L, , Department of zoology, Washington S t a t e  University, 

January 15, 196 

Pullmin, blashington ( %change Seminar Prcgram) . 
induction of neoplasms i n  chickens 

Methyl cholanthrene 
January 17, 1964. 

Vilson, Do 0, Deposition of 1131 on p l a n t s  and s o i l  under simulated 
f a l l o u t  condit'.ons. January 22, 1964, 

Sallcu,  ,J. Eo 

Zscellanesus 

Plutcnium deposit ion i n  s c f t  t i s s u e s ,  January 29, 1964, 

Hanson, Ne C. .%dicecological st i idies of n c r t k r n  Alaska Richland 
Church o f  t!ie Nazerene - .  #,en ' s  Group, January 6, 1964. 

I1 Articles Published 

a. HVI Documents 

b e  Open Li te ra ture  

Thompscn, R e  c e  1963. Factors and conditions modifTring the  absorption 
and re ten t ion  of chronical ly  ingested radiostrontium. 
Transfer of Calcium and Stronti  urn Across & x l o g i c a l  b n G a n e s ,  
k a d e n i c  h s s ,  Inc., k w  York, p.  393-bo4. 

I n  

UI'JCLASS1T;'IKD 
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b Open Li te ra ture  (Continued) 
1963 0 

merhard t ,  L. Lo /Problems i n  ecological  sampling, racrthwest Science 3 7 :  
14ha4 e 

111, Visits and Visi tors  

a. Visits to Hanford 

Gordon H, &ians and class i n  advanced ecology from t h e  !Jniversity 
of  Washington, S e a t t l e ,  toured the Biology f a c t l i t i e s  

with b. F, P, Yungate and associateso 

on 
January 2-3 and discussed varicus aspects  of ecological work 

W. Eo McComick of t h e  BF Gcodrich Go,, Akron, Dhio, and president- 
e lec t  of the  AIHA discussed t h e  AIHA moncgraph with Dr. Bustad 
on January 2.  

B. A .  Butt, D. Q. Hathaway, and J ,  F. Howell of' t h e  Entomology Research 
Division, USU, Yakima, used t h e  250 KV X-ray machine on codling 
moths and consulted with Dr, Hungate, January 

KO L, Eastlick,  Zoology D e p a r t m n t ,  1;Jashington S t a t e  University, 
Pullman, presented a seminar and toured f a c i l i t i e s  with 3.?Io 1J;Veki. 
(January 17)  

equipment . ( Jam ary 27) 
X, Asa, Yest Coast S c i e n t i f i c  Cc., Qakland, Cal i fornia .  Demonst.rate 

Clinton Powell, rJIH, Bethesda, Kd. Tour with H. 14. Parker on Jano 280 

Drs. George Duvall and Smith fhrphy, Physics Department, ';JSlJ, Pullman, 
discuss  mutual research i n t e r e s t s  with Drs. Hungate and Bustad, 

(January 2 9 )  

b o  Visits Off-Site 

1/2-3 - B . q 0  Stuar t  discussed t h e  Yanfcrd S:mposium and radioact ive 
aerosol  generation a n d  sampling with Drs, Stannard, 
Casarett, and Morrow a t  the  ' Jnivers i ty  of Rochester, - J .  F. Park addressed t h e  Navy Research I Jn i t  a t  VSIJ9 Pullman, - C ,  so Cushing and We H, Rickayd t rave l led  t o  t h e  ibooten 

1/6 
1/6-7 

Game Tanqe near Davton f o r  f a l l o u t  sampling 
1/7-10 - D. G, Watson and Lo TJo 8berhardt col lected samples f o r  

fallout s t u d i e s  i n  Yakima and Packwood , 
1/9-28 - 
1/17 - LJ .  H, Rickard and L a  Le Eberhardt went t c  Packwood f o r  

1/24 - I, iiewcomb col lec ted  samples a t  t h e  Wooten Game Range, 
1/13 - V. F. Sul l ivan discussed f a c i l i t i e s  a t  Los Alamos S c i e n t i f i c  Lab, 
1/15-18 - !I. F, Sul l ivan p esented t a l k  a t  Symposium i n  San Juan, h e r t o  
1/20 - Rico, and v i s i t e d  Argonne National Lab on return.  

7 ,  c ,  Hanson was i n  Alaska on t h e  Tskimo colmting program, 

f a l l c u t  sampling 

1JNCLASS F E D  - 
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b, Visits Off-Site (continued) 

1/28-30 - 71, J ,  Bair and H. A ,  Kornberg attended t h e  Conf-rence on 
Radiochemical Toxicity Problems a t  t h e  Unive=ity of  
Chicago - ?I. P, fijihara and C ,  OlXalley collec-ed saqples a t  

Pr ies t  Rapids Dam. 
1/30 

I V e  Achievements 

None 

V, Honors and %cognitions 

None 

V I .  Prcfessional  Group o r  Organization %signments 

N one 

UNCLASS I F E D  , 
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APPLIED MATHEMATICS OPERATION 

MONTHLY REPORT = JANUARY, 1964 

ORG_ANIZATION AiiD PERSONNEL 

M r ,  H, Do Huber Joined t h e  group on January 2, 1964, as a s t a t i s t i c i a n ,  

OPERATIONS RESEARCH ACTIVITIES 

Development of a PERT type a n a 4 ~ i s  i n  support of the  Containment Systems 
Ekperiment was continued, As plans progress, time a d  do l l a r  estimates 
w i l l  became avai lable  and the  network can be cmple t ed ,  
PERT network should be ava i lab le  by the  first week of February, 

A first completed 

Work continues on t h e  development af  an e f f e c t i v e  information system 
associated with IPD maintenance prac t ices  
ness of ce r t a in  subsystems are being made as an experimental evaluation 
of broad app l i cab i l i t y  of t he  over-all system, 

Real-time tests of the  useful- 

I n  connection wi th  a proposed AEC proJect on t h e  economic-biological i n t e r -  
act ions consequent on nuclear war , meetings and consul ta t ions were he ld  
with AEC-TAB personnel and others  from NRDL and Rand, 

In  connection w i t h  current  AEC-GE e f f o r t s  at d ive r s i f i ca t ion  and community 
development for t he  Tri-Cities, work has begun t o  extend t h e  previous study 
and modeling o f  t he  Tri-City Area Economic S t ruc ture ,  

STATISTICAL AND MATHEMATICAL ACTIVITIES FOR OTHER H A P 0  COMPONENTS 

N-Re ac to r  Department 

S t a t i s t i c a l  procedures which a re  t o  be pa r t  of a program spec i f i ca t ion  being 
developed as an improved method of apportioning t o t a l  production of a r eac to r  
were completed and submitted, 

A previously proposed experimental design r e l a t i v e  t o  a forthcoming study of 
temperature var ia t ion  i n  pre-extrusion ovens was modified, 
quas i - fac tor ia l  l a t t i c e  design appears t o  accommodate t h e  present set  of t e s t  
object ives  and r e s t r i c t i o n s ,  

The r e su l t i ng  

A l i n e a r  model was developed for  the  analysis  of a set of data  re levant  t o  
heat treatment e f f e c t s  on t h e  geometry of fue l s ,  
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A data  co l lec t ion  procedure w a s  designed leading t o  a discriminant analysis  
approach t o  precise  estim3tes of the  "true" l eve l s  of "standard" uni t s .  

I r r ad ia t ion  Processing Department 

An ana lys i s  of core s i z e ,  type o f  blank, type of quench, delay time, and quench 
temperature i n  the  heat treatment of  dingots and ingots  on the p re i r r ad ia t ion  
warp of  f u e l  element cores i s  being completed, Comparisons are a l so  being made 
between ingots  and dingots and between types of (d) ingots ,  

The ana lys i s  of PT-546 is being continued which compares the pos t i r r ad ia t ion  
incremental changes i n  the  dimensional c h a r a c t e r i s t i c s  of f u e l  elements canned 
by t h e  hot-die-sizing and U S i  canning processes, 

A t e s t  t o  determine the e f f e c t  of the spire-core and can-core annuli on t h e  AlSi 
'bonding l a y e r  i s  being analyzed, 
which annuli thicknesses give the  best bond i n t e g r i t y  measurements. 

The t e s t  cons is t s  esserstitilly of determining 

Assistance is being given i n  a study of the  r e l i a b i l i t y  of t h e  P a n e l l i t  gauge 
scram systema 
co l l ec t ion  and component and system r e l i a b i l i t y ,  

Pa r t i cu la r  emphasis is being placed on the  system log ic ,  data 

An analysis i s  being made of an experiment t o  determine whether the l i f e  of a 
Diversey cleaner  can be prolonged by cont ro l  of t h e  pH f ac to r ,  

A study is being made t o  determine how much ce r t a in  geometries a f f ec t  the  
counting r a t e  i n  an alpha counter, 

A t e s t  t o  assess the  e f f e c t  of p l a t ing  procedures upon bond s t rength  measure- 
ments of hot-die-sized f u e l  elements i s  being analyzed, The tes t  w i l l  a l s o  
compare the e f f ec t s  of d i f f e ren t  8 ize  tubings, 

Assistance was given i n  determining $he arrangements of six-inch and ten-inch 
fuel elements i n  tubes which would be most e f f e c t i v e  i n  assessing the incremental 
warp and dimensional changeG f o r  f u e l  elements of these sizes,, 

Results from PT+72A, which s tud ie s  the behavior of self-supported f u e l  elements 
i n  smooth process tubes a re  being analyzed. 

Chemical .Processing Department 

The required demonstration of weapon component chemical and i so topic  spec i f ica-  
t i ons  was made f o r  both "A" l i n e  and "C" l i n e  components f o r  the fourth quar te r  
of CY-19630 

rr. 
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me apparent difference i n  y i e l d  s t rength  measurement between RFP and HAP0 
has p r a c t i c a l l y  disappeared i n  recent measurement comparisons wi th  HMOv s 
values increasing t o  those of RF'P, 

An apparent decrease i n  plutonium content of weapon components occurred 
f o r  material t o  be shipped during first quar te r  of 1964, 
(da i ly  averages two components on "C" Pine and four  components on "A" Pine) 
are being maintained t o  aid in loca t ing  s p e c i f i c  times of process average 
sh i f t s  , 

Cum-sum char t s  

The minimum variance inventory method f o r  t he  control  of 2-Plant componen$ 
MUF i s  being applied by NMM, 
month period, has shown a highly cons is ten t  behavior using t o t a l  r ece ip t s  
as the  basis,  However, fabr ica t ion  does not  appear t o  be as s t r a i g h t  for- 
ward a systemo 

The PPO operat ion,  except fo r  an i s o l a t e d  one- 

An EDPM program, based on the method of "d i rec t  search", which evaluates 
parameters in nonlinear mathematical models has been wr i t t eh ,  debugged, and 
tested on several small models, 
be used t o  inves t iga t e  proposed models a r i s ing  from seve ra l  i n d u s t r i a l  
engineering s tud ie s  , 

It i s  an t ic ipa ted  that t h i s  program w i l l  

STATISTICAL AND MATHEMATICAL ACTIVITIES WITHIN HL 

2000 Program 

Continued ass i s tance  was provided on formulating and f i t t i n g  mathematical 
models of radionuclide re ten t ion  i n  a r eac to r  e f f l u e n t  stream, 

The EDEM program which i s  t o  provide numerical da t a  f o r  the  theore t ica l ly-  
developed "shoe-box" model of ground water flow is now i n  the debugging 
phase 

Discussions were h e l d  with regard t o  the p o s s i b i l i t y  of developing a 
technique f o r  studying flow i n  heterogeneous porous media analogous t o  the  
hydrodynamical concept of "s t reak functions", 

Several  problems of heat t r a n s f e r  were t r e a t e d  i n  connection w i t h  s tud ie s  
being made on underground waste-storage f a c i l i t i e s  , 

F'urther work was done on the  debugging of boundary value approach t o  the  
so lu t ion  t o  t h e  system of  simultaneous nonlinear d i f f e r e n t i a l  equations 
expressing mass transfer in a C-type ex t rac t ion  column as a function of 
column pos i t ion ,  

t 



L E  

The t o t a l  amount of  i so top ic  deposition on ce r t a in  tubes i s  being estimated 
oy f i t t i n g  observed d.eposition r a t e s  pe r  u n i t  tube length with harmonic-type 
functions and in t eg ra t ing  between appropriate limits , 

Further work is being done on f i t t i n g  densi ty  functions t o  observed frequency 
d i s t r ibu t ions  of p a r t i c l e  sizes , The previously f i t t e d  Weibull d i s t r ibu t ions  
nave proved unsatisfactory i n  severa l  respec ts  

3000 Program 

Test tapes  were successfully run on the  prototype numerically cont ro l led  
Shef f ie ld  ro ta ry  contour gauge, 
t h a t  n w r o u s  magnetic tapes w i l l  be prepared, each designed t o  tes t  spec i f i c  
response cha rac t e r i s t i c s  of t h e  fianctioning mechanisms 

During t h e  next month, it i s  an t i c ipa t ed  

4000 Program 

Study continued on the  problem of obtaining a quant i ta t ive  geometrical descrip- 
t i on  of a proposed experimental reactor,, 

Xathematical analyses have been completed on a model t o  describe the  expected 
behavior i n  a carbon burnout experiment, 
obtaining so lu t ions  w i t h  the  a i d  of an EDPM program, 

This model w i l l  now be s tudied  by 

Additional understanding of the  complex process of p a r t i c l e  packing has been 
gained by the successful analysis  of the  geometry of multiple s p i r a l s  - a 
phenomenon which has  been repeatedly observed when spheres a re  s to red  i n  
zy l i n d r i  c a l  containers 

Discussions were h e l d  wi th  D r ,  Moises ~ v y  of t h e  University o f  Pennsylvania 
on a mathematical model. which has been 5eveloped in an attempt t o  describe 
wave transmission i n  a visco-elastic mater ia l ,  

Work sontinued on a formal Hanford repor t  describing the quan t i t a t ive  
metallographic techniques developed during the  pas t  several. years  f o r  
estimating the proper t ies  of the  second phase spher ica l  p a r t i c l e s  embeaded i n  
a mat r ix ,  
on t he  Ziess p a r t i c l e  s i z e  analyzer i s  being modified t o  handle severa l  methods 
of sample rep l ica t ion  p r i o r  t o  e lez t ron  microscopy and t o  present more meaning- 
f u l  graphical d i s p l a y s  of both t h e  raw data and estimated matrix d i s t r i b u t i o n a l  
cha rac t e r i s t i c s  

The machine language program developed for analyzipg daia co l lec ted  

Statistical analysis  w a s  begun of quan t i t a t ive  metallographic data obtained on 
the Ziess p a r t i c l e  s ize  analyzer of‘ second phase p a r t i c l e s  i n  d i l u t e l y  alloyed 
a n g o t  uranium, The evaluation should help  determine the  dependency of densi ty  and 

h;..* _ _  ;-& - 1 



volume f r ac t ion  of these second phase p a r t i c l e s  on a l loy  composition, t h e  
time and temperature of so lu t ion iz ing  anneal, and the  time and temperature 
of p rec ip i t a t ion  anneal, 

A study w a s  begun t o  review a " f r e t t i n g  corrosion'' problem associated w i t h  
the  PRTR, 
subsampling scheme (relative t o  85 pressure tubes) ,  i n  accord with the  
scheduled outage periods , which w i l l  op t imhe c e r t a i n  c r i t i c a l  information, 

The imedhte  objec t ive  of t h i s  effort  i s  t h e  development of a 

5000 Program 

A new method of ca lcu la t ing  channel group standard p robab i l i t i e s  f o r  use i n  
the GEM program of t he  IRA system w a s  used t o  r eca l cu la t e  these p robab i l i t i e s  
f o r  a number of t h e  standards used in the system, 

Work continued on the  ca lcu la t ion  o f  the power function of t h e  Poisson index 
s t a t i s t i c  used t o  check s t a b i l i t y  of 'count ing instruments, 
calculat ions were completed f o r  t h e  a l t e rna t ive  of a s ing le  s h i f t  during 
the  counting periods assuming a f ixed  denominator and a normal approximation 
f o r  the Poisson var iab les ,  

Power function 

The formal Hanford repor t  HW-76279 
wi th  Background Corrections" was released f o r  un res t r i c t ed  d i s t r i b u t i o n  
during J ~ U Q X - Y ,  

"Fixed' Time Estimation of Counting Rates 

A subroutine t o  e d i t  t h e  spec t r a  which are  input  t o  the IRA 335 ca lcu la t ion  
pass w a s  debugged and incorporated i n t o  the IRA system, An a l t e rna t ive  
index t o  the  chi-square r a t i o  is being programmed f o r  the,GEM calcu la t ion  
which w i l l  take a count of  t h e  re la t ionship  be$ween standard and sample 
est imates  a 

Work continued on the  ac t in ide  research program, 
c r y s t a l  indexing techniques developed at  Haraford h'as arisen from o f f s i t e  
i n s t a l l a t i o n s  

Considerable i n t e r e s t  i n  

6000 Program - 
The f i n a l  data obtained from t h e  EDPM ''triangular" d i f fus ion  model have been 
submitted t o  t h e  program o r ig ina to r  f o r  evaluation and qtpdy, 

A s t a t i s t i c a l  analysis was i n i t i a t e d  of a d u l t  progeny data fram neutron 
exposed Tribolium castaneum which were three weeks old, The purpose of 
the study is t o  inves t iga te  the  e f f e c t s  t h a t  neutron"exposure of one member 
o r  both members of a mating combination and temperature have on the  number 
of  adult progeny produced, 



6-E 

Data from a 6 to investigate the e f fect  of treatment with DTPA h a s  on the 
removal of N from various rat tissues i s  being analyzed, The 
e f fect  of N&9 on the removal of Pu239 is also being studied,  

Stat ist ical  analysis of data from a study t o  investigate and compare the 
beetle populations of sagebrush and greasewood communities was started, 
beetles of primary interest are the Pelecyphorous and Stenomorpha, 
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REACTOR PROGRAM - 04 PROGRAM 

F- 1 HW-80560 

PLUTONIUM UTILIZATION PROGRAM 

F'ue l i n g  Ove mode rat ed Re a c t  o r  s 

The e f f e c t s  of mixing U@ (na tura l  enrichment) and Tho2 i n  the  same 
f u e l  channel i n  a r eaz to r  with a sof t  neutron spectrum ( t h a t  is, well- 
moderated) were ca lcu la ted  using U235, U233, and plutonium as enrich- 
ments. For camparisor,, a slightly-enriched uranium case (with no thorium 
present )  was a l s o  calculated f o r  tehe same neutron spectrum. 
burn up calculatiorls were made v i t h  the METLEAGER code, and f i e 1  c o s t s  were 
calculated by t h e  €&LICK code which a l s o  determined the  minimum f'uel cost ,  
optimum enrichment, and f i e 1  exposure 

All of t h e  

A s ign i f i can t  e f f e c t  o f  combining these f u e l s  i s  t o  increase t h e  f e r t i l i t y  
of t h e  r eac to ro  
dependent upon resonance absorption, and s ince  the  resonances do not over- 
l a p  s igni f icant ly ,  t h e  resonance captures i n  each mater ia l  can occur with- 
out reducing absorptions i n  the  o ther .  Thus i n  a reac tor  t h a t  i s  well 
moderated t h i s  can e f f e c t  a reduction i n  "p", 
b i l i t y ,  without ad just  ing  the  l a t t i c e  

Since both U238 and thorium cross  sec t ions  a r e  highly 

t h e  resonance escape proba- 

The r e su l t i ng  reduction i n  t h e  f i e 1  cost  f o r  t h e  mixed system i n  a r eac to r  
with a so f t  spectrum i s  l i s ted .  i n  Table I .  This mixed system a l s o  achieves 
some reduction i n  f u e l  cos t  over pure thorium systems because of na tu ra l  
uranium serving as a 1imi.ted but low cos t  neutron source. 
very s l i g h t l y  moderated reac tors  could possibly not t o l e r a t e  t h e  simul- 
taneous f e r t i l i t y  of U238 and thorium t o  use t h e  na tu ra l  uranium as an 
economic d r i v e r ,  Thus, t he  lowering of  f u e l  cos t  from using a mixture 
of thorium with na tu ra l  uranium may be l imited t o  reac tors  t h a t  a r e  
otherwise considered overmoderated 

O f  course, 

There a r e  a number of ramifications i n  making economic comparisons of 
U233, U235, and plutonium fue l ing  systems because t h e  r e l a t i v e  p r i c e s  
of these  isotopes may not provide a "closed" systemo 
plutonium priced very high would y i e l d  low f u e l  cos t s  f o r  t h e  plutonium 
producer cycles, but t h i s  system i s  unreal i n  t h e  sense t h a t  no one would 
buy t h e  plutonium a t  t h i s  p r i ce  because a t  this pr ice ,  plutonium enriched 
systems have unfavorably high f u e l  cos t s .  
j u s t  plutonium t h i s  paradox i s  avoided by using the  " indifference" p r i c e  
fo r  plutonium. T h i s  i s  t h e  p r i ce  of plutonium t h a t  y i e l d s  t h e  same f i e 1  
cost  whether one i s  a producer or  a user of plutonium. With U233 i n  t h e  
p i c tu re  a f a r  more complex s i t u a t i o n  i s  involved, since U233 i s  o f t en  
priced r e l a t i v e  t o  uranium cascade produced U235 a s  an a l t e rna te  t o  U233 

For example, 

I n  most paper s tud ie s  involving 

UMCLASSZFIED 
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TABU I 

MINIMUM I;IJEL COSTS USING VARIOUS FUELS I N  
A WELL-MODERATED REACTOR 

Economic Bases For All Cases: 

F i s s i l e  
Fuel 

$35 

$33 

’ HW-80560 

1) 
2) 
3) 

Plutonium priced a t  $10/gram fissile. 
$33 at  $lb/gram f i s s i l e  ( a l a  
Jacketing a t  $3O/pound fue l  . 

Minimum File1 Cost, Mills/kwhe 
Sl ight ly  
Enriched Natural Natural U + 
Uranium Uranium Thorium Thorium ( c )  

1 .oo m- 1.36 o .872 

-- 1.13 l a 1 4  0.822 

-- 1.05 1.15 0 a 902 

(a )  Reactor mixtures of U233 contain some U234 and 
$35 0 

(b) Plutonium Composition 76% Pu239, 1846 Pu2409 
5% Pu241, and 1% Pu24*. 

( c )  SO$ natural  uranium and 50$ thorium. 
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enrichment fo r  thorium. 
pr i ce  of U235, as  well  as  m e 1  cos t s  f o r  these  reac tors  g rea t e r  than i f  

This generally y i e l d s  U233 values g rea t e r  than t h e  

s l i g h t l y  enriched uranium were emgloyed and plutonium were so ld  a t  i t s  
ind i f fe rence  p r i ce  .. For example, HW-75007 (page 12 J1) i nd ica t e s  a U233 
value of $13.90/gram and a corresponding f u e l  cost  of 2-6 rnills/kwh, for  
t h e  APWE, compared with a plut.oaiwn value of $12.10/gram f i s s i l e  and a 
fue l  cost  o f  2.15 mil-ls/kwhu 

To provide addi t iona l  perspective, new c a l c u h t i o n s  have been completed 
f o r  s i x  fue l ing  schemes i n  the severa l  r eac to r  simulations studied i n  
HW-75007 (and described .In HW-72217), and f o r  the  well moderated reactor  
j u s t  described e 

of U238 and thorium, Table 1, l i s t s  these res i i i t i ag  f u e l  c o s t s  fo r  U233 
priced a t  $Ib/gram f i s s i l e  and plutonium a t  $10/gram f i ss i le*  
t h i s  comparison it appears t.hat U233 would not be used interchangably i n  
these machines unless i t s  p r i ce  were lowered, since e s s e n t i a l l y  a l l  of 
t he  schemes using $33 enrichment have higher f u e l  cos t s  than  t h e  others,  
except f o r  e 3 5  enriched thorium. 
short  doubling t h e  such a s  t he  molten sal t  designs being analyzed by 
ORNL may be ab le  t.0 use $Ib/gram $33 and provide a "closed" cycle, 
but t h e  over -a l l  power cos ts  from such a system must be competitive 
w i t h  other  reac tor  types t o  capture a market. 

The schemes involve 1J233, $35, and plutonium enrichment 

Based on 

A $33-thorium breeder of  reasonably 

Study of Conversion of Small Production Reactors t o  Power Reactors 

I n i t i a l  study of  converting the  Hanford small producticn r eac to r s  t o  power 
r eac to r s  without modification of t h e  ex i s t ing  l a t t i c e  has shown t h a t  the  
lowest f u e l  c o s t s  f o r  a given s e t  o f  economic parameters should be obtained 
using s l i g h t l y  enriched uranium metal as t he  f i e l o  

Other s tud ie s  involving a l t e r n a t e  loading schemes f o r  t h e  small production 
r eac to r s  were begun using t h e  ALTHAEA code t o  ind ica te  neutron shar ing f o r  
complex loads The f i rs t  load s tudied csed plutonium-aluminum dr ive r  
/76$ Pu-239, IS$ P U - ~ ~ ~ O ,  58 Pu-241, 1% YU-242; 4.5% plutonium i n  aluminum) 
and t h o r i a  target ,  Alternate tubes of d r ive r  and t a r g e t  were assumed- I n  
t h e  c e n t r a l  zoney the  flux i n  t h e  t a r g e t  was 546 higher than i n  the adjoining 
d r ive r  due t o  t h e  l a r g e r  macroscopic c ross  sec t ion  o f t h e  lutonium i n  t h e  

gram of plutonium burned. 
isotopes pe r  kilogram of plutonium charged t o  the  r eac to r .  

d r i v e r .  The breeding r a t i o  was O J 3  gram of Pa233 p lus  U 3 33 produced per 
This loading produced about O J +  gram of higher 

Seed Blanket Studies 

To a id  making general izat ions,  a representation of an idea l ized  blanket 
with constant r e a c t i d t y  as rl function of burn up was prepared, 
i l l u s t r a t e s  the  spec i f ic  power l e v e l  as t i  function of r a d i a l  dis tance from 

Figure 1 

UNCWSIFUED 



r-: 

; 1  

USXKG S I X  DJPFERZ(=NT FUELING SYSTIDIS 

Jacketing Costs, $30/pound fuel 

$lO/grarn fissile, Fuel Cost mills/kwh, 
Current US-AEC Price Schedule--U233 $14/gram f issilex--" an6 Plutoriium 

Fueling Schemes 
U-233%3 in P l U t O n i m x -  Sl ight ly  

U-233 *Y II Plutonium* Natural in Natural Enriched 
Uranium Thorium in Thorium Uranium Uranium 

U-235 in 
Thorium Reactor STrnulati ons 

Pre s sur  i zed Wa t e r Sirnulat i on 
(Stainless  Steel Jacke the  1-95 1.71 . 1.53 1.34 1.55 

YJ 
-r Graphite Gas- CsoleC Simulation 

( LCV Temperatwe ) 1.28 1.33 1.32 

Boi l ing  Water S ixda t ion  
(zi r c o n i m  Zacket ing ) 1.26 1.52 1.20 1.19 3.10 1.13 

Heavy Prater Sirmlation 
(?wuf'ficientLy moderated for 
natural  UC, operat-i on ) 2 1.07 1.07 0.99 0.98 

1.36 1.15 1.14 1.13 1.05 1.00 
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t h e  center  of  a 10 cm rad ius  seed i n  a cy l ind r i ca l  seed-blanket module f o r  
various values of kb, t he  i n f i n i t e  mul t ip l ica t ion  f ac to r  of t h e  b lanket .  
The computer code wzs s e t  up t,r? limit the rnwimx7 s p w i f i c  power a t  any 
poin t  i n  t h e  reac tor  t o  200 watts/cc. 
w i t h  r e a c t i v i t y  near 1 .O ta i l . l u s t rh t e  the  infl.uerLce ~f iiiacroscopic Cross 
sec t ion  of  t h e  seed. For Gur-ve I., the macroscopic c ross  sec t ion  i n  the  
seed i s  1.4 times t h a t  of t he  5ltiriket and the! maxinun spec i f i c  power i n  
-the r eac to r  occurs on the  seed s i d e  cf tohe! seed-blanket i n t e r f ace .  For 
Curve 2, t he  macroscopic cress sectiorL i n  t h e  seed i s  only 80s of t h e  
blanket value and the  maximan spec i f i c  power i n  t h e  r eac to r  occurs on the  
blanket s ide of the  seed-blanket i n t e r f ace  Although zlther seed-blanket 
configurations have not Seen rut;, o m  may i n f e r  fram t h e  da ta  t h a t  t he  
percent of t h e  power prodjlced i n  the blankef as  tne  thickness of t h e  
blanket v a r i e s  would be e s s e n t I G l x  as shown i n  Figure E! when the  seed 
macroscopic c ross  sec t ion  i s  L 4  t l rnes that  J f  t h e  bl.ar,ket. 
sponds t o  about 0.14 gram of U-233 per  cubic centimeter of f'uel, and 
under these conditions t h e  szed rhdius must Se about 10 centimeters i n  
order fo r  the  seed t o  be c r i t i c a l  when surrounded by b l m k e t  w i t h  low 
r e a c t i v i t y .  From these  curves, it i s  evident t h a t  for any given blanket 
r eac t iv i ty ,  t he re  i s  a d e f i n i t e  l i m i t  t o  the  f r a c t i o n  o f  t he  power t h a t  
can be produced i n  t he  blanket and, i n  fzct., evc i tua l iy ,  increases i n  
'blanket thickness decrease power generated i n  t h e  bl-anket . 

Tws c ~ l r v e s  a r e  given fo r  t1hc blanket 

This corre-  

Figure 3 i l l u s t r a t e s  t h e  f r a c t i o n  of  t h e  r e a z t s r  power t h a t  can be 
generated i n  a blanket as 8 function of  tke f r a c t i o n a l  reactor volume 
occupied by blanket .  
of t h e  blanket, the  l a r g e r  t h e  maximum f rac t ion  of  t he  r eac to r  power 
t h a t  can be generated i n  the  blanket 
t h e  maximum occurs a t  a l a r g e r  Eractiorr of t h e  blanket r eac to r  volume. 
However, the  t o t a l  reactcrr s i z e  i s  increased more rap id ly  t h a n  power output 
a s  blanket i s  added. Figtlre 4 shows t h e  rat.io of t h e  power produced i n  t h e  
blanket t o  t h a t  produced i n  t h e  se id  8 s  trie volume of t he  'blanket i s  increased.  
T h i s  i l l u s t r a t e s  t he  l ini i ta t ion i .n  t h e  gain i n  t o t a l  reactor  power as r eac to r  
s i ze  i s  increased by a c i d i t i x  of  blariket. material ... 
blanket r e a c t i v i t y  i s  a tout  G s 9  adding seven voliLqes of" blanket t o  one 
volume of seed w i l l  add two u n i t s  of power, 
decrease i n  average r e w t o r  spec i f i c  parer  8.6 t h e  b1szkt.i; voltme i s  
increased. Using tk same assmptions:, the spe i r i r ic  2 o m r  f o r  ci r eac to r  
using graded enrichment cou1.j. be matfitaified a t  200 watts per  cubic cen t i -  
meter. 

It should be noted t h a t  t he  l a rge r  the  r e a c t i v i t y  

Also, fo r  higher blanket r e a c t i v i t i e s  

For example, i f  t h e  

Figure 5 i l l . u s t r a t e s  t h e  

Plutonium Fuels 

In f u e l s  containing U238 o r  3 i 2 3 2 9  Pa241 i s  generally c m s i d e r e d  cu e r i o r  

higher absorption cross  sect ion,  greater energy y ie ld  p e r  f i s s ion ,  and higher 
t o  Pu239 as an enrichment matc?riuL T h i s  i s  bccause of i t s  lower& Q p *  

* = r a t i o  of number of neutrons zbsorbed by capture t o  
t h e  number absorbed by f i s s i o n .  
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average neutron y ie ld  per f i s s i  11. 
plutonium and which r e l y  on 
h 2 3 9  i s  superior from t h e  stand oint  t h a t  neutron captures i n  Pu239 
produce the  f e r t ' l e  isotope Pu248j whereas capture i n  Pu241 produces 
the  p a r a s i t e  P u ~ ' ~ .  The importance o f  t h i s  f a c t  i s  t h a t  
exposures a r e  obtained with plutonium f i e l s  with a low Pu 
atom r a t i o .  It is, of  course, a l s o  important t o  have a f i s s i l e - t o -  
f e r t i l e  atom r a t i o  low enough so t h a t  su f f i c i en t  f e r t i l e  mater ia l  i s  
present .  

However, i n  f u e l s  t h a t  contain only 
a s  t h e  f e r t i l e  material i n  t h e  fue l ,  

5te at e l/Pu239 

I n  F i  r e  6 exposure per i n i t i a l  gram f i s s i l e  i s  p lo t ted  a s  a function 
nf' Pugl/Pu239 atom ra t , i o ,  Maximum exposure i s  obtained a t  Pu241 atoms/ 
h 2 3 9  atoms = 0 ,  
equaled 2.33 (corresponding t o  plutonium containing 30 percent Pu240). 

The f i s s i l e - t o - f e r t i l e  atom r a t i o  was constant and 

I n  Figure 7 t h e  f i s s i l e - t o - f e r t i l e  atom r a t i o  i s  1.0 -- corresponding 
t o  plutonium batches containing 50 percent Pu240 but v i t h  the  Pu241 
atoms/Pu23g atoms varied a s  f o r  t h e  da ta  p lo t t ed  i n  Figure 6. 

Fuel cycle cos t s  were 1.86 mills/kwhe fo r  the  r a t i o  PuZ41 atom/Pu239 
atom = 0 i n  Figure 6 where the  exposure was 0.965 Mwd/cc. 
cos ts  were 1.49 mills/kwhe f o r  t h e  maxirnwn exposure poin t  of Figure 7. 

Fuel cycle 

Standard economic parameters of $0.61/& FEFJ, 12-1/24 economic i n t e r e s t ,  
4.- 3/4$ AEC i n t  e r e  s t , 3 3% the  m a 1  - t o-e l e c  t r i c a l  conversion e f fi ciency , 
$10 .24/gram f i s s i l e  plutonium pr ice ,  $0.21/cc separations cos t  were used . 
The e f f ec t ive  f u e l  densi ty  (plutonium density i n  the  f u e l )  was 1 gram/cc. 

Successive Plv,tonium Recvcle 

A s e t  of simple equations f o r  ca lcu la t ing  plutonium value as a function 
of composition and reac tor  parameters has been completed using a s t a t i s t i c s  
code applied t o  t h e  plutonium value calculated fo r  t h e  various reac tor  
types appearing i n  the  document. Pu and @33 Values Computed f o r  Successive 
Recycle i n  Five Simulated Reactor Types, HW-761.95 

The values were first f i t t e d  for a s ingle  reac tor  t y p e  and fue l ing  scheme 
u s i n g  only the  plutonium composition a 
usually contained a constapt p l u s  some coef f ic ien t  which was multiplied 
by t h e  Pu242 and/or the  Pudh0 perceiit, composition i n  the  discharged f u e l .  
An example equation f o r  a PWR i s  shown below, 

The r e su l t i ng  general equations 
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Each of t h e  many equatdons w & s  checked f o r  s t a t i s t i c a l  validity and accuracy 
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The second s tep  i s  t o  improve t h e  accuracy of  t h e  above analyses by 
ca lcu la t ion  of  optimum conditions f o r  s eve ra l  ore p r i ces  with and 
without plutonium recycleo and with t h e  MELEAGER-QUICK chain f o r  
t yp ica l  thermal r eac to r s  (BWR and HWR). The ore  use and power 
production a r e  being integrated over t h e  hypothesized future  . 
After completing t h e  above steps,  t he  ca lcu la t ion  w i l l  be repeated 
using various breeder r eac to r s  t o  determine t h e  over -a l l  resource 
conservation a t t a i n a b l e o  A f i n a l  s tep  i s  t o  examine t h e  conservation 
cha rac t e r i s t i c s  of thermal reac tors  i n  conjunction with various 
breeders i n  combinations t h a t  may p reva i l  i n  t h e  fu tu re .  

One of t h e  primary considerations i n  t h e  study of breeder reac tors  i s  
the  t o t a l  amount o f  *fuel involved i n  the  recycle  operation; t h i s  amount 
of f u e l  i s  made up of the  fuel i n  t he  r eac to r  p lus  the  f u e l  undergoing 
separation and f ab r i ca t ion  outside of t h e  r eac to r ,  
out-of-reactor time, t h e  l a rge r  t h e  t o t a l  f u e l  inventory and conversely, 
except t h a t  "dead" time may be encountered i f  t h e  out-of-reactor time i s  
reduced so f a r  b e l m  t h e  in- reac tor  time t h a t  the  reac tor  i s  not ready 
f o r  discharge when recycled f u e l  i s  ready, Furthermore, t h e  l a r g e r  t h e  
f u e l  inventory, t h e  longer t h e  doubling time. 
time on out-of-reactor time i s  indicated i n  Figure 8, which has been 
revised s l i g h t l y  from last  month. 

The longer t h e  

The dependence of  doubling 

Figure 8 was made on t h e  assumytion t h a t  t h e  breeding complex includes 
only one reac tor .  It i s  worthy o f  note t h a t  by simultaneous use of 
several  reactors ,  t h e  minimum out-of-reactor time could be reduced, 
since a batch of reprocessed f i e 1  could be recycled i n t o  the  first 
reac tor  ready t o  rece ive  it, instead of  having t o  stand i d l e  waiting 
f o r  a pa r t i cu la r  r eac to r .  

COEE DEvmOPMENT 

Calibration of  JASON-IMELEAGER Codes 

Further study was continued on t h e  ca l ib ra t ion  of JASON-MELEAGER using 
some published da ta  from PCTR experiments, 
it i s  hoped t h a t  "universal"  ca l ib ra t ion  of MELEAGER w i l l  be poss ib le  
t h a t  can be used f o r  general surveys. 
b ra t ion  f ac to r s  were adjusted f o r  each r eac to r  simulation f o r  even 
approximate surveys. 
thermal u t i l i z a t i o n ,  f, L3$ lower than t h e  PCTR value a t  t h e  smallest 
l a t t i c e  spacing and 0.46$ higher than the  PCTR value a t  t h e  l a r g e s t  
l a t t i c e  spacing. These values of f with t h e  appropriate e and SDPV 
were then t ransfer red  t o  MELEAGER where k a  was ca lcu la ted ,  

From t h i s  and o ther  sources 

Heretofore, MELEAGER's c a l i -  

It was found t h a t  J A S G N  predicted values of 
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With a s p e c t r a l  index ca l ib ra t ion  parameter RAYK 1 = 1.0, t h e  values 
obtained fo r  km from MELEAGER were higher than t h e  corresponding PCTR 
values. 
where t h e  value of k a  was 2.8 percent l a rge r  than t h e  experimental value. 
(See Figure 9.1 
e q e r i m e n t a l  value occurred a t  an intermediate l a t t i ce  spacing, t h e  
METlEAGER value f o r  

The g rea t e s t  deviation occ.urred a t  t h e  smallest  l a t t i c e  spacing 

When RAYK 1 = O e 5 ,  t h e  g rea t e s t  deviation from the  

was 2.1 percent below t h e  PCTR value. 

Thus, f o r  graphi te  moderated systems, it appears t h a t  some intermediate 
value f o r  RAYK 1 w i l l  y ie ld  values of koo from t h e  MELEAGER code t h a t  
a r e  i n  good agreement with e,qerimental r e s u l t s .  Determination of t h i s  
intermediate value of  RAYK 1 i s  cur ren t ly  i n  progress,  

ALTHAEA Code 

The timing rout ine  has been incorporated i n  the program so t h a t  t h e  
computing time spent i n  each subroutine, a s  well as t h e  t ape  reading 
and wr i t ing  time, can be measured, The ca lcu la t ion  of control require- 
ments i n  t h e  d i f fus ion  subroutine has been revised t o  improve conveyance 
f o r  t h e  cases i n  which t h e  f l u  shape i s  unusually sens i t i ve  t o  con t ro l  
appl ica t ion .  
on spec i f i c  power i n  each region,  
provide t h e  desired reac tor  power o r  t he  spec i f i c  power i n  t h e  l imi t ing  
region, whichever i s  lower, 

A new constant was added t o  input  s e t t i n g  an upper l i m i t  
Th,e flux vi11 now be normalized t o  

Manager-Programmid 
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RADIATION. PROTECTION OPERATION 
REPORT. FOR THE 'MONTH OF JANUQ-RY 1964 

ORCANTTATION AND PERSONNEL 

Effective January I, F, Swanberg, Jr,,  t r ans fe r r ed  t o  Programming and 
H, V ,  Larson assumed t h e  du t i e s  of Manager, I n t e r n a l  Dosimetry,, Ef fec t ive  
t h e  same da te ,  Iral C ,  Nelson became Manager of Ekternal Dosimetry, and 
R ,  0,  Budd, Senior Engineer, I n t e r n a l  Dosimetry, W ,  E ,  Parker returned 
t o  Environmental Monitoring e f f ec t ive  January 13 after a one-year t r a i n i n g  
period i n  Radiation Monitoring, 
t ransfer red  from Environmental Monitoring t o  Radiation Monitoring, 
J o  W, Mathis t r ans fe r r ed  from temporary t o  permanent s t a t u s  in Composite 
Dose Studies and Records, Three. temporary employees i n  CDS&R, G o  Do Larson, 
C ,  R, Bowers, Jr,, and E,  M, Epperson terminated during t h e  month, 
To A ,  Fleming formerly of' HUPO was assigned a temporary pos i t ion  i n  CDS&R 
u n t i l  June 30, 1964, 
assignment i n  Radiological Development and Cal ibrat ions,  

Effective t h e  same date, J, R ,  Berry 

J ,  N o  Morgan, a Tech Grad, accepted a r o t a t i o n a l  

ACTIVITIES 

Occupational Exppsure Experience 

There were e igh t  new plutonium deposit ion cases confirmed by spec ia l  
bioassay ana lys i s  during t h e  month, Six resu l ted  from inha la t ion  of' 
contaminated a i r  during t h e  f i r e  i n  the  Redox F ina l  Products Concentration 
Building ( 2 3 3 4 )  , and one case resu l ted  from a contaminated in jury  received 
i n  t h e  Weapons Manufacturing Building (234=5) , All seven were estimated 
t o  be deposit ions of l e s s  than 1% of t h e  maximum permissible body burden 
(MPBB plutonium, with bone as  reference, is 0,04 pc) ,  The eighth case, 
estimated t o  be a deposit ion of 3% of t h e  MPBB, was detected by rout ine  
bioassay sampling, 
estimated t o  be ltss than 1% of t h e  MPBB resu l t ed  i n  i t s  removal from 
t h e  l i s t  of confirmed deposition cases ,  The t o t a l  number of individuals 
who have received i n t e r n a l  plutonium deposit ion a t  Hanford i s  334 of which 
242 a re  cur ren t ly  employed, 

A re-evaluation of a deposit ion case o r i g i n a l l y  

I n  January t h e r e  were nine CPD incidents  involving nine employees, 
two HL inc idents  involving two employees, and one HUPO incident  involving 
f i v e  employees which required spec ia l  bioassay sampling f o r  plutonium 
analys is ,  The following is a b r i e f  descr ip t ion  of t h e  more s ign i f i can t  
incidents  , 

A CPD operator received a plutonium n i t r a t e  contaminated ingury 
on January 2, 1964, at t h e  Weapons Manufacturing Building (234-5) , 
The a p l o y e e  was cleaning a vacuum f i l t e r  when h i s  r i g h t  thumb was 
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pierced by a wire mesh screen. 
indicated ?,3  x 10-3 pc plutonium present fn t h e  wound. 
t he  wound CWaiit was less than t h e  detection Limit of 1 x loaf pc, The 
employee was not a previous deposition caseo 

Examination at t h e  plutonium wound counter 
A f t  r excision, 

A CPD operator received a plutonium oxide contaminated in jury  on 
Janurtry 14, 1964, a t  t h e  Weapons Manufacturing Building (234-5) 
employee was cleaning a tantduxn plug used i n  cas t ing  when a s l i v e r  
penetrated the  hood and surgeons gloves and entered h i s  lef't thumb, 
Visual examination revealed a small black s l i v e r  i n  t he  thumb reading 
>40,000 d / m  which could not be removed' i n  the  f i e l d ,  
t h e  plutonium wound counter, after excision, indicated 2,8 x IOa' pc, 
The excised t i s s u e ,  counted by t h e  wound counter showed 0,295 pc, 
employee was a previous deposit ion case estimated t o  be <lo%, 

The 

Examinatio at 

The 

Five HUPO laundry workers were exposed t o  airborne concentrations 
estimated t o  1 2  x 1d-l pc Pu/cc f o r  approximately eight hours 
wh i l e  working without proper r e sp i r a to ry  pro tec t ion  at t h e  200-W 
Laundry ( 2 7 2 4 4 )  , * '  

There were two new plutonium contaminated in jur ies  during t h e  month, both 
requi r ing  excis iona 
i n j u r i e s ;  t h ree  requiring excis ion,  

I n  January t h e r e  were f i v e  plutonium contaminated 

I n  addition t o  t h e .  incidents  involving plutonium, t h e r e  were two inc idents  
involving seven HL employees, two incidents  involving t h r e e  IPD employees 
and one incident  involving t e n  CPD employees t h a t  required evaluation fo r  
possible intake of rad ioac t ive  mater ia l ,  The more s ign i f i can t  inc idents  
are summarized below: 

A strontium and cerium contamination spread r e su l t ed  from changing 
an a g i t a t o r  i n  t h e  244-m Tank Farm Vault I n  200-E Area, 
of day s h i f t ,  nine CPD employees were found wi th  f a c i a l  contamination 
up t o  1,000 c/m, which was e a s i l y  removed, Nasal smears, checked i n  a 
laboratory counter, indicated contamination from 30 c/m t o  600 c/m f o r  
f i v e  individuals ,  Examination a t  t h e  Whole Body Counter indicated 
t h a t  no de tec tab le  deposit ion had occurred i n  any of t h e  f i v e  employees, 

A t  t he  end 

Two persons were working i n  %he Shielded Analytical Laboratory (325-B) 
wi th  irradiated thorium oxide when a s p i l l  occurred, 
indicated 8 concentration of -1 x 10m9 ~ J C  FP/cc, 
Whole Body Counter detected a deposit ion of only t r a c e  amounts of Pa-233, 

An a i r  sample 
Examination at t h e  

During inspection of a U02-Pu02 f u e l  element, suspected of having a 
cladding rupture  i n  t h e  s torage basin of PRTR ( 3 0 9 ) ,  a u t i l i t y  l i g h t  
shorted and arced t o  t h e  f u e l  element, F iss ion  gas escaping from t h e  

UNCLASSIFIED 
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rod gave readings '5 rads/hour, 
basin evacuated immediately, 
mrads/hr i n  t h e  vesse l ,  personnel a t  t h a t  l oca t ion  evacuated a l s o  using 
the emergency a i r  lock t o  avoid t h e  s to rage -bas in  a rea ,  Both t h e  s torage 
bas in  and containment ves se l  were kept on f r e s h  a i r  s t a t u s  f o r  approxip 
mately 2-1/2 hours u n t i l  t h e  v e n t i l a t i o n  system cleared t h e  gases 
Whole Body Counter examinations of t h e  three operators and two rad ia t ion  
monitors detected no s ign i f i can t  p a r t i c u l a t e  contamination, 

The three operators i n  t h e  s torage 
As a r e s u l t  of CP measurements of 300 

Environmental Bper ience  

Concentrations of f a l l o u t  materials i n  t h e  air of t h e  Pac i f i c  Northwest 
continued t o  decrease during January, The monthly average of O o 6  pc 
B/m3 was t h e  lowest recorded s ince  t h e  F a l l  of 1961, 
t h e  months of November and Deqember, 1963, were L O  and 0,g pc B/m3,  

Averages for 

respect  fvely , ! 

Maintenance work associated w i t h  t h e  r eac to r  e f f luen t  l i n e  t o  t h e  3.07-F 
Retention Basin in te r rupted  t h e  e f f luen t  flow f o r  s eve ra l  days,, On t h e  
afternoon of January 19, high winds from t h e  SOSOW, blew Contaminated 
m a t e r i d  out of t h e  nearly dry basin,  i n  s p i t e  of efforts w i t h  spray 
equipment t o  prevent such an occurrenceo Pa r t i cu la t e  contamination 
g rea t e r  than 80,000 c/m was found along t h e  west s i d e  of t h e  basin, 
surveys near t h e  basin showed about 300 feet of blacktop road contaminated 
t o  a5out 1 p a r t i c l e  every 20 t o  30 square feet ,  and an estimated t e a  
acres  of land between t h e  107-F Basin and t h e  Columbia River was found 
t o  be contaminated t o  a l e s s e r  degree, No contamination was found from 
ground surveys made along Hfghway 11-A and i n  t h e  v i c i n i t y  of Radar 
H i l l  ( a  general  nor theas te r ly  d i r ec t ion  from 100-F Area) , 
along t h e  roads immediately across  t h e  r i v e r  from 1004 Area detected 
no contamination, P r iva t e  ca r s  were temporarily r e s t r i c t e d  from t h e  
Biology farm area as EL precautionary measure, 

Surveys 

Studies and Improvment s 

T i t l e  I1 drawings f o r  t h e  Consolidated Service Faeili+,y (Pro jec t  CAF-961) 
were reviewed f o r  compliance w i t h  t h e  established radfologica:! design 
c r i t e r i a ,  Written recommendations r e su l t i ng  from t h i s  review were 
adopted i n t a c t  and were incorporated i n t o  t h e  f i n a l  proJeot proposal, 

I n i t i a l  ca l ib ra t ions  of t he  simulated G , L  t r a c t  dose monitor were 
continued using d i s t i l l e d  water spiked w i t h  radionuclides AsT6 and 
NP23g0 The As76 respouse was similar t o  t h a t  previously observed 
f o r  Zn65 and Sc4GO 
for Cr5l an 
21165 and SC'~~ Some d i f f i c u l t y  due t o  poor bonding between t h e  s c i n t i l l a -  
t i o n  c r y s t a l  and t h e  l i g h t  pipe was discovered near t h e  end of t h e  ca l ibra-  
t i o n  study, 
scheduled f o r  re-run t o  confirm t h e  e a r l i e r  observations, 

The Np239 response was similar t o  t h a t  observed 
was about one hundredth t h e  magnitude of t h e  response f o r  

The bond was repa i red  and ca l ib ra t ion  samples of Np239 are 
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New preamplifiers were incorporated i n  t h e  neutron spectrum measurement 
e l ec t ron ic  system and t h e  system was’ ca l ib ra t ed ,  The new preamplifiers 
reduce t h e  system noise  l e v e l  although t h e  reso lu t ion  as determined with 
monoenergetic fast neutrons i s  approximately t h e  same as t h a t  obtained with 
t h e  old preamplifiers,  The neutron spectrum from t h e  PuF4 neutron source 
was measured w i t h  2 inches of lead between t h e  source and the  de tec tor  t o  
reduce t h e  gamma r ad ia t ion  in te r fe rence .  
required t o  properly subt rac t  t h e  gamma rad ia t ion  in te r fe rence ,  though 
t h e  leadshielding does reduce t h e  in te r fe rence  considerably, When t h e  
de tec tor  i s  f i l l e d  wi th  He3p t h e  r e su l t an t  spectrum is a combined neutron, 
gamma, and s i l i c o n  ac t iva t ion  spectrum, 
(n,p)  reac t ions  i n  t h e  s i l i c o n  sur face  b a r r i e r  de tec tors ,  
de tec tor  i s  f i l l e d  with air, t h e  spectrum is due t o  gamma rad ia t ion  and 
s i l i c o n  ac t iva t ion  only,  The gemma r ad ia t ion  in te r fe rence  and s i l i c o n  
ac t iva t ion  spectrum can be subtracted from t h e  combined spectrum, 
ground spectrum was also measured from t h e  PuBe source wi th  a lea2 brick 
as sh ie ld ing  f o r  the gamma rad ia t ion ,  

Two experiments are  still 

The s i l i c o n  ac t iva t ion  is due t o  
When t h e  

A back- 

The spectrometer was taken t o  t h e  K-West r eac to r  and set up i n  a r e l a t i v e l y  
low dose rate neutron f i e l d ,  The spectrum was measured at t h i s  loca t ion  
with He3 i n  t h e  de tec tor ,  
now i n  progress ,  The gamma r ad ia t ion  spectrum was a l s o  measured at t h i  
loca t ion  with a =dim iodide c r y s t a l ,  A r e l a t i v e l y  mg.e amount of Co 
gamma rad ia t ion  was present i n  t h e  spectrum, This Cote gamma rad ia t ion  
caused increased gamma r ad ia t ion  in te r fe rence  i n  t h e  neutron spectrum 
measurements , 

The background run with air i n  t h e  de tec tor  i s  

80 

The addition of a nitrogen purge system recommended by t h e  manufacturer 
t o  increase t h e  s e n s i t i v i t y  of t h e  thermoluminescent dosimeter reader 
was completed, Several s e t s  of LiF dosimeters exposed las t  month were 
read wi th  nitrogen flowing through t h e  read-out chamber, The dosimeters 
were read w i t h  voltages of 1300 and 1500 v o l t s  applied t o  t h e  photomultiplier. 
The dosimeters read at  1300 v o l t s  d id  not show much g rea t e r  s e n s i t i v i t y  t o  
neutrons than t h e  dosimeters read before t h e  reader was modified. A t  
1500 vo l t s ,  t h e  dosimeters were much more sens i t i ve  than before t h e  modifi-  
cat ion,  
dosimeters was 56 u n i t s  per rad of fas t  neutrons. 
exposed t o  4.72 MeV neutrons from t h e  pos i t i ve  ion acce le ra to ro  
neutron-gamma d i f fe rence  remains cons is ten t ly  as large as 56 u n i t s  pe r  
rad, the dosimeters should be capable of accurately detecting one rem of 
f a s t  neutrons, A more complete set of neutron exposures w i l l  be obtained 
as soon as pos i t i ve  ion  acce lera tor  time is again available, 

For one exposure, t h e  d i f fe rence  between the  neutron and gamma 

If t h e  
These dosimeters were 

A series of autoradiographs were completed which concluded our f i r s t  2,000 
hour exposure of nuclear t r ack  f i l m  t o  sir sample mate r i a l ,  
t r acks  showed extensive fading when examined under 8 microscopeo The 
alpha t r a c k s  were examined, counted, and compared t o  t h e  r e s u l t s  from 

The alpha 
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t h e  200 hours exposure for i d e n t i c a l  f i l t e r  areas, The camera used t o  make 
t h e  exposures permitted reproducib i l i ty  i n  filming of t h e  same a rea  w i t h  
excel lent  precis ion,  
alpha t racks  from t h e  same p a r t i c l e  at both t h e  200 and 2,000 hour exposure 
times, I t  was concluded t h a t  while t h e  t r a c k s  fading made it more d i f f i c u l t  
t o  count t h e  t r acks ,  su f f i c i en t  evidence of each t r a c k  remained t o  make it 
l e g i b l e ,  
hour exposure was about O,O5 microns i n  diameter, 
carves remained similar t o  those p lo t t ed  previously wi th  no s ign i f i can t  
change i n  mass mean diameter although t h e  count mean diameter became considerably 
smallero This  is what one would expect s ince  a few large p a r t i c l e s  e a s i l y  
o f f s e t  t h e  p a r t i c l e s  with a diameter between O,O5 and 0,l microns. 

This filming prec is ion  permitted exminat ion of t h e  

The smallest p a r t i c l e  of plutonium oxide detected w i t h  a 2,000 
The p a r t i c l e  d i s t r i b u t i o n  

The significance of a single point  sample r e s u l t  i n  r e l a t i o n  t o  t h e  
average r i v e r  c h a r a c t e r i s t i c s  at a sampling locat ion i s  frequently i n  
question, Study of reac tor  e f f luen t  e f f e c t s  has shown t h a t  one o r  two 
points  i n  a given cross  sec t ion  w i l l  rou t ine ly  be very close t o  t h e  mean 
temperature of t h e  sec t ion ,  I n  order t o  t e s t  whether t h e  same condition 
holds f o r  other  e f f luent  cha rac t e r i s t i c s ,  concurrent samples were taken 
f o r  chemical and radiochemical ana lys i s  during a temperature and gamma 
energy analysis  t r ave r se  at  t h e  300 Area cross  sec t ion ,  
ye t  ava i lab le  

Results are not 

The atmospheric monitoring equipment a t  100-N Area was ac t iva ted  on 
December 30, 1963, 
C r i t e r i a  for Portable Air Samplers", was issued,  

A rad io logica l  design c r i t e r i a  manual chapter, "Design 

The a i r  sampling s t a t i o n  a t  Great Falls,  Montana, was closedm This  is 
one i n  a s e r i e s  of moves t o  rea l ign  t h e  Hanford a i r  sampling network, 
As another move i n  t h e  realignment, permission was obtained from t h e  FAA 
f o r  t h e  i n s t a l l a t i o n  of  an a i r  sampler a t  t h e i r  facilities a t  t h e  Pendleton 
a i r p o r t  , 

Collection of in tegra ted  san i ta ry  water samples was begun and t h e  co l lec t ion  
of in tegra ted  raw water samples was discontinued at  Pasco on January 20,  
The san i ta ry  water sample, l i k e  t h e  one a t  Richland, i s  being co l lec ted  
by means of a solenoid valve and timer, 
r e s i n  columns t o  sample water f o r  strontium and cobalt analyses was moved 
from the  f i e l d  t o  t h e  laboratory,  T h i s  should improve t h e  measurements 
s ince conditions governing t h e  operation of  t h e  column can be much more 
closely controlled i n  t he  laboratory,  

A t  t h e  s m e  time, t h e  u w  of 

The 327 Building s tack monitoring equipment was evaluated t o  determine if 
t h e  s tack e f f luent  sample presently take  i s  representa t ive  of t h e  s tack 
discharge, The study consisted of comparing t h e  r e s u l t s  of samples taken 
from f i v e  probes which t r ave r se  t h e  s tack ,  It was found t h a t  t h e  r e s u l t  
of t h e  samp1.e t h a t  we routinely take  i s  generally higher than t h e  average 
of t h e  s tack e f f luen t ,  
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Research Studies 

c: ', 

Effect  of  Reactor Effluent on t h e  b ia  River. Water (02) 

Work t h i s  month was p r inc ipa l ly  associated w i t h  de f in i t i on  of temperature 
d i f fe rence  on cross  sec t ions  of t h e  r i v e r  and t r ave r ses  were made at 
severa l  locat ions t o  obtain t h e  necessary data, Measurements of t h i s  
type are necessary at a l l  seasons i n  order t o  relate t h e  data recorded by 
instruments at f ixed  poin ts  t o  t h e  mean temperature of t h e  r i v e r  water 
flowing past  t h e  cross  sec t ion ,  

Mechani.sms of Environmental Exposure (02)  

Individuals i den t i f i ed  by the  c r e e l  census as unusually heavy consumers 
of f i s h  from the  Columbia River were matched w i t h  records of persons who 
have received whole body counts, Counts were ava i lab le  f o r  four  persons 
who claimed t o  have eaten f i s h  once each week and f o r  one perso who claims 
t o  have eaten f i s h  twice a week, The highest body burden of ZnE5 detected 
was 2 1  nc, 
over a year under controlled conditions, h i s  burden of Zn65 reached 130 nc , )  

(When an RPO staff member a t e  l o c a l  whi te f i sh  once a week f o r  

Nuclear. F a c i l i t i e s  Monitoring Guide 

Drafting of t h e  Guide continued t o  be primarily concerned w i t h  describing 
t h e  pr inc ip les  and methods of evaluating t h e  s ign i f icance  of rad ia t ion  
doses received v i a  environmental pathways, The first draf t  of t h e  Guide i s  
now approximately 30 percent completed, 

EIELATIDRS 

Safety meetings were held throughout t h e  Section during t h e  month, 
were no secur i ty  v io la t ions ,  and one minor inQury, 
e n t i t l e d  "Road t o  t h e  Wall" was shown t o  severa l  RPO groups, 

These 
A secu r i ty  film, 

Five new suggestions were received t h i s  month, Two suggestions a r e  t o  
be reopened, m a k i n g  a t o t a l  of seven t o  be evaluated, 
during t h e  month, 
S u g e s t i o n  awards were made t o  K O  B o  Elledge - $10 award; H, N o  Larson - 
$ T 0 5 0  award; and J, W, Mathis- $20 award, 

Six were evaluated 
Three of t h e  s i x  were r e j ec t ed ,  and th ree  were adopted, 

Radiation o r i en ta t ions  were presented t o  Biology, Plutonium Metallurgy, 
and E l e c t r i c a l  U t i l i t y  personnelo 

An or i en ta t ion  on ContamincLion Control Procedures was presented t o  twenty 
employees of Technical Shops assigned t o  306 Building, 

IJNCLASS I FIED 
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A l l  four sessions of t h e  f i f t h  round i n  t h e  Radiation Monitoring Refresher 
course were held,  
and one AEC employee, 
construction and operation of' r ad ia t ion  monitoring instrumentation I n t e r e s t  
i n  t h e  sessions was generally exce l len t ,  but discussion revealed a somewhat 
lower l e v e l  of knowledge i n  t h i s  area than was expected, The mater ia l  
presented i s  believed t o  have helped t h e  Radiation Monitors appreciably i n  
gaining a better understanding of' t h e  instrumentation, 

Tota l  attendance was 56, of whom nine were CPD employees, 
These sessions dea l t  with bas ic  p r inc ip l e s  of 

Two three-hour t r a in ing  sessions on Disaster Monitoring were presented 
for IPD Processing personnel at  t h e  Reactor Personnel Ce r t i f i ca t ion  f a c i l i t y ,  
Tota l  attendance was 160 T h i s  completes the s e r i e s  committed f o r  presentation, 

A short  t a l k  on emergency s igna ls ,  evacuation, and ind iv idua l  response i n  
such s i t u a t i o n s  was presented t o  300 Area Maintenance personnel, 
was about 75, 

Attendance 

A s e r i e s  of weekly t r a in ing  sessions,  conducted by t h e  S j e c i a l f s t ,  
Environmental Monitoring, f o r  t he  EM0 monitors, was begun t h i s  month, 
The sessions examine, i n  d e t a i l ,  the d i f f e ren t  tasks of Environmental 
Monitoring, Four meetings were held i n  January, 

Do SIGNIFICANT REPORTS 

HV-76525 12  a "Radiological Status of t h e  Hanford Environs f o r  December, 
1963", by R ,  F,  Fos te r ,  

Hw-78395 = "Evaluation of Radiological Conditions i n  t h e  Vic in i ty  of 
Hanford, April-June, 1963", by R ,  H, Wilson, 
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January ExternaJ. Exposure- Above Permissible Limits- 

\!hole Body Penetrating 
\ho le  Body Skin 
Extremity 

0 
0 
0 

0 
0 
0 

Hanford Pocket Dosimeters 

D m  imet e r  s Processed 29553 2,453 

Hanford BetapGamma Film BaMe Dosimeters 

Film Processed 
Results - 100-300 m a d s  
Results - 300-500 mrads 
Results - Over 500 mrads 
Lost Results 
Atrerage Dose Per Film Packet - mrad (ow) - zir ( s )  

10,777 
160 

10,777 
160 
16 
37 3 

5 *3 
19 07 

S 1 - 6 ~ -  ' Neqt-ron 
Film Processed 1,755 

0 
1 
0 
3 

1,755 
0 
1 
0 
3 

Results - 50-100 mrem 
Results - 100-300 mrem 
Results - Over 300 m r e m  
Lo st Results 

Fast. Neutron 
Film Processed 
Results - 50-100 m r e m  
Results 0 100-300 mrem 
Results '- Over 300 mrem 
Lost Results 

530 
22 
76 

2 
3 

530 
22 
76 

2 
3 

Han-d Checks 

38 228 
54,160 

38,228 
54,160 

Checks Taken - Alpha - Beta-Gamma 

Skin  ' Cofi.t;_amf_fi.a$ion 
Plutonium 
Fission Products 
Uranium 
T r i t i u m  
Thorium 

1 
50 
1 
0 
0 

1 
50 
1 
0 
0 
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Number of' Examinat ions ; Whole Bo.dy Counter. 

Subject 

GE Ehployees 
Regular 
Incident Cases 
Terminat ions 
New Hires 
Special  Studies  

60 
21 
3 

27 
0 

60 
2 1  

3 
27 
0 

218 
1 
0 
0 
10 

218 
1 
0 
0 

I n  

Non-Ehployees 0 
I 

0 - 0 - 0 - 
229 229 111 111 

Results Above Current 
Reportiw Limit Samples Assayed - Jan  196t 

Repp t-i ng L i n  it 
Y J a n  u 

Plutonium 2.2x10-8 pc/sample 
Fission Prod, 33x10'5 vc/sample 
Strontium 3.1~10'~ d s a m p l e  
T r i t i u m  5 0 0  pc/sample 
Uranium 0014 ugm/l 
Special  Studies 

163 
0 
0 

181 
0 
0 

163 
0 
0 

a81 
0 
0 

53 
0 
0 
75 
0 
0 

53 
0 
0 
75 
0 
0 

Calibrations 
Number of Units Calibrated 
January 1 9 3  

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

1,048 
27 5 
561 
240 
A 
2,221 

1,048 
27 5 
561 
2ho 
3 
2,221. 

Personnel Meters 
Badge Film 
Penci ls  
Other 

650 
45 

650 
45 

Miscellaneous Special Services 

Tota l  Number of Calibrations 

65 65 

3,275 

IJN CLASS I FIED 
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Environmental M q n i t o r i q  

Samples 

Air 
F i l t e r s  
Scrubbers 

Water 
Raw 

Process 
Sanitary 

Vegetation 
Test Well 
Fish 
Waterfowl 
Food Products 
Beef Thyroids 

Measurement s 

Control Plots 
Aerial Monitoring 
Ionization Chambers 

6-10 

Januax 

392 
274 

45 
74 
25 

100 
328 
199 
77 
66 
33, 

38 
0 

232 

HM-80560 

1964 

392 
274 

45 
74 
25 

100 
328 
199 
77 
66 
3 1  

38 
0 

232 

for t h e  Manager 
R A D I  AT1 ON PROTECTION 

M Unrulxald 
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FINANCE AND ADblINISTRATION 

ACCOUNTING 

Cost Accounting - 
A revised FY 1964 Financial Plan was issued by Washington-AEC during the  
month. In  summry, it includes f'unds fo r  t h e  nonproduction programs 
assigned t o  Kanford Laboratories as follows: 

Research and Development 
04 Program 
05 Program 
06 Program 
08 program 

Equipment 
04 Program 
05 Program 
06 pr0g1-m 
08 Program 

$13 754 000 
1 403 000 

240 000 
3 380 ooo 

587 000 

301 ooo 
45 000 

143 000 

We were informally advised t h a t  t h e  above 04 Program Research and Develop- 
ment amount would be adjusted t o  r e f l e c t  a net  increase of $150,000 by 
increasing t h e  Fuels and Materials Program by $200,000 and decreasing t h e  
Plutonium Recycle Program by $50,000 

The operating cos t  cont ro l  budget was adjusted i n  Januaxy a s  follows: 

2. 

Addition of the  $20,000 a l loca t ion  received for  boron technology 
s tudies ,  which is a d i v e r s i f i c a t i o n  study authorized by RLOO-AEC. 

Reduction of $70,000 i n  t h e  serv ice  assessment. budget t o  conform 
with the  la tes t .  cont ro l  a l loca t ion  from t h e  General Manager - HAPO. 
Addition of $100,000 i n  t h e  Physics and Instruments Laboratory 
budget for equipment work i n  progress t o  provide a more r e a l i s t i c  
budget for  t h i s  function. 

Spec ia l  accounting c i . ~ ~ l c ~  v m c  established during January for the a x t i v i  ties 
dc s zribed below : 

*8T Par t ic ipa t ion  by M. Fo Sull ivan i n  a meeting on the  " In t e s t ine  and 
Its Response t o  Radiation, " sponsored by Harvard Medical School, 
Biophysics Laboratory, undcr'a grant  from t he  National I n s t i t u t e  of 
Health. This meeting was herd a t  the Puerto Rico Nuclear Center 
a t  San Juan, Puerto Rico, January 15  through 18, 1964. 
w i l l  be fo r  t r a v e l  and subsistence. 

BiPLing 

uNcLfhss1FI:ED 
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.8v Consultation w i t h  UB, Falo Alto, California.  J. J. Fuquay con- 
sul ted on limits and controls  for radioact ive contamination. 
Bi l l ing  w i l l  be made fo r  two days a t  $175 per day plus  t r a v e l  
and subsistence. R.  A. Schneider consulted on ana ly t i ca l  measure- 
ments f o r  radioact ive mterials. B i l l i n g  w i l l  be f o r  four days a t  
$100 pes  day p lus  t r a v e l  and subsistence. 

The c a l l  le t ter  for preparat ion o f  t h e  Budget for FY 1966 and Revision of 
Budget f o r  FY 1965 was issued t o  Hanford Iaborator ies '  management. 
get  i s  scheduled for completion April 1, l9&, including the  research and 
development proposals. 

The bud- 

The following organization and program codes were establ ished during the  
month: 

Organization Codes 

737D - Landlord Maintenance 
737EJ - 314 and General Area Maintenance 

Program Codes 

10 . 22 
29 
30 

Baron Technology (02 Frogram, Proauction - Miscellaneous) 
Radioactive Shipment Hazards (04 P r o g r m )  
C r i t i c a l  Flow at  High Temperature and Pressure (04 Program) 
Upstream Boiling Burnout (04 program) 

General Accounting 

Approval No. AT-316, AEC Mmograph on Iodine 131 - L. K. Bustad, C .  C .  
Gamertsfelder, and J. K. Soldat, was sent t o  the AEC, January 23, 1964. 
An ad.dendum t o  Approval No. A T 4 9  i s  being prepased covering the shipment 
of addi t ional  miniature swine, which are excess t o  our needs, t o  Hammersmith 
Hospital, hndoa, England. 

The following revised O K s  were issued during January 1964: 

OPG No. 

22.1.5 
22.1.12 
2.2 
3.9.1 
3.4 -19 

Title - 
Biology k b o r a t o r y  Organization 
Test Reactor and Auxil iar ies  organizat ion 
HAP0 Organization 
Safety Shoe Purchase 
Weekly Salaried Ehployee Appraisal  Plan 

Class i f ica t ion  a c t i v i t i e s  for the month included the  review of 886 Purchase 
Requisitions, 715 Work Orders;, 16 Appropriation Requests, and ll Stock 
Adjustment Requests for c a p i t a l  expense determination, compounding, work 
review, and for reimbursabili ty.  

UNCLASSIFIED 
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Hanford Laboratories ' net mater ia l  investment a t  January 1, l9&, to ta led  
$24 9 mil l ion  as deta i led  below: 

(La thousands) 
$ 23 668 

982 
349 
26 

SS Material 
Reactor and Other Special Material 
Spare Parts  
Y t t r i u m  

Subtotal 25 025 

Reserve: Spare Parts  
Y t t r i u m  

$79 
26 - 

Net Inventory Investment $ 24 920 

The cumulative value of nuclear material consumed i n  research by Hanford 
Laboratories during FY 1964 (at J a w y  1, 1964) i s  $560,678 comprised as 
fo11ows : 

02 program 
03 Brogram 
04 &ogram 

$560 678 

The following i s  a swnmary of Elanford Laboratories' inventory a c t i v i t y  
exclucling nuclear material  fo r  the  f i r s t  six months of FY 1964 at  Decem- 
ber 31, 1363: 

Forecast 
Balance 
&30& 

%lance 
12-31 -63 

Balance Conswnp- 
7-1-63 Receipts tion Other -- 

Heavy Water$ 400 599 $375 927 $ (89.53i) $(240 940)-2) $ 446 055 $ 381 948 
Zirconium 247 466 56 921. (43 600) 260 187-2) 236 506 

All Other 
Platinum 191 419 7 102 (908) ( 6  7191-3) 190 894 204 u.5 

Reactor & 
Other 
Materials 89 573 I 384 (6 664) 82 84 375 99 143 

982 111 921 715 Sub t o  tal. 

Spar e 

Less 
Parts 

Reserve 

327 859 89 454 (66 54.1) (1 9 8 9 - 4 )  34.8 787 328 000 

(81  267) (79 208) -5 )  (82 000) 

Subtotal  

Total 
Inven- 
t o r i e s  $1 175 649 $530 788 $(2O7 244) $(249 562) $1 251 690 $L a67 715 
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Scrap returned t o  SROO. 
b e s  not include 3,840.4 l b s .  scrap material and 10,388.3 l b s .  of  R&D 
material  (charged t o  Cost) controlled by quantity only  a t  the Laboratory 
Storage Pool 
Scrap shipped t o  the  WOO f o r  reclaimingo 
Spare p a r t s  excessed. 
The spare p a r t s  reserve a t  12-31-63 i s  short  $7,989 of t h e  required 25$. 
This reserve w i l l  be adjusted during June 1964 business; current ly  the  
d e f i c i t  i s  applicable t o  PRTR Cost. 

A c e r t i f i c a t i o n  type inventory of Other Special  Materials i n  the  custody of 
Hanford Laboratories' mater ia l  holders was conducted as of December 31, 1963. 
The inventory revealed a net d e f i c i t  of $387, primarily due t o  mater ia l  l o s t  
t o  environment during flame spraying operations, through loss as Pu contami- 
nation and from corrosion i n  hot c e l l  processes. The necessary approved 
documents were obtained f'rom material holders t o  remove dol lars  from t he  
inventory account. 

Two SS Material forecas ts  were prep ' red  during the  month: 

1. SS Material Projects  - R&D - Other Than i n  Production ( fo r  a l l  pro- 
grams except 02 Program). The period covered by t h i s  forecast  was 
FX 1965. 

2 0  A ten-year dS Material - Planning Estimate f o r  a l l  mater ia l  within 
the  04 Rogram. 
through M 1974. 

The period covered by t h i s  report  was FY 1965 

Total Hanford Laboratories completed Plant and Equipment Investment a t  Decem- 
ber 31, 1963 i s  shown below: 

Sect ion 
Hanford Laboratories Management 
Finance and Administration 
Programming 
Test Reactor & Auxil iar ies  
Physics & Instruments Lab. 
Reactor & Fuels Laboratory 
Chemical Laboratory 
Biology Laboratory 
Radiation Protect ion 
Applied Mathematics 
Qther HAP0 Departments 

Amount 
$ 47 97-11 

2 747 308 
181 120-1) 

20 194 344 
5 902 490 

27 353 777 
12 421 778 
3 952 085 
2 204 985 

168 073-1) 
951 270-1) 

976 125 217 

Area 
100-B 
100-D 
100-F 
100-H 
100-K 
100-N 
200-E 
200-w 
300 
1100 
700 
O f f 4  t e  
White Bluffs 
River land 
General. 

Amount 
$ 103 550 

2 132 571 
3 891 638 

18 268 
1 0 %  246 

1 385 
1 471 235 
5 263 692 

500 534 
1 265 007 

653 387 
2 443 

58 711 366 
36 424 

Reservation-2) 1 009 471 

$76 125 217 

UNCLASSIFIED 
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(1- Represents value of occupied 
(2- Includes p lan t  and equipment 

the  limited areas. 

building space. 
ins ide  the  perimeter barricade, excluding 

I n  addi t ion t o  the above, -ford Laboratories has RDX equipment valued at 
$1,137,674; PO0 equipment (property belonging t o  t h e  Air Force arid Canadian 
Atomic Ehergy ) valued a t  $146,900; o f f i c e  equipment, photographlc equipment , 
ADP (IBM r e n t a l  equipment), firearms and binoculars,  and automotive and con- 
s t ruc t ion  type equipment u t i l i z e d  by Hanford Laboratories personnel but the  
accountabi l i ty  r e spons ib i l i t y  of other HAP0 departments" 

The value of Hanford Laboratories equipment located i n  buildings assigned 
t o  other HAP0 Departments is: 

IPD 
CPB 
HSJW 
NRD 

Laboratory St.orage Pool a c t i v i t y  i s  summarized a6 follows: 

Current Month FY t o  mte 
Value -- Quantity Value w a n t  i ty 

Beginning Balance 1 762 $1 443 305 1 480 $ 8 .u  520 
Items Received 243 32 050 I 238 946 405 
Items Reclaimed by Custodians (14 1 (27 688) (151) (76 004) 
Equipment Wansf e r  s (53) (13 810) (238) ' ( 9 1  390) 
Items Disposed by PllR ( 6 )  (99)  (146 ) (11 389) , %  - (208) - (68 061) (359) (207 445) IIvems Disposed by Excess 

End ing  Balance 1. - 824 $1 365 697 __L_ 1 - 824 $1 365 697 -1.) 

(1- Includes 172 items valued at, $120,485 on loan a t  January 31, @+. 
During the  month, 161 items valxed at. $54,960 were loaaed and/or t ransfer red  
i n  l i e u  of  purchases. 
d i rec ted  t o  usefu l  purposes t h i s  f i s ca l  yearo 
(fit December 31, 1963) were $9,033. 

A .tot;a% of 666 items valued at. $261,752 has been r e -  
Operating costs  for  FY 1964 

Total value of equipment and material  i n  custody of t h e  Laboratory Storage 
Pool a t  January 31, 1964 was $2.3 mil l ion including Reactor and Other Special  
Materials of $302,943; SS Material, $154,800; and Other Materials, valued at 
$483,358 ' 

During the  month, t h e  t o t a l  pl.atinum., gold., aid s i l v e r  (valued a t  $14,205) 
holdings o f  one Chemical Laboratory custodiai:~ were t ransfer red  t o  t h e  
Zaboratory Storage Pool. 

UNCLASSIFIED 
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The heavy water inventory a t  the end of January 1964 showed a l o s s  of  701 
pounds valued at $9,623 f o r  the  PRTR. Heavy water scrap generated during 
the  month amounted t o  2,127 pounds, r e su l t i ng  i n  a $2,574 charge t o  operat-  
ing cos t .  
t o  .11,006 pounds valued a t  $i37,81.8. F i f ty- f ive  drums (27,445 pounds) of 
heavy water were received during t h e  month, having a value of $375,448 Fund 
and $172,629 Nonfbd. 

Heavy water accumulated at January 31 for r e tu rn  t o  SROO amounted 

Action on pro jec ts  during the  month follows: 

New Money t o  HL 

CAH-922 Burst Test F a c i l i t y  for  1rradial;ed Zirconium Tubes ($15 000) 
(Contingency f b d s  not required by GE f o r  work 
assigned t o  GE.) 

Construction Completion and Cost Closing Statements Issued 

*cM-958 Plutonium Fbels Testing and Evaluation Laboratories, 308 Bldg. 

VAH-995 A i r  Conditioning Modifications, 309 Bldg . CGH-992 Additional Fuel h a d i n g  Equipment, 308 Bldg. 

+AEM Services o n l y  

me following contracts  were processed during the  month: 

DllR-18b Van's Metal, Spinning Company 
SA-321 The Swedish Hospital 
SA - 322 
SA-327 W i l l i a m  E Beckmeyer 

Schwarz kop f Microanalytical Laboratory 

Personnel Accounting 

Effie Seaman took optional  retirement e f f ec t ive  February 1, l9&. 

Personnel. s t a t i s t i c s  follow: 

Employee Changes 

Einployees at  beginning of month 
Additions and t r a n s f e r s  i n  
Removals and t r a n s f e r s  out  

Ehployees on payrol l  a t  end of month 

Tbtal lhempt Nonexempt 

1 811 792 1 019 
18 13 5 

14 7 -- Y 
21 - 

UNCLASSIFIED 
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January Overtime Payments During Month December 

Ekempt 
Nonexempt 

T o t a l  

$ 10 736 
.)5 206 'm 

Gross Payroll Paid During k n t h  

$ 780 954 $ 779 533 
706 72'7 $TmnE 55? 595 

$1 338 54q 

Par t ic ipa t ion  i n  hp loyee  Benefit 
Plans at Month End 

January December 
Number Percent Number Percent 

Pension 
Insurance Plan - Perso- 

UoSo Savings Bonds 
Stock Bonus Plan 
Savings Plan 
Savings and Security Plan 

- Dependent 

Good Neighbor Fund 

99.4 9903 

99.9 99.9 

158 
68 

1 241 
1. 294 

39.5 
3.8 

88.3 
'71 0 7 

Insurance Claims 
Employee Benefits 

Life  Insurance 
Weekiy Sickness and Accident 
Comprehensive Medical 

Comprehensive Medical 
Dependent Benefits 

Total 

Number AHl0Un-t Rumber Amount 

-0- 
1 237 
4 762 

-0- 
15 
76 

$ -0- 
387 

Ir. 522 

-0- 
9 

63 

TECHNICAL aDMTNISTRATION 

ESrrp;.ovee Relations 

Seven nonexempt employees were hired; no open r equ i s i t i ons  remain,, 

26 Suggestion plan a c t i v i t y  included 55 submissions, 25 adoptions, and 
re jec t ions  

Informat,ion and Presentations 

Vis i tors  Center activity: 

January attendance 
Average attendance per day open 
m a t i v e  attendance since 6-13-62 
Conducted groups 

UNCLASSIFIED 
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Plant t o w  a c t i v i t y :  

Munber Total  People 
General Public Relations ! B u r s  3 23 
Special  tours 
Cumulative v i s i t o r s  s ince 

1-1-64 (a tours )  38 

Documented information flow during the  month was comprised of  1,310 t i t l e s  
(13,164 copies) received a t  Hanford and 104 t i t l e s  (7,739)copies sent  o f f -  
s i t e  a 

The major e f f o r t  (copy layout. work, pic tures ,  e t c . )  have been completed 
on the  color brochure being prepared t o  assist Tri-City d ive r s i f i ca t ion  
effortsu 
and securing approvals 

Remaining t o  be done i s  a host of f i n a l  checks, minor revis ions,  

News re leases  were prepared and d i s t r ibu ted  on PRCF, the use of sugar i n  
chemical separations,  the  use of  a d i g i t a l  computer t o  control  solvent 
extract ion,  and t h e  recovery and use of technetium-9ge 

" Professional Placement 

0veraL.l recruiting r e s u l t s  f o r  January are as follows: 

Offer s extended 
Offers accdpted 
Offers re jec ted  
Added t o  r o l l  

10 
12 
16 
LO 

Advanced Degree - Eight PhoDo applice3lt.s v i s i t e d  HAP0 for  employment i n t e r -  
VieqSu 
receivedo 

F i w  offers were extended; two acceptances and one r e j e c t i o n  were 
Four o f f e r s  are current ly  openr 

SS[MS (Direct Pliacemer,t) - Four o f f e r s  were extended* 
and n~ ;Peject.ions were receivedo 

Four acceptances 
There is one o f fe r  c.urrent1.y open, 

BS/MS  program^ = One of fe r  waE extendedo 
t ions  were receivedn 

Six acceptances and l 7  r e j ec -  
Twent.y-seven offers a r e  current ly  open. 

Technica.2 Graduate Program - Seven Technical Graduates were placed on per-  
maner-t assignmento Four new members were added t o  the  r o l l  and none termi- 
natedo Current ~ r o g r a m  members t o t a l  670 

UNCLASSIFIED 
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FACIEITIES ENGINEERING 

A t  month end, F a c i l i t i e s  Engineering Operation was responsible f o r  nine 
active projec ts  having total authorized f'unds i n  the a m t i n  of $7, 5,92,53Su 
The t c l t a l  est,iaat.ed cost  o f  these p ro jec t s  is $i~,8.39,000. 
o ~ i  them through December 3l., 1963 were $2,038,0004 

Expzfiditl;rss 

The following summarizes projec t  a c t i v i t y  in Januazy: 

3 Mew projec ts  awaiting AEC approval. - Y = o - - - - - - - - - - - - - - - - - - - - - -  

CAH-114, e i t i c d  MSS Laboratory ha ' Ltj 3n 
CAH-126, waste Transport a s t e a  
CAK-128, Heat Transfer Apparatus for  h c ; e l  Studl es 

5 Project, proposals being prepared -----=L--ll-------------~-- 

CUI-123, Laboratory Fire Protection System 
Modificat-ions tlo 5201. Building 
Geoiogical. and &ydrolagical WeLs - FY 1964 
Atmospheric Physl c s  Building 
327 BAlding Seyvices Addition 

The status of acti ,ve pr .oJec~s  follows; 

~ ~ ~ - 9 1 6  - FlAeld Recycle Pilot Plant - Construction is 28 percent. complete 
compared t o  a sckied-aled. 23 percentn 

- 
Concrete work i s  continuing at and - 

below grade 
s t r u c t w a l  s t e e l  has beeri erected above gradeu 
ing diffic1fit.y with t h e  su?xcntractJcrs  ' providing the 
sleeves,  and plugs.  

Piping arid electrical. work m e  proceeding on schedule. Some 
The contractor i s  encounter- 

shielding windows, 
These di . f f iw1t ies  c9ui.d delay construction progress 

CAH-922 - Burst Tegt Facility for Irradiated 2irr;oriium Wles  - Construction 
i s  93 percent complete compared t o  a scheduled 100 percent. The d i r ec t ive  
completion date  of January 31, 1.9& was not metu 
extend it about two weeks. 
of e l e c t r i c a l  wiring, painting, equipment t e s t i n g  and decontamination, and 
r ehab i l i t a t ion  and installation of the prototype cont0aiment vessel e 

It wi1L be necessary t o  
The pro,ject  is complete except f o r  a minor amount 
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CAH-962 - b w  Level Radiochemistry mi: 3 - Detailed design i s  completedo 
A construction bid phdkage i s  being prepared. 
lg&, authorized t o t a l  p ro jec t  fbnds i n  t h e  amount of $1,200,000. 
t a t i o n  t o  bid on construction of t he  building shoulti be issued ear ly  i n  
February . 

A d i rec t ive  dated J a n w y  13, 
The inv i -  

CAH-977 - a c i l i t i e s  fo r  Radioactive Inhalat ion Studies - Design i s  comphete. 
!me Commission has not issued a pro jec t  proposal rev is ion  requesting au thor i -  
zat ion of construction f’undso No progress is being madeo 

CAH-982 - Addition t o  Radfonuc:’,ide F a c i l i t i e s  - 2.41-C Building - The a rch i t ec t -  
engineer completed the design and estimmed the construction will cost  
$1.36,000. 
designo This k i l l  r e s i l t  i n  an estimated t o t a l  p ro jec t  cost  of $170,000. 

---- 
This is $39,00 mre than h i s  estimate upon completion of T i t l e  I 

CGH-999 - Plutonium Recycle C r i t i c a l  FhcilEty Conversion tc Light Water 
Beneficial  use of the  f a c i l i t y  was a t t a ined  on December 30, 1,963. Since 
that  time it m s  necessary t o  f ab r i ca t e  new cont ro l  rod snubbers and rod 
followers as a reml.t of ear ly  operating d i f f i c u l t i e s o  All work i s  now 
complet.edc 
submitter3 requesting authorizat ion t o  increase the  scope t o  provide capa- 
bility v M i i n  the  PRCF for handling and testing irradiated f ie1  p ieceso  
Ynerefore, It i s  not planned t o  i ssue  a Physical CoqEetion Notice a t  t h i s  
rimel 

It is ant ic ipa ted  thax 8 project  proposal rev is ion  w i l l  be 

CAI!-;OO - - High Temperature Lattice Testing Reactor - The Company compl.eted 
i t s  rev iew%‘ Vi t ro ’ s  Tit1.e 1 design package on December 13, 1963. Com- 
ments were reiayed t o  Vitro by the  Commission on December 27, 1963. On 
January LO, t h e  Commission informed the Company the  current  estimate for 
design and construction of this f a c i l i t y  is $2,7OO,OOO, which exceeds the  
avai lable  fbnds by $200,O0Oc A meetrng a s  held on January 15 among Com- 
mission, Vitro, and Company representaciws t o  revie-q the estimate and 
consider possible  scope changes t h a t  qi1.i reduce the  t o t a l  project  c o s t .  
V;WG i s  evaiuating the information discussed, and tlhe Commission w i l l  then 
decide upon the  next s t q  rc be taken” 

CAII-111. - C r i t i c a l  Mass Laboratory Addition - The pro jec t  proposal request-  
ing design funds was forwarded t o  Washington-AEC accompanied by a l e t t e r  
recommending i t s  approval _I 

UNCLASSIFIrn 

CAH-UG - PRTR Decontamination and D30 Cleanup - Vicrcl Engineering Corpora- 
tion i s  performing Title I d=ig-nb SeveraZ meetings have been held wi th  
Vitro and Commission representat ives  t o  d i  s m s s  general  requirements and 
technical  aspects  of t h e  work” 



UNCLASSIFIED H- 11 Hw-80560 

CAH-la9 - PRTR Storage h s i n  - and Experimental F a c i l i t i e s  b d i f i c a t i o n s  - 
Vitro Engiaeering Corpcm?;ion began design on January 27, l7&. 
t i v e  was issued November 15, 3.963. 

The direc-  

CAH-123 - Labmatory Fi re  FYotxction System - - The p:raject  pr.cjy;cEal has beec 
rewri t ten and wiLL be rerouted fo r  appr wal 

CAH-126 - Waste Transport System - The proJect  proposal was transmit ted t o  
the Commission for  aulhortzatlon on January 29, .ls)6L 

CAH-128 - Heat Transfer Appwatus for Model Studies, 185-D - The projec t  
proposal was transmitted t o  the Commission cm JanvAary 25,~gCjL 

Engineering Services 

Engineering work was performe6 ir. support of design and construction on 
active projec ts ,  p ro jec t  pr-oposslr, preliminary planning, and design c r i t e r i a  
for  nev p ro jec t so  Princigal. w m k  dtems hcluded::  (1) fielci l i a i son ,  review 
of  S ~ C P  &ayings and approval of submitted materials on CAH-916, FRFP; (2)  
review o f  A-E design on CAH-962, l o w  Level Radiochemistry &ii.ding; (3)  review 
of  A-E aesign on CAH-982, Radionuclide F a c i l i t i e s ;  ( b )  review of  A-E pre- 
liminary design on CAH-LOO, HITTII; ( ,? j  st i~dy of 327 building addi t ion a.Qd 
scope axd d e s i g l  e r i t e r m  for  mo6ificstiorx to 5201 building arid f a c i l i t i e s  
fo r  t k ; i  s p l i t  cable assembly being tramfezred Porn UPL; (6') preliminary 
scope $or o p e r a t i m  or' Critical F'acikicy with i r r ad ia t ed  f ieL,  CGH-999, and 
( 7 )  scope and design c r i t e r i a  f o r  AtmQ=.pherSc Physics Buildingo 

Scops desigrL and design criteria are  being p repand  for the Containment Sys- 
tafi Experimento Discissions have beerA held m t q h  t h e  J. A. Jones Company and 
with pozen-tiai sqp l i e r s  of t h e  major eqdipmeiit p ieces"  
?ainment tarrier was ccmpiet ed by Vitm Ehgineering ( 

Design of the  con- 

Engineering and consiixfng m r k  provi.5ed 7;s research and dev&!.opment per- 
s o r - e l  i.r,ciucied.:, 
spectrcmeber, LOj-KE Bul.:l.dicg; ( 2 )  eiigxeering assist,mce on h.i& tempera- 
t u r e  g&s .?sop, ' 3 S  bui::kd.%g; :'::I) enExe.er i r g  assi sLarrce on HTLTR niock-ap; 
(1.;) esgir,eering and t?.;t. work f'w ins t aXa t ion  of 20,903 p s i  p r e s s u e  
l x n d l n g  a-atoclave; ( . j  1 engineering abs i  s t a x e .  OE fast reactsr3:r concept study; 
( 6 )  engirieering ass1 s'tame l > l i  c - . n . t i z a i .  miss experiments; ('7 :! a-gineering of 
Biology Transfer. c a r t  anci lima; (8) efigiwering assistance w a ~  provided t o  
CPD for an audit cf t h e  2 3 3 4  verxiiiafion scystem and consultirlg ass i s tance  
on project. CAC-880, CAC--L~L. ins . t l rment  cieEi,gn and. b y - a i r  system, 2:34-5; 
( .g )  engineering work for  i i x t a L a t i o n  o f  'j20 mot,or gereraior ;  (LO) develop- 
ment of engineering information far plu.cakase of ccn~piter trailer; (11) 
engineeririg fo r  equipment packag.1.w fc:r a x t i c  Biology program; (32) engi- 
neering: f o r  power vibrating feeder i.cdex; (L3) engineering for instal . latLon 
of waste flaw meters; (14) engifieericg on Siquld. sodium loop instrumenta- 
tion; (15) engineering fo r  ins ta l l txdon c ; f  induc,tlon heater,  327 and 292-T; 
and (1.6) engineering fo r  r q a i r  of' roxir ig  m i l l .  

(1. ] engi.neerl.xig ass Lst.ance on experi.nientsL. neuT;ron 
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Plant IEngmeerirs 

Wzineering service was provided on numerous maintenance and laboratory 
modlf1catiOri arzd improverrient Jobs., Major items were: (1) mgineering 
inspection of Atmospheric Physric s towers; ( 2 )  engineering f o r  Installation 
of 325 bui ldwg emergency e l e c t r i c a l  geperator; ( 3 )  engineering o f  modifi- 
c2.t ions to 325 7:i:: l.ding counting room air conditioning system; (4 1 eilgi - 
neeringtc adtyprl double filtration f i l t e r  boxes f o r  use i n  325-B with ac t iva ted  
charcoal media; (5)  ventilatiom. study o f  144-F building; (6) work on engineer- 
ing  standards; (7)  engineering fo r  chemical sewer t o  306 building; (8) ana2ysi.s 
of vent i la t ian,  room 138, 308 building; ( 9 )  safery modification o f  314 crane; 
arid (10) load analysis of 321 building crane. 

Pressure Systems 

Specifica-tions for the  rea::tor simulator ves se l  (2500 p i g )  f o r  the contain- 
ment systems experiment were developedo 

Designs were reviewed f o r  the 1200’ F l i q u i d  metals loop,,  

me C - 1  Loop vas charged wi th  f u e l  elements and i s  i n  complete operatior, ,  
1?2 difficuLties have been experienced 

? h e  fo re t a r t  for the month, F isca i  CGSXC: f o r  the first. six months were 107 
pexen t  of the predicted. Maintenance costs continue t o  be high. Cur.tai,l- 
ment of uttusuai maintenance has been i n i t i a t e d  as a cont ro l  measure. 

The folicswirLg table summar’~zez. waste d i sposa l  operations: 

Nwember -- .It em - 
Conu-et? waste baxrelis iibposed t o  
300-Wye b u r l a i  gotcnd 

Concrete waste barrels disposed t o  
2OU-W piutonium burial g r o m d  

b a d h g g e r s  of dry waste disposed 
to 3OO-Wye buriai. ground from the 
325 buildi-ng 

Loadluggers of dry waste disposed 
t o  3OO-Wye bur i a l  ground from 300 
area sites other  than the 325 bu i ld ing  

4. 

0 

3 

19 

De c. emb er  

16 
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It. em - 
hadluggers  of dry waste disposed 

*om 300 area s i t e s  
to 200-W pl.Ut0ni.W b ~ l a l .  p o u n d  

Crib waste volume ( g a l l m s j  

November 

5 

400 000 

kcember 

7 

A work order has been issued ta CPD t'c i n s t a l l  six 'veytical b u r i a l  tubes 
i n  200-W for  disposing milk pails eontairiing P d  waste>  

The Class A inspection of' +,he wheel assemblies f o r  the three 
completleo Except fo r  the broken cross-axle on tanker #54 (2, 
unusual was foundo A l l  the brakes were rel ined,  brake drums 
down, and air  hoses and vaives were repaired or replaced. 

tankers i s  
nothing 
were turned 

Twenty hours of decontamimtion work was done for 306 buil.ding. 
casks were d e c o h m i m t e d  this &omha 
the decontxiinat ion tank ,, 

About 75 
Fifty-six of these were cleaned i n  

Iligh pressure a i r  re ' i s ions  we:? compieted at 308 'building. 
air f o r  the  hood process Y O P ~  i s  presently deing supplied by the 384 systemd 
The 308 Joy compressors a r e  or* standby, 

A2.1 compressed 

The 32E Duiidlng a i r  flow. system was cal.ibrated and updated 
a l i  I3k bui.l.dings i s  scheduled w t t h  r e s ~ ~ : v e y  schedirled each ?-ear t c  maintain 
complete air f low data,. 

Survey of 

Draftim 

'J%e equi-Ja1en-t of 1.38 drawings was pmduceL during The mc~il:.h f o r  an average 
of  30 man-hours per drawingo 

Major jobs i n  progress a r e :  
up core; (3) plutonium powder procesa i r4  lice; (4 j fast super pressure power 
reac tor  concept; (5) th r . ia  processing Line; (6) inha la t ion  s tudies  hood as- 
bu i l t s ;  (7)  ro t a t ing  c rys t a l  spectrometer; (8) capacitor disckiarge t e s t  
apparatus; ( 9 )  299 building piping Eervice drawings; (10) modifications t o  
309 ch i l l ed  water system; (11) refkact ion compounds glove box; and (12) 
dynapak furnace hood. Work W E  ai.ao produced iri supporx of engineering 
reported under previous sections cf this report 

(1) high  temperatui; gas ioop; (2) HTLTR mock- 



Activity dxrin& the month on const>ruct ion work ( L J d  A, ,  Jones Cofipany) being 
performed for  Hanford Laboratories components i s   give^ below: 

Unexpended 
EaLtinc e 

Orders out standing "beginning of month 
, . Issued during the month (including 

J b  A d  Jones e x p n d i t w e s  d w i n 4  mclnth 

E3al.ance at month end 
Orders clzsed du-riag nm-th. 

si.ppl and adj ) 

(includes ct.0, ccs-t) 

$2.57 209 

3.55 735 

I n  addltioc,  work on four maintenanc.e work arders f.ssued 33 plant  forces 
and having a face value of $14, 032 was. supervisedo 

Major nonproject jobs i n  proDess during t.he month were: (I) building 
modifications and laboratory f'urniture, 1Si-€I; (2)  instal1 platform, 
st.airway and manorail, ;308, ( 3 )  relocate snail dynapalr and install new 
dynapak, and renovate, room 125, 308; (4)  constructt block addi t ion f o r  gas 
ioop, construct, c t f i c e  addition and ins t . a i l  HTI;TR mock-up, 33.4; (5) con- 
st w u z t  ?.horia laboratory, rocm L U ,  i n s t a l l .  emergency generator, nodify 
mm. : 2C ,  f . n s t . aL  4lG V d i s t r i b u t i o n  pane: atid f i l ters  an5 exkaust duc.%.s, 
ccnstruct klgh temperature Labs arid mezzanine o f f i c e s ,  ins ta i i  i'ioor t i i e  
1 rA c.eramics laboratory, enclose n w t h  extry to  basement, e.r!.ltzrGe men's 
rexrwrn, aca construct re ta i r i r  , $ . r a i l . >  ,325; (6) i n s t a i l  l i g h t i n g ,  37.1.7-13; 
1'7) e n c k s e  m c l r - u ~  area and C O L L ~ : ~ ,  --.~:icsn ~ranho2e atid retenti .cn waste by- 
pass .line, ,309; arid. (8) construct r o G f ,  3718.. 

Cc rxainmeztt systems experimem r'aci.Li-,ies liiave been s+,arteci i n  222-Te 
crane mainterLance piasform 1 s  being cons t ruc ted  ana im?erials w e  being 
p r z h a s e d  f o r  the vem i l a t io r :  Larr ier .yal.l. 

Fabricstiori work cont ia les  o r  w h s t e  s c - i i d i f i c a t i o n  program equipment 
for 321 b u i d i n g  Racks 2A arid 12 itre schedliled fo r  t e s t  i n s r a . l h t i o n  i n  
j Z l  'c l i i lding in February- 

Flans have been compieted for i f i i ? i a c ~ o t - ~  of the Ff 1964 vel.: d r i l l i n g  pro- 
g r a m v  Major work i n w i v e s  mpi-cving existing wells ami t r i a i  Worl i  w i l l .  be 
acccrqdished by J d  A a  Jaws corm-ac t  t,o d e + m m i n e  method ar,d procedures , ,  

http://retenti.cn
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REACTOR DEVELOPME"*NT - 04 PROGRAM 

PLUTONIrnI RECYCLE PROGRAM 

Plutonium Recycle T e s t  Reactor 

Operat ion 

Reactor output f o r  January was 1482 MWD, f o r  an experimental time e f f i c i ency  
of 78% and a p lan t  e f f i c i ency  of 68$. 
ing the  month, two of which were terminated manually and th ree  were terminated 
by scrams. 

There were f i v e  operating periods dur- 

A summary of the  f u e l  i r r a d i a t i o n  program as of January 31, 1gQ1, 
follows : 

In-Core 
Ivm imm 
Average 

In-Basin 
Buried 
Ciiemo Process 

Program Totals 

Note :: 

Program 
A1-F'u. UOp Rl02 4 0 2  Other Totals  

1m - No. MWD No. MWD No. MWD No. MJD No. -- - -  - -  - -  
0 

43 3726.4 

2309.3 

E- 
(MWD/Element ) 

6 982.2 79 9349.8 85 10332.0 
251.7 221.3 
163 . 7 118.4 

26 2882.1 24 1150.2 93 775807 
1 7.3 1 7.3 

Q, 2830.1 103 lO5OO.O 2 7.3 246 22373.1 

2 1965.13 - - - -  67 11275.1 

X 20 = - MWD/TU f o r  U02 and pU02-U02 . 
D20 and indicated helium losses for January were TOO pounds and 133,907 scf., 
re s p c t  ive ly . 
Equipment Experience 

A t o t a l  of 59 reac tor  outage hours were charged t o  repair work. &in  items 
e r e  : 

Ins t m e  n t s 32 hours 
Valves 11 hours 
Process Tube t o  Nozzle Gaskets 6 hours 

Preventive mahtenance requimd 324 hours o r  about. 7$ of the total maintenance 
e f fo r t  . 
A recorder has been i n s t a l l e d  i n  the cont ro l  room t o  record the  four  communi- 
cations channels. This will provide the a b i l i t y  t o  review reac tor  
communications following an unusual occurrence. 
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Inmovement Work Status ( s ign i f icant  items ) 

lh r k Completed 

Modification for Reuse of &imaged Nozzle Caps 
125-V0lt Bat tery Disconnect Contactor 
Pressurizer  t o  Stack Valve Relocation 
b i l c r  Feedwater Pressure Transmitter Snubber 

Work P a r t i a l l y  Completed, 

In-Line Gas Sampling 
Process Tubes Level Indicator  
I n l e t  Gas Seal Replacelrrent 
Shim Rod Shroud te Top Cap Modification 
Improved RTD Connector Sealant and Bracing 
Instrument Power Transfer System 
Ins t a l l a t ion  of New Alarm Annunciator 
Thermistor Probe Ins t a l l a t ion  i n  FEEF 
Flow Monitor Tubing Snubber InstaLlat jon 
Indication of DC Solenoid Fai lure  
Holdup Tank - H i g h  Level A l a r m  

ks igr ,  Work Completed 

DT-1 Storage Tank Sight Gauge 
Emergency Personnel Air Lock Door Operators 
Cmtainment Valve Bypass f o r  Sump Bump-out Lines 

Design Work P a r t i a l l y  Completed 

Additional Fuel Storage and Ekamination F a c i l i t y  
Vibration Snubbers f o r  Ehrthqualce Protection 
Decontamination Buildin& and @O Cleanup F a c i l i t y  
Flux Wire Scanning System 
Supplemental Emergency Water Addition 
l’cnxmcnt Ins t a l l a t ion  of Closed Circui t  TV 
Rupture Monitoring System M d i f i c a t i o n s  

Frocess Engineering .and Reactor Physics 

A study is being conducted t o  determine the f e a s i b i l i t y  of using soluble boron i n  
t h e  moderator of PRTR t o  supplement o r  replace the e x i s t i n g  shim system. Results 
so-date indicate  tha t  an i n i t i a l  concentration of about 10 ppm boron i n  Q O  w i l l  
be required t o  compensate f o r  temperature e f f e c t s  and f o r  equilibrium xenon 
pcisoningo Corrosion s tudies  have been started t o  determine the  e f f e c t  of concen- 
t r a t i o n  of boric  ac id  on calandria shroud tubes fust above the operating moderator 
leve l  UNCLASSIFIED 
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Allowable tube powers were reviewed f o r  the various types of PRTR fuel 
dements  based on l i g h t  water in jec t ion  capacity and amount of p l u t o n i w  
segregation. 
of mixed oxide fuel elements and the  administrative control  limit of 
1.300 KW relaxed. 

New derat ing f ac to r s  were assigned t o  t h e  d i f f e ren t  types 

Allowable tube powers now range from 1300 KW to 1800 Ecltl. 

A review of the  capacity of the  l igh t  water in jec t ion  system f o r  'higher 
spec i f i c  power fuel elements was completed. 
aaequate f o r  elements having spec i f ic  powers of 54.8 MW/ton and '93.2 MW/ton 
for ce r t a in  types of primary ccolant leaks. 

The present LKC system i s  in- 

Preparation of a preliminary safeguards analysis f o r  reac tor  power leve ls  
up t o  120 rnegavatts was started. 
hazards analysis  of operation at hi@er reac tor  power levels .  
were i n i t i a t e d ,  

This review will be concerned with the  
Analog studies 

Procedures 

Operating Procedures issued 
Revised Operating Procedures issued 
Revised Operating Standards issued 
Temporary Deviations t o  Operating Standards isstled 
Process Specifications: accepted f a r  use 
Equipment Standards issued 

1. 
5 
11. 
13 
-6 
2 

Drawing &-Built Status : 

Approved f o r  &-Built  
In Drafting 
In  Approval 
B l e t e d  ar Voided 

Scheduled f o r  review 
Total  

Personnel Training :: 

Qualificatibri subjects  
Specifications,  Standards, IYocedures 
Ehergency Procedures 
I h i n t e  nance c cdur c s 

81 1 262 
7 29 - 
1 

1 

id$ 

1-38 
74 
18 

'c3 
2T3 
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Status of Qualified Personne.1 at Month-Ehd: 

U l i f  ied Reactor Engineers c 
hov i s iona l ly  Qualified Reactor Engineers 1 
b l i f  ied h a d  Technicians 6 
Qualified Technicians 18 
Provisionally Qualified- Technicians 4 

Experimental Reactor Semiices 

The s t a tus  of the various t e s t  e l e m n t s  at the end of January 1964, i s  shown 
belowo Those elements which had reached t h e i r  assigned goal, exposure or  had 
been permanently discl?arged f o r  other reasons pr ior  t o  January I, 1964, have 
been deleted from the  table. 

Test 
NO 0 

14 
14 
14 
48 
47 
47 
4 7  
54 
5’1 
61 
61 
61 
61 
67 
80 
83 
80 
85 

- 
Channel 
Locat ion 

1956 
1352 
1758 
1156 
%s in  
Bas in 
Bas i n  
1542 
1554 
1249 
1354 
1556 
1152 
1457 
Basin 
Basin 
1544 
1847 

Ntmber 

5097 
5098 
5099 
51.50 
5121 
5194 
5193 
5116 
5118 
5x85 
5186 
5192 
5119 
5117 
5210 
5213 
5214 
5230 

BEtte 
I n i t i a l  Dis- 

Description Charge charged 

MoxtyP-Swaed 4/2/62 
Moxtyl-vipac 5/8/62 
MOxtyl-VipaC 5 / w 2  
Moxtyl ( 112“ x 1/2” pads ) 8/1/62 
Unautoclaved LX AlPu 6/13/63 
Unautoclaved LX AlPu 7/6/63 
Ibutoc laved  Lx AlPu 7/6/63 
Moxtyl (clip-on pads) 5/8/62 
Moxtyl (clip-on pad6 ) 5/8/62 
Moxtyl-Physics 5/28/63 
Moxtyl-Phys ics 5/2s/63 
Moxtyl-Physics 6 I E m  
Moxtyl (Rep i red  wire ) 10/20/63 
Moxtyl (Repaired wire ) 10/20/63 
Moxtyl( 1$ h02 ,  Swaged) 11/8/63 

Moxtyl( l$ PuO2, Swaged) 11/18/63 
Moxtyl( 1% h02 ,  Vipac ) 1/30/64 

Moxtyl( 1s h 0 2 ,  Swaged) 11/11/63 

Approximte 
Accumulated 

MWD 

138.1 repad 
219.0 repad 
154.3 repad 
150.8 
101.9 
37.7 
97.6 

154 9 
221.3 
127.2 
116 . 4 
128 . 1 
59.0 
101.5’ 
42.6 
5305 
47.6 
0.0 

Three fuel elements f a i l ed  during t h e  month and were removed from the  reactor.  

A total of 23 fuel elements were examined i n  the basin during the month. 
rod was cut from each of s i x  elements and shipped t o  lkdiometallurgy f o r  
t e  s t i ng  

One 

UNCLASSIFIED 
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Flut.onium -- Recycle C r i t i c a l  F a c i l i t y  

Stta,rtzir wrk for  tk H. 0 modera$ed PRCF continued during the ffiorith, 1ki.1~1: j c1- 
i . h k d  pre-operations1 t e s t i n g p  completion of p r q e c t  exceptims, ah in i r : . c  i ! . - .  
przparations and sane r2psix WGXI:, A t  month-en3 t h e  fuel follower sections ic: 
the rods are the last mJor item still needed. 

2 

PIf!ifications were =de t3 the PRCF-EBWR core cons is t ing  primw3.ly of enlarginc 
63 holes irl t h e  l a t t i c e  plates t.3 accommociate thimble tubes"  The thimbles vi13 
bc x e d  tc acCmpl1Sh v ~ i h  forination tests,  Prmision traE C'SO made f o r  ti flux 
Co i l  -px&rstion near the  celzt-er ~f the coreo 

(he Nuclear. Safety Speci f ica t ion  was issued and three revised Process Specific&- 
:,ions wer2 accepted for use. 

h e 1  .-1 Element Rupture Testing Facility 

FERTF 'r-:.~~ b o I  w i n g  a defective Al-Pu elemerit, was completed, 
difficlAlt,y vith airborne r d i o a c t i v e  contamination was encountered in t h e  loop 
armex cej.1) e q u i p e n t  room 3rd tunnelo 
vhiL-4 FERTF k s t  L-1, u t i l i z h g  another defective Al-Pu element, m s  being 
pc--Xiwmxi, As a result ,  vent i m e s  to the pump hoods were installed upon comple- 
? : A :f FEETI' Test 4-1, thersby el iminat ing the air a c t i v i t y  problems e 

Considerable 

A i r  a c t i v i t y  problems were evaluated 

UNCLASSIFIED 



'UIJSLASSIFIEP 1=6 HW-80 5 60. 

LABORATORY MAINTENANCE OF'ERATXON 

'r2Lai productive time was 23,300 hours of 24,600 hours potent ia l ly  available. 
!?i t he  b t a l  productive time, 91% was expended i n  support of Kanford Laboratories 
xmpmcnt s ,  with the remaining 9$ directed toward providing service for other 
;UFO organizations, 
wailable hours. 

Craft overtime worked dusin the month was 1.5% of t o t a l  
Manpower utilization (in hours for January was as follows: 

A. 
Be 

c. 

Shop Work 
Maintenance 
1 Pre-i,ent ive Maintenance 
2 
3. Normal Scheduled Maintenance 
ReGD Assistance 

Ehergency or Unschedu3.ed Maintenance 

2 400. 
8 400 

2 500 
1 iuo 
4 200 

12 500 

Manager 
Test Reactor and Auxiliaries 
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INVENTIOm OR DECOVERIES 

All persons  engaged in  work  that rnight reasonably  be expected t o  
r e s u l t  in inventions or d i scove r i e s  advise  that ,  to the best of t he i r  knowledge 
and belief, no inventions or discoveries were made  in  the c o u r s e  of the i r  
work  dur ing  the per iod covered  by th i s  report .  except  as l i s t ed  below. Such 
pe r sons  f u r t h e r  advise  that ,  f o r  the period the re in  covered  by this  r epor t ,  
notebook r e c o r d s ,  if any, kept in  the c o u r s e  of their work have been 
examined for possible  inventions or discover ies  e 

INVENTO?3 TITLE OF INVENTlON OR DISCOVERY 

E .  R. Ast ley  
L. M .  F inch  
E .  R.  Ast ley  
L. M. F inch  
R .  J. Hennig 
W .  W .  Schulz 

0 

A New Method of Control l ing Reac to r s  

Nuclear  Reac to r  Skewed P r o c e s s  Tube 
Design and A r r a n g e m e n t  

T e r t i a r y  Amine Solvent Ext rac t ion  
Recovery  of Plutonium and Neptunium 
f r o m  P u r e x  P r o c e s s  lWW Solution 

Manager ,  Hanford Labora to r i e s  
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