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V HW-83820 

BUDGET AND COST SUMMARY 

August opera t ing  c o s t s  totaled $2, 596, 000, a d e c r e a s e  of $45, 000 
f r o m  the  previous month; f i s c a l  yea r - to -da te  c o s t s  are $5,236,000 o r  1570 
of the $34,863,000 c u r r e n t  con t ro l  budget fo r  F Y  1965. 

Hanford L a b o r a t o r i e s '  r e s e a r c h  and development  c o s t s  f o r  August 

compared  with the prev ious  month and the c u r r e n t  con t ro l  budget are shown 
below : 

(Do l l a r s  in  
thousands)  

HL P r o g r a m s  
0 2' 
04 
05 
06 
07 
08 

C O S T  

C u r r e n t  P r e v i o u s  
Month Month T o  Date  

$ 56 $ 52 $ 108 
1073 1092 2 165 
100 118 ' 218 
284 308 592 
4 1 5 
43 39 82 

1560 161u m 
Sponsored  by 

NRD 137 157 2 94 
IPD 13 25 38 
C PD 158 203 361 

T o t a l  $1 868 $1 995 $3 863 

RESEARCH AND DEVELOPMENT 

1. Reac to r  and F u e l s  

Budget 

$ 542 
15 620 
1 444 
3 570 

280 
21 466 

- - -  

1594 
425 

2 207 
$25 692 

70 
Spent  

20 
14 
15 
17 

28 
15 

- -  
- 

18 
9 
16 
1570 
- 

- - 

A second compara t ive  i r r a d i a t i o n  test of fuel  e l emen t s  of N-Reactor  

uran ium fuel  composi t ion and of e l emen t s  containing 400 ppm i r o n  and 

800 ppm aluminum in  the uran ium was  comple ted .  

dens i ty  m e a s u r e m e n t s  show cons is ten t ly  less swel l ing  in the latter case. 
P o s t i r r a d i a t i o n  bulk 

A fa i lu re  o c c u r r e d  in one of two N-Reactor  s ing le  tube fuel  e l emen t s  

wi th  fluted o u t e r  s u r f a c e  which w e r e  under  i r r a d i a t i o n  in  the E T R .  The  
f a i lu re ,  which o c c u r r e d  at a n  exposure  of approximate ly  2500 Mwd / ton,  



-- 

was adjacent  to  a n  end cap  and in  the vicinity of a m a r k e r  tab  that  had been 

spot-welded onto the cladding s u r f a c e .  

I r r ad ia t ion  tes t ing  of fue l  fouling de tec to r s  fueled with Th-U alloy 

has  been success fu l ly  completed.  
N -Reac t  o r .  

F o u r  de tec tor  p robes  a r e  now in use  in 

The  17 uranium al loys to  be used  in  expe r imen ta l  i r r ad ia t ion  s tud ie s  

to  evaluate  the effects  of alloying and heat t r e a t m e n t  on swel l ing have been 

fabr ica ted  into Z i r ca loy -2  clad r o d s  f r o m  which t e s t  s p e c i m e n s  a r e  being 

p r e p a r e d  . 
All  t a rge t  e l emen t s  f o r  N-Reactor  product ion t e s t  NR-8 have been 

de l ivered  to N-Department .  

and 135 s h o r t  t a r g e t  e l emen t s .  

made  on 108 of the en r i ched  uranium d r i v e r  tubes to be used in  th i s  product ion 
t e s t .  

Th i s  de l ive ry  included 650 full  length e l emen t s  

Comple te  d imens iona l  m e a s u r e m e n t s  w e r e  

Visua l  examinat ion of a s e r i e s  of l i thium-containing c e r a m i c  t e s t  

e l e m e n t s  a f t e r  i r r ad ia t ion  tes t ing  r evea led  no evidence of i r rad ia t ion- induced  

changes .  

gas  contents  of the t e s t  s a m p l e s  (GVR) up to  12. 9. 
T h e s e  e l e m e n t s  w e r e  i r r a d i a t e d  fo r  suff ic ient  t i m e  to  give calculated 

C o r r o s i o n  tes t ing  of defected Li-A1 t a r g e t  e l emen t s  in 280 C w a t e r  
has  been comple ted .  In those e l e m e n t s  in  which the t a r g e t  c o r e  was  exposed 

d i r ec t ly  t o  the coolant,  swel l ing caused  by c o r r o s i o n  w a s  obse rved  within the 

first 4 h r  and extensive c o r r o s i o n  damage  and clad sp l i t t ing  had o c c u r r e d  a t  

the end of the 297 h r  t e s t  per iod.  

* ’  
Mechanical  tes t ing  of c l o s u r e s  f rom hot-headed,  project ion-welded 

and b r a z e d  e l emen t s  have given c losu re  s t r eng ths  in  e x c e s s  of 30 ,000  psi .  

Highest  s t r eng th  w a s  obtained f rom a n  e l emen t  having s i x - r i n g  pro jec t ions .  

Two t r ans i en t  heat  t r a n s f e r  e x p e r i m e n t s  w e r e  conducted to  invest igate  

fuel  t e m p e r a t u r e s  following the possible  rup tu re  of a ma in  w a t e r  supply l ine 

1 2 2 6 9 8 9  
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at N-Reactor .  

rate the maximum t e m p e r a t u r e s  in the  test sec t ion  did not exceed 1100 F. 
It was  found tha t  with a n o r m a l  d e c r e a s e  in hea t  genera t ion  

The  t i m e  t o  boil  w a t e r  out  of s m a l l  product ion r e a c t o r  p r o c e s s  

tubes  f i l led with t h o r i a  fuel  was  ca lcu la ted  to  be we l l  ove r  a minute  fo r  

cases where  w a t e r  l o s s  o c c u r r e d  after the r e a c t o r  had been shu t  down f o r  

s o m e  t i m e .  

The c r u d  f i lm r e m o v e d  f r o m  a port ion of the rup tu red  N-Reactor  

fuel e lement  w a s  less than  0 . 0 5  m i l  thick and would i n c r e a s e  the s u r f a c e  

t e m p e r a t u r e  less than  1 C at a heat flux of 500, 000 B t u / h r - f t  . 2 

No stress c rack ing  was  found on  copper  tubing and b r a s s  fi t t ings 

exposed f o r  5 m o  to  s tagnant  pH 9-10 ammonia ted  w a t e r  and vapor  at 
55-150 C ,  the t e m p e r a t u r e  and pH conditions proposed f o r  t he  N-Reactor  

graphi te  cooling s y s t e m .  

C o r r o s i o n  evaluat ion in high t e m p e r a t u r e  w a t e r  of n icke l  plat ing 

techniques f o r  a luminum and the effects of diffusion heat t r e a t m e n t  indicate  

chemica l  n icke l  is s u p e r i o r  to e l ec t rop la t e s .  

Coupons of Z i r ca loy -2  and 4 w e r e  exposed 58 days  i n - r e a c t o r  and 

in ou t -o f - r eac to r  con t ro l  expe r imen t s  t o  a 400 C (752 F) hel ium a t m o s p h e r e  

containing CO, H2, and w a t e r  vapor .  
c o r r o s i o n  rate i n - r e a c t o r  was  noted. 

No evidence of a c c e l e r a t i o n  of the 

The first stress r u p t u r e  test of a s e c t i o n  of a n  i r r a d i a t e d  KER 
p r e s s u r e  tube has been  comple ted .  

of 300 C (572 F) and a hoop stress of 61,000 psi .  

the un i r r ad ia t ed  condition would have been  expected to  fail at the s a m e  

stress in 20 hr .  

I t  rup tu red  in 492 h r  at a t e m p e r a t u r e  

A s i m i l a r  s p e c i m e n  in 

Under c e r t a i n  conditions hydrogen r e d u c e s  the rate of oxidation of 
g raph i t e -wa te r  vapor  by f a c t o r s  of 3-  1 / 2  and 7 .  

Continuous ana lys i s  of effluent g a s e s  h a s  been  demons t r a t ed  as a 
s u c c e s s f u l  way of de t e rmin ing  ins tan taneous  rates of oxidation of graphi te  
by w a t e r  vapor .  

I 2 . 2 E 9 9 O  



The  long t e r m  i r r a d i a t i o n  of N-Reactor  graphi te  in  the GETR is 
p r  o g r e s  s ing  sat is fac to r  i ly  . 

T h r e e  fuel  e l emen t s  w e r e  de l ive red  to  the P R T R .  A s h o r t  c o r e  fuel  

e lement ,  a prototype f o r  poss ib le  high power dens i ty  PRTR test ing,  was  

p r e p a r e d  us ing  U02-filled r o d s  a s s e m b l e d  into a 19-rod c l u s t e r .  

Swaging and ex t rus ion  are being evaluated fo r  f ab r i ca t ion  of pluto- 

nium a l loy  w i r e  f o r  en r i chmen t  of uran ium oxide pel le t - f i l led r o d s .  

A new swage rod  loaaing hood, which i n c o r p o r a t e s  s e v e r a l  improve -  
m e n t s ,  w a s  put into s e r v i c e .  

E x c e s s  oxygen i n  nons to ich iometr ic  U 0 2 ,  introduced both by r o a s t i n g  

and by adding U308, was  found t o  equ i l ib ra t e  among  the va r ious  U 0 2  par t i c l e  

s i z e  f r a c t i o n s  upon heat ing under  vacuum at 1200 C f o r  80 m i n  in  a double 
Nupac can.  

Examinat ion  after 106 h r  of opera t ion  in the PRTR r u p t u r e  loop 

r evea led  no fuel  washout  o r  changes in the appea rance  of a n  intent ional ly  

defected,  p r e i r r a d i a t e d  (240 Mwd / ton) ,  swage -compacted  U 0 2  fue l  e l emen t .  

F a i l u r e  in  the modified end c a p  r eg ion  of a PRTR r o d ,  containing 

contaminated fuel  m a t e r i a l ,  ind ica tes  tha t  end c a p  c r e v i c e s  are not the c a u s e  

of prev ious  fuel  e l emen t  f a i lu re s .  

Machining a p p e a r s  t o  enhance suscept ib i l i ty  of PRTR Z i r c a l o y  cladding 
to  hydr ide  at tack.  

T h e  r e a c t i o n  l a y e r  on Z i rca loy -2  capsu le s  exposed t o  iodine at 400 C 

has been identified as a lpha-z i rconium.  

The ful l  length, M a r k  IX-B U 0 2  inve r t ed  c l u s t e r  fuel  e l e m e n t  w a s  
success fu l ly  i r r a d i a t e d  in  the PRTR r u p t u r e  loop and d isp layed  no v i sua l ly  

de tec tab le  d imens iona l  changes  o r  s u r f a c e  fouling. 

Capsule  tests of EBWR U 0 2 - P u 0 2  r o d s  are p e r f o r m i n g  s a t i s f a c t o r i l y  
2 under  proposed  4 2  Mw EBWR conditions (60 w / c m  

to  the exposure  of m o s t  i n t e r e s t  (-2. 5 x lo2' f i s s i o n s / c m  ). 

maximum heat flux) and 
3 
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S e v e r a l  dozen s p e c i m e n s  of two overlapping Z i rca loy  s t r i p s ,  - --- 
3 / 1 6  in. wide by  0 .  010 in .  thick,  w e r e  spo t  welded toge ther  under  w a t e r .  

Based  on v i sua l  examinat ion,  the aluminum -clad fuel  e l emen t s  f rom 

C - 1  Loop, which had been  exposed i n - r e a c t o r  fo r  1400 hr  t o  r e c i r c u l a t i n g  
wa te r  at 260 C outlet  t e m p e r a t u r e  and pH 4.  5 with phosphoric  acid,  did not 

appea r  t o  have nonuniform c o r r o s i o n .  

A 3 / 8  in. OD, 0 . 0 3 5  in.  wa l l  s t a i n l e s s  steel tube,  18 in. long with 

a 0. 110 in.  tungs ten  h e a t e r  w i r e  down the middle ,  w a s  v ibra t iona l ly  c o m -  

pacted with U 0 2  t o  85% TD. T h i s  r o d  is to be used  in fuel  r e loca t ion  

s tudies .  

, 

Examinat ion  of a PUN-15 ~ 0 1 %  Pu c e r m e t  i r r a d i a t e d  t o  a n  e s t i m a t e d  
burnup of 35 x IO2' fission!cm3 showed that  a port ion of the s p e c i m e n  was 
conver ted  to  a fine power.  

The t h e r m a l  expans ion  of a s ing le  crystal spec imen  of U 0 2  was  

m e a s u r e d  between 300 and 1600 C. 

I r r ad ia t ion  w a s  completed on the first of a series of U02 mel t ing  

tests invest igat ing the effect of s to i ch iomet ry  on t h e r m a l  conductivity dur ing  
and after r e a c t o r  s t a r tup .  

A t h o r i a  e l e m e n t  or ig ina l ly  containing 680 ppm ni t ra te  r e l e a s e d  

180.2 m l  of gas ,  170 m l  of wnich w a s  N2,  after 1. 1 x lo2' nvt exposure  in  
the MTR. 

' F i v e  i r r a d i a t e d  PRTR fue l  r o d s  wi th  different fuel  f ab r i ca t ion  h i s to ry  

were t r a n s f e r r e d  to  the Radiometa l lurgy  Labora to ry  for  sec t ion ing .  Approxi-  

mate ly  12 in .  rod  sec t ions  w i l l  be s lo t ted ,  capped, and subjec ted  to  s imula t ed  

r e a c t o r  coolant  flow conditions to  develop fuel washout data. 

E n r i c h e d  U 0 2 - 1 5  wt% P u 0 2 ,  densif ied by pneumatic  impact ion  t o  9570 TD, 
shows uniform plutonium d i s t r ibu t ion  by au toradiography and chemica l  tes t ing .  

No g r o s s  inhomogenei t ies  in plutonium concent ra t ion  w e r e  found in  a 
s a m p l e  of UO2-2O0/0 PuOz ( impacted  and 64 h r  ba l l -mi l l ed )  ana lyzed  by the 

e l e c t r o n  mic roprobe .  



Specif icat ions w e r e  wr i t t en  fo r  U 0 2  powder to  be used  in the  pneu- 
m a t i c  impact ion p r o c e s s .  

Vibra t iona l  compact ion loading of fused U 0 2  p a r t i c l e s  in  a thin w a l l  
Z i rca loy-2  clad, tube-in- tube fuel  e l emen t  r e s u l t e d  in g r e a t e r  than  86% TD 

in  both the  inne r  tube and the ou te r  tube.  

A l l  s i x  of the s m a l l  cans  of BeO-nickel  coated PuOz impacted  
m a t e r i a l  have been opened. 
of the s a m p l e s .  

The B e 0  m a t r i x  appea red  to  be bonded in all 

A highly loaded U 0 2 - N b  c e r m e t ,  c lad  with thin wa l l  niobium tubing 

and sealed with powdered niobium end caps  w a s  f ab r i ca t ed  by pneumatic  
impact ion.  

The  first u s e  of r ec t angu la r  tooling in  the Dynapak machine was  
success fu l .  

P rev ious ly  r e p o r t e d  d i f fe rences  in  the tens i le  p r o p e r t i e s  of Inconel 

X-750 have been shown to r e s u l t  f r o m  va r i a t ions  in g r a i n  s i z e  r e su l t i ng  f r o m  
the conditions of heat  t r e a t m e n t .  

Oxidation rate d a t a  f o r  Hastel loy-X and Haynes -25 have been obtained 

at 1120 C (2048 F) in va r ious  p r e s s u r e s  of oxygen, ca rbon  dioxide,  ca rbon  
monoxide , and a tmosphe r i c  p r e s s u r e  air. Ra te  p r o c e s s e s  are gene ra l ly  

parabol ic .  

In t e rna l  oxidation of cold worked T Z M  exposed 11 days  to  1000 C 
(1832 F) 5 x T o r r  air was  obse rved ;  fo r  annealed TZM, penet ra t ion  
w a s  negligible. 

Room t e m p e r a t u r e  tens i le  tests on con t ro l  s p e c i m e n s  of va r ious  

nickel  b a s e  a l loys  exposed to  580 and 740 C (1076 and 1364 F) hel ium w e r e  

comple ted  and the data compared  to that fo r  s p e c i m e n s  i r r a d i a t e d  under  

s i m i l a r  t h e r m a l  conditions to  a n  exposure  of 9 x 10 19  nvt. 

1 2 2 8 9 9 3  
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P r e l i m i n a r y  r e s u l t s  f r o m  high rate loading f r a c t u r e  expe r imen t s  

on AISI A302B SS indicate  a possible  c o r r e l a t i o n  between f r a c t u r e  phenomena 

and deformat ion  behavior .  

A 10% oxal ic  ac id  solut ion has been  used  to  meta l lographica l ly  con-  

f i r m  the p resence  of m a r t e n s i t e  in  cold-worked AISI 304 SS. 

The s p e c i a l  E T R  C-7 Loop test with a hydrogen addition to  the cool -  

ant ,  which s t a r t e d  in  Ju ly  1964, with a va r i ed  cha rge  of c o r r o s i o n  spec imens ,  

a p p e a r s  f r o m  w a t e r  ana lys i s  t o  be p r o g r e s s i n g  sa t i s fac tor i ly .  

The first cont ro l led  p r e s s u r e - t e m p e r a t u r e  swel l ing  capsu le  is o p e r -  

a t ing  success fu l ly  in  a r e a c t o r  at 450 C (842 F) and 1000 ps i .  

Examinat ion  of the  r e p l i c a  f r o m  a U + Fe-A1 spec imen  i r r a d i a t e d  t o  

0. 16  at.% burnup at 605 C (1121 F) showed s m a l l  p o r e s  a t tached  to  a few of 

the second phase  p a r t i c l e s  and a l m o s t  no m a t r i x  poros i ty  o r  t e a r i n g .  

The  radiat ion-induced r e a c t i o n  of ca rbon  monoxide with w a t e r  vapor  

In gas m i x t u r e s  con-  w a s  found t o  be v e r y  efficiently s e n s i t i z e d  by hel ium. 

ta ining up to  9870 hel ium the yield of products  based  on  to ta l  ene rgy  abso rbed  

w a s  invariant ,  wi th  a G value of 1 5 .  - 
The oxidation rates of a highly purif ied graphi te ,  SP-6, in  air and in  

air with  C-C12F2 inhibitor w e r e  found to  be g r e a t e r  than  rates f o r  EGCR-  

type g raph i t e .  The r e s u l t s  are anomalous s i n c e  the  SP-6 m a t e r i a l  conta ins  

a much lower  content  of vanadium thought t o  be the oxidation ca t a lys t  of 
impor t ance .  

The first boronated graphi te  s a m p l e s  r e c o v e r e d  f r o m  the E T R  irra- 
d ia t ion  fac i l i ty  conf i rmed earlier r e s u l t s  obtained in the Hanford r e a c t o r s .  

I n c r e a s e d  s t i f fnes s  in  ro l l i ng  Z i rca loy -2  s t r i p  has  been  obse rved  on 

s e v e r a l  occas ions  when a per iod  of weeks has e l apsed  in  the  f ab r i ca t ion  

schedule ,  indicat ing a poss ib le  aging p r o c e s s .  L a b o r a t o r y  tests show that  

i n c r e a s e d  s t r e n g t h s  of 3000 to  6000 ps i  can  be achieved by aging; however ,  

these changes  do not a p p e a r  to be sufficient to c a u s e  the appa ren t  i n c r e a s e s  

in  r o l l  f o r c e .  

I 2 2 8 9 9 4  
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I r r ad ia t ion  of t h r e e  tubular  Z i r ca loy -2  clad Th-U fue l  e l e m e n t s  con- 

t inued success fu l ly  in the ETR-P7 loop. 

m o r e  than  expected f r o m  the so l id  f i s s ion  products .  

i n c r e a s e  at 8500 Mwd/ton was  0.9%. 

F u e l  swel l ing  cont inues to  be no 
The m e a s u r e d  volume 

I r r ad ia t ion  of a uranium test rod  containing a s u b m i c r o n  d i s p e r s i o n  
of uran ium ca rb ide  in the fuel  has been  completed.  

been shipped to  Radiometa l lurgy  fo r  examinat ion.  

The test capsule  has  

Techniques have been developed fo r  s t rengthening  the be ta  phase of , 

unalloyed plutonium and fo r  e l imina t ing  m i c r o c r a c k s  in high puri ty  plutonium. 

Molybdenum foi ls  having t h r e e  cont ro l led  ca rbon  contents  have been 

examined  by X - r a y  d i f f rac t ion  after i r r a d i a t i o n  to  1 x lo2' nvt (E > 1 MeV). 

Deformat ion  s tud ie s  in the  e l e c t r o n  mic roscope  of i r r a d i a t e d  molyb- 

denum have demons t r a t ed  that moving d is loca t ions  in te rac t  with defect 
c l u s t e r s  and f o r m  jogs that impede the i r  motion dur ing  glide.  

L a r g e  d is loca t ion  loops have been obse rved  by t r a n s m i s s i o n  e l e c t r o n  

mic roscopy  in s p e c i m e n s  of i r r a d i a t e d  carbon-doped molybdenum tha t  w e r e  

annealed a t  750 C (1382 F) f o r  2 h r .  

The character of the s m a l l e r  loops p r e s e n t  in these spec imens  could not be 
e s t ab l i shed .  

T h e s e  loops are in t e r s t i t i a l  in c h a r a c t e r .  

A discont inui ty  at approximate ly  110 C (230 F) in the  different ia l  

t h e r m a l  ana lyses  heat ing c u r v e  of plutonium has been r e p o r t e d  by inves t iga to r s  

at the  Mound L a b o r a t o r i e s .  The spec i f i c  vo lume- t empera tu re  c u r v e  of high 

pur i ty  plutonium de r ived  f r o m  heat ing rates of 1 C (34  F) p e r  hour  contained 

no discont inui ty  between 100 and 119 C (212 and 246 F). 
change in e i t h e r  c r y s t a l  s t r u c t u r e  o r  a tomic  s t r u c t u r e  in this t e m p e r a t u r e  

r ange ,  no volumetr ic  change takes p lace .  

In the event  of a 

The first sh ipment  of 810 EBWR U 0 2 - 1 .  5 wt% P u 0 2  fuel  r o d s  was  

made  to  Argonne.  

A w e t  hydrogen, high t e m p e r a t u r e  t r e a t m e n t  was  found to  r e m o v e  
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Fif ty-f ive of 474 ul t rasonica l ly  t e s t ed  Z i r ca loy -  2 cladding tubes 

gave indications of defects  in e x c e s s  of 0. 001 in.  

Two U02-62 wt% nichrome c e r m e t  d i s c s ,  0. 6 in. d i ame te r ,  totally 

Approximately 7500 20 wt% Pu-A1 d i s c s ,  0 . 0 2 0  in. thick,  have been 

clad in  n i ch rome ,  w e r e  p r e p a r e d  by a Nupac technique. 

f ab r i ca t ed  to  c lose  to l e rances  by the r ecen t ly  developed s p i r a l  machining 
p rocess .  

D i scs ,  containing 3 g / c c  U 0 2  (-69 wt% U 0 2 ) ,  w e r e  fo rmed  using 

a n  o rgan ic  b inder  and carefu l ly  control led heating rates. 
by 3 / 8  in. thick d i s c s  machined s a t i s f a c t o r i l y  and the m a t e r i a l  a p p e a r s  to  
be su i tab le  for  HTLTR cont ro l  r o d  s l e e v e s ,  

The 1 . 9  in. diam 

Two s a m p l e ,  3 wt% Pu-A1, I&E f u e l  e l emen t s  have been fabr ica ted  

and nondestruct ively t e s t ed  t o  de t e rmine  co re - to -c l ad  contact  a r e a .  

2. Phys i c s  and Ins t rumen t s  

Cr i t i ca l i t y  e x p e r i m e n t s  pe r fo rmed  with plutonium solut ions in a n  
unref lected 15. 2 in. diam s p h e r e  yielded data  on the effect  of n i t r a t e  on 
c r i t i ca l i t y .  

between the r e a c t o r  c o r e  and i t s  r e f l e c t o r  w e r e  a l s o  obtained. 

Data fo r  evaluating the e f f ec t s  on c r i t i ca l i t y  of a n  air gap 

Measuremen t s  of r e a c t o r  noise  made  on plutonium solut ion s y s t e m s  
show qual i ta t ive a g r e e m e n t s  with theo ry  that  p red ic t s  subc r i t i ca l i t y  of a 
r e a c t o r  can  be de t e rmined  independently of a knowledge of kinet ic  p a r a m e t e r s  

such  as the prompt  neut ron  l i fe t ime and delayed neutron f rac t ion .  

Fundamenta l  da ta  w e r e  obtained for de te rmin ing  the validity of pulsed 
neut ron  s o u r c e  expe r imen t s  f o r  l a r g e  s y s t e m s  through e x p e r i m e n t s  pe r fo rmed  

in an  “inf ini te”  w a t e r  tank. 

A difficult  and impor t an t  problem re l a t ing  to  the safe ty  of p r o c e s s e s  
involving dissolut ion of uran ium rods  moved a s t e p  n e a r e r  solut ion with 
success fu l  appl icat ion of a t h r e e - r e g i o n  l a t t i ce  Monte C a r l o  code to u ran ium-  

w a t e r  l a t t i ce  da ta .  



Nuclear  s a f e t y  p rob lems  in which neutron in t e rac t ions  between 

v e s s e l s  m u s t  be s tudied c a n  now be done m o r e  a c c u r a t e l y  and 15 t i m e s  

faster. 
p l i sh  these goals .  

An IBM in te rac t ion  code has been r e v i s e d  in s e v e r a l  ways to  accom-  

One designed hybrid p reampl i f i e r  was  completed,  t es ted ,  and de l ive red  

to  N-Reactor  f o r  u s e  with the neut ron  s u b c r i t i c a l  moni tor .  

s a t i s f ac to ry ;  however ,  minor  t r a n s i e n t  noise  p rob lems  r e m a i n  to  be  r e so lved .  

P e r f o r m a n c e  w a s  

Detai led ca l ibra t ion  tests w e r e  init iated on the completed Pu239 liquid 

s a m p l e  counting s y s t e m  developed f o r  u s e  at the 234-5 Building, CPD.  

N -Reac tor  analog s imula t ion  s t u d i e s  continued to  define s t e a m  gene ra to r  
con t ro l l e r  se tpoin ts  maintaining s a t i s f a c t o r y  s u r g e  tank opera t ion  du r ing  a 
s c r a m .  Computer  r u n s  have been  made ;  the data are being ana lyzed .  

Analog computer  p r o g r a m m i n g  f o r  defining the  xenon t r a n s i e n t s  in a l a r g e  

r e a c t o r  was  e s sen t i a l ly  completed.  C i r c u i t s  w e r e  developed which p e r m i t  

reading-out  the r e a c t o r  node powers  sequent ia l ly  and d isp lay ing  them as a p r o -  
file on a n  osc i l loscope .  

The  feasibi l i ty  of modifying the N-Reactor  fue l - end  c l o s u r e  test t o  

p e r m i t  nondestruct ive m e a s u r e m e n t  of end c a p  th ickness  is being invest igated.  

Need f o r  the added inspec t ion  is brought  about by inaccurac i e s  i n  the  fuel  

machining p r o c e s s ,  which m a y  r educe  the end c a p  th i ckness  beyond accep t -  
able l imi t s .  

new equipment  rather than modify ex i s t ing  t e s t e r s .  

R e s u l t s  are encouraging  although it m a y  be p r e f e r a b l e  t o  develop 

A nondes t ruc t ive  test is being developed to  i n s u r e  that the c o r e s  of 

l i thium aluminum fuel  c o r e s  a r e  not bonded to  their a luminum jacke ts .  

P u l s e  echo  tests are giving favorable  r e s u l t s .  

An a l t e r n a t e  method of de tec t ing  unbonds on the ID of N-Reactor  fuel  

e l emen t s  has been  s u c c e s s f u l  in the l a b o r a t o r y .  The t e s t ing  technique involves 
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the outs ide- in  technique of examining the ID in t e r f ace  s i m i l a r  t o  the method 
which has been success fu l ly  demons t r a t ed  on A1-Si fuel.  

Ul t rasonic  t e s t s  are being used t o  de tec t  c r a c k s  in N-Reactor  fuel  

end caps  by inspect ing the b a r  s tock  f rom which ' the  caps  are machined,  the 
a s -mach ined  end caps ,  and the c a p s  on completed fuel  e l emen t s .  A l l  

approaches  appea r  feasible .  

P o s t i r r a d i a t i o n  t e s t ing  of i nne r  N-Reactor  fuels  w a s  completed using 

the UT-10 s ta t ion  in 105-JSE bas in .  

s u m m a r y  of the findings f r o m  t e s t ing  of all of the  144 i r r a d i a t e d  fuels  w a s  
wr i t t en .  

No addi t ional  f laws w e r e  found. A 

A MERCY computer  p r o g r a m  h a s  shown the new A1-Si "outside-in" 

i n t e r n a l  bond test to  pe r fo rm subs tan t ia l ly  b e t t e r  than the  ex is t ing  test. 

A study of the c h a r a c t e r i s t i c s  of s e v e r a l  poss ib le  opera t ing  methods 

of the t r ip l e  -axis s p e c t r o m e t e r  was  completed and m e a s u r e m e n t s  w e r e  

r e s u m e d  t o  de t e rmine  the neut ron  s c a t t e r i n g  law f o r  po lys tyrene .  

The developmerltal  s p e c t r o m e t e r  fo r  slow -neut ron  ine las t ic  s c a t t e r i n g  
by t i m e  -of -flight w a s  ope ra t ed  under  test dur ing  the month.  E x p e r i m e n t s  

w e r e  pe r fo rmed  to  d e t e r m i n e  the ope ra t ing  c h a r a c t e r i s t i c s  of t he  s y s t e m .  

A s u r v e y  m e a s u r e m e n t  w a s  made  of the  angular  d i s t r ibu t ion  of s c a t t e r i n g  

f r o m  vanadium. 

The r eac t iv i ty  effects which a r i s e  f r o m  l a r g e  plutonium oxide pa r t i -  

cles in  mixed,  uran ium -plutonium fuel  e l e m e n t s  have been invest igated.  If 
the fue l  becomes  homogeneous under  high power i r r ad ia t ion ,  a gain of 1 . 5 %  

in keff may  be expected.  

The  c h a r a c t e r i s t i c s  of the MTR when fueled with plutonium is being 

s tudied  to  d e t e r m i n e  whether  s u c h  a high power c o r e  loading would be a 
su i t ab le  test of the Phoenix F u e l  Concept .  

t ions with the  1958 plutonium loading a r e  good. 

Compar i sons  of s u r v e y  ca l cu la -  
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E x p e r i m e n t s  in the PCTR to  s tudy  the phys ics  p r o p e r t i e s  of Phoenix 

fue l  c o r e s  have begun. The first set of m e a s u r e m e n t s  u se  U235 and poly- 

e thylene f o r  ca l ibra t ion  of subsequent  plutonium expe r imen t s  and to  gain 
exper ience  in fuel handling. 

The  first m e a s u r e m e n t s  of r e a c t o r  t e m p e r a t u r e  coeff ic ients  in the 
P R C F  w e r e  s u c c e s s f u l .  
fuel .  

The  r e a c t o r  was  loaded with EBWR mixed oxide 

The  t e m p e r a t u r e  of the w a t e r  and fuel  w a s  changed f r o m  20 to  72 C.  

E s t i m a t e s  w e r e  made  of t he  va r i a t ion  of a lpha  f o r  Pu239 at the  0. 3 ev 

r e sonance  due t o  competi t ion fo r  neut rons  by o the r  i so topes .  
24 1 Pu238 indifference p r i c e s  w e r e  ca lcu la ted  fo r  product ion -via Am 

tar get i r r ad ia t ion .  

Improvemen t s  w e r e  achieved i n  the c u r v e  fi t t ing and plotting code,  
CURVES. 

The F u e l  Cycle  Analys is  Chained Compute r  P r o g r a m  Guide (HW-79951) 
was  completed and is being c l e a r e d  f o r  off -site dis t r ibut ion.  

Mult ipl ier  phototube compar i son  t e s t ing  w a s  comple ted  r e  g a r  ding the 

PRTR fue l  e l emen t  r u p t u r e  mon i to r .  

can  be improved  us ing  t h e r m a l  insu la t ion  and lead-sh ie ld  co l l imat ion .  

P e r f o r m a n c e  with the p r e s e n t  tubes  

One of two U234 neutron flux de tec t ing  r e g e n e r a t i n g  ion c h a m b e r s  

being f ab r i ca t ed  offsite r e q u i r e s  rebui ld ing  by the vendor  because  of e x c e s s i v e  
f lak ing  of the U234 coat ing.  

One expe r imen ta l  Bl1 be ta  c u r r e n t  neut ron  flux moni tor ing  c h a m b e r  

was  f a b r i c a t e d  with 1 t e raohm resistance between c e n t e r  w i r e  and sheath. 

Difficult ies a r o s e  in tests at KW-Reactor  on the microwave  i n - c o r e  

neut ron  flux mon i to r .  

as the a s s e m b l y  w a s  i n s e r t e d  in the r e a c t o r  c o r e ,  data (obtained by s t a n d -  

ing wave r a t i o  and i n t e r f e r o m e t e r  methods)  w e r e  erratic. 
caused  effects are suspec ted .  

Although a n  expected change in a t tenuat ion  w a s  noted 

T e m p e r a t u r e  
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New o s c i l l a t o r s  and ampl i f i e r s  are being built for  the mul t ipa rame te r  

tubing tester. 
P r e p a r a t i o n s  are being made  t o  test 100-N exchanger  tubing. 

Improvements  w e r e  made  in the ro t a t ing  air c o r e  t r a n s f o r m e r .  

S h e a r  -wave at tenuat ion m e a s u r e m e n t s  with Eonded shear t r a n s d u c e r s  

have not been  success fu l .  

has  been devised.  

have become appa ren t .  

An oblique incidence,  longitudinal-wave method 

F u r t h e r  qual i ta t ive explanat ions of critical angle  effects  

P r e l i m i n a r y  u l t r a son ic  and eddy c u r r e n t  fa t igue test development  

continued. Fa t igue  in  a n  aluminum K r o u s e  fatigue spec imen  was  de tec ted  
u l t rasonica l ly .  Copper ,  a luminum,  and s t a i n l e s s  steel fat igue s a m p l e  

p repa ra t ions  continued. An u l t r a son ic  tank and manipula tors  are being 
f ab r i ca t ed .  

Ul t rasonic  imaging  us ing  a l ight  beam re f l ec t ed  off a w a t e r  s u r f a c e  
w a s  demons t r a t ed .  The  u l t r a son ic  image  of a w i r e  s c r e e n  i n s e r t e d  in a n  

u l t r a son ic  beam w a s  conver ted  t o  a n  opt ical  image  and photographed.  

P u l s e  and s t eady  state t h e r m a l  wave t r a n s d u c e r s  fo r  nondes t ruc t ive  
t e s t ing  are be ing  invest igated.  

governing the sens i t iv i ty  of the t r a n s d u c e r s  are under  way.  Ini t ia l  computa-  

t ions of s igna l s  f r o m  t r a n s d u c e r s  under  va r ious  condi t ions are being used  to  

opt imize  t r a n s d u c e r  des igns  . 

T h e o r e t i c a l  s tud ie s  of the p a r a m e t e r s  

An i n f r a r e d  method f o r  de t e rmin ing  the power output of isotope heat  

s o u r c e s  is being inves t iga ted .  Su r face  t e m p e r a t u r e  m e a s u r e m e n t s  on a 
2 - 1  / 2  in. long by 2 -1  / 2  in.  diam e l e c t r i c a l l y  heated dummy isotope s o u r c e  
showed tha t  the sens i t iv i ty  of s u r f a c e  t e m p e r a t u r e  to changes in  power gen-  

e r a t i o n  was  approximate ly  1 . 5  C /watt .  

Both u l t r a son ic  and r ad iog raph ic  t e s t ing  s e r v i c e  w a s  provided as 
r e q u i r e d  on prototype isotope containment  c e l l s .  

outl ined fo r  a mechanica l  s y s t e m  which in spec t s  100% of the containment  

ce l l s .  

a l s o  f ab r i ca t ed .  

Design c r i t e r i a  w e r e  

S e v e r a l  u l t r a son ic  t r a n s d u c e r s  f o r  pe r fo rming  the inspect ion w e r e  

1 2 2 9 0 0 0  



A method of genera t ing  u l t r a son ic  w a v e s  by us ing  the f o r c e s  a s soc ia t ed  

with the electric field p resen t  when a voltage is appl ied on a capac i to r  was  
a l s o  invest igated.  Although the s y s t e m  is not v e r y  sens i t ive ,  v e r y  broadband 

u l t r a son ic  waves  a r e  gene ra t ed  and r ece ived  without the necess i ty  of a n  u l t r a -  
son ic  coupling medium.  

Fabr i ca t ion  and instal la t ion of meteoro logica l  equipment i n  the L- 19 

aircraft have proceeded sa t i s fac tor i ly .  

r e c o r d i n g  c a m e r a  have been found t o  be s t ab le  in flight. 

s y s t e m s  have been instal led f o r  u s e  on air s a m p l e r s .  
pilot has  achieved the prof ic iency  n e c e s s a r y  f o r  the expe r imen t s  planned in 

diffusion, t r a n s p o r t ,  and scavenging.  

A s p e c i a l  i n s t rumen t  panel  and 
Additional vacuum 

The  me teo ro log i s t -  

The whole body counting p r o g r a m  in Alaska  w a s  completed fo r  the 
s u m m e r .  

than obse rved  dur ing  the s u m m e r s  of 1962 and 1963. 

The ave rage  adul t  body burdens  of Cs137 are signif icant ly  higher  

A technique tha t  u s e s  a 3 in.  NaI c r y s t a l  located at the g ro in  and with 
the upper  body bending ove r  it has  been demons t r a t ed  as a quick and inexpen- 

s i v e  method needing only por tab le  equipment  fo r  de t e rmin ing  whole body 

burdens  of Cs . 137 

The Hanford mobile  whole body counter  was  used  to  count a g roup  of 
people who have a completely m e a t - f r e e  d ie t .  

a v e r a g e  body burdens  of Cs137 a p p e a r  t o  be caused  by l a r g e  quant i t ies  of 

whole wheat  b r e a d  in their d ie t .  

t i m e s  as much Cs137 as n o r m a l  white f lour .  

T h e i r  unexpected above-  

The whole wheat f lour  has two o r  three 

New dog m a s k s  w e r e  designed to  improve  pe r fo rmance  of the s m o k e  
inhalat ion con t ro l  s y s t e m  used  fo r  canine expe r imen t s  at the Biology Inhala-  

t ion Labora to ry .  The  m a s k s  wi l l  f o r c e  mouth brea th ing  at all t i m e s .  

Des ign  w a s  completed on a plutonium detect ion probe  to  be used  fo r  

m e a s u r e m e n t s  of P u 2 3 9  in human wounds by detect ion of the 17 kev X - r a y s .  

I 2 2 9 0 0  1 
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Direc t iona l  dependence and gamma in t e r f e rence  m e a s u r e m e n t s  w e r e  

conducted with the expe r imen ta l  neut ron  dose  rate de tec tor ,  which u s e s  a 
l i thium -foil  covered  s u r f a c e  b a r r i e r  diode and v a r i o u s  s i z e  s p h e r i c a l  poly- 

e thylene m o d e r a t o r s .  

The thyro id  uptake (113 ') detect ion and s i g n a l  t r a n s m i s s i o n  channel  

w a s  completed fo r  u s e  in the Biology a n i m a l  physiological  function and 

rad io iso tope  uptake r a d i o t e l e m e t r y  s y s t e m .  

Fast pulse  gene ra to r  and so l id  state ampl i f i e r  c i r c u i t s ,  with rise- , 

t i m e s  in  the o r d e r  of 1 nsec ,  w e r e  developed f o r  u s e  in invest igat ing mul t i -  

p l ie r  phototube s ingle  e l ec t ron  counting methods ,  which wil l  be appl ied in 
d o s i m e t r y  s tud ie s .  

F i v e  r e m o t e  da ta  s ta t ions  w e r e  completed and are pe r fo rming  satis- 
fac tor i ly  f o r  u s e  in  the  Atmospher i c  P h y s i c s  r a d i o t e l e m e t r y  s y s t e m .  In 

addition, improvemen t s  w e r e  inco rpora t ed  in the c e n t r a l  s ta t ion  to  s e c u r e  

greater re l iab i l i ty  and compar i son  m e a s u r e m e n t s .  

A fu l l - sca l e  effor t  w a s  r e q u i r e d  to  assess the c a u s e  and magnitude 
of damage  on the 16  dump condense r s  a t  N-Reac to r .  

by eddy c u r r e n t  methods showed the  tubes  w e r e  worn ,  o r  f r e t t ed ,  by bands 

holding the u-bends  toge the r .  
w e r e  affected;  a v i s u a l  examinat ion w a s  given the rest of the uni ts .  

Analys is  of t h r e e  units 

Only the tubes  on the outs ide of the bundle 

Image  intensif icat ion and magnif icat ion of g a m m a  r a y  rad iography 
is now approaching  sens i t i v i t i e s  achieved with f i lm rad iography.  

t em is all e l ec t ron ic .  
The  s y s  - 

Defec ts  built into a tube be fo re  swaging  a c e r a m i c  fuel  e l emen t  have 

been success fu l ly  r e so lved  u l t r a son ica l ly  a f t e r  f ab r i ca t ion  of the  e l emen t .  

T h i s  d e m o n s t r a t e s  the feas ib i l i ty  of product ion t e s t i n g  both v i b r a t o r y  com - 
pacted and swaged fuel  e l e m e n t s .  



A ro ta t ing  t r a n s f o r m e r  and eddy c u r r e n t  co i l  a s s e m b l y  has been  

success fu l ly  completed for  he l ica l ly  scanning p r o c e s s  tubes .  
i n c r e a s e s  the sens i t iv i ty  and loca te s  the or ien ta t ion  of a defect .  

3. C h e m i s t r y  

Th i s  method 

A Columbia R i v e r  t r a v e l  t ime  s tudy w a s  made  us ing  a l lpu l se l l  of 

1131 t r a c e r  introduced by r e a c t o r  ope ra t ions .  
which wil l  p e r m i t  the use  of Na2* as a t r a c e r  in the fu ture .  

Data  w e r e  a l s o  obtained 

Spec ia l  8. 33 in. long N-Reactor  fuel  p ieces  w e r e  f ab r i ca t ed  and 

cha rged  to  N-Reactor  p r e p a r a t o r y  to  addi t ional  tests of fuel  integri ty  under  
t h e r m a l  s t r e s s i n g .  

R a t e s  fo r  d i sso lu t ion  of Mall inckrodt  sol ge l  t h o r i a  in  HN03-HF- 

A1(N03)3 w e r e  found t o  be independent of a luminum concent ra t ion  in the 0. 1 
t o  0 .2M - r ange  and not s e r i o u s l y  reduced  at 0 . 5 M  a luminum.  

the s a m e  at 0 . 0 1  and 0.025M - HF.  T h e r e  a p p e a r s  no advantage in  us ing  the 

higher  HF concent ra t ion .  

tion f o r  the for thcoming 6-ton Th-U233 test in the P u r e x  plant. S ince  the 

r e s u l t s  with acid def ic ient  scavenging upon M n 0 2  w e r e  poor ,  a t ten t ion  w a s  
turned  t o  ac id i c  condi t ions,  and a su i tab le  flowsheet w a s  defined. 

T h e y  w e r e  a l s o  

F u r t h e r  pro tac t in ium scavenging s tud ie s  w e r e  pe r fo rmed  in p r  e p a r a  - 

A fully s u c c e s s f u l  m a c r o l e v e l  test of a compact-band chromatographic  

ion exchange p r o c e s s  fo r  the r e c o v e r y  and purif icat ion of Am241 has been  

comple ted .  A m e r i c i u m  r e c o v e r y  exceeded 96%. 

C o n t r a r y  to  prev ious  r e p o r t s  of a two-s tep  r eac t ion ,  i t  has now been 

concluded that  the e l ec t ro reduc t ion  of Pu(EI1) t o  m e t a l  in ch lor ide  salt m e l t s  

o c c u r s  v ia  a s ing le  s t e p  involving a t h r e e - e l e c t r o n  change.  

Ground w a t e r  s a m p l e s  f r o m  a series of we l l s  off the Nor thwes t  end 
of Gable Mountain s w a m p  are r e f l e c t i n g  the d i scha rge  of contaminated cooling 

w a t e r  t o  the s w a m p  f r o m  P u r e x  in mid-June .  No untenable 
contaminat ion s i tuat ion s i tua t ion  is expected to  r e s u l t  f r o m  

ground-water  

this incident.  
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Inundation of the lower  3. 5 f t  of the s o i l  column beneath the Redox 

216-S-1 and -2  c r i b s  dur ing  the last 3 y r  as a r e s u l t  of a loca l  w a t e r  table  

l eve l  i n c r e a s e  has  r e s u l t e d  in a 25 to  50-fold i n c r e a s e  in the S r  concen-  

t r a t i o n  of the  ground w a t e r  at that  location. 

90 

In a s tudy  of p r e s s u r e  buildup in  the fu l l - leve l  s t ront ium-loaded  

zeol i te  conta iner ,  the equi l ibr ium p r e s s u r e  caused  by r ad io lys i s  was  found 

t o  be quite low (about  4 psig).  

P r e l i m i n a r y  r e s u l t s  with s imula ted  p r o c e s s  solut ions show that 
ces ium,  r e c o v e r e d  by ion exchange with zeol i tes  f r o m  P u r e x  a lka l ine  s u p e r -  

natant  was te ,  can  be r ead i ly  purif ied by a lum crys ta l l iza t ion .  

of the sodium w a s  s e p a r a t e d  f r o m  the ces ium by t h r e e  c rys ta l l iza t ions ;  

a 90% ces ium r e c o v e r y  w a s  achieved.  

About 99. 870 
. 

Analys is  of the technet ium m e t a l  ingot showed the following impur i ty  

leve ls ;  < 2 ppm oxygen, < 0 .006  ppm hydrogen,  and c 3 ppm ni t rogen .  

Analyt ical  s t a n d a r d s  are being p r e p a r e d  f r o m  this  m a t e r i a l  fo r  d i s t r ibu t ion  

to  all i n t e r e s t e d  Hanford l a b o r a t o r i e s  fo r  ca l ib ra t ion  pu rposes .  

A des ign  f o r  a new plutonium rec l ama t ion  faci l i ty  d i s s o l v e r  

( P r o j e c t  880), which provides  f o r  b e t t e r  t h e r m a l  c i rculat ion,  changing of 

ac id  and n i t rogen  e n t r y  points,  and i n c r e a s e d  s u r g e  capac i ty  w a s  n e a r l y  
completed th i s  month.  

An immers ion - type  photometer  s ens ing  unit has been cons t ruc t ed  and 

t e s t e d  success fu l ly  fo r  u se  in e s t ima t ing  the U(1V) concent ra t ion  in  salt cycle  

ch lor ide  salt baths. 

A 48 h r  r u n  of the 14 in.  s p r a y  c a l c i n e r  coupled to  a continuous 

m e l t e r  w a s  completed success fu l ly .  

with added co lemani te  w a s  the feed. 

Simulated su l fa te  - f r e e  P u r e x  w a s t e  

A 7090 p r o g r a m  has been  wr i t t en  to  p r o c e s s  da t a  obtained f r o m  the 

W a s t e  Sol idif icat ion Eng inee r ing  Pro to type  using the au tomat ic  da ta  logge r .  



In-cel l  instal la t ion of equipment fo r  fu l l - leve l  tes t ing of the Brook-  

haven continuous g l a s s  p r o c e s s  w a s  v i r tua l ly  comple te  a t  month ' s  end.  

Hot" opera t ions  wi l l  begin in S e p t e m b e r .  r t  

The b a c t e r i a  count in P u r e x  a lka l ine  w a s t e  condensate  s a m p l e s  at 
different  times was  de te rmined .  It was  de t e rmined  that  the growth of bac -  

teria in the  condensate  dur ing  s t o r a g e  can  definitely compl ica te  subsequent  

t r e a t m e n t  . 
P r o c u r e m e n t  s t e p s  f o r  the Containment  S y s t e m s  E x p e r i m e n t  p r e s s u r e  , 

R e s e a r c h  and development  w o r k  r e l a t e d  to  f i s s ion  product  v e s s e l s  continued. 

a s p e c t s  of the p r o g r a m  was  init iated wi th  instal la t ion and tes t ing of a new 

50 kw high f requency  induction fu rnace  gene ra to r .  
60 , Mult idimensional  coincidence s p e c t r o m e t r y  was  used  to  m e a s u r e  Co 

Ru106, Ce144, and R a 2 2 6  in the salts f r o m  1 2  liters of ocean  w a t e r  and the 
l eve l  of s e v e r a l  rad ionucl ides  in bass musc le  f r o m  a fish caught in the 
Columbia R i v e r .  

Sixteen hair s a m p l e s  f r o m  Alaskan  E s k i m o s  w e r e  found to  contain 

C S ~ ~ ~  in  concent ra t ions  ranging  f r o m  1 to  8 d i s / m i n  p e r  g r a m  of h a i r  and 

3 t o  8 d i s / m i n  p e r  g r a m  of h a i r  p e r  m i c r o c u r i e  of Cs137 body burden.  

38 The  c o s m i c  ray-produced  rad ionucl ides  S38 and C1 w e r e  m e a s u r e d  

f o r  the first t i m e  in r a inwa te r  s a m p l e s  this month. 

f ive  r a i n  s a m p l e s  w e r e  4-13 d i s / m i n  p e r  l i t e r  f o r  S38, and 9 to  147 d i s / m i n  

Values  obtained f r o m  

38 p e r  l i t e r  fo r  C1 . 
The first m e a s u r e m e n t s  of compat ibi l i ty  of proposed prometh ium 

hea t  s o u r c e  f o r m s  wi th  a v a r i e t y  of c l ads  w e r e  completed.  

m a t e r i a l s  t r i ed ,  tantalum and t i tanium appea red  m o s t  p romis ing  f o r  u s e  with 
prometh ium m e  tal. 

Of the cladding 

4. Biology 

W a t e r  t e m p e r a t u r e  s e e m s  to  marked ly  affect  the uptake of z inc into 

?ish. T h e s e  r a t h e r  unexpected r e s u l t s  a r e  p r e l i m i n a r y .  
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The  first pig fed  25 pc S r g o / d a y  w a s  killed. She had r ece ived  the 

r e g i m e n  fo r  3 - 3 / 4  y r  and now showed blood d y s c r a s i a ,  tentat ively diagnosed 

as myelogenous leukemia .  Dose to  bone m a r r o w  w a s  about 3000 r a d s .  

Higher concent ra t ions  of Cs137 in  the r u m e n  of s h e e p  than  in  the i r  

diet  are being obse rved ,  e s sen t i a l ly  conf i rming  r e s u l t s  noted in Alaskan  

car ibou .  

Des fe r r ioxamine -B  given to  rats with DTPA was  b e t t e r  fo r  removing  
wel l -deposi ted Pu238 than e i t h e r  agent  a lone .  

A r ad iomimet i c  chemica l  w a s  found m o r e  effective than  X-radia t ion  

in inhibiting bi le  salt absorp t ion  in the GI tract of rats. 

Adsorpt ion,  as con t r a s t ed  to metabol ic  uptake,  a p p e a r s  t o  be the 
dominant  mode  of radionucl ide deposi t ion in plankton f r o m  ana lyses  of 

radionucl ide content of plankton and envi ronmenta l  conditions in the  r i v e r .  

A maximum Cs137 body burden  of 3000 nc was  found in a nonnative 

r e s i d e n t  of a r i v e r  vi l lage n e a r  Kotzebue, Alaska .  

much m o r e  ca r ibou  than  m o s t  na t ives .  
The  m a n  habi tual ly  eats 

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

P r o g r a m m i n g  Opera t ion  has  been m e r g e d  with P h y s i c s  and I n s t r u -  

men t s  L a b o r a t o r y  and Radiat ion P ro tec t ion  Opera t ion .  

now r e p o r t i n g  fuel  cyc le  ana lys i s  and nuc lea r  heal th  and safe ty  work ,  

res pe ct ive ly  . 

T h e s e  groups  are 

TECHNICAL AND OTHER SERVICES 

Intravenous admin i s t r a t ion  of DTPA to i n c r e a s e  the amount  of pluto- 

nium e x c r e t e d  are continuing on the Hanford L a b o r a t o r i e s  technic ian  who 

rece ived  the  plutonium contaminated in jury  on Ju ly  10 while working at the 

Plutonium Metal lurgy Building (23 1 - Z ) .  

purpose ,  i n t r a m u s c u l a r  in jec t ions  of Des fe ro l  are being given along with 
DTPA.  No i n c r e a s e  in the amount  of plutonium e x c r e t e d  has  been  noted. 

Additionally,  and f o r  t he  s a m e  



Effo r t s  t o  e l imina te  the r ad ia t ion  p rob lems  a s soc ia t ed  with the 

cooling w a t e r  swamps  f o r  P u r e x  continued through August. 

t amina ted  areas of the  "B" Swamp have been backfi l led and this s w a m p  is 
aga in  in  good condition. E f f o r t s  are continuing to  raise the w a t e r  l e v e l  in 

the Gable Mountain Swamp wi th  the appl icat ion of Bentonite c lay.  Although 

the concent ra t ion  of rad ioac t ive  m a t e r i a l s  in the  w a t e r  is now sa t i s fac tory ,  
the depth of wa te r  ove r  contaminated bottom is not sufficient.  

A l l  highly con-  

S e v e r a l  run - to - rup tu re  tests w e r e  designed compar ing  the  AlSi and 

HDS p r o c e s s e s  fo r  uran ium of different  en r i chmen t s .  

A s tudy  w a s  completed of the re l iab i l i ty  of a zone t e m p e r a t u r e  moni-  
t o r i n g  s y s t e m .  

Analys is  of p r e l i m i n a r y  d a t a  f r o m  two production tests was  completed.  

E a c h  t e s t  compared  six canning t r e a t m e n t s  fo r  22 different  d imens iona l  

statistics. 

P r o g r a m s  w e r e  completed that compute three r a t h e r  compl ica ted  

ma themat i ca l  functions that f requent ly  arise in s o i l  physics  inves t iga t ions .  

A document was  i s sued  that explains  and i l l u s t r a t e s  the compute r  

p rogram fo r  producing magnet ic  t a p e s  to  con t ro l  the prototype Shef f ie ld  

r o t a r y  contour  gage. 

Documentat ion w a s  completed of the  computer  p r o g r a m  that  unfolds 

a n  obse rved  two-dimensional  pa r t i c l e  s i z e d  d is t r ibu t ion  into its t h r e e  - 
dim e n s  ional  counter  pa r t .  

A new and expanded v e r s i o n  of the GEM p r o g r a m  r a n  success fu l ly .  

An ana lys i s  was  completed of da t a  desc r ib ing  swimming  pe r fo rmance  
of Zn65 t r e a t e d  t rout .  
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SUPPORTING FUNCTIONS 

PRTR output f o r  August was  580 Mwd f o r  a n  expe r imen ta l  t i m e  

efficiency of 47% and a plant efficienty of 27%. 

pe r iods  dur ing  the month, t h r e e  of which w e r e  t e rmina ted  manual ly  and 

five w e r e  t e rmina ted  by s c r a m s .  

g r a m  as of August 31, 1964, fol lows:  

T h e r e  w e r e  eight  opera t ing  

A s u m m a r y  of the fuel i r r ad ia t ion  p r o -  

PUO2-UO2 A1-Pu u02 

No. Mwd No. Mwd No. Mwd -- --- 
In- C o r  e 0 8 1 8 5 0 . 5  77 11 945.9 

Maximum 322.4 336.7 
Average  231 .3  155 .1  

In Bas in  7 572 .5  25 2 564 .1  47 5 334.5 
Bur ied  
Chemica l  

P r o g r a m  
To ta l s  

P r o c e s s i n g  - 68 5 465.8 - 35 1 965.8  - 
75 6 038 .3  68 6 380 .4  124 17 280 .4  - - - 

P r o g r a m  
Other  To ta l s  

No. Mwd No. Mwd --- 
85 13 796.4 

79 8 471 .1  
1 7 . 3  1 7 . 3  

103 7 431.6 - - -  
1 7 . 3  268 29 706 .4  - - -  

Note: (Mwd/Element )  x 20 a Mwd/tonU f o r  U 0 2  and P u 0 2 - U 0 2 .  

Heavy w a t e r  loss and indicated hel ium loss f o r  the  month w e r e  923 lb  

and 149, 129 scf, r e spec t ive ly .  

A to ta l  r e a c t o r  outage of 184 h r  w a s  cha rged  to  r e p a i r  work .  Main 

i t e m s  w e r e  

Vibra t ion  check  and r e p a i r  of p r i m a r y  pumps 
J u m p e r  r e p a i r  
Helium c o m p r e s s o r  r e p a i r  
Tube to  nozzle r egaske t ing  
Rupture  Loop r e p a i r s  

A s t a n d a r d  s i z e  U 0 2  PRTR fuel  e l emen t  was  intent ional ly  defected 

with a s a w  cut  e s t i m a t e d  to  be about 1. 5 in. in length. 

used as the test e l emen t  f o r  F u e l  E l e m e n t  Rupture  T e s t  F a c i l i t y  ( F E R T F )  

T e s t  No. 7.  Dur ing  August,  the e l emen t  was  subjec ted  to  seven  c r i t i c a l  

T h i s  e l e m e n t  w a s  

DECLASSIFIED 



per iods .  

apparent  evidence of defect  propagat ion o r  of a significant release of fuel  

m a t e r i a l .  

Visua l  examinat ion subsequent ly  in the  s t o r a g e  bas in  r evea led  no 

To ta l  Technica l  Shops Opera t ion  product ive t i m e  f o r  the  per iod  was  

19, 015 hr. Dis t r ibu t ion  of t i m e  was  as follows: 

Man Hours  70 of T o t a l  

N -Reac tor  Depar tment  
I r r ad ia t ion  P r o c e s s i n g  Depar tment  
Chemica l  P r o c e s s i n g  De pa r tm ent 
Hanford L a b o r a t o r i e s  

1 9 1 1  1 0 . 0  
3 122 16. 5 

159 0 . 8  
13 823 72.  7 

To ta l  product ive t i m e  in .Labora tory  Maintenance Opera t ion  was  

17, 500 h r  of 20, 600 potent ia l ly  ava i lab le .  Of the to ta l  product ive t i m e ,  9370 

was  expended in suppor t  of Hanford L a b o r a t o r i e s  components ,  with the 

r ema in ing  7% d i r ec t ed  toward  providing s e r v i c e  f o r  o the r  H A P 0  o rgan iza -  

t ions.  Manpower ut i l izat ion ( in  h o u r s )  f o r  August was  as follows: 

1700 
7200 

A. S h o p W o r k  
B. Maintenance 

1. P reven t ive  Maintenance 2200 
2. E m e r g e n c y  o r  Unscheduled Maintenance 2000 
3. N o r m a l  Scheduled Maintenance 3000 

C .  R&D A s s i s t a n c e  8600 

The  heavy w a t e r  inventory at the  end of August 1964 showed a l o s s  of 

Heavy w a t e r  s c r a p  gene ra t ed  dur ing  923 lb  valued a t  $12, 764 f o r  the  P R T R .  

the  month amounted to  5963 lb ,  r e su l t i ng  in a $7470 cha rge  to  ope ra t ing  cos t s .  

To ta l  s c r a p  on hand at August 31, 1964 amounted to  10, 539 lb  valued at 
$130, 385. 

Cumulat ive da ta  of Hanford vis i ta t ions:  

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

3222 78 095 - - -  1’0 2 
V i s i t o r s  C e n t e r  
P l an t  T o u r s  
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H A P 0  profess iona l  r e c r u i t i n g  act ivi ty  fo r  August: 

P l an t  Of fe r s  Of fe r s  Offers  Offers  
V i s i t s  Extended Accepted Rejec ted  Open 

Ph.  D. 1 7 1 1 9 
BS/MS (Di rec t  P l acemen t )  0 0 0 0 0 
BS/MS ( P r o g r a m )  0 0 0 0 1 

F o u r  Technica l  Graduates  w e r e  placed on permanent  a s s ignmen t s .  
F o u r  new m e m b e r s  w e r e  added t o  the  r o l l  and two t e rmina ted .  

p rog ram numbers  42. 

C u r r e n t  

Authorized funds fo r  12  ac t ive  p ro jec t s  to ta l  $10, 596, 500. T o t a l  

e s t ima ted  cos t  of t hese  p ro jec t s  is $11, 793, 000. 
June  30. 1964 w e r e  $4, 165, 000. 

Expend i tu re s  through 

&f”d Manager ,  Hanford L a b o r a t o r i e s  

HM P a r k e r : J E B : d h  
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REACTOR AND FUELS LABORATORY MONTHLY REPORT - 

AUGUST 1964 

TECHNICAL ACTIV ITIES 

A. FISSIONABLE MATERIALS - 02 PROGRAM 

1. Metallic Fuel Development 

Comparative Swelling of Uranium Alloy Fuels. 
fuel elements was discharged from KER-1 a f t e r  a t t a i n i n g  a tube 
average exposure of about 2500 Mwd/ton, 
a previously discharged KER-2 charge operated t o  1400 Mwd/ton and 
consis ted of f u e l  elements containing uranium with low i ron  and 
s i l i c o n  addi t ions (N-fuel composition) and f u e l  elements containing 
uranium w i t h  400 ppm i ron  and 800 ppm aluminum. Fuel swelling da ta  
obtained from pre- and post- i r radiat ion bulk densi ty  measurements 
show cons i s t en t ly  less swelling i n  t h e  f u e l  with t h e  i ron  and 
aluminum addi t ions,  The peak f u e l  swelling of t h e  iron-aluminum 
containing f u e l  was 1.2 vol% compared with the  peak swelling of 
i ron-si l icon containing f u e l  at 2.2 ~01%. Similar swelling be- 
havior was observed i n  t h e  1400 Mwd/ton exposure test .  

A tes t  of e ight  KSE-5 

The t e s t  was similar t o  

Fluted Fuel Element I r rad ia t ion .  A f a i l u r e  occurred i n  one of two 
N-single tube fuel elements with f lu t ed  outer surfaces which were 
being irradiated in  the  ETR M-3 pressurized loop. The f a i l u r e  oc- 
curred during the  13th cycle  of r eac to r  operation f o r  t h i s  t e s t  
after the  element had received an accumulated exposure of approxi- 
mately 2500 Mwd/ton. About 35 gram of uranium were l o s t  f r o m t h e  
f a i l e d  element. 
where, i n  addi t ion t o  swelling f r m  uranium corrosion product build- 
up, t h e r e  was a longi tudina l  s p l i t  i n  t h e  cladding a t  the  bottom of 
one f l u t e  and a circumferent ia l  tear a t  t h e  base of t he  cap. A 
cursory examination of the  element indicated t h a t  t h e  longi tudinal  
cladding s p l i t  w a s  i n  t h e  v i c i n i t y  of a marker t a b  which was spot- 
welded on the  surface.  This implicates  the spot weld area as a 
possible  point of i n i t i a t i o n  of t h e  f a i l u r e .  Another possible 
loca t ion  f o r  t he  f a i l u r e  or ig in  e x i s t s  at t h e  base of the  cap where 
t h e  bending s t r e s s  i n  t h e  cladding i s  expected t o  be  a t  a maximum. 

Damage was confined t o  one end of t he  element 

N-Reactor Fuel Fouling Detector. Four f u e l  fou l ing  de tec tors  (crud 
probes) fueled w i t h  thorium-uranium a l l o y  have been charged i n t o  
N-Reactor under Production Test NR-14, N-Reactor Department. The 
decision t o  make t h i s  t e s t  w a s  a r e s u l t  of th ree  successful prototype 

. -  
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i r r k i a t i o n s  of 400 Mwd/ton, 1000 Mwri/ton, and 1750 Mvd/ton. 
defects due t o  i r r a d i a t i o n  def ic ienc ies  were observed on any o f  
the  three tes t  elements during radiometal lurgical  examination, 
and no measurable dimensional changes occurred. A report  on t h e  
development and t e s t i n g  of this thermocoupled tes t  element i s  in  
$reparat ion  

Ho 

Alternate Uranium Compositions. Studies a r e  i n  progress t o  
evaluate uranium base a l loys  i n  terms of f u e l  fabr icat ion his tory,  
corroaion behavior, and i r r a d i a t i o n  perfornrance. 

Twenty-seven rods of Il d i f f e ren t  a l l o y  compositions were co- 
extruded w i t h  zlr-2 cladding. The rods a r e  now being evaluated 
far cladding thickness,  uniformity, and band qual i ty .  
t he  a l loys  planned far i r r ad ia t ion  i n  NaK capsules have been 
fahr ica ted  i n t o  2 - 2  c lad  rods frcm which t e s t  specimens a r e  being 
prepared. 

Fabricat ion of Tar~et Elements for NR-8. F i n a l  del ivery of a l l  
t a r g e t  elements for production tes t  NR=8 was made t o  N-Department 
on Ju ly  31, 1964. This de l ivery  included 650 full length elements 
and 135 short target elements, culminating 2-1/2 months of inten- 
s ive  e f f o r t  i n  t h e  f ab r i ca t ion  of elements for a f e a s i b i l i t y  study 
o f  a coproducer loading for I?-Reactor. These t a rge t  elements 
cons i s t  of a lithium-aluminum a U o y  core c lad  wi th  a coextruded 
aluminum jacket,  as a t r i t i u m  di f fus ion  b a r r i e r ,  closed w i t h  welded 
aluminum end caps. This assembly is, i n  tu rn ,  sealed i n t o  a 
ZFrcaloy can wi th  welded end caps. 
from the target elements has been placed on punched cards  t o  
f a c i l i t a t e  so r t ing  and ca lcu la t ion  and t o  provide a means of data 
r e t r i e v a l  o r  input i n t o  o ther  f u e l  elements ca lcu la t ion  programs 
such as TUM. A f i n a l  report i s  being prepared. 

A l l  17 of 

A l l  of the  inspection data 

Fuel Measurements. 
tubes far N-Reactor production t e s t  NR-8, 
warp, w a l l  th ickness ,  length,  and densi ty  measurements which can 
be compared d i r e c t l y  w i t h  similar post- i r radiat ion measurements I 
Nine elements were measured for end cap prof i le .  

Measurements have been completed on 108 dr ive r  
These elements received 

Coextrusion of Aluminum Clad Target k t e r i a l .  Coextrusion b i l l e t s  
containing 1-1/29 Li-A1 cores a r e  being prepared for  fu r the r  target 
extrusion s tudies .  It is desired t o  f ind  t h e  maximum reduction 
r a t i o  t h a t  w i l l  produce an unbonded core-clad in t e r f ace  which may 
be encountered during the high reductions i n  t h e  production extru- 
sion of Pi-target material. The unbond a c t s  as a d i f fus ion  ba r r i e r  
t o  tritium. Bonding can be prevented 
the  b i l l e t  cores w i t h  a water-aquadag 

'Ip- 

at high reductions by coat ing 
mixture. However, it is 
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doubtful  t h a t  a l l  the  water i s  removed when t h e  aquadag dries,  
thus-leaving some hydrogen which w i l l  contaminate t h e  t r i t i u m  
produced , 

A dry pa r t ing  agent w i l l  be placed at the  in t e r f ace  of the 
b i l l e t s  i n  an attempt t o  prevent bonding, Fine flaked graphite 
and f i n e  A1203 powder will be t r i e d  i n i t i a l l y  as t h e  pa r t ing  
agents., 
aluminum can w i l l  be d ry  b las ted  t o  provide small pockets f o r  
holding the  powder, 

The exterior of t he  core  and t h e  i n t e r i o r  of t h e  

Target Element Development, 
t i o n  of t h e  i r r a d i a t i o n  perforlaance of alternate t a r g e t  mterials, 

As p a r t  of a program f o r  the  evalua- 

samples of LiAl02 and Li2Si03 were i r r ad ia t ed  in  KER Loop 2 as 
aluminum cermets, mixtures of t h e  two powders, and as separate  
powder samples, 
t es t ,  

A 14  w t %  Li-Mg a l l o y  was a l s o  included i n  t h i s  

. From i r r a d i a t i o n  h i s to ry  data ,  t he  gas contents  of the  tes t  samples 
( G V R )  a re  ca lcu la ted  t o  be as follows: 

LiAl02 - aluminum cermet - 3 0 1  - 4,2 
LiSiO2 - aluminum cermet - 5,6 - ~~0 
LiAl02 - 7.9 
Li2Si03 - 12.9 
LiAl02 + Li2SiO3 - 10.7 
Mg - 1 4  w t %  L i  - 7.6, 

Visual examination of t he  Zr-2 canned elements i n  Radiometallurgy 
shows no evidence of irradiation-induced changes, 
gas ins ide  t h e  aluminum cans and an examination of t h e  ceramic 
cores  themselves i s  planned, 

Analysis of the 

Testing of i n t en t iona l ly  defected Li-A1 a l l o y  cores doubly canned 
i n  Zr-2 and aluminum has been completed i n  a hot water out-of- 
reac tor  loop. 
with defects through t h e  Z r  only showed indicat ions of diameter 
changes o r  s ign i f i can t  corrosion o f  t h e  aluminum can underneath. 
On those samples with defec ts  through both the Zr-2 and aluminum 
cans dianaeter increases  were observed after four hours, Bulging 
and s p l i t t i n g  o f  t he  Zr-2 and aluminum cans and continued corrosion 
of t he  L i - A 1  core  r e su l t ed  with further exposure. The Illaximum 
bulged-diameter observed before s p l i t t i n g  of  t h e  Zr-2 can was 
approximte ly  0 0 7 5  inch (nominal as fabr ica ted  diameter w a s  0,560 
i nch ) ,  
but coolant flow w a s  not s ign i f i can t ly  a f fec ted ,  

Mter 297 hours i n  280 C water, none of t h e  samples 

The sample cans after s p l i t t i n g  a r e  severely d i s to r t ed ,  



H i g h  Meltinu Temoerature Lithium Alloys. 
bismuth-lithium phase diagram, t h e  i n t e r a s t a l l i c  compound 
U 3 B i  (91  w t $  B i  + 9 wt% Li) has a melting point of U45 C. 
7his a U o y  appears t o  be a possible  candidate for t he  high 
melting temperature l i t h ium a l loys  for target element cores. 
A small ingot of this a l l o y  was &e and examined. 
was b r i t t l e ,  oxidized r ead i ly  and indicated a pos i t ive  thermal 
coe f f i c i en t  of expansion. 

.cause of extremely r eac t ive  nature of the  metal. 

According t o  t h e  

The a l loy  

Metallography was impossible be- 

Tarplet Elements f o r  PCTR. A load of t a rge t  elements containing 
natural l i th ium f luo r ide  i s  being fabr ica ted  for the Physical 
Constants Test Reactor. 
order t o  obtain precise cont ro l  over t h e  amount of Li-6 i n  the  
elements . 

Lithium Fluoride is  being used i n  

The l i t h ium f luo r ide  core  will cons is t  of LiF p e l l e t s  containing 
2 w t %  sodium steacate as a binder and pressed a t  60 ks i .  
Pe l l e t i z ing  and s in t e r ing  s tudies  es tabl ished t h e  need for t h e  
binder,  and s ince uniform p e l l e t s  w i t h  good green s t rength were 
obtainable  without s in te r ing ,  unsintered pellets will be used 
for a l l  elements. Very prec ise  cont ro l  over time, temperature, 
heating, and cool ing r a t e s  were necessary t o  obtain t h e  required 
uniformity of dens i ty  and dimensions i n  the s in te red  p e l l e t s .  

The p e l l e t s  will be sealed iozo aluminum tubes and t h e  aluminum 
tubes sealed i n t o  Wrcaloy-2 tubes using welded closures. 

The f ab r i ca t ion  of t h e  elements is i n  i ts  f i n a l  phase of production, 
Kith the full load scheduled for del ivery on September 4, 1964, 

Hot Headed Fuel Element. F o u r  hot headed, project ion welded and 
brazed elements w e r e  beta heat t r e a t e d  and autoclaved i n  400 C 
steam for 60 hours. V i s u a l  examination revealed t h a t  a uniform 
lus t rous  black film was formed. 

An attempt t o  weld caps with six-ring projections appeared t o  be 
s a t i s f a c t o r y ,  Metallographic emmination of the  c ross  sect ion 
revealed that a f u l l y  welded and bonded j o i n t  was formed, 
surements ind ica te  t h a t  approximately 65% of the  c ross  sect ion 
cons i s t s  of project ion welds, 1 4 %  cons is t s  of Zircaloy t o  Zircaloy 
bonds and 21% cons i s t s  of uranium t o  Zircaloy bonds. 
may be  compared t o  c ross  sect ions of four-ring project ion welds 
which cons i s t  of approximately 46% project ion welds, 37% Zircaloy 
t o  Zircaloy bonds, and 17% uranium t o  Zircaloy bonds, 

Mea- 

These f igures  
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Nine-welded elements were tested i n  tension.  
stress developed for  four-ring project ion welds which had been 
postheated s u f f i c i e n t l y  t o  effect brazing a t  t h e  in t e r f ace  be- 
tween project ions was 25,600 p s i ,  Ihe average t e n s i l e  s t r e s s  
developed f o r  four-ring project ion welds with only su f f i c i en t  
postheat t o  effect p a r t i a l  brazing was 21,600 ps i .  
with six-ring project ions and with no postheat developed a t e n s i l e  
stress of 32,600 p s i ,  

The average t e n s i l e  

One element 

Metall ic Fuel Weldha 
using r e s i s t ance  project ion welds and a hot formed element (hot  
headed pro jec t ion  welded) i s  being developed. Welding of outer 
f u e l  pieces has been done on t h e  1200 KVA welder at t h e  U.S, Army 
Rocky Mountain Arsenal i n  Denver, Twelve pieces  were autoclaved, 
r e s u l t i n g  i n  a general failure of a l l  elements, It appears t h a t  
fa i lure  of one element may have i n i t i a t e d  failure i n  t h e  others .  

An improved end c losure  for IVPR elements 

B Outer Tube I1 Fuel Support, Attempts t o  cold form NOT I1 f u e l  
supports i n  t h e  U9-ton crank press  were unsuccessful and resu l ted  
i n  cracked supports and broken d i e  in se r t s .  
modified f o r  hot forming using a 2 ,s  KVA r e s i s t ance  welder as a 
hea t  source. "he welder is j u s t  narg ina l  i n  capaci ty  and w i l l  not 
heat t h e  w i r e  above 640 C f o r  forming. 
be an important part of t h e  forming cycle  for mechanical s t r ipp ing  
purposes, thus t h e  crank press  con t ro l  has been modified t o  provide 
t h i s  s t e p  i n  t h e  forming cycle.  Forming t h e  parts i n  t h e  crank 
press  should provide be t te r  dimensional s t a b i l i t y  than  was noted 
fo r  parts formed i n  t h e  600 KVA welder, 

The d i e  was then 

Die quenching appears t o  

Fabricat ion of Zircaloy Support Material. Increased s t i f f n e s s  i n  
r o l l i n g  Zircaloy s t r i p  has been observed on several  occasions when 
a period of weeks has elapsed i n  t h e  fabr ica t ion  schedule, ind ica t ing  
a possible  aging process,  Tensi le  specimens were prepared from 
material p a r t i a l l y  through t h e  f ab r i ca t ion  schedule f o r  determination 
of room and elevated temperature aging, 
f ive,  and 20 hours a t  200, 300, and 400 C and 72 hours a t  400 C i n  
steam have shown a maximum increase i n  y ie ld  s t rength of about 
6000 ps i .  Tests made a t  weekly in t e rva l s  up t o  seven weeks have 
shown increases  i n  y ie ld  and ult i lnate s t rengths  of about 3000 p s i  
due t o  room temperature aging, 
t o  cause t h e  apparent increase i n  r o l l i n g  force  observed. 

Tensile proper t ies  a f t e r  one, 

These changes do not appear su f f i c i en t  

Resistance Heated Tube Furnace, The Be-Zr extrusions,  dest ined t o  
become wire f o r  use i n  experimental N-fuel c losures ,  have been hot 
swaged t o  t h e  point where they no longer f i t  i n t o  ex i s t ing  furnaces. 
A ten-foot-long, one-inch diameter, r e s i s t ance  furnace has been =de 
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which will be heated by t h e  75 KW Reslec Power Supply. 
designed f o r  feed-through operation so that a continuous hot 
swaging operat ion may be made on long lengths  of rods and tubing. 

It is  

Behavior of Li-A1 U o y  in 280 C PH 10 Water. 
LI-A1 a l l o y  target elements with Zr-2 outer cladding and C-64 F 
aluminum inner cladding have been t e s t e d  i n  TF-9 at 280 C and 
pH 10 far 209 hours. Two 05 t h e  rods with s l i t t e d  defects  t o  the  
core began swelling after four hours of exposure, and after 40 
hours, the diameter had increased t o  1.0" from an o r i g i n a l  0.56". 
After 209 hours, 90% of t h e  core had been oxidized and washed out.  
Two other rods with pinhole defec ts  through t h e  end cap t o  t h e  
core  showed swelling after 16-24 hours, and one of t h e  rods s p l i t  
open after 100 hours. The rods t h a t  had pinholes or s l i t s  
through the 21.02 t o  t h e  depth of t he  outer aluminum cladding did 
not undergo any appreciable swelling. 

Zlwelve defected 

2. Corrosion and Water Quality Studies 

Corrosion of Copper Alloys by Ammonia, 
the use of smmonium hydroxide for pH and oxygen con t ro l  i n  the  
graphi te  cool ing system. The flow sensing l i n e s  i n  t h i s  system 
are constructed of copper tubing and brass f i t t i n g s .  Tests have 
been completed t o  determine if these components a r e  suscept ible  
t o  aEaonium stress corrosion cracking. No cracking was found on 
copper tubing or  brass  f i t t i n g s  exposed t o  stagnant pH 9-10 
amwniated water o r  i t s  vapors for t w o  months a t  ll0 C, two months 
at 150 C, and one-half month a t  5 5  C. 

&Reactor is considering 

Stressed samples of seven copper base a l loys  have been placed i n  
t h e  a i r  atmospheres near piping components i n  the  &Reactor primary 
sys tem. 

Several  ASTM Bl47 manganese bronze samples ( t h i s  raaterial is  used 
i n  s o m e  yalves i n  t h e  prjplary system) s t ressed  t o  110% of y ie ld  
have cracked due t o  aaumnia vapors leaking from the primary system. 
None of the ASTM B147 samples s t ressed  a t  y ie ld  s t r e s s  o r  below, 
and none of the other a l loys  at any s t r e s s  l e v e l  have cracked. 
Control samples of ASTM B147 s t ressed  at U O %  of y i e ld  have not 
cracked i n  other atmospheres e 

Corrosion of N-Reactor Steam Generator Tubing. 
Reactor steam generator tubing containing intergranular  corrosion 
a t t a c k  experienced enough corrosion t o  cause t h e  grains  t o  f a l l  
out when exposed t o  eight decontamination cycles  w i t h  a proprietary 
sulfamic a c i d  so lu t ion ,  No s ign i f i can t  increase i n  corrosion was 

Sections of N- 



observed when a proprietary b i s u l f a t e  so lu t ion  w a s  used f o r  
e i g h t  cycles .  

N-Reactor Shutdown Radiation Measurements ., Monitoring s i tes  
f o r  11-Reactor shutdown rad ia t ion  measurements were located,  
marked, and numbered. 
showed t h e  r ad ia t ion  l e v e l s  t o  be qui te  low; general ly ,  they  were 
l e s s  than 1 mr/hr, 

The f irst  survey on August 6, 1964, 

Crud Deposition on N-Reactor Fuel Elements, Analyt ical  r e s u l t s  
were obtained on t h e  crud f i l m  removed from t h e  ruptured f u e l  
element *om N-Reactor, The t o t a l  deposi t ion on t h e  element w a s  
13.5 mg/dm2 with a corresponding thickness  of about 0.04 mil. 
An increase of surface temperature of less than 1 C would r e s u l t  
from t h i s  f i l m  a t  a hea t  f l u x  of 500,000 Btu/hr-ft2, X-ray d i f -  
f r a c t i o n  ana lys i s  of t h e  crud produced a pa t t e rn  which i s  d i f -  
f e r en t  than any forms of FeO, Fe2O3, Fe203oH20, FeO*OH, and FeO(0H). 

KER-1 TestinR of NHLOH. !be t e s t i n g  of hydrogen gas addi t ion  t o  
KER-1 ammoniated coolant was completed, 
average r e s i d u a l  hydrogen concentrat ion w a s  maintained a t  
25 cm3/kg (STP) t o  determine t h e  effect  on t h e  crud films formed 
on t h e  f u e l  elements, A cursory examination of t h e  h e 1  elements 
discharged from t h e  loop indicated uniform reddish depos i t s  on the  
upstream elements while t h e  downstream elements appeared v i r t u a l l y  
f ree  of f i l m .  
concentrat ion m y  have some bene f i c i a l  e f f e c t  i n  reducing crud de- 
pos i t ion ,  p a r t i c u l a r l y  on t h e  downstream elements. 

During the  t e s t  t h e  

It thus appears t h a t  m i n t a i n i n g  t h e  higher hydrogen 

The addi t ion  of t h e  hydrogen reduced t h e  N H 4 0 H  decomFosition ra te  
from 0.05 lb/day t o  0,02 lb/day during normal operat ing conditions.  

Ex-Reactor Evaluation of Nickel-Plated Aluminum. Three aluminum 
a l l o y s  - 8001, 1245 and 1,8 w t %  Fe, 1.2 wt% N i  i n  high pu r i ty  ~- 

aluminum -- have been nickel-plated-by e l e c t r o l y t i c  and chemical 
deposit ion.  P l a t e  thicknesses  were nominally 1.0,  0 ,6  and 0 ,3  m i l ,  
although preliminary metallography indica tes  t h e  e l e c t r o l y t i c  p l a t e  
t o  be th inner  than an t ic ipa ted .  Plated coupons were heat t r ea t ed  
a t  400 C (752 F )  f o r  2.5, 10 and 40 hours, and a t  450 and 500 C 
(842 and 932 F) f o r  2-1/4 hours. 

In  autoclave exposures a t  330 C (626 F) f o r  3 days and 10 days 
( t o t a l )  a l l  of t h e  e lec t ropla ted  1245 a l l o y s  failed ca tas t rophica l ly ;  
f a i l u r e  had begun on two chemical p la ted  1245 a l l o y  coupons which 
were heat treated a t  500 C, The chemical p l a t e  on t h e  1,8 wt% Fe, 
1.2 Vt% N i  a l l o y  spa l led  following heat  treatment.  Otherwise,  t h e  
chemical p l a t e  behaved w e l l  i n  autoclave exposures t o  10  days. On 
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the-basis of t h e  autoclave tests, elemeats t o  be exposed in- 
reac tor  will be plated by chemical deposit ion; p l a t e  thickness 
and heat treatment a r e  t o  be determined by fur ther  autoclaving 
and by e l e c t r o l y t i c  c e l l  tests. 

3. Gas Atmosphere Studies 

In-Reactor Corrosion and HydridinR i n  Sirmalated Reactor Gas 
Atmosphere. 
reac tor  for 58 days a t  400 C (752 F) in a helium atmosphere 
contaminated with CO, H2, and su f f i c i en t  H20 vapor t o  m i n t a i n  
an oxide f i l m .  An i den t i ca l  cont ro l  capsule vas run out of 
reactor a t  the  same conditions.  
radiat ion-induced acce lera t ion  of corrosion in cont ras t  t o  the  
1962 capsule, which showed a f ac to r  of 2 t o  3 higher weight gains 
in-reactor e Additional therancouples in s t a l l ed  t o  check gamma 
heat ing e f f ec t s  showed t h e  Zircaloy samples t o  be 3040 C (86- 
104 F) h o t t e r  than t h e  gas. This indicates  t h a t  the  1962 capsule 
operated ho t t e r  than measured since the thermocouples mni to red  
only gas phase. A temperature rise of 35 C (95 F) is  j u s t  t h e  
amount necessary t o  produce the  f ac to r  of 3 corrosion increase 
observed in t he  f i r s t  capsule,  The in-reactor hydriding r a t e s  
w e r e  normal (30-40$ pickup r a t e )  and consis tent  with the 1962 
capsule results. 

Coupons of Zircaloy-2 and 4 were exposed in- 

Weight gain data show no ir- 

A "thick f i l m  effect" was noted for  samples having a 50 mg/dn? 
pre-film at  the  start of the tes t .  Bath in-reactor and out-of- 
reactor th i ck  film samples showed reduced corrosion r a t e  and 
accelerated hydriding rates (7040% pickup rates) 

Graphite-Water Vapor Reaction. 
water vapor-graphite reac t ion  is being studied. A sample of 
TSX graphi te  vss pre-oxidized t o  approximately 5% burnoff i n  
a i r  and then oxidized by water vapor and water vapor-hydrogen 
mixtures, 
of hydrogen reduced the oxidation ra te  at 780, 800, and 850 C 
by f ac to r s  of 305, 3.6, and 3 e 8 ,  respect ively.  
r e s u l t s  with 6.8 nun hydrogen present ind ica te  a fu r the r  two-fold 
reduction i n  axidation rate. 

The e f f ec t  of hydrogen on the  

With water-vapar at  4.0 mm Hg vapor p e s s u r e ,  1,9 mm 

Preliminary 

Thermal Oxidation of Larne Graphite Samples by Water Vapor. Be- 
cause of the s e n s i t i v i t y  of oxidation r a t e  t o  t h e  degree of oxi- 
dat ion of the graphite,  provision has been made t o  follow t h e  r a t e  
of oxidation instantaneously by continuously analyzing t h e  e f f luent  
gaseous products from t h e  react ion.  In an i n i t i a l  t e s t  of t he  new 
equipment, a 263-gram sample of TSX graphite was exposed a t  842 C 



for 55 hours t o  about 6000 ppm of water vapor in  helium. 
concentration of carbon monoxide i n  t h e  e f f luen t  af ter  5.28 
and 52 hours, respec t ive ly ,  was about 49, 86, and 92 ppm; 
hydrogen was 52, 92, and 100 ppm. These results show a l a rge  
va r i a t ion  i n  ra te  i n  t h e  i n i t i a l  stage during which only 
0.09 w t %  of t h e  graphi te  was oxidized. 
found between measured weight l o s s  and w e i g h t  loss calculated 
from gas composition and flow r a t e s .  

The 

Good agreement was 

The nonequivalence of the  carbon monoxide and water vapor con- 
cen t r a t ion  arises from t h e  partial conversion of CO t o  C02 by 
reac t ion  with water vapor - t h e  water-ws s h i f t  react ion.  The 
carbon dioxide concentration w a s  determined experimentally i n  
t w o  instances  and w a s  found t o  confirm t h e  stoichiometric 

The r e s u l t s  show t h a t  reasonably accurate  oxidation rates can be 
expected using continuous gas analys is  t o  monitor t h e  react ion.  

4. Process Tube Development 

Fracture  Studies ,  The first  stress rupture t e s t  of  a sect ion of 
an  i r r ad ia t ed  KER pressure tube  has been completed. It ruptured 
i n  492 hours a t  300 C (572 F) and at a hoop stress of 61,000 ps i .  
A similar specimen i n  the uni r rad ia ted  condi t ion would have been 
expected t o  f a i l  at t h e  same stress i n  20 hours. Stated another 
way, surv iva l  of an uni r rad ia ted  tube f o r  492 hours would requi re  
a 3000 p s i  lower stress. 

5. Thermal Hydraulics Studies 

Transient Heat-Wansfer Experiments f o r  N-Reactor e Two experiments 
were conducted t o  determine f u e l  temperatures following t h e  rupture  
of the l i n e  supplying an &Reactor i n l e t  riser. These experiments 
were conducted i n  t h e  heat t r a n s f e r  laboratory using an e l e c t r i c a l l y  
heated fu l l - sca l e  model of one-half of an N-Reactor fue l  column w i t h  
t y p i c a l  i n l e t  and ou t l e t  connectors and f i t t i n g s .  

The experiments were designed t o  simulate t h e  rupture  occurring j u s t  
upstream of a check valve i n  a reac tor  riser. In  such a case,  t h e  
check valve would prevent back flow from t h e  a f fec ted  tubes and, 
because of t he  rupture ,  t h e r e  would be  no supply of water f o r  flow 
i n  t h e  normal d i rec t ion ,  It would be expected t h a t  bo i l ing  would 
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quickly expel t h e  coolant from t h e  process tubes, but 3s the  
pressure decreased, f lash ing  of water i n  t h e  i n l e t  connectors 
and risers would provide so= steam flow past t h e  fuel. 'Be 
question i s  whether t h e  f u e l  elements would receive s u f f i c i e n t  
cooling t o  prevent melting for such a s i tua t ion .  

In the experiments, t yp ica l  in-reactor steady-state operat ing 
condi t ions ( in le t  temperature, flow rate, pressure,  and spec i f i c .  
power) were reached w i t h  r e c i r c u l a t i n g  flow through the experi- 
mental sect ion.  The t r a n s i e n t s  were i n i t i a t e d  by operat ing 
quick-scting valves t o  i s o l a t e  the experimental s ec t ion  from t h e  
normal h i g h  pressure loop piping and t o  allow blowdown of water 
from the  experimentsl sect ion,  During the  t r a n s i e n t ,  power was 
reduced according t o  a -30  mk scram curve, with a 1.1 second 
delay for sa fe ty  c i r c u i t  ac tua t ion  and rod drop times. R e s s u r e s ,  
coolant temperatures, and fuel model temperatures a t  several 
loca t ions  were recorded 'continuously throughout the  t r a n s i e n t s ,  
each of  which was continued f o r  about 35 seconds. 

Behavior a t  fuel model powers of 2200 and 2500 kw was inves t i -  
gated i n  the  two experiments. Maximum fuel model temperatures 
reached values of  only 1000 t o  1100 F in both cases ,  but fu r the r  
ana lys i s  of the  data i s  necessary t o  determine i f  melting would 
occur i n  t h e  reactor for such an event. 

Water Boil-Out Times for the  R e s e n t  Production Reactors. Calcu- 
l a t i o n s  w e r e  completed t o  determine the  t i m e  required t o  b o i l  t h e  
water out of a tube containing t h o r i a  elements i f  the water supply 
t o  the  tube was acc identa l ly  stopped, The ca lcu la t ions  show t h a t  
i n  case of such an accident  30 hours after a r eac to r  shutdown, a 
process tube containing t h o r i a  f u e l  elements which had been 
operat ing at 150 kw would start t o  b o i l  i n  about 46 minutes and 
would b o i l  dry i n  an addi t iona l  96 minutes. For t h e  case where 
the water stoppage occurred 80 hours after a reac tor  shutdown, 
bo i l ing  would start 61 minutes after coolant stoppage and the tube 
w o u l d  b o i l  dry i n  an add i t iona l  128 minutes. 

Hydraulic Tests f o r  the R e s e n t  Production Reactors. Tests per- 
formed i n  t h e  hydraulics labora tory  f o r  K-Reactor ind ica te  t h a t  
downstream flow plugging occurring from broken sp l ines  lodging i n  
nozzle outlet  po r t s  can be reduced by preventing t h e  movement of 
the broken sp l ine  i n t o  t h e  nozzle port  area by the use of a modified 
Van Stone seal. 
be  encountered if the  nozzle port is  protected wi th  t h e  perforated 
cages that a r e  in use i n  t h e  majority of t he  K r e a r  nozzles. How- 
ever,  f o r  those  nozzles which have not been modified t o  accept t h e  

Flow plugging and reac tor  s c ram w i l l  n o r m l l y  not 



cage,- the  Van Stone seal  should be a sa t i s f ac to ry  temporary 
s u b s t i t u t e  f o r  preventing sp l ine  en t ry  in to  t h e  nozzle por t .  

Flow tests were run to  determine t h e  consequences of acci-  
denta l ly  placing tubular  elements (rather than pe r f s )  of a 
downstream support charge i n  t h e  rear nozzles of K and C- 
Reactor process tubes. The r e s u l t s  show t h a t  t h e  placement of 
a s ing le  tubular  element i n  a. K nozzle w i l l  not appreciably 
affect  the  flow c h a r a c t e r i s t i c s  of the  process tube. If the  
nozzle ou t l e t  port  i s  e f f e c t i v e l y  blocked w i t h  an addi t iona l  
tubular  element, flow decreases of 1 t o  2% are  probable. 
The r e s u l t i n g  flow decrease f o r  a C tube w i l l  be approxi- 
mstely 3% f o r  a s ing le  tubular  element i n  the  nozzle s ince i n  
t h i s  case  t h e  tubular  element extends upstream of t h e  nozzle 
port by 4-1/2 inches. 

The operat ing c h a r a c t e r i s t i c s  of severa l  o r i f i c e  and ventur i  
assemblies have been determined f o r  B, D ,  C ,  and K Resctors 
w i t h  thorium t a rge t  loadings. It was determined t h a t  these 
r eac to r s  (ribbed tubes )  can operate s a t i s f a c t o r i l y  w i t h  o r i -  
f i c e s  which are  r ead i ly  ava i l ab le  and which give supply 
c h a r a c t e r i s t i c s  tha t  ar,e compatible w i t h  t h e  predicted thorium 
demand curves. 
ceived, and f i n a l  arrangements have been made f o r  flow t e s t i n g  
t h e  1.48-inch OD loads i n  t h e  B, D,  C ,  and K ribbed tubes.  

A proto typica l  loading has  been recent ly  re- 

Modifications of ventur i  cages have been made i n  t h e  past by 
reaming undersize ventur i  holders and placing appropriately 
s ized ven tu r i  i n s e r t s  i n  t h e  reamed cage. The i n s e r t s  have 
been sealed t o  prevent flow through t h e  Pane l l i t  t a p  cav i ty  by 
placing O-rings i n  nrrchined grooves around the  periphery of t h e  
upstream and downstream par t ion  of t h e  0.385-inch I D  ventur i  
i n s e r t .  After i n s t a l l a t i o n  of one of t h e  m d i f i e d  i n s e r t s  on a 
C-Reactor tube,  a scram was experienced. Since no other modifi- 
ca t ion  w a s  =de, it w a s  assumed that f a i l u r e  of an  O-ring m y  
have been t h e  cause. 

By t e s t i n g  i n  t h e  hydraulics laboratory,  it w a s  determined t h a t  
a severely c u t  or damaged downstream O-ring could cause a 
F a n e l l i t  t r i p  provided t h e  Pane l l i t  s e t t i n g  was within 20 p s i  
o f  t h e  low o r  high t r i p  set-point,  Fa i lure  of t h e  downstream 
O-ring permits back-flow between t h e  ventur i  i n se r t  and t h e  cage 
body and then i n t o  t h e  main flow stream through the  ventur i  
t h r o a t  pressure-tap holes.  The r e s u l t  i s  an erroneous Panel l i t  
reading and a 3% flow reduction due t o  t h e  increased turbulence 
i n  t h e  ventur i  throat.  

I 2 2 9 0 2  I 
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If s dameged O-ring seats during a flow increase or after 
operat ing flow has been es tab l i shed ,  a Panel l i t  decrease of 
approximte ly  20 p s i  and a flow increase of 3% w i l l  r e s u l t .  
Conversely, if the downstream O-ring f a i l s ,  a 3% decrease 
in flow and 20 p s i  Pane l l i t  pressure increase will occur. 
Fa i lu re  of t h e  upstream O-ring has l i t t l e  e f f e c t  on Pane l l i t  
response and flow i n  the C ventur i  cage s ince  t h e  mating 
upstream shoulders of cage and in se r t  e f f ec t ive ly  prohib i t s  
f l o w  throw the  cage f'rom the upstream end. 

6. Shielding Studies 

N-Rcactor Shield Evaluation. Experimental work i n  the top 
sh ie ld  of the N-Reactor was completed on August 7. All gold 
foils from Test Uo. 8 were counted, thermal  and resonance 
neutron f luxes calculated,  and about one-third of t he  P-32 
analyses and fast f l u x  ca lcu la t ions  have been completed. 
gamma ray data have been analyzed and plot ted.  
shield temperature has  begun. 
and N-2 t e s t s  has been completed. 

All 
Analysis of- 

Analysis of data f r o m t h e  N-1 

Tu0 MAC ca lcu la t ions  were prepared and run t o  f i t  t he  experi-  
mental conditions and results. A t h i r d  has been prepared, but 
not ye t  run, which c lose ly  approximates tests 5 and 6 where 
the r e f l e c t o r  data w e r e  obtained. Results a r e  considered t o  
be in good aeeemexrt w i t h  the experiments t o  da te .  

7.  Graphite Studies 

N-Reactor Graphite I r rad ia t ions .  The series of long-term ir- 
r ad ia t ions  of LY-Reactor graphi te  is proceeding s a t i s f a c t o r i l y  
in  the GGLIR. 
H-6-4 ,  have b o t h  successf'ully completed another cycle  of ir- 
rad ia t ion ,  t h e  fourth and first  cycles ,  respect ively.  The f i r s t  
of the f i f th-generat ion capsules,  H - 4 - 5 ,  i s  i n  the  f i n a l  phase 
of construct ion,  Several changes in  sample loca t ion  have been 
mrde in t h i s  capsule t o  obtain contract ion data on samples 
previously irradiated a t  d i f f e r e n t  temperatures, Four  samples 
previously irradiated a t  600 C will be continued a t  800 C, 
six samples at  800 C will be continued a t  600 C ,  and one for-  
merly a t  800 C w i l l  be run a t  475 C .  
samples, formerly irradiated a t  800 C ,  w i l l  b e  cycled between 
600 C and 800 C in  subsequent capsules.  

The two fourth-generation capsules, H - 5 - 4  and 

A t  l e a s t  one of t he  600 C 

me changes i n  sample i r r a d i a t i o n  temperature w i l l  provide data of 
pa r t i cu la r  use t o  reac tor  operators  s ince the re  m y  be some benefi ts  
from va r i a t ion  of reac tor  operat ing conditions a 

DECL 
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B. WEAPONS - 03 PROGRAM 

Resenrch and development in  t h e  f i e l d  of plutoniun m t a l l u r g y  con- 
t inued i n  support of the  Hanford 234-5 Building Operations and 
weapons development programs of t he  University of  Cal i fornia  
Lawrence Radiation Laboratory (Pro jec t  Whitney) ., Details of these 
a c t i v i t i e s  a re  reported separa te ly  v ia  d i s t r ibu t ion  l i s t s  appro- 
p r i a t e  t o  weapons development work, 

C. REACTOR DEVELOPMENT - 04 PROGRAM 

1 Plutonium Recycle Program 

Fuels Development 

PRTR Fuel Fabricat ion. .  Three f u e l  elements were del ivered t o  
t h e  PRTR including one spec ia l  corrosion t e s t  element. FE-5253 
has one rod composed of Zircaloy corrosion coupons and 18 rewar 
Vipac f u e l  rods,  This element i s  scheduled fo r  full l i f e  opera- 
t i o n  and is  counted as a regular  production element. 
fue l  element i s  assembled and ava i l ab le  f o r  storage 

One extra 

A shor t  core  f u e l  element was prepared using UOz-filled rods 
assembled in to  a 19-rod c l u s t e r ,  The element w i l l  be exposed in  
t h e  DEL-1 loop t o  evaluate  possible  fke t t i ng  behavior i n  a PRTR 
environment 

Two concepts a r e  being pursued t o  f ab r i ca t e  40-mil plutonium a l l o y  
w i r e  for enrichment of uranium oxide p e l l e t - f i l l e d  rods, These 
wires would be i n se r t ed  i n t o  cored U02 p e l l e t s .  One concept i s  
extrusion of a c a s t - b i l l e t ,  and t h e  o ther  i s  swaging t h e  b i l l e t  t o  
s i z e ,  Previous experience with extrusion has  been p a r t i a l l y  suc- 
c e s s f u l  f o r  shor t  lengths  of wire, but eight-foot lengths  must be 
fabr ica ted ,  

A new swage rod loading hood was put i n t o  service which p e r m i t s  a 
t i m e  saving of  approximately two manhours i n  t h e  fabr ica t ion  of a 
19-rod c l u s t e r  element, Improvements i n  t h e  hood include: a 
short  beam f o r  the v ib ra to r  which allows two rods t o  be loaded a t  
a time, and vented loading funnels through which t h e  powders flow 
a t  much higher ra tes ,  Rods can now be loaded a t  a r a t e  of about 
20 per hour, Several sa fe ty  features t o  decrease t h e  probabi l i ty  
of acc iden ta l  contamination spread were a l s o  included, 

Impaction of U02, Excess oxygen i n  nonstoichiometric U02, 
introduced both by roas t ing  and by adding U308, was found t o  

UI~CLAS SIF ID 
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equ i l ib ra t e  among t h e  various U02 p a r t i c l e  s i z e  f r ac t ions  upon 
heat ing under vacuum at 1200 C for 80 minutes i n  a double Nupac 
can. These r e s u l t s  ind ica te  tha t  0/U r a t i o s  of Nupac f u e l  
mixtures may be adjusted accurately t o  the desired l e v e l s  simply 
by blending a ca lcu la ted  amount of U308 with the  Uo;! o r  U Q - P U % ,  
i n  place of the less cont ro l lab le  roas t ing  method cur ren t ly  i n  use. 

Fk r t i c l e  s i z e  d i s t r ibu t ions  and O / U  r a t i o s  of U& prepared from 
pulverized, sintered U02 scrap by roas t ing  far 16 hours at 125 C 
o r  by adding -325 mesh U308 mixtures before and a f t e r  heat ing a r e  
shown i n  the following tab le .  

Owen Distr ibut ion in U02 Mixtures 
Before and After Heating i n  Vacuum t o  1200 C 

Particle Size Roasted Uo;1 U3O8 Added 
&act ion, A f t e r  After 

+ 35 3.2 2.002 2.008 3.9 2,002 2 0 024 

- 65+150 28.1 2.005 2.008 26.9 2.003 2.026 
-1 50+2 50 19.5 2.011 2.010 21.3 2.004 2 026 

- 35+ 65 26.8 2.004 2.011 23.8 2,002 2.027 

-2 50 22.4 2.036 2.012 24.1 2.153 2 e 025 

PRTR Fuel Element Performance. Examination a f t e r  106 hours  of opera- 
t i o n  i n  t h e  PRTA rupture  loop revealed no fuel washout or changes 
in.appearance of  an in t en t iona l ly  defected,  pre-irradiated (2440 Mwd/ 
t o n ) ,  swage-compacted U02 f u e l  element. 
from the  defec t  (1-3/4 inch long s l i t ,  0.020 t o  0,040 inch wide) was 
not su f f i c i en t  t o  in te r rupt  reac tor  operation. Expected b u r s t s  were 
observed during maJor  power increases ,  loop heating, and loop depres- 
sur iza t ions .  
two mrnusl shutdowns, and f i v e  scrams during i t s  106 hours i n  the  
reac tor .  

The maximum b u r s t  a c t i v i t y  

The element has been subjected t o  seven c r i t i c a l  periods, 

In-Reactor Clad Hydriding. 
of PRTR rods containing contaminated f u e l  mater ia l  subs tan t ia tes  
that end cap crevices  were not t h e  cause of previous f u e l  element 
failures. A vibrationally-compacted PRTR elemeqt (FE-5233) con- 
t a i n i n g  impacted UO2-1 w t %  Puo;? f u e l  f a i l e d  a f t e r  a burnup of 1800 
Mvd/ton, This element d i f f e red  from t h e  standard vipac fue l  design 
i n  t h a t  swageable type end caps which eliminate t h e  crevice were 
being tes ted .  
c h a r a c t e r i s t i c s  of previous f a i l u r e s  caused by contaminated f u e l  
mat e r  i a l  

A f a i l u r e  i n  the  modified end cap region 

Fa i lure  occurred i n  t h e  bottom end cap region and was 

UNCLASSIFIED 
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Laboratory Hydriding of PRTR Fuel Claddingo 
t e s t  capsules were hydrided a t  410 C f o r  varying periods of 
t i m e ,  Dry hydrogen flow was through the  capsule while t h e  
capsule ex te r io r  was maintained i n  an argon atmosphere. Severe 
hydriding occurred i n  t h e  end cap regions i n  two of t he  t e s t  
capsules after 15- and 16-hour soaks a t  temperature, The 
t h i r d  capsulep a spec ia l  t es t  capsule which had been p a r t i a l l y  
reamed near t h e  center  t o  provide a f r e sh  machined surface,  
f a i l e d  a t  t h e  ream af te r  a 6-hour soak at temperature, 
machining appears t o  acce lera te  t h e  hydriding, 

Three Zircaloy-2 

Thus, 

Gvaluation of In t e rna l  Iodine Attack on Zircaloy, Autoclaving 
of  a f u l l  length f u e l  rod with a swaged U02 core contaminated 
with 165 mg of I2  has not f a i l e d  a f te r  two weeks at 400 C ,  
r eac t ion  l aye r  on Zircaloy-2 capsules previously exposed t o  
iodine a t  400 C has been iden t i f i ed  as alpha-zirconium, 

The 

A f u e l  rod has been prepared f o r  t h e  in-reactor phase of t hese  
tes t s  with "quick-disconnect" end caps t o  p e r m i t  easy underwater 
loading. 

Inverted Cluster Fuel Element, The f u l l  length,  lvkrrk IX-B U02 
inverted c l u s t e r  (water tube)  f u e l  element w a s  successful ly  ir- 
rad ia ted  i n  the  PRTR rupture  loop and displayed no v i sua l ly  de- 
t ec t ab le  dimensional changes or  surface foul ing,  It operated 
a t  an  est imited tube power of 720 kw (137 kw/ft maximum) at a 
reac tor  power of 70 mw and an  average burnup of 150 Mwd/ton. 
Preliminary examination of t h e  f u e l  cross sect ion i n  t h e  highest 
power generation region of t h e  element ind ica tes  t ha t  mimum 
f u e l  temperatures were somewhat lower than t h e  predicted 2200 C, 
The examination a l s o  revealed t h a t  t h e  posi t ioning of t he  i n t e r n a l  
water tubes was exce l len t  a t  t h i s  cross sec t iond  

I r r ad ia t ion  Testing of R3WR Prototypic Fuel R o d s .  Capsule tes ts  
of EBWR UO2-Pu02 rods are performing s a t i s f a c t o r i l y  under proposed 
42 Mw EBWR conditions (60 w/cm2 rnaximum heat f l u x )  and at ex- 
posures of prime i n t e r e s t  < %2,5 x 1020 f i s s i o n s / c d ) ,  Fourteen 
capsules (one with a prototypic f i s s i o n  gas plenum) cons is t ing  of 
short  lengths  of EBWR f u e l  rods are  being i r r ad ia t ed  i n  t h e  MTR, 
and eighteen ( s i x  with plenums) have been discharged, 
estimated exposures of t h e  in-reactor and discharged specimens a r e  
2,7 x 1020 fissions/cm3 (10,000 Mwd/ton of f u e l )  and 2,3 x lo2' 
fissions/cm3, respec t ive ly  

PlZaximum 

U n d e r _ w a _ t e r m e n t ,  
overlapping Zircaloy s t r i p s ,  3 i 1 6 "  wide by O0b10" th ick ,  were spot 

Severai dozen specimens of two 

1 2 2 9 0 2 5  
U NC LAS S IF I ED 



UNCLASSIFIED A-1 6 HW-8 3 8 20 

welded together under water, This material is the same as t h a t  
used for binding the  19-rod c l u s t e r  fue l  elements. Half of the 
specimens had only one weld while the other  had two, approxi- 
mately 1-1/8 inches apart, Destructively tes ted  specimens were 
strong, each pul l ing a button approxinstely 1/16 inch i n  diameter, 
and demonstrated cha rac t e r i s t i c s  as good as those welded in a i r ,  

A l l  samples were subjected t o  64 hours of autoclaving at 400 C 
and 1000 psig,  which i s  equivalent t o  about 300 days under reactor  
conditions., mere was no apparent corrosion after 20 hours. 
After 44 hours, t he re  was a l i g h t  s a y i n g  in  the  weld. 
hours produced only a slight increase in  graying, but the s t rength 
of the bond should not be a f fec ted ,  

Sixty-six 

Reactor Engineering Studies 

PRPi Pressure ' h b t  Monitoring, 
pressure tube i n  the  FERTF w a s  inspected and t h e  ins ide  diameter 
measured, Diamcter measurements showed no change. Visual examina- 
t i o n  disclosed no unusual mechanical damage t o  t h e  ins ide  surface,  
but beginning a t  t h e  point in the  tube corresponding t o  t h e  lower 
end of the f'uel element, a very d i s t i n c t  change in surface r e f l ec -  
t i v i t y  was observed. Below the lower end-of t h e  fue l  element 
( i n l e t  end of the  pressure tube )  the  ins ide  surface i s  moderately 
b r i g h t .  From the lower end of the  fuel element t o  t he  ou t l e t  
nozzle, a dark and nonref lect ing ins ide  surface is believed t o  be 
a t t r i b u t a b l e  t o  buildup of a f i l m  tha t  rubs o f f  on the inspection 
instrument. This increase i n  s u r f a c e  f i l m  e x i s t s  throughout the 
r eac to r ,  but it is  much darker in  t h e  FERTF. 

Following a h i g h  AP t r i p ,  t h e  Zr-2 

The flaw in  tube 5526 appears t o  be a lamination which became swollen 
by t h e  production of a reac t ion  product. 
not been iden t i f i ed ,  Evidence has been col lected which indicates  
t h i s  lamination w a s  produced by tube fabr ica t ion  processes., 

The reac t ion  product has  

Zhe ultimte hoop s t rength a t  550 F (288 C )  of  i r r ad ia t ed  PRTR 
21.02 pressure tube specimens is  indicated t o  be independent of 
microstructure a t  exposures of about 6 x 1020 nvt fast ( E  > 1 Mev) 
o r  mored 
of a specimen which is  believed t o  have part cold worked and part 
annesled microstructure,  Hoop elongation on t he  specimen w a s  20% 
and the  burs t  f a i l u r e  was a pinhole, 

This evidence came from an elevated temperature burs t  t e s t  

A 1/16'' long crack in an i r r ad ia t ed  PRTR tube specimen d id  not 
propagate, but t h e  tube specimen burst a t  a pressure of 8280 ps ig ,  
'Be 1/16'' long crack was produced by bu r s t  t e s t i n g  a t  430 C, 
specimen swelled p l a s t i c a l l y  16% i n  t h e  high temperature t e s t .  I n  
the  room temperatkre t es t  the re  w a s  no p l a s t i c  swelling, 

The 
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Decontamination Studies,  Eight combinations of ac id i c  solut ions 
(sodium b i su l f a t e ,  c i t r i c  ac id ,  hydroxyacetic acid,  oxa l ic  acid,  
peracet ic  ac id )  w e r e  t e s t ed  t o  dissolve Pu02 samples. 
so lu t ions  dissolved only about 10-5 grams of PU per l i t e r  of 
solut ion.  

All t he  

A dummy element was exposed i n  the  IRP Loop for three days a t  
300 C t o  test  an end seal proposed t o  cap sectioned pieces of 
i r r ad ia t ed  mixed-oxide f u e l  rod fo r  ceramic fuel  washout s tud ies ,  
The end f i t t i n g s  appear very sa t i s f ac to ry .  

F r e t t i n g  Corrosion - PRTR Tests Recent v ibra t ion  measurements 
taken a t  PRTR were 8.0 2 1.0 mils f o r  both tubes 1653 and 1354, 
This i s  about t h e  same amplitude observed during several  previous 
operat ing periods. Zirconium analyses of t he  primary coolant 
were generally below one ppb, except fo r  two samples showing 2.3 
and 1.2 ppb. "here were no "events" a t  t h e  reac tor  which would 
ind ica t e  any reason f o r  t hese  higher values.  A s e r i e s  of tests 
i n  PRTR are planned in  which HX-1 steam pressure will be varied 
from 320 t o  405 psig,  while monitoring v ibra t ion ,  tube flow, and 
pressure data.  
zirconium analyses.  

Tube and gross water samples w i l l  be obtained f o r  

Cal ibrat ion of transducers which have been used on the  PRTR monitor 
system indicated t h a t  t h e  transducer used on tube 1653 was i n  
e r ro r  by about 10% a t  30 cps. 
a lso  altered. Indicat ions a re  t h a t  t h i s  transducer had been 
damaged by r ad ia t ion  and/or high temperature. 
ducers appeared unaffected except f o r  a very s l i g h t  reduction i n  
s e n s i t i v i t y  . 

The damping cha rac t e r i s t i c s  were 

The other  t rans-  

A c a l i b r a t i n g  shaker system has been completed which allows t h e  
ca l ib ra t ion  of a complete monitor channel cons is t ing  of t he  t rans-  
ducer, t h e  e lec t ronics ,  and t h e  recorder ,  thus  eliminating t h e  
theo re t i ca l  c a l i b r a t i o n  previously required.  

Fre t t ing  Corrosion - Ex-reactor Tests. 
with 1 / 4  inch support pads was exposed t o  125 F, 550 psig, and 
120 gpm coolant conditions i n  EDEL-I with the  i n l e t  jumper exter- 
n a l l y  vibrated a t  a frequency of  20 t o  25 cps and an amplitude of 
30-37 mils. 
f o r  s a fe ty  considerations., The impressed v ibra t ion  caused t h e  
midpoint of t h e  tube  t o  v i b r a t e  at 47 cps and an  amplitude of 
35 mils. Four tests were conducted under these condi t ions,  These 
had t o t a l  cyc les  of 415,000; 476,000; 409,000; and 900,000, respec- 
t i v e l y ,  The f i r s t  t w o  were terminated by instrument l i n e  f a i l u r e s  
due t o  t h e  severe induced vibrat ion;  the  second two by normal shut- 
downs 

A standard U02 fuel element 

The reduced temperature and pressure were required 
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Inspection of t h e  tube a f te r  t h e  second run revealed maximum 
f r e t t i n g  corrosion marks of 0.7 m i l  a t  t h e  lower supports and 
0.3 m i l  at t h e  upper supports,  The marks indicated a to r -  
sional movement of t h e  f u e l  element, with perhaps 1/2 inch wide 
marks associated with t h e  1 / 4  inch pads a t  t h e  upper and lower 
pad locat ions.  The fuel element a l s o  showed f r e t t i n g  evidence, 
being br ight  i n  appearance on the  pads, Zirconium samples taken 
b e f m e  and mer t h e  tests were analyzed as 2.9 and 3.8 ppb f o r  
t h e  f irst  t e s t  and 1.5 and 1.3 ppb for  the  second. No explana- 
t i o n  is available for t h e  2.9 ppb i n i t i a l  reading, though i C ,  
might have been due t o  residual Zr i n  the  system. 

The t h i r d  t e s t  increased the  depth of t h e  lower support mark t o  
1,25 mils, 
and 9 ,4  ppb, respec t ive ly .  

Before and after zirconium samples analyzed a t  6.6 

The four th  t e s t  produced two new mmks at  t h e  lower support pads 
vf th  depths of 0.6 and 0.25 mil. 
test have not been received. Induced v ibra t ion  of t h e  midpoint 
of t h e  tube  had an amplitude of 26 mils i n  both tes t s  th ree  and 
four.  

Zirconium analys is  f o r  t h i s  

Prior t o  t h e  impressed v ib ra t ion  tests a "control test" was run 
in EDEL-I with standard U02 f u e l  element with 1/4 inch support 
pads exposed to  530 F, 1050 psig,  and 120 gpm coolant conditions.  
No "a r t i f i c i a l "  means, such as sharpened pads or  induced vibra- 
t i on ,  were used t o  accelerate o r  promote f r e t t i n g a  After 419 
hours of hot operat ion and 64 hours of cold operation, v i sua l  
inspect ion of  t h e  tube revealed two lower bracket pad marks of 
less than one mil i n  depth, Also evident were individual  rod 
wire wrap narks including one of 2.5 mils depth. This mark vas 
produced by t h e  f i rs t  w i r e  wrap immediately above the  lower end 
bracket,  though it i s  not d e f i n i t e  t ha t  the  mark was produced 
during t h i s  operat ing period, 
with t h i s  t e s t  analyzed less than 0.15 ppb. 

Zirconium samples taken concurrently 

In continuing t e s t s  of fue l  element hardware design, a U02 f u e l  
element vas exposed t o  530 F, 123 g p m  coolant conditions i n  TF-7 
far 830 hours. 
and lower end brackets were sharpened, and it w a s  not wedged as 
i n  t h e  previous test., 
amplitude of 0.004 inch was appl ied a t  t h e  midpoint of the  t e s t  
sec t ion  during the t e s t ,  

Two of three center ing  f e e t  on both t h e  upper 

External v ibra t ion  w i t h  a peak-to-peak 

Inspection of  t he  tube upon completion of the  run revealed f r e t t i n g  
narks 2 t o  3 mils deep associated w i t h  t h e  unsharpened f e e t ,  No 
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f r e t t i n g  narks corresponding t o  t h e  sharpened feet were found. 
Why-fretting occurred at t h e  1 /16  inch wide unsharpened feet 
and no f r e t t i n g  occurred at the  sharpened feet  has not been 
determined. 
phenomena ex is t  t h a t  can "over-ride" pad width . It appears t o  ind ica t e  t h a t  f r e t t i n g  inducing 

As a comparison, t h i s  t e s t  had 2 t o  3 mils penetrat ion i n  830 
hours where the  previous t e s t ,  i n  which t h e  f u e l  element was 
wedged, had 1 t o  2 mils i n  1355 hours ,  

Calandria-Shim Rod Assembly Helium Seal Testinq. 
problems i n  t h e  PRTR core cav i ty  ind ica te  t h a t  heavy water 
vapors may be leaking i n t o  the dry gas  system. One of t h e  
suspect points  i s  t h e  calandria-shim rod helium gas seal. 
Tests of  t h i s  seal were conducted using t h e  t e s t  f ixture  and 
machined aluminum "0" r ings.  
t h e  same leak  rate as the present gaskets .  Both types of gaskets 
were very sens i t i ve  t o  angular misalignment of t h e  mating flanges.  

Corrosion 

These "0" r ings  exhibited about 

A t es t  assembly with a flat lower f lange and a spher ica l ly  con- 
toured upper f lange ,  when used w i t h  t h e  "0" r ings ,  had comparable 
leak  rates but  were not suscept ible  t o  misalignment. 

A r i n g  with a diamond-shaped cross  sec t ion  showed no s ign i f i can t  
d i f fe rence  compared with t h e  "0" r ings .  
that it i s  easier t o  fabricate. 
Rod Helium Seal," covering t h e  work t o  da t e  i s  being prepared. 

Its primary advantage is  
A repor t ,  HW-83507, "PRTR Shim 

PRTR High Power Density Core. A rough draft of the technical  
design c r i t e r i a  f o r  PRTR high power dens i ty  core  has been com- 
pleted,  although some further supporting information is being 
developed on the  use uf chemical s h i m  f o r  sa turab le  poison t ran-  
s i en t  con t ro l  and on t h e  method of administering boi l ing  burnout 
heat f l u x  limits. The c r i t e r i a  cover t h e  reac tor  performance 
capab i l i t i e s ,  reac tor  core,  fue l ,  primary system, cont ro l  in- 
c luding chemical and mechanical shims, other  aux i l i a ry  systems, 
and "physics experiment" core,  

Fuel Re-Use, 
inadvertent ly  included i n  a l l  recent f u e l  re-use economic calcu- 
l a t ions .  
completed ., 

A simple cor rec t ion  was devised for  t h e  f u e l  losses  

Most of t h e  =in body of  t he  report (60-70$) has been 

Therm1 Hydraulics Studies A Bodif ied method of ca l cu la t ing  
b o i l i n g  burnout limits was developed f o r  possible  use f o r  t h e  
PRTR, The purposes of devis ing a new method are: 
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( a )  Establ ish i n  d e t a i l  a ca l cu la t iona l  method which 
w i l l  s tandardize t h e  method f o r  determining 
bo i l ing  burnout limits f o r  t he  PRPi. 

( b )  Provide a method of determining bo i l ing  burnout 
limits of s u f f i c i e n t  f l e x i b i l i t y  t o  accommodate 
a l l  po ten t i a l  ranges o f  operat ing var iables  of 
t h e  PRTR, including such th ings  as f low r a t e ,  
in le t  temperature, and f u e l  element design. 

( c )  Provide a method which can e a s i l y  accommodate new 
i n f o r m t i o n ,  such as improved bo i l ing  burnout 
r e l a t i o n s  or new knowledge of reac tor  f l u x  d is -  
t r i bu t ion .  

lhe modified method proposes t o  handle those  unce r t a in t i e s  i n  
process va r i ab le s  whose magnitude is known quant i ta t ive ly  in  an 
exact a n a l y t i c a l  msnner. The method fu r the r  proposes t o  account 
for  those var iab les  which cannot be iden t i f i ed  quant i ta t ive ly  by 
requi r ing  that t h e  burnout heat  f l ux  be higher than the operating 
heat flux a t  aU poin ts  a long t h e  f u e l  element by some fac to r .  
The proposed method d i f f e r s  from t h e  cur ren t  one i n  that it 
proposes t o  iden t i fy  these  var iab les  and ass ign  a f ac to r  t o  each 
r eac to r  than  lump them together  i n to  one f ac to r  as is  now being 
done. 'Ithe advantage of t h i s  approach is  tha t  it makes the incor- 
porat ion of new knowledge i n  these uncer ta in  var iab les  eas i e r .  
F ina l ly ,  the m o d i f i e d  method does n o t  propose t o  use a maximum 
heat  flux or a maximum tube power as a l i m i t .  The maximum tube 
power permitted by bo i l ing  burnout w i l l  vary w i t h  changes in  f u e l  
elements and opera t ing  condi t ions,  Properly, a bo i l ing  burnout 
limit should recognize t h i s  and the new modified l i m i t  proposes 
t o  do so. 

2. Plutonium Ceramic Fuels Research 

Vibrat ional  Compaction - Fuel Relocation. 
stainless s teel  tube. 18" long with a 0.110" tungsten w i r e  down 

A 3/8" OD, 0.035" w a l l  

t h e  middle, was vibrationally-compacted w i t h  U02-to 85% theore t i -  
c a l  dens i ty  using the following mix: 
-60 +80 mesh, 1 5  vt%; -200 mesh, 17 ut%. This mix was predicted 
by t h e  t h e o r e t i c a l  model for powder packing. 

-12 +14 mesh, 68 wt%; 

The rod is  being assembled i n  a water jacket. 
of t h e  tungsten wire v i 1 1  be used t o  generate a c e n t r a l  void for 
f u e l  r e loca t ion  s tudies  

Resistance heat ing 
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PUN-15 vol% Pu Cermet I r r ad ia t ion ,  Examination of a PuN-15 vola  
Pu cermet i r r ad ia t ed  t o  an estimated burnup of 35 x 1020 f/cm3 
showed t h a t  a port ion of t h e  specimen was converted t o  a f i n e  
powder, Some reac t ion  product o r  condensate was observed on t h e  
aluminum blocks fac ing  the  wafer specimen, 

3. Ceramic (Uranium) Fuel Research 

Therm1 Expansion of Single Crys ta l  UOz .  The thermal expansion 
of a w e l l  character ized s ing le  c r y s t a l  specimen of U02 was mea- 
sured. 
t h e  sample Illaterial are: oxygen t o  uranium r a t i o  2.00, dens i ty  
99+% TD, porosi ty  <0.1% (<0.06 micron dia .  pore) ,  impurities 
<200 ppm (major cons t i tuents  Fe, S i ) .  
cooled a t  a rate of 3.5 C/min t o  1600 C i n  a vacuum of  2 x 10-5 
t o r r  i n  an alumina sample holder.  The thermal  expansion, measured 
on a pushrod dilatometer w a s  12.1 x 
1600 C. 
thermal expansion s t a r t i n g  a t  approximte ly  1400 C. 
tu re  range w i l l  be  invest igated more c lose ly .  

Some of t he  measured chemical and physical  propert ies  of 

The sample was heated and 

Cel between 300 C and 
It appears t h a t  t h e r e  may be a discont inui ty  i n  the  

This tempera- 

Effects  of Stoichiometry of UO? Therm1 Conductivity. I r r ad ia t ion  
w a s  completed on t h e  f i r s t  of a series of U02 melting tes ts  inves t i -  
ga t ing  t h e  effect  of stoichiometry on thermal conductivity during 
and after reac tor  s ta r tup .  These t e s t s  u t i l i z e  pressed and s in te red  
U02 p e l l e t s  3.455 c m  (1.360-inch) i n  diameter. 'Ihe stoichiometry 
is  var ied  by adding uranium metal t o  t h e  p e l l e t s  and hea t ing  i n  
vacuum. Tungsten spheres are  added t o  t h e  p e l l e t s  as markers t o  
determine t h e  i n i t i a l  m e l t  r ad ius ,  

I r r a d i a t i o n  of Thoria. A t h o r i a  element o r ig ina l ly  containing 
680 ppm n i t r a t e ,  added as Th(NO3)4*l2 H 0 released 180.2 ml of gas, 

No cladding corrosion w a s  revealed by metallographic examinat ion. 
170 m l  of which was N2, after 1.1 x 10 25 nvt exposure i n  t h e  M'I'R. 

Fuel Washout Studies. Five i r r ad ia t ed  PRTR f u e l  rods with d i f -  
fment fuel fabr ica t ion  h i s t o r y  were t ransfer red  t o  t h e  Radio- 
metallurgy Laboratory f o r  sectioning. Approximately 12-inch rod 
sec t ions  w i l l  be s lo t t ed ,  capped, and subjected t o  simulated 
reac tor  coolant flow conditions t o  develop f u e l  washout data, 

Ehriched Mixed Oxides. 
enr iched)  was pneumatically impacted t o  95% of t h e o r e t i c a l  densi ty .  

About 1 kilogram of 15  w t %  pU02-U02 (93% 

The oxides w e r e  b a l l  milled 67-hours before impaction t o  assure a 
uniform Pu02 d i s t r i b u t i o n  i n  the  U%. 
uniform as  measured by autoradiography and chemical ana lys i s .  

The Pu02 d i s t r i b u t i o n  was 
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U02-Fu02 Homogeneity Studies. No gross inhomgeneities i n  
plutonium concentration were found i n  a sample of impacted, 
64-haur b a l l  milled U02-20% Pu02 analyzed by the  e lec t ron  
microprobe. It is f e l t  that t h i s  w t e r i a l  should operate 
s a t i s f a c t o r i l y  as a fast r eac to r  f'uel with regard t o  tran- 
s i e n t  heat transfer and subsequent U-238 Doppler broadening, 

Nupac Grade UO? Powder Spec i f  i c a t  ions 
writ ten far U02 powder t o  be used i n  t h e  g n m t i c  impaction 
(Nupac) process. 
dens i ty  mcasuremcnt of t h e  U02 powder before purchase. 

Spec if i c a t  ions were 

An empirical t e s t  was included f o r  t a p  

Tube-in-Tube Fuel Development. 
of fused U02 p a r t i c l e s  in a t h i n  wall Zr-2 c lad ,  tube-in-tube 
f u e l  element r e su l t ed  i n  grea te r  than 86% t h e o r e t i c a l  density 
i n  both t h e  inner tube and t h e  outer tube.  C las s i f i ca t ion  of 
t h e  crushed UO2 powders was performed according t o  i d e a l  
packing ca l cu la t ed  by mathenstical models. 
outer tube have.been subjected t o  400 C and 1500 ps ig  w i t h  no 
apparent effect on t h e  inner tube and a slight indentation on 
t h e  aut- tube c lad  adjacent t o  one end cap. 
w a s  experienced at  t h i s  same area during loading, and low 
dens i ty  a t  t h i s  point probably explains t h e  deformt ion .  
temperature and pressure autoclaving is continuing. 

Vibrational compaction loading 

Both t h e  inner and 

Loss of f i n e s  

H i g h  

BeO-PuO:, Studies.  A U  s i x  of the small cans of BeO-nickel 
coated &Os impacted mterial have beenopened. The Be0 matrix - -  
appeared t o  be bonded in all of t h e  samples. Because of t h e  
low t a p  dens i ty  of t h e  very f i n e  grained BeO, t h e r e  was ex- 
cess ive  can wrinkling and defo rmt ion  of t h e  ceramic. . B e r e  
w a s  some ind ica t ion  of s e g r e s t i o n  and a considerable emunt  
of strat if i c a t  ion i n  t h e  material . 
of  mixed ceramic separated by c racks)  was a r e s u l t  of the  low 
t a p  density.  

The strat if  i c a t  ion ( layers  

Thee of the samples had M g O  added as a s i n t e r i n g  a i d  i n  case 
t h e  Be0 d id  not bond. 
the MgO d i d  not appear t o  a i d  in t h e  bonding of t h e  BeO. 
t h e  compact was more f r i a b l e  than with t h e  pure BeO. The other 
sample with 2% MgO addi t ion  appeared t o  be t h e  s t ronges t  of a l l  
samples impacted 

In two of t hese  samples (1/2% Mgo,  1% MgO), 
In f a c t ,  

UO? Niobium Cermets. A highly loaded U02-niobium cermet, c lad  with 
t h i n  wall niobium tubing and sealed with powdered niobium end caps 
w a s  fabr ica ted  by pneumatic impaction. Hot swaging of  t h e  cermet 
rod is t o  be evaluated as a means of providing uniform dimensions 
and bonded core. 
su l t ed  i n  a f rac tured  niobium rnatrix. 

Cold swaging of a previous niobium cermet re -  
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R e c t a n d a r  Dynapak Tooling, The f irst  use of rectangular 
toor ing  i n  t h e  Dynapak machine was successful.  The too l ing  
consis ted of a 1-3/4" x 6", H-13 t o o l  s tee l  d i e  and punch. 
The d i e  cav i ty  was 2-3/4" deep. 
backup plug could increase t h e  length t o  approximately 6". 
' be  base of t h e  punch i s  8" diameter, t h e  same as t h a t  used 
f o r  t h e  4" diameter tool ing,  No ser ious alignment problems 
were enc o u t  er ed . 

However, modification of t h e  

The too l ing  was used i n  making 12 impactions. The cans used 
f o r  these  i n i t i a l  impactions were 2" long. 
developed was 277,000 psi .  Due t o  the  short  stopping d is tance ,  
only 1100 p s i  f i r e  pressure w a s  required t o  produce t h i s  i m -  
paction pressure,  

The maximum pressure 

4. Basic Swelling Studies 

I r r a d i a t i o n  Ropram, A general swel l ing capsule containing as- 
extruded and beta heat-treated specimens of h igh  pur i ty ,  1 , 4 4  a t% 
enriched uranium reached goal exposure and was discharged, 
operated successful ly  a t  625 C (1157 F) regardless of t h e  opera- 
t i n g  state of t he  reac tor .  

It had 

The f irst  cont ro l led  pressure-temperature swelling capsule w a s  
charged i n t o  a reac tor  and i s  operat ing successful ly  a t  450 C 
(842 F) and 1000 ps i .  
U + Fe-Si specimens are included i n  t h i s  capsule. lhis irradia- 
t i o n  w i l l  provide in s igh t  i n t o  the  e f f e c t  of pressure on "growth" 
induced, ep-ain-boundary t ea r ing .  A s imi la r  capsule i s  under 
construct  ion for subsequent i r r ad ia t ion .  

H i g h  pu r i ty  uranium, U + Fe-A1, and 

Post- i r radiat  ion Examinat ion, 
examination of specimens of U + 400 ppm Fe - 600 Al, U + 140 ppm Fe - 
95 Si ,  and high pu r i ty  uranium i r r ad ia t ed  t o  a burnup of 0.16 a t %  
have been completed, As expected from dens i ty  measurements, t h e  
U + Fe-A1 samples exhibited t h e  leas t  porosity.  A d i r e c t  comparison 
o f  t h e  microstructure of t h e  U + Fe-A1 and U + Fe-Si ( i r r ad ia t ed  
at 605 C, or l l 2 1  F)  which had received a gamma-alpha treatment 
was possible ,  The former showed very small pores on grain 
boundaries and i n  some cases adjacent t o  second phase pa r t i c l e s .  
Matrix poros i ty  and t e a r i n g  were completely absent.  
Fe-Si specimen, pores were present i n  t h e  matrix, wi th  t h e  l a r g e s t  
pores being located on twin bands. Some microcracking parallel t o  
twin bands was a l s o  noted. The a l loys  which received a beta-alpha 
treatment ( i r r ad ia t ed  at 585 C ,  o r  1085 F )  exhibited extreme 
porosi ty ,  l a r g e l y  found on twin bands. Extreme porosi ty  was observed 
on t h e  h i g h  pu r i ty  samples, again i n  agreement w i t h  densi ty  measure- 
ments 

Optical  and e lec t ron  microscope 

In t h e  U + 
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Supplemental Studies. Transmission e lec t ron  microscopy of 
uranium a l loys  has continued. 
i n  agreement with those establ ished by r ep l i ca  techniques. 
Wafer samples of high  

mission microscopy. Analysis of t h e  micrographs is i n  p r o s e s s .  

P a r t i c l e  s i z e  measurements a r e  

i t y  uranium and uranium a l loys  which 
were i r r ad ia t ed  t o  101 .p" (thermal) have been examined by trans- 

5 .  I r r ad ia t ion  Damge t o  Reactor Metals 

Alloy Select ion 

Several  n icke l  base alloys a r e  being studied t o  determine t h e  
e f f e c t s  of i r r ad ia t ion  and environment upon the i r  mechanical 
propert ies .  These a l loys  a r e  being irradiated at  280, 580, 
and 740 C (536, 1076, and 1364 F) and t e s t e d  a t  both room 
temperature and TOO C (1292 F). 
700 C t e n s i l e  tests on irradiated nickel  base and s t a i n l e s s  
steel  a l l o y  specimens were completed, 'Bese tests were performed 
i n  a i r  without extensometers. Further elevated temperature tests 
on nickel  base and re f r ac to ry  metal a l loys  a r e  planned. 

During the  past  month, twelve 

Room temperature t e n s i l e  tests on cont ro l  specimens of various 
n icke l  base a l loys  exposed to  580 and 740 C (1076 and 1364 F) 
helium were completed and t h e  data compared t o  t h a t  f o r  specimens 
irradiated under similar therm1 conditions t o  an exposure of 
9 x 1019 n v t  (E >1 Mev) . 
X-280, I n c o n d  600, Hastelloy H, and Inconel 625 showed an in- 
c rease  in st rength but a loss i n  d u c t i l i t y  after the i r r ad ia t ion .  
Specimcns of Hastelloy R-235 showed a decrease i n  both s t rength 
and d u c t i l i t y  after i r r ad ia t ion  under the  same conditions,  while 
Incoloy 800 specimens showed a decrease i n  s t rength and an in-  
c rease  i n  d u c t i l i t y .  

Metailographic examination of Inconel 600 i r r ad ia t ed  t o  an ex- 
posure of 9.25 x 1019 nvt  a t  740 C (1364 F) was continued. 
After repol i sh ing  and etching t h e  specimen, gas pores could not 
be found. This is contrary t o  what was reported last month and 
can be a t t r i b u t e d  only t o  var ia t ions  i n  t he  metallography tech- 
niques being used. 
examination repeated. 

In general, specimens of Hastelloy 

The specimen will be annealed and t h e  

In-Reactor Measurement of Mechanical Properties 

In-reactor creep t e s t s  on annealed 304 s t a i n l e s s  s t e e l  a t  500 and 
600 C (932 and U l 2  F) and 20,000 p s i  s t r e s s  a r e  continuing. The 
creep r a t e  f o r  the  500 C t e s t  i s  l e s s  than 2 . 5  x lOo7/hre The 
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600 C (1112 F )  in-react 
a t  700 hours, 9.7 x 10  
last  monthly report .  
in te r rupted  after 250 hours. 

t e s t  i s  exhib i t ing  the  same creep rate -r /hr, as reported for 170 hours i n  t h e  
A p a r a l l e l  ex-reactor test a t  600 C was 

Activation energy studies on annealed 304 stainless steel were 
performed at 30,000 p s i  creep stress a t  600, 625, and 650 C 
(1112, 1157, and 1202 F )  and at 40,000 p s i  at 500 C by t h e  tem- 
pera ture  change method. 
required before any ac t iva t ion  energies can be reported.  

Computer ana lys i s  of the  data w i l l  be 

I r r ad ia t ion  Effects  i n  S t ruc tura l  Materials 

?he purpose of t h i s  program i s  t o  inves t iga te  t h e  combined e f f e c t s  
of i r r a d i a t i o n  and reac tor  environment on t h e  mechanical propert ies  
o f  s t r u c t u r a l  materials. Special  a t t e n t i o n  w i l l  be given t o  the  
determination of mechanical property changes produced i n  metals by 
i r r a d i a t i o n  at elevated temperatures 

Zircaloy-2 specimens containing 70% cold work have been i r r ad ia t ed  
at 50 C (150 F)  i n  t h e  ETR t o  an exposure of 5 x 1021 nvt (>1 Mev). 
These specinrns are cu r ren t ly  being tes ted.  a t  room temperature and 
examined metallographically.  Additional Zircaloy-2 t e n s i l e  speci- 
mens, i n  both t h e  annealed and co ld  worked conditions,  which were 
irradiated i n  t h e  ETR G-'7 hot water loop a t  290 C (540 F) have been 
sectioned along t h e  three pr inc ipa l  planes and examined metallo- 
graphical ly  t o  determine hydride or ien ta t ion .  One group of specimens 
contained approxixmtely 100 ppm hydrogen a f te r  an 1850-hour exposure. 
A second group of specimens exposed f o r  3460 hours contained approxi- 
mately 175 ppm hydrogen. The integrated neutron exposures f o r  these  
two groups of specimens were 6.4 x 1020 and 1 . 4  x 1021 nvt (>1 Mev), 
respect ively.  

Similar hydride o r i en ta t ions  were noted f o r  both groups of specimens 
with similar fabr ica t ion  h i s to ry ,  In t h e  cold worked specimens the  
hydride p l a t e l e t s  nucleated almost exclusively a t  t he  rol led-out  
stringers of  second phase p a r t i c l e s  and g r e w  along these s t r inge r s  
coplanar with t h e  r o l l i n g  plane. In t h e  annealed material, however, 
t h e  second phase s t r i n g e r s  had only a nominal e f f e c t  on the  r e su l t an t  
hydride or ien ta t ion .  The more random or i en ta t ion  and t h e  l a rge  
fract ion of t ransgranular  p l a t e l e t s  ind ica te  growth of t he  hydride 
along no rm1  hab i t  planes. 

A difference i n  t h e  t e n s i l e  proper t ies  of Inconel X-750 heat treated 
i n  a i r  and i n  he l ium-f i l led  capsules i s  pr imari ly  the  r e s u l t  of 
va r i a t ion  i n  gra in  s i ze .  Grain growth i s  extremely rapid a t  t h e  
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solut ioning temperatures of n icke l  a l loys .  Differences in  heat 
conduction of air and helium appear t o  a f f e c t  grain s i z e  a t  
theoe elevated temperatures. With equal time at temperature, 
t h e  grain s i z e  var ia t ions  ranged from ASTM 1-2 i n  helium-filled 
capsules t o  ASTM 4-5 i n  air-filled capsules. 

Work t o  imprwe in-reactor s t a b i l i t y  of n icke l  base s t r u c t u r a l  
a l l o y s  i s  continuing. 
phases i n  the  mstrix rather than i n  grain boundaries might ex- 
tend  the stress-to-rupture l i f e  of an a l loy .  
pre- i r radiat ion cold w o r k  plus aging treatments s e l ec t ive ly  pre- 
c i p i t a t e s  b r i t t l e  phases i n  the mtrix of Hastelloy X-280, 
p r e t r e a t m n t s ,  however, must be optimized t o  prevent d u c t i l i t y  
l o s s  from excessive cold work. 
work t o  h e  too mch. Four add i t iona l  l e v e l s  of cold work - 0, 
10, 15, and 20% - a r e  being invest igated combined with a constant 
aging time of 100 hours and two aging temperatures - 1000 F 
(538 C ) ;  1500 F (816 C )  . 
evaluated by means of t he  stress-to-rupture and t e n s i l e  tes ts ,  

Controlled prec ip i ta t ion  of in te rmata l l ic  

Combination of 

The 

Previous r e s u l t s  showed 26% cold 

Control and irradiated n a t e r i a l  w i l l  be 

Metallographic mthcds have been used t o  determine t h e  presence 
of m v t e n s i t e  i n  304 and 348 stainless steels. Tempering a t  
430 C (806 E') for one t o  t w o  hours and e l e c t r o l y t i c  e tching w i t h  
a so lu t ion  of 10% o m l i c  ac id  provides an espec ia l ly  c l e e r  p ic ture  
of t he  s t ruc ture .  The amunt of martensite present appears t o  
agree with previous estimates made from the  changes i n  t h e  rnagnetic 
suscep t ib i l i t y .  
cold worked 304 s t a i n l e s s  steel. The o d i c  ac id  so lu t ion  does 
not give good results on untempered specinrns. An etch t h a t  w i l l  
be s a t i s f a c t o r y  for use on untempered specimens i s  being sought, 

About 30 t o  35% of martensite i s  present i n  70% 

B e  construct ion and ca l ib ra t ion  of t h e  h igh  rate loading equip- 
ment was completed, This equipment is being used t o  study the 
f r a c t u r e  processes of metals. Preliminary r e s u l t s  obtained from 
notched specimens of A3O2B ind ica te  t h a t  a cor re l a t ion  between 
f r a c t u r e  behavior and t e n s i l e  de fo rmt ion  behavior i s  possible.  
Such a co r re l a t ion  i s  made possible  by t h e  ins ight  w ined  by 
testing at the very h i g h  rates of loading, 

Environmental Effects 

Ihe spec ia l  E'lR G 7  loop tes t  w i t h  hydrogen in jec t ion  was started 
on Jbly  19, 1964. 
water conduct ivi ty  a r e  monitored da i ly ,  and hydrogen is added t o  
t h e  loop by way of t h e  ion exchange system i n  amounts su f f i c i en t  
t o  maintain hydrogen l e v e l s  above 15 cc per kg of water, On the  
whole, t h i s  spec ia l  hydrogen t e s t  is progressing s a t i s f a c t o r i l y .  

Hydrogen and oxygen i n  the coolant,  pH, and 
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MataIlographic lrections of four i r r ad ia t ed  notch t e n s i l e  und 
four irradiated t e n a i l e  test  specimens were examined during 
t h e  month of Auguat 196b0 Some of these  had been exposed f o r  
264 days at 540 F (282 C ) a  Oxide f i l m  thicknesses continue 
t o  f a l l  i n  line with data previously obtained. 
pickup f r ac t ions  ranged f'rom 40 t o  SSX, and one annealed, 
long-cxposure s p e c h e n  showed evidence of a hydride concentra- 
t i o n  gradient decreasing toward the  center  of the  specimen. 
Long exposure, 40% cold worked n a t e r i a l  exhibited only about 
half the  oxide thickness found on annealed material .  A l s o ,  
for long-exposure nutuial, the thickness  of oxide growing i n  
a d i r ec t ion  n o r d  t o  the r o l l i n g  plane was found t o  be 165 t o  
2 times that of oxide formed on sample edges. 

Hydrogen 

ATR Gas bop  Studies 

Molybdenum Oxidation Test. An apparatus has been set up i n  the  
cont ro l  room of the =del  gbs loop t o  nonitor the e f f e c t  of t he  
&as loop atmosphere on t h e  p~lybdenum heat ing  elements. ?he 
t e s t  i s  not a corrosion study as such, but  it is designed t o  
y ie ld  q u a l i t a t i v e  infornmtion necessary t o  determine when, how 
hot,  and how long t h e  model gas heater can be run. 

The i n i t i a l  rcsufts of the t e s t  i nd ica t e  that far 24 hours at 
2200 F t o  2372 F (1294 C t o  1299 C )  i n  flowing gas from t he  loop 
helium source, s t r i p e  of mlybdenum heat ing elements lose  0.1% 
of t h e i r  weiat , ,  
mlybdenum samples run at 2400 F ( ~ 1 6  C) with the f b w  o f f ,  and 
at 2200 F w i t h  t he  flow ono 
mitnates at 2200 F, but there is no v i s u a l  difference i n  dis-  
co lora t ion  between 15 minutes and 24 hours a t  t h i s  temperature. 
If t h i s  qua l i t y  of gas is nraintained as the loop is heated, it 
should be sa fe  t o  take it up t o  the  operating goal of 2000 F in 
t he  t e s t  section,,  

In these tests the  gas f l o w  is such that 

The molybdenum discolors  a f t e r  15  

SrraFkinR Potent ia l  i n  H i &  Teweraturt Helium. 'Ihe po ten t i a l  
required t o  i n i t i a t e  sparking in high temperature helium has 
been determined as a function of electrode gap length. It is 
found that a po ten t i a l  of 130 V ( r D m o s . ,  60 cycle  AC) or more, 
i s  required t o  i n i t i a t e  s p k i n g ,  even at very shor t  gaps, a t  
temperatures t o  2282 F (1250 C ) b  A t  po ten t ia l s  greater  than 
130 T, decreasing the  temperature a l l o w 8  use of shorter  g%ps. 

Hi& Temperature Oxidation of Candidate ATR Materials. 
t i o n a l  oxidation data have been obtained a t  ll20 C (2048 F) fo r  
Hastelloy X and Haynes 25 superalloys.  Zhe scale formation was 

Addi- 
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followed as a w e i g h t  gain function t o  times o f  5000 minutes. 
!he oxidizing atmospheres considered t o  da t e  for  Hastelloy X 
have been oxygen a t  25 mm, 4 mm, 970 and 39v pressure,  carbon 
dioxide a t  80 mm and 23 mm, carbon mnaxide a t  25 mm and a i r  
a t  NTP, Far Haynes 25, the  oxidizing atmospheres have been 
oxygen a t  100 mm, 92u and 421~ pressure and water vapor at 28 mm. 

Althou@ no rigorous in t e rp re t a t ion  o f  the data has been 
attempted, the k i n e t i c s  of a t t ack  for each t e s t  seem t o  follow 
a parabolic or mixed parabolic r a t e  l a w .  This is reasonable 
s ince  during the  oxidizing tests the sca le  is  adherent and f i l m  
growth might be expected t o  be some function of sca l e  thickness.  

For Ehynes 25, there  i s  rap id  spa l l i ng  of t he  sca le  as the  
temperature is  decreased from 1120 C (2048 F )  t o  room temperature, 
The temperature of the  most rapid spa l la t ion  occurs a t  480 C 
(896 F)* 

Gas-Solid Reactions at H i &  Temperatures. Oxidat ion r a t e s  of molyb- 
denum and TJM a l l o y  (k - 0.08 w t %  ZS - 0.5 vt% T i )  a t  5 x 
and 5 x 10 
sample weights - were p rev ious ly j epor t ed .  
t i o n  of cold worked TZM in 5 x 10 Torr a i r  revealed i n t e r n a l  
oxidat ion of 1.9 mil penetrat ion i n  266 hours, Penetration of 
ancealed TZM was negl ig ib le ,  though $talloographically observable. 
lowering the  a h  pressure from 5 x 10 
t h e  oxidation rate by a f a c t a  of two as contrasted with an order 
of Pggnitude when t h e  pressure was lowered from 5 x 10-3 t o  
5 x Torr. Probably v o l a t i l i z a t i o n  of t he  t r i o x i d e  becomes 
less important a t  t h e  lower end of the  pressure range. 

Ci rcu la tor  Performance Curves, The pressure r ise across  the  
c i r c u l a t o r  was measured a t  speeds of 10,000 t o  25,000 rpm and 
a t  hel ium flow rates of 100 t o  500 p a d s  per hour, A t  500 pounds 
flow and 25,000 rpm, the  pressure r ise  is 7.8 p s i  which i s  about 
20% l e s s  than the  vendor's ca lcu la ted  pressure r i s e .  

T o r r  a i r  a t  1000 C (1832 F)  - based on descaled 
Metallographic examina- 

t o  5 x 10-5 Torr lowered 
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6. Nuclear Grgphite 

The Radiolysis of a Mixture of Carbon Monoxide and Water Vapor 
Sensit ized by Helium. A study of rad ia t ion  induced reac t ion  in  
carbon monoxide-water vapor mixtures has recent ly  been reported 
In current  work, t he  e f f e c t  of helium on t h i s  reac t ion  i s  being 
explored. Capsules containing known concentrations of CO and 
H20 i n  roughly equal quantity and helium ranging from 0 t o  99.4% 
were i r r ad ia t ed  i n  a cobalt-60 gamma f i e l d  of 2.7 x lo6 R/hr. 
The gases were analyzed far r eac t ion  products gss chromato- 
graphically,  
amounts of ethane were formed during the  rad io lys i s .  

Hydrogen, carbon dioxide, methane, and t r a c e  

The sumed 2 values (100 ev y ie lds  based on t o t a l  energy ab- 
sorbed) f o r  H2, C@, and CHq were invariant  at 15 .1  2 0.7 for 
t h e  seven mixtures ranging from zero t o  almst 99% helium, indi-  
c a t i n g  a very high e f f ic iency  of energy t r a n s f e r  from helium t o  
the reac tan ts .  
a somewhat. lower extent  of reac t  ion, having a 2 value of 9.5. 
Methane production w a s  low, w i t h  a g value averaging l e s s  than 
one. 
t i z a t i o n .  

The f i n a l  mixture, containing 99.4% helium showed 

Methane forlpation m y  be favored s l i g h t l y  by helium sensi- 

Kinetics of t h e  Reaction of Carbon Dioxide w i t h  Hydrogen. 
Further experiments with a reac t ion  vessel  of smaller s i z e  and 
revised geometry showed t h a t  t he  0.3 sec induction period re-  
ported i n  HW-83445 A was due t o  apparatus design and not a real  
k ine t i c  e f f ec t .  The rate constants and ac t iva t ion  energies de- 
termined i n  t h e  revised apparatus confirmed e a r l i e r  r e s u l t s .  

Inh ib i t ion  of Graphite Oxidation. 
as an inh ib i to r  of t h e  a i r  oxidation of graphite have shown two 
e f f ec t s  on the  rate,  The oxidation of  g r a p h i t e  i s  inh ib i ted  by 
adsorption of chlor ine;  vanadium and other oxidat ion ca t a lys t  
impuri t ies  a r e  removed. While the  impurit ies a r e  being removed 
i n  t h e  presence of a i r ,  t h e r e  i s  a concurrent increase of oxida- 
t i o n  r a t e ;  t h i s  i s  followed by a decrease i n  r a t e ,  Since t h i s  
i n i t i a l  increase has not been noted w i t h  chlor ine as i nh ib i to r ,  
fluroine-containing-products from the  decomposition of CC12F2 
are evidently responsible.  To obtain fur ther  information on the 
in t e rac t ion  w i t h  impuri t ies ,  graphites of d i f f e ren t  pu r i ty  have 
been oxidi  zed e 

Previous t e s t s  w i t h  CC12F2 

G. La Tingey, "Radiolysis of Mixtures of Carbon Monoxide and 
Water Vapor, " HW-SA-3440, 'April 6, 1964. 
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A pure graphite,  SP-6, with  a lower  neutron absorption than ECCR 
graphi te  was studied. In  t h i s  material ,  vanadium, a pr inc ipa l  
oxidation c a t a l y s t ,  i s  s ign i f i can t ly  l e s s .  However, t h e  oxida- 
t i o n  rates of SP-6 i n  a i r  and i n  a i r  with 1 / 2  percent CC12F2 as 
inh ib i to r ,  were both higher than those for EGCR, and t h e  apparent 
ac t iva t ion  energy was less. This r e l a t i o n  is t h e  inverse of t ha t  
expected. Surface m e a  mcasurements are being obtained t o  he lp  
explain these results. 

EGCR Graphite I r rad ia t ion .  ?he s e r i e s  of capsules for t h e  long- 
term i r r a d i a t i o n  of EGCR graphi te  continues s a t i s f a c t o r i l y .  The 
eighth capsule, H - 3 - 8 ,  was removed f romthe  GETR after completing 
four cycles (100.3 e f f ec t ive  full-power days) of operation. A l l  
nine thermocouples functioned properly for t h e  e n t i r e  i r r ad ia t ion ,  . 

Upon disassembly, t h e  capsule and samples were found t o  be i n  
excel lent  condition. 
appeared t o  be  unchanged. ?he samples, flux monitors, and a 
sample of the carbon deposit  from the can wall a r e  being shipped 
t o  Banford. 

The crack structure v i s i b l e  on some samples 

AMealinR of Irradiated Graphite. 
performed t o  tes t  t h e  f e a s i b i l i t y  of measuring changes i n  thermal 
expansion caused by i r r a d i a t i o n  and subsequent annealing of 
graphit  e. 

An exploratory experiment was 

?he therm1 expansion between 25 and 700 C of i r r ad ia t ed  graphite 
samples was determined before and a f t e r  annealing a t  2 l O O  C f o r  
one hour. For CSF graphi te  irradiated t o  6400 Mwd/At at 550 C ,  
about 4% decrease i n  thermal expansion t ransverse  t o  t h e  extrusion 
axis was noted after annealing; for TSX Waphite i r r ad ia t ed  t o  
2000 Mwd/At,  t h e  respect ive change was about 5%. 
change was found for p a r a l l e l  samples of  EGCR graphite., 

L i t t l e ,  i f  any, 

7 .  Boronated Graphite Studies 

2 4  I r r ad ia t ion  Tests. me 2C-2 capsule has been discharged, and 
the  samples have been measured for length changes incurred during 
the last i r r a d i a t i o n  period. The capsule performed s a t i s f a c t o r i l y  
during t h e  e n t i r e  period. The blanket-gas pressure increased Q25% 
during t h e  i r r a d i a t i o n  from t h e  helium formed i n  t h e  BIO(n, a Li7 
reac t ion ,  an amount roughly equal t o  the expected increase.  

The dimensional change data a f t e r  exposures t o  1.45 x 1020 and 
2.55 x 1020 nvt (E '0.18 Mev) show well es tabl ished t rends ,  
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The g e y  samples both p a r a l l e l  and t ransverse t o  t h e  
extrusion axis show only expansion. The greatest ex- 
pansion (almst 105%) was found i n  the  grey mater ia l  
containing 7% boron which had been i r r ad ia t ed  a t  370 C, 
Those samples irradiated a t  450-500 C had expanded 
almost 1%. 

The 7% boron grey p a r a l l e l  and t ransverse samples 
behaved s imi l a r ly  indicat ing l i t t l e  anisotropy, The 
5 %  boron samples showed greater  va r i a t ion  in  dimen- 
s iona l  change between p a r a l l e l  and t ransverse  samples. 

The black samples behaved more l i k e  polycrys ta l l ine  
graphi te  A l l  parallel samples showed contract ion,  
O f  t h e  t ransverse  samples, t h e  5% samples expanded 
i n i t i a l l y  and then contracted; t h e  7 %  samples showed 
only contract ion,  

The dimensional change behavior i s  co r re l a t ab le  with 
s t ruc tu re  disclosed i n  photomicrographs, 
IPaterial is almost completely r ec rys t a l l i zed  and is  the  
least an iso t ropic ,  The 5% grey i s  less  r ec rys t a l l i zed  
and i s  more an iso t ropic ,  
t h i s  sequence and t h e  5% black has an appearance s imi la r  
t o  polycrys ta l l ine  graphi te  with i d e n t i f i a b l e  p a r t i c l e s  
of boron carbide present ,  

The 7% grey 

The 7 %  black material continues 

The extensive dimensional change i n  t h e  grey material 
i s  undoubtedly due to t h e  high degree of damage from 
the  B(n,a)L+i r eac t ion  of t h e  highly dispersed boron, 

"he 2C-3 capsule which w i l l  extend t h e  exposure on t h e  samples i s  
being readied f o r  inser t ion ,  New c a r r i e r  dimensions were used 
since t h e  samples t h a t  were i n  both t h e  2C-1 and 2C-2 capsules had 
expanded d iamet r ica l ly  and closed a heat t r ans fe r  gapo The nev 
c a r r i e r s  are  constructed t o  operate  successful ly  with an addi- 
t i o n a l  3% expansion o f  t h e  samples, 

The instrumented lead capsule GEH-23-9 containing one high- and 
one low-temperature sampie, s a t i s f a c t o r i l y  completed i t s  proposed 
cyc le  of exposure i n  the  ETR, The capsule operated a t  average 
sample temperatures of approxirnstely 920 F and 750 F (493 and 
400 C), The i n i t i a l ,  o r  s t a r tup ,  temperatures were 945 F and 
756 F (507 and 407 C), 
f l u x  as the  con t ro l l i ng  heat-generating parameter a l l  s i x  non- 
instrumented capsules were estimated t o  b e  within 10% of t h e  i n i t i a l  
design temperatures 

Based on t h e  environmental thermal-neutron 
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In an i n i t i a l  attempt t o  recover t h e  samples, all exrept three 
stuck i n  the capsules. 
o r ik t ed  p a r a l l e l  t o  t h e  extrusion axis, Tu0 samples were ex- 
posed t o  l e s s  than 1 x 1020 n v t ,  thermal or fast flux, and 
shoved sligfit, 0.1 t o  0.22, contra  t i on .  The t h i r d  irradiated 
at b90 C (920 F) t o  about 5,5 x los0 nvt ,  t h e r m 1  or  fast flux, 
showed an expansion of 0.7% i n  reasonable agreement, on a com- 
parable basis, w i t h  the  2C r e s u l t s .  

These three  were 7 I&% grey nrzterial 

8. Aluminum Corrosion and Alloy Development 

%e aluminum c lad  f u e l  elements from C-1 Loop were v i sua l ly  
examined in C-basin. 
c i r cu la t ing  water a t  260 C o u t l e t  temperature and pH 4,5 with  
phosphoric ac id  f o r  1400 hours. 
were covered w i t h  a blotchy reddish-brown crud over about h a l f  
the  .surface and d id  not appear t o o  badly corroded. 
element was the next t o  last downstream element, and it w a s  t h e  
most downstream of the th ree  X-8001 clad elements. !&is element 
appeared t o  have a s l i g h t l y  roughened surface which was aluminum 
colored, ind ica t ive  of moderate nonuniform corrosionr  Other f u e l  
elements i n  the  charge exhibited smooth surfaces ,  ind ica t ing  
l i t t l e  corrosion o r  very uniform corrosion. These elements will 
be cleaned and weighed t o  obtain quant i ta t ive  corrosion da ta .  

The elements had been exposed t o  re- 

A l l  of t h e  elements except one 

!The crud-free 

9. Metall ic Fuel Development 

I r r ad ia t ion  of  'Ihorium-Uranium Fuel Elements. I r r ad ia t ion  of 
three tubular  Zircaloy-2 c lad  tharium-2.5 w t %  uranium-l,O wt% 
zirconium f u e l  elements continued successful ly  i n  t h e  ETR-P7 loop. 
The f u e l  elements a r e  cur ren t ly  operat ing at a umximm temperature 
of 505 C,  a surface h e a t  f l u x  of 59 cal/sec-cm2 ( 7 , 9  x l o 5  Btu/hr- 
f t 2 )  and a spec i f i c  
exposure is  2.9 x los0 f i s s i o n s / c d  (8500 W / t o n ) .  Fuel .swelling 
continues t o  be no more than t h a t  expected from t he  s o l i d  f i s s ion  
products. Ihe measured volume increase a t  8500 Mwd/ton was 0.9%, 

ower of 55 wattsjgm (167 k w / f t ) .  The integrated 

I r r ad ia t ion  Testing of Metallic Uranium with Submicron Uranium 
Carbide Dispersions, 
t a i n i n g  a submicron dispers ion of uranium carbide i n  uranium is 
being evaluated i n  t h e  ETR. 
two contain f u e l  rods i d e n t i c a l  i n  uranium compositions, but w i t h  
one having a uranium carbide s i z e  of 2-5 microns produced from 
arc-melted uranium and the  other a uranium carbide p a r t i c l e  s i z e  of 
l e s s  than 0,5 micron produced from the  uranium shot ,  The t h i r d  
capsule contains  two fue l  rods w i t h  t h e  f i n e  carbide,  

The i r r ad ia t ion  performance of f u e l  rods con- 

O f  the th ree  i r r ad ia t ion  t e s t  capsules, 
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One capsule has achieved goal exposure of 0 0 3  a t $  burnup a t  a 
maxikum f u e l  operating temperature of 550 C and has been shipped 
t o  Radiometallurgy f o r  examination, 
operated a t  a maximum f u e l  temperature of 600 t o  625 C during 
t h e  f irst  cyc le  of operation and a t  a maximum temperature of 
475 t o  500 C during t h e  second cycle  of operation, 
have achieved an exposure of O o l  a t %  burnup, 

The r e m i n i n g  two capsules 

Both capsules 

10, Advanced Reactor Conceat Studies 

S e m n t e d  Fast  Reactor, A review w a s  begun of f u e l  cycles  pro- 
posed f o r  other  la rge  f a s t  reac tors  i n  order t o  make a preliminary 
determination of t he  most promising f u e l  cycles  f o r  t h i s  study, 

Plutonium-Fueled Compact Fast  Reactor Studies,  A rough draft  of 
document HW-83535 (Confident ia l ) ,  a sunrmary repor t  descr ibing 
inves t iga t ions  nade t o  da t e  on plutonium fue l ing  of compact fast 
reac tors ,  has been completed and is c i r cu la t ing  f o r  comment, 

11. Phoenix Fuel Propram 

MTR Experiment Parametric s tud ies  t o  iden t i fy  operat ing conditions 
which s a t i s f y  engineering, physics, and f u e l  fabr ica t ion  requirements 
f o r  a proposed MTR-Phoenix experiment have continued, I n i t i a l  calcu- 
l a t i o n s  were made on Pu-Zr f u e l  a l l o y ,  
t i c s  can be made acceptable,  t h e  Pu-Zr a l l o y  growth behavior might 
become in to l e rab le  f o r  successful  long-term exposure, Thus, an 
a l t e r n a t e  a l loy ,  PU-Al, is being considered, An engineering ana lys i s  
w a s  made which showed that acceptable metal-to-water r a t i o s  power 
dens i t i e s  and thermal hydraulic conditions can be establ ished 
However, core  loadings having su f f i c i en t  Pu content cannot be ob- 
ta ined  w i t h  more conventional ( less than 20 w t %  Pu) a l loys ,  
a l l o y  of 30 ut% PU or higher may be necessary t o  s a t i s f y  t h e  physics 
per formnce  object ives  f o r  t h e  experiment, This may requi re  some 
f u e l  development f o r  t he  aluminum a l i o y  f u e l ,  

While engineering character is-  

An 

Since t h e  f i n a l  physics requirements w i l l  decide t h e  scheme's 
f e a s i b i l i t y ,  no one core design case has  been selected as an op- 
t i m u m ,  Instead, t he  r e s u l t s  of t h e  engineering analyses are being 
presented i n  a manner t h a t  w i l l  allow rap id  se lec t ion  once t h e  
physics requirements have been developed, 

Phoenix Application Survey. Preliminary considerations ind ica te  
t h a t  a l i k e l y  market fo r  Phoenix f u e l  reac tors  would be f o r  maritime 
propulsion, Accordingly, a survey was begun of t h e  previous economic 
analyses of maritime nuclear propulsion t o  determine t h e  most promi- 
s ing  type and size of Pheonix fue l  reac tor  t o  consider f o r  t h i s  
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appl ica t ion  and t o  e s t ab l i sh  t h e  economic ground r u l e s  by which 
i t s  perfarmrrnce nust be  judged, 

Phoenix Fuel. 
th ick ,  have been fabr ica ted  t o  c lose tolerances by the  recent ly  
developed s p i r a l  lpachining process. 
d i sc s  range from 8 w t %  PU-240 t o  approximately 26 wtl Fu-240. 
B e  job is approximately 90% completed. 

Approximately 7500, 20 w t $  Pu-A1 d iscs ,  0.020 inch 

Isotopic content of t he  

12. Nuclear Rocket Fuels Studies 

Research and development i n  t h e  f i e l d  of  nuclear f u e l s  and a l loy  
development i n  support of NASA programs continued. Details of 
these act i v i t i e s  a r e  reported separately v i a  d i s t r i b u t i o n  
d i r e c t l y  t o  t h e  sponsors. 

D. D I V I S I O N  OF RESEARCH - 05 P R O W  

1. Radiation Effec ts  on Metals 

mis program is  d i rec ted  toward es tab l i sh ing  t h e  combined e f f ec t  
of impurities and neutron i r r a d i a t i o n  on t h e  propert ies  and 
s t ruc tu re  of spec i f i c  metals, and deducing from thernrally a c t i -  
vated recovery processes how t h e  damage state can be a l te red .  
Present s tud ies  involve s ing le  and polycrys ta l l ine  specimens of 
molybdenum, nickel,  and rhenium. 

pansmission microscopy of carbon-doped mlybdenum i r r ad ia t ed  t o  
1019 nvt and annealed a t  750 C (1382 F) has disclosed t h e  presence 
of a few large dis loca t ion  loops. 
i den t i f i ed  the large loops as being i n t e r s t i t i a l  i n  character ,  
The plane of t h e  loops has  been determined t o  be (111). 
Burgers vector could not be determined unambiguously, but it is  
assumed t o  be a/3 [Ul]. Because e r r a r s  associated w i t h  measuring 
t h e  diameter of t h e  small loops a r e  grea te r  than t h e  change i n  
s i z e  during t i l t i n g ,  t h e i r  character  could not be  determined. 

T i l t i n g  experiments have 

The 

The in t e rac t  ion of  moving d is loca t ions  w i t h  radiat ion-induced 
defec t  c l u s t e r s  is  being s t d i e d  by observing a specimen in  the 
e lec t ron  microscope as stress is applied.  In several  instances 
the in t e rac t ion  of moving d is loca t ions  with c lus t e r s  resu l ted  in 
the formation of jogs.  Channel fo-tion was not d i r e c t l y  ob- 
served, but  severa l  had formed as the  t e s t  proceeded. Presumably, 
these form as the  r e s u l t  of many d is loca t ions  in t e rac t ing  with 
c l u s t e r s  within d i s c r e t e  bands or  channels. A t  no time d id  t h e  
c l u s t e r s  move or change contrast  under s t r e s s ,  This i s  not sur- 
p r i s i n g  as the c l u s t e r s  are slnall and would tend t o  be  s tab le .  
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Sections cu t  from one of t h e  bent s ing le  c r y s t a l s  of irradiated 
molybdenum have been successful ly  thinned f o r  transmission 
e lec t ron  microscopy, These extremely small sect ions were d i f f  i- 
c u l t  t o  t h i n  and mount i n  t h e  sample holder. 
with a l a r g e r  c ross  sec t ion  w i l l  be sectioned and should be more 
su i t ab le  for thinning and observation. 

A second c r y s t a l  

Observations of an uni r rad ia ted  molybdenum s ing le  c r y s t a l  of 
i den t i ca l  o r i en ta t ion  as previously tested,  irradiated c r y s t a l s  
have been completed, 
s l i p  l i n e s  a f te r  bending equivalent amounts as on t h e  irradiated 
c r y s t a l s ,  and subs tan t ia te  t h e  conclusion t h a t  deformation on the  
uni r rad ia ted  material i s  much mre homogeneous Considerable 
deformation may be required t o  produce observable o f f s e t s  on the  
sur face  of t h e  uni r rad ia ted  c r y s t a l ,  It may be desdrable t o  
sec t ion  t h e  unirradiated c r y s t a l  and compare d is loca t ion  d i s t r i -  
butions w i t h  that i n  t h e  irradiated c r y s t a l ,  

Results revea l  t h e  absence of any observable 

Molybdenum f o i l s  containing 100-200 ppm carbon and 400-500 ppm 
carbon have been examined by x-ray d i f f r a c t i o n  after i r r a d i a t i o n  
t o  1 x 1020 nvt ( E  >1 Mev), 
able va r i a t ion  from sample t o  sample but  were lower than t h e  values 
previously measured for f o i l s  of t h e  same composition irradiated t o  
1 x 1019 nvt,  The l i n e  breadths are,  however, much grea te r ,  After 
1 x 1019 nvt exposurep t h e  average breadth of t h e  (400) peak was 
about 0,275° 28; a f te r  1 x 1020 nvt, t h e  corresponding value i s  l,lOo. 
The next t a s k  t o  be undertaken i s  t o  determine if t h e  l a r g e  increase 
i n  l i n e  breadth i s  due t o  s tacking faults, l a t t i c e  s t r a i n s ,  o r  r 

p a r t i c l e  s i z e  e f f e c t s ,  

The l a t t i c e  parameters show consider- 

A paper e n t i t l e d ,  "Quench-Hardening i n  Polycrystal l ine Nickel," 
has been prepared f o r  submission t o  Acta Met, 

2, Plutonium Physical Metallurgy 

The objec t ive  of t h i s  program i s  t h e  der iva t ion  of fundamental 
information r e l a t i v e  t o  (1) t h e  k ine t i c s  and mechanics of the  phase 
transformations i n  plutonium, and ( 2 )  t h e  mechanisms by which 
monoclinic plutonium deforms, 

A discont inui ty  a t  approximately U O  C (230 F) i n  t h e  d i f f e r e n t i a l  
thermal ana lys i s  hea t ing  curve has been observed and reported by 
inves t iga tors  at t h e  b u n d  Iabora tor ies ,  This d iscont inui ty  may be  
due t o  a phase change t h a t  i s  analogous t o  t h e  d e l t a  prime phase. 
The spec i f i c  volume-temperature curve of high pur i ty  plutonium 
derived from heating rates of 1 C ( 3 4  F )  per hour revealed no d i s -  
cont inui ty  between 100 C (212 F) and 119 C (246 F), In  t h e  event 
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of a change in e i t h e r  c r y s t a l  s t ruc tu re  or atomic s t ruc ture  i n  
t h i s  temperature range, it has been establ ished t h a t  no volu- 
metric change takes  place,  

!The u l t imate  s t rength and y i e l d  s t rength of  the  beta phase in 
unalloyed plutonium is reported t o  be very low. 
of the beta phase is  very high, and values up t o  600% have been 
reported.  These reported values w e r e  obtained on beta t h a t  had 
formed from alpha, No considerat ion w a s  given t o  the e f f ec t  
that t h e  parent phase might have on these propert ies ,  
timate s t rength  and t h e  y ie ld  strength of t he  be t a  phase a r e  
increased by a f a c t o r  of 3 when the  beta  is formed from gam 
instead of from alpha. 
testing speed of 0,05 in/min the  ul t ixmte t e n s i l e  s t rength  is  
increased from 8,000 t o  23,000 p s i ;  t h e  y ie ld  s t rength is in- 
creased from 5,500 t o  18,000 ps i ,  and t h e  percent elongation is 
decreased from 400% t o  l e s s  than 30%. As might be infer red  from 
t h i s  data, the  steady state creep rate of t he  be ta  phase t h a t  is 
formed from &anma is s l s o  decreased; it i s  o n l y  0.2 t o  0.5% of 
the creep rate of beta t h a t  is formad from alpha. This technique 
has been reported i n  d e t a i l  in an invention repor t ,  HW-83754, 
e n t i t l e d  "Strengthening of t h e  Beta Phase i n  Unalloyed Plutonium. 'I 

The d u c t i l i t y  

The u l -  

For example, at  160 C (320 F) and at a 

Microcracking, which i s  a ser ious  problem in h i g h  pual i ty  plutonium, 
can be mitigated by rapid beta t o  alpha transformation, A tech- 
nique based on t h i s  concept which y ie lds  plutoniumthat  contains 
e saen t i a l ly  no microcracks is  described i n  an invention repor t ,  
HW43733, e n t i t l e d  "Production of Crack-'h.ee High-Furity Plutonium. 

Tvo char te r  sections, e n t i t l e d  "Density Determinations of Plutonium" 
and "Application of Metallurgical Techniques t o  Plutonium," have 
been submitted for t h e  Plutonium Handbook, edi ted by 0 ,  J. Wick. 

CUSTOMER WORK 

1. Radiometallurgy Laboratory 

Examinations 

lhe results of rout ine  examinations and measurements a r e ,  o r  w i l l  
be, repar ted as part of the sponsoring research and development 
prowams, 
lurgy Iaboratory output included: 

During t h e  period June 29 t o  Ju ly  28, 1964, Radiometal- 
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-Metallography samples processed ------------- 
f io tomsa ic s  ............................ 
Autoradiographs ........................... 
Replicas ( fo r  e lec t ron  microscopy) ---------- 
Replicas ( s i l i cone  rubber)  --------0------ 

Fiss ion  gas sample co l lec t ions  ------------ 
Vacuum induct ion furnace runs ------------- 
Decladd ing  d isso lu t ions  ------------------- 
Tensile tes ts  (300 C & TOO C )  ------------- 
Rockwell hardness tests .................... 
Density determinations .................... 
X-ray ana lys i s  ........................... 
Negatives p r w  essed ...................... 

Burnup d isso lu t ions  ------U-----------_L- 

43 
5 

15 
9 
1 
10 
6 
14 

2 
22 
2 
26 
10 
54 5 

Equipment 

Project  CAE-136. Service Addition - 327 Building, 
was completed by Vitro Ehgineering and reviewed by Radiometallurgy. 
Preliminary de t a i l ed  design work was star ted although a l l  re- 
quested scope design changes were not made. 

Scope design 

High Temperature Tensi le  Testinp; Machine, Elevated temperature 
t e n s i l e  t es t s  were conducted on button head t e n s i l e  samples at 
temperatures of 1000, 1200, lh00, and 1500 F. Furnace temperature 
con t ro l  w a s  good. Within 30 minutes after reaching t e s t i n g  tem- 
perature, t h e  temperature gradient along t h e  specimen gage length 
was balanced so t h a t  t h e  va r i a t ion  i n  temperature d id  not exceed 
2 5 degrees a t  1000 F, 
someter sample clamps s l ipped or loosened. This w a s  caused by 
loss  of clamp spr ing  tension a t  t h i s  temperature and extreme necking 
of t h e  specimen. A new extensometer clamp design approach w i l l  be 
necessary for  temperatures over 1000 Fa F l a t  t e n s i l e  specimen 
gr ips  were used successful ly  a t  temperatures up t o  300 C ,  
holders  have been fabr ica ted  from TZM (titanium-zirconium-mlyb- 
dcnum) a l l o y  f o r  use a t  temperatures over 1500 F, Tungsten car- 
bide g r i p  wedges are being designed f o r  t e s t i n g  of f l a t  specimens 
above 300 C. 
were not hard enough a t  room temperature t o  g r ip  f l a t  t e n s i l e  
samples, 
a t  all temperatures from room temperature t o  t h e  t e s t i n g  temperature, 

A t  temperatures above JAUO F t h e  exten- 

bew g r ip  

Inconel and other  high temperature a l l o y  g r i p  wedges 

It is imperative t h a t  t h e  g r i p  wedge material be harder 

"B" Cel l  Modification, 
t i o n  i n  "B" c e l l  are scheduled f o r  shipment by t h e  end of September. 
Preliminary cleanup and equipment removal w a s  s t a r t e d  i n  t he  north 

W o  l a rge ,  lead g lass  uindows f o r  i n s t a l l a -  
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half of  the  c e l l  t o  permit removal of t he  door for  machining 
of t he  window opening. 

"E" Cell Metallomaphic F a c i l i t i e s .  Work continued on i n s t a l -  
l a t i o n  of metallographic requirement i n  "E" c e l l .  Fabrication 
of the remote metallograph i s  about 50% complete. An improved 
method of stage t r a n s l a t i o n  and r o t a t i o n  is being incorporated 
i n  the new metallograph. 
polishers continued, 

Degi- work on t he  grinders and 

Remote B e l t  Sander. Fabrication of the  r e m t e  b e l t  sander 
sample holder was completed and t he  holder operated successfully 
during tests. Work continued i n  Tech Shops on fabr ica t ion  of 
t h e  sample manipulating device. 

Light-Duty Mster Slave Manipulators, 
type mernipulatcrs were received f a r  use i n  B c e l l  following 
completion of t h e  c e l l  m d i f i c a t i o n  now i n  progress. 

Two l ight-duty,  Model 8 

S t r a in  Gage Spot Welder. Fabricat ion of a spot welder t o  weld 
s t r a i n  wges t o  i r r ad ia t ed  process tubing before burst  t e s t i n g  
was started i n  Tech Shops, 

2. Metalloaaphy Laboratories 

Routine Metallography Laboratories a c t i v i t i e s  will be reported 
as part of the sponsoring research and development component's 
work; however, items of unusual i n t e r e s t  or represent ing depar- 
tures from rout ine  operations w i l l  be reported here.  

During the  repor t  month 392 samples were processed, a t o t a l  of 
674 microsaphs and macrographs taken, 1903 negatives pr inted,  
and 6886 p r i n t s  processed, 

A sample of pure technetium-99 was polished, etched, and photo- 
graphed f o r  t h e  f i r s t  time i n  t h i s  laboratory,  and ce r t a in ly  one 
of the feu times it h a s  been done i n  t h i s  country. Since tech- 
netium is a low l e v e l  rad ioac t ive  element, spec ia l  procedures 
ware required t o  contain any possible  contamination. 
of the sample was accomplished on a auehler Automet polisher 
through 600 grit abrasive paper. Rough polishing was done on a 
Syntron vibratory pol isher  using va ter ,  Linde A abrasive,  and Met- 
c lo th ,  followed by Linde A and water on Microcloth. F i n a l  
pol ishing was accomplished with Metpolish #3 and water on Micro- 
c lo th .  Technetium metal work hardens e a s i l y ,  and consequently 
ca re  must be exercised during t h e  grinding s teps ,  An extended 

Grinding 
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period of time on t h e  v ibra tory  pol isher  mst be allowed fo r  
complete removal of any worked metal r e s u l t i n g  from grinding. 
Etching was done e l e c t r o l y t i c a l l y  with 10% oxal ic  ac id  a t  6 
t o  9 v o l t s  wi th  t h e  sample as t h e  anode, 
an e p i t a x i a l  l ayer  on t h e  surface which responds b r i l l i a n t l y  t o  
polarized l i g h t  and sens i t i ve  t i n t  i l lumination. A color  photo- 
micrograph w a s  prepared i l l u s t r a t i n g  t h e  grain structure of 
technetium, 

The oxal ic  ac id  produces 

3. Hi& Temperature Lat t ice  Test Reactor 

Compatibility of S t ruc tu ra l  Elaterials with t h e  HTLm Environment. 
In  a t e s t  t o  determine t h e  e f f ec t  of insu la t ing  b r i ck  lllaterial on 
graphi te  corrosion a t  1200 C ,  two v a r i e t i e s  of K-23 b r i ck  were 
placed i n  contact wi th  s a p h i t e  specimens i n  a s i m l a t e d  reac tor  
atmosphere for 500 hours, 'he  t e s t  r e s u l t s  indicated t h a t  graphi te  
corrosion w a s  not accelerated by contact  with t h e  br ick.  In the  
period of t h i s  t es t  t h e  graphi te  underwent a weight loss of 0.8%. 

HTLTR Full-Scale Mockup. Construction of tne fu l l - sca le  HTLTR 
mockup was completed, and checkout of t he  e lectr ical  system, 
sa fe ty  c i r c u i t s ,  and equipment systems including operat ion of the  
c i r c u l a t i n g  blower and vacuum pump was completed s a t i s f a c t o r i l y .  
Fabricat ion of s i x  rectangular  c ross  sect ion hea ter  elements was 
completed, and i n s t a l l a t i o n  of four of these  was s t a r t ed .  Eight 
af t h e  12  spec ia l  material thermocouples have been received. 

Design of t he  cont ro l  elements f o r  both t h e  sa fe ty  rods and cont ro l  
rods w a s  completed, and f ab r i ca t ion  o f  spool pieces f o r  t h e  cont ro l  
element w a s  started. 

4. EBWR Fuel Elements 

Fif ty-f ive of 474 u l t r a son ica l ly  tested Zr-2 cladding tubes gave 
ind ica t ions  of defec ts  i n  excess of 0,001 inch. Metallographic 
examination was conducted i n  th ree  se lec ted  indicat ions t o  determine 
t h e  nature  and depth of t he  flows; cracks and impressed metal 
p a r t i c l e s  were responsible  f o r  t h e  defec ts  Hydride measurement 
revealed concentrations of 8-10 ppm i n  the  tubing,  
been returned t o  t h e  vendor f o r  replacement. 

The tubes have 

The f i r s t  shipment was nade t o  Argonne o f  810 EBWR U02-1,5 Pu02 f u e l  
rods. Forty-five spec ia l  shipping containers  w i l l  be returned i n  
September f o r  t he  f i n a l  shipment of 702 f u e l  rods. 
f u e l  rods i s  ahead of the  ex i s t ing  schedules f o r  t h e  Plutonium Re- 
cycle  Demonstration Program a t  Argonne National Laboratory. 

Delivery of these 
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Recent chemical t e s t s  confirm e a r l i e r  data t h a t  depleted U02 
powder, prepared conmrercially from metal l ic  uranium, contains 
a &-evolving phase which is eliminated by a treatment i n  
w e t  hydrogen a t  1700 C. Vacuum o u t e s s i n g  tests at 1000 C 
show t h a t  large amounts of C Q  and H20 a r e  removed by t h e  
pu r i f i ca t ion  process. 

5. O t h e r  Customer Work 

Nichrome Cermet Studies 

Two U02 62 w t %  nichrome cermet d i sc s ,  0.6" diameter, t o t a l l y  
c lad  i n  nichrome, were prepared by a Nupac technique fo r  com- 
p a t i b i l i t y  tests. The Nupac d i e s  a r e  made of copper and a r e  
impacted a t  700 C. The cermet d i s c s  are released f r o m t h e  d ie  
by d i s so lu t ion  of t h e  copper i n  concentrated n i t r i c  acid.  

I r r ad ia t ion  Samples f o r  P h i l l i p s  Petroleum Company 

A l l  work was completed, and t h e  standards were sent  t o  P h i l l - i p s  
Petroleum Company. 

physics Fuel Elements 

Discs, containing 3 g/cc.U$ (69 wt% U@) were fornoed using an 
organic binder and ca re fu l ly  cont ro l led  heat ing rates. 
diamcter by 3/8" t h i ck  d i sc s  nmrchined s a t i s f a c t o r i l y ,  and t h e  
mterial appears t o  be su i t ab le  fo r  HTLTR cont ro l  rod sleeves.  

The 1.9" 

Pu-A1 I & E Fuel Elements 

Two sample 3 w t %  Pu-Al, I & E f u e l  elements have been fabricated 
and nondestructively t e s t e d  t o  determine core  t o  clad contact 
a r eao  The &-A1 core was c a s t  and extruded in to  a common IPD 
I & E configuration. 
t o  c lose  tolerance,  and a s l i p  f i t  of l e s s  than 0,001 inch 
clearance between metal and can was achieved. 

A l u m i n u ~ n  cladding components were machined 
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Boi l inE Burnout fo r  t he  ATR 

Special  consideration was given t o  the  thermocouples t o  be  used 
i n  t h e  bo i l ing  burnout experiments with t h e  e l e c t r i c a l l y  heated 
t e s t  s ec t ions  per ta in ing  t o  Advanced Test Reactor ( A T R ) ,  

The surface thermocouples f o r  the  tes t  sect ions w i l l  be held 
aga ins t  t he  surface by co i led  spr ings munted on the  OD of the  
therxmcouple sheaths. A question was raised concerning the  
response cha rac t e r i s t i c s  of pressure contact  thermocouples i n  
comparison t o  sheathed thermocouples which a r e  welded t o  t h e  
t e s t  sect ion,  Some simple experiments were conducted t o  deter- 
mine these  cha rac t e r i s t i c s .  The results show t h a t  ce r t a in  
pressure contact thermocouples w i l l  respond t o  a t r ans i en t  
temperature change as w e l l  o r  better than a welded contact 
assembly. 

A stainless  s teel  s t r i p  (0.030-inch th i ck  x 0.5-inch wide x 
4,7  inches long)  was e l e c t r i c a l l y  heated by low voltage AC power. 
A constant power input of about 2-1/2 seconds durat ion was used. 
The outputs  from four thermocouples were recorded s iml t aneous ly  
on a fast  recorder,  One thermocouple was iron-constantan bare 
wire junct ion welded d i r e c t l y  t o  the  surface of t h e  heater  s t r i p o  
A second thermocouple was a 1/16-inch OD sheathed thermocouple 
with the  thermocouple junct ion e l e c t r i c a l l y  insulated from the  
sheath. The sheath was Heliarc welded t o  t h e  heater  s t r i p  with 
slpall addi t ion  of f i l l e r  metal. This i s  typ ica l  of thermocouple 
i n s t a l l a t i o n s  used i n  t h e  majority of t e s t  sect ions used i n  heat  
t r a n s f e r  work a t  Hanford, where the  thermocouple sheath i s  
a t tached d i r e c t l y  t o  t h e  t e s t  sect ion and i s  referred t o  as a 
welded contact  thermocouple i n s t a l l a t i o n  e The other  two thermo- 
couples were of t he  pressure contact  type  using the  h e l i c a l  
spr ing  arrangement. Contact pressure was i n  t h e  range of two t o  
t h r e e  pounds force.  The contact  surface and a rea  were var ied as 
w i l l  be discussed subsequently. 

Some r e s u l t s  of the  t e s t s  are presented i n  t h e  following tab le :  
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Thermocouple Type 

1 Welded bare  wire 

2 Welded sheath contact 

3 Spring load, hemisphere 
t i p  (as rece ived)  

4 Spring load, 0.047" f l a t  
t i p *  

5 Spring load, copper cap 

6 Spring load, bronze cap 

7 Spring load, SS t i p ,  
0.090" dia .  

8 Spring load, s i l v e r  t i p , *  
0.085" dia .  

Temperature Rise - OF 
Time After Heat Application 
1 sec 2 sec 3 sec 

120-150 435-490 825-885 

15- 22 135-150 340-375 

15- 22 60-105 160-220 

15-  22 90-135 285-320 

8- 22 45-135 130-270 

15- 30 120-150 290-360 

*Parentheses ind ica te  r e s u l t s  - k t h  the  thermocouple assembly 
e l e c t r i c a l l y  insu la ted  from the t e s t  heater .  

lhermocouples types 1 uzd 2 a r e  described above. 
sheath coqtact  only gave about one-third of the  response of 
t h e  bare thermocouple, Type 3 consis ted of spr ing pressure 
contact  of a normal sheathed thermcouple perpendicular t o  the  
test heater.  The normal sheathed thermcouple h a s  a hemispheri- 
c a l  t i p .  %is would tend t o  give slow response because of t h e  
s m a l l  contact  a r ea  and because of t he  sheath t i p  being th icker  
than the normal sheath w a l l ,  'The temperature response was l e s s  
than one-fourth t h a t  of the  bare thermocouple, 

The welded 

By use of a f i l e  t o  remove p a r t  of t he  t h i c k  hemispherical sheath 
t i p  and produce a f la t  surface about 0.040-inch i n  diameter, t he  
response of t he  sheathed thermocouple was improved considerably 
as shown fo r  the type 4 assembly, 
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'Qpe 5 thermocouple u t i l i z e d  a copper d i sc  about 0,l-inch 
diameter by 0,040-inch th ick ,  
dented t o  fit t h e  hemispherical t i p  of an "as-received" 
sheathed thermocouple, This arrangement allowed t h e  d isc  t o  
pivot and r e t a i n  good contact  w i t h  t h e  t e s t  heater  when it 
bowed during a heat ing cycle.  
s l i g h t l y  be t te r  t e q e r a t u r e  response than t h e  "flat t i p "  
(No. 4 )  after t h r e e  seconds of elapsed t i m e  and l e s s  favorable 
response a t  sho r t e r  times 

One s ide  of t h e  d i sc  was i n -  

?he copper cap provided only 

Type 6 employed a bronze cap somewhat similar t o  t h e  copper 
cap except t h a t  a s leeve of t h e  cap f i t t e d  over t h e  thermo- 
couple t o  provide r i g i d  support between t h e  two. The response 
of t h i s  assembly was l e s s  favorable than  t h e  copper cap, 
probably because of t he  added h e a t  s ink of t he  sleeve and 
general ly  poorer contact  area during heater  d i s to r t ion .  

Types 7 and 8 thermocouples were s imilar  t o  each other  i n  tha t  
a b a l l  or drop of metal ( s t a i n l e s s  s t e e l  o r  s i l v e r  so lde r )  was 
melted onto t h e  t i p  of t h e  "as-received" thermocouple. 
was then ground back ( i n  a plane perpendicular t o  t h e  sheath 
a x i s ) ,  The i n t en t  of  t h e  grinding w a s  t o  remove most of the  
hemispherical  t i p  of t h e  sheath,  This w a s  inspected by v i sua l  
means i n  t h e  case  of t h e  s i l v e r  solder  t i p  but  was only con- 
t r o l l e d  by sc r ibe  m k s  on t h e  sheath f o r  t h e  s t a i n l e s s  s t e e l  
t i p .  
assembly i s  t h e  b e s t  assembly of t h e  sheathed thermocouples 
which were tested,  
bet ter  than t h a t  o f  t h e  welded sheath contact  assembly (Type 2 )  
even when t h e  s i l v e r  t i p  was e l e c t r i c a l l y  insulated from t h e  
heater sur face  by a t h i n  ( a  0.001 inch) mica f lake ,  as indicated 
by numbers i n  parentheses. 

The t i p  

From t h e  above t a b l e ,  it i s  apparent t h a t  t h e  s i l v e r  t i p  

The response of t h e  s i l v e r  t i p  assembly i s  

While t h e  absolute  accuracy of t he  above tests is open t o  
question, t h e  comparative r e s u l t s  show t h a t  a spr ing loaded 
s i l v e r  t i p  thermocouple w i l l  respond t o  a t r an - i en t  temperature 
change as w e l l  o r  b e t t e r  than a welded sheathed contac t  thermo- 
couple assembly, However, t h e  r ep roduc ib i l i t y  of t h e  welded 
contact  w a s  better than t h e  spr ing  loaded contac ts  i n  these  
tes ts ,  probably because of  t es t  sec t ion  d i s t o r t i o n  during 
t r a n s i e n t  heat ing,  

Managers Reactor & Fuels Laboratory 
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PHYSICS AND INSTEluME14TS LCLBORATOWY 

AUGUST 1964 

N-Reactor m t t i c e  Parameter and Spectral  Measurements at Star tup 

The data fran the January and April  i r r a d i a t i o n s  a re  being prepared f o r  
documentation. 
de tec tor  cmpos i t ions ,  conditions during i r r a d i a t i o n  and the  7-ray count- 
ing, a r e  being assembled. scene d i f f i c u l t i e s  have been encountered in  the 
ca lcu la t ion  of cadmium r a t i o s .  
located some dis tance  f r a n t h e  cadmium covered pins .  Sence, sane normal- 
i z a t i o n  between the  pos i t ions  i s  necessary t o  canpensate f o r  t h e  d i f f e r -  
ences i n  neutron flux. 
i r r a d i a t i o n s  have been obtained fran &Reactor Department. These graphs 
together w i t h  the  experimental data axe being s t d i e d  t o  determine a method 
f o r  normalization. 

Graphs and tables of de tec tor  pos i t ions  and a c t i v i t i e s , .  

W i n g  i r r a d i a t i o n  the  bare p ins  were 

Graphs of the a x i a l  flux va r i a t ion  during both 

Ut i l i za t ion  of Plutonium me1 
PCpi experiments i n  support of t h e  safe ty  of r eac to r s  fueled with &-A1 
w i t h  high I&E geometry are being planned. 
ca lcu la t ions  a r e  under way t o  determine ka f o r  a range of FU-U concentra- 
t i o n s  and canposit ions.  TO date ,  pHlysics CHAIN ca lcu la t ions  have been 
ca r r i ed  out f o r  four casesI 1.8 and 2.2 w/o 
& A2-U. %e resulting & values a r e  1.426 and 1.485 f o r  the &> and 
1.307 and 1.368 f o r  the Ex. 

rn support of these  experiments, 

&-AI., and 1.8 and 2.2 w/o 

NPR Ut i l i za t ion  Studies 

Work on the physics of f u e l  cycle ana lys i s  f o r  phase 111 operation (power 
only) at the lqpR i s  continuing. PI1 of the planned burnup ca lcu la t ions  
a re  cmple ted  f o r  both the  '19201, and UQ cycles .  
spec t r a l  in te rac t ion ,  a d  control  rod worth ca lcu la t ions  have been s t a r t e d .  

Temperature e f f ec t ,  
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ole bybrld ( t rans-s tor  and vacuum tube)  preamplifier was campleted for 
use w i t h  the E R e a c t o r  subcritical neutron monitor and tests were colducted 
with it and w i t h  the modified main chassis at the 305 R e a c t o r .  
amplifier w a s  then instslled at I Reactor Fn readiness for the forthcauing 
startup. Sam transient noise problem remain t o  be resolved; however, 
they  are less troublesame than had been an t ic ipa ted .  

pre- 

!Bo m o r e  preantplifiars B F ~  being fabr ica ted  and further temperature tests 
w i l l  be conducted t o  ascertain their high temperature performance. 
siderable c i r c u i t  inrprapemcnt w i l l  be necessary on the monitor main chassis .  
Tvo neutron fission C O u I l t e r s  were tested and one was del ivered t o  E Reactor 
for i n s t aUa t ion ;  the other was retained f o r  further tests. 

con- 

System Studies 

B Reactor sirnulation runs were made a t  ful l  power.level to determine.the 
amxlmm change which might occur in the steam generator l e v e l  and pressure 
SetpOFntS assuming e+n undrained surge tank. lbe studies a l s o  elucidated 
the effect of adding a 10 p s i  drop in the surge tank line connected t o  the  
condensate header. Data =e beins analyzed. 

Recordings of the E R e a c t o r  Bailey meter con t ro l l e r  inputs and outputs 
during a scram B F ~  useful ia updating the 1Q R e a c t o r  - d o g  simulation. A 
special delay c l r c u i t  was constructed t o  enable the recordings t o  be made 
without an operator being present .  
safety c i r c u i t  such that a scram energizes the recorder f o r  a m i n i m u m  
period of 0.5 t o  1 5  minutes. 

lbe c i r c u i t  is actuated by the  reac tor  

In-place ca l ib ra t ion  of Reactor con t ro l l e r  units has been found t o  be 
unsa t i s fac tory  because of d i f f i c u l t y  in controlling and i s o l a t i n g  input 
voltages. 
ca l ib ra t ing  these units is being considered by 

'Ih p o s a i b l l i t y  of using a por tab le  rack far testing and 
Reactor personnel. 

The e f f e c t  of a 10 psi pressure drop on a naninal f l a w  of 5000 gaUons 
per minute through t he  surge tank outflaw line was programmed in the  I 
R e a c t o r  simulation. Results are being evaluated. 

SEPARATIORS 

C r i t i c a l  Experiments with Plutonium so lu t ions  

-her c r i t i c a l i t y  s tud ie s  were perfonned w i t h  ~u(rp03)4 so lu t ions  in a 
15.2-in. diameter (30.2 l i t e r )  thin walled (48 mils) s t a i n l e s s  s t e e l  sphere. 
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The data obtained permit evaluating the  e f f e c t  of n i t r a t e  on c r i t i c a l i t y  
i n  the unref lected sphere. Tbe n i t r a t e  i n  the Pu solut ion has a pronounced 
e f f e c t  on c r i t i c a l i t y  as shown below. 

C r i t i c a l i t y  i n  l5.2-in. Sta in l e s s  S tee l  Sphere 

c r i t i c a l  Acid Total  H/- C r i t i c a l  C r i t i c a l  
Fu Conc. Molarity Ni t ra te  Atcanic Ratio volume mss 

(3092) (1.18 a)* 
172 g pu/l 4.9 486 g / l  2 5  30.2 5.20 ~(g* 

* ~ ~ 2 4 0  content is  4.6 w/o. 

A va r i a t ion  i n  n i t r a t e  concentration frm 64-486 g / J  r e s u l t e d  i n  the 
c r i t i c a l  concentration and c r i t i c a l  mass being increased by a f ac to r  of 
-4.4.  
Since there  is a paucity of data on unref lected Fu so lu t ion  spheres, these 
r e s u l t s  w i l l  be p a r t i c u l a r l y  useful  for-checking C,heory. 

The values shown in parentheses were determined the  previous month. 

@w c r i t i c a l i t y  data e x i s t  f o r  evaluating the  e f f e c t  on c r i t i c a l i t y  of an 
a i r  gap between a reac tor  core and i t s  r e f l e c t o r .  
e f f e c t i v e  uhen i n  contact with the core, but a small air gap can s t rongly 
reduce the ef fec t iveness  of a r e f l e c t o r .  Daring the  month, addi t iona l  data 
were obtained f o r  evaluat ing the e f f e c t s  of air  gaps on c r i t i c a l i t y .  In 
these measurements, the 15.2-in. diameter sphere was re f l ec t ed  with a ;-in. 
t h i c k  concrete s h e l l ,  but with an air  gap of 3 5/8-in. between the  vessel  
and r e f l e c t o r .  
flux d i s t r i b u t i o n  and the  ex t rapola t ian  length appropriate t o  the  concrete 
r e f l e c t o r  with the  air  gap. 

A r e f l e c t o r  is most 

m i l  i r r a d i a t i o n s  were a l s o  made f o r  determining the  neutron 

01 canpletion of these experiments, t he  concrete r e f l e c t o r  shell was 
removed and c r i t i c a l  mass measurements were begun wlth the l5.2-in. sphere 
f u l l y  r e f l e o t e d  with water. 
gold and copper f o i l s ,  shielded w i t h  boron so lu t ions  of d i f f e r e n t  concentra- 
t i ons ,  are being Irradiated f o r  determining the neutron energy spectrum 
within the  c r i t i c a l  sphere. 

In addi t ion t o  the measured c r i t i c a l  masses, 

msed Neutron Source Experiments 

Poten t ia l ly ,  the pulsed neutron source technique may have wide applica- 
b i l i t y  i n  assessing the degree of s u b c r i t i c a l i t y  cf process vesse ls  and 
storage a r rays  of f i s s i l e  mater ia l s  in  the  p l an t .  Fundamental data fo r  
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detemdning the val idi ty  of such mzaaurementh3 on large systems were obtained 
duriag the mnth when pulsed neutron source experiments were performed in an 
''InfiniteW water tank in the 300 Ares. 
eloped which derlnes the thermal neutmn distribution as a function of t i m e  
and distance between source end detector following a pulse of neutrons. 
The pur30se of the ucgeriments was t o  e the 3ime requlred t o  establish 
the asympto+,ic fonn of the neutron decay in an Fnflnite system aa a function 
of distance between the neutron generator and the detector. 
lifetime in the vater was measured as 1 ~ 2 0 0  + 5 p sec. whic5. is in agreement 
*ith previous messuremcnts. 

A mathematical model has been dev- 

The neutron - 
Pulsed neutron source measuruaents have been made in conjunction w i t h  the 
appmaches-to-crlticall*y i n  the unreflectad 15.2-in. diameter sphere. 
results of the data analyses are given LE the table  below for  the f u l l  sphere 

The 

(30 .a VOlUlUe!) . 
Neutron L i i e t d  and prompt Cri t ica l i ty  in l5.2-in. Sphere 

173 125 483 1-15.2-1287 ,g351i 2 0.002 5 

The diffelr-nce between delayed cfl-tlcalfty and prompt cri t icali+,y in the 
fUl 15.2-3. sphere (30+ 4 1 I s  thus 40.17 liters, which amounts t o  about 
Co6 perc%n* in  excess &s.above delayed c e t i c a l i t y .  

Reactor Noise and Reacti7i-ty Measuzzents 

Measurements were made of reactor noise t o  combora te  a theoretical  pre- 
diction +ht &cr i t i ca l i t y  of a reactor could be determind independently 
09 a knowledge of lcinetic parameters such as the  p n q t  neutron l ifetime and 
delayed neutron frac%ion. The method involves an analys23 of the relat ive 
magnitude of +he reactor mise p o w e r  density spectrum 9t two frequencies, 
one of which ia chosen t o  include delayed neutron ef iects  and one of which 
is dominated hy prompt neutron effects. 

The ~ ~ ~ S U I W E X X S  mnsisted of f ive  recordings of' reactor noise in  bare, 
subcrit icsl ,  spherical PJ solution systems, for  f ive  different cases of 
subcrlt icali ty.  
Subsequeat re-recordings verb made so + h t  a fr+quenq k c r e a s e  by a factor 
of 1024 vas effected between rzsl frAquency and analysis frequency. 

Each recording YBS made f o r  *bee  hours and twenty minutes. 
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The preljm-fnary results showed qualitative agreement between theory and 
experiment f o r  the m e  of frequencies studied. 
however, t o  make a quantitative study because of frequency l imitation (it 
appears that one m u s t  measure t o  at least 0.01 radians/sec.) and because 
of the limitations ixuposed by further noise being introduced in subsequent 

It was not possible, 

re-recordfigs 

Theory and Metnods of Conput- Cri t ical i ty  Parameters 

A difficult technical problem of importance i n  processing reactor fuels 
involves c r i t i c a l i t y  of U rods in U solution (problem of uranium dissolu- 
t ion).  
data for nuclear safety guidance. Solution of this kind of problem moved 
a step closer during the month with the successful application of the Monte 
Carlo code t o  data on uranium-water l a t t i c e s  as a first check on the  method. 

A three-region l a t t i c e  Monte Carlo code has been written t o  obtain 

!CRUIlK 3s a code which may be used t o  calculate the  geometric buckling of 
bare, par t ia l ly  f i l l ed  spheres. Previously, the second derivatives of the 
flux calculated near the top surface of the truncated sphere changed signs-- 
an impossible physical result. 
mation t o  the Laplacian at the top surface, where the nine point gr id  does 
not match the flat boundary. 
has been made. It consists of using the  analytic nine point f l u x  approxi- 
mation with the  proper boundary conditions included and different ia t in  

for an arbi t rary analytic function matching the boundary conditions showed 
errors of the order of OJ$, which is  within the limits of the desired 
accuracy. 

! b I s  result cane about by a poor approxi- 

A new approldmation which is more promising 

it analytically t o  obtain e. Tests of this method of approximating 2 

The job now must be chain-linked into three pieces to allow the  very com- 
plex functions t o  be evaluated in double precision arithmetic. Debugging 
on this procedure is in progress. 

The following are major improvements t o  INTERSEI (cylindrical interaction 
code) : 

1. A ruulti-group, multi-region, one-dimensional cylindrical dif- 
fusion calculation is being substituted fo r  the present age dif- 
fusiop calculation in computing the system k. This calculation, 

regions and uses a f u l l  scattering matrix. 
a simplification of flFN, t r ea t s  cylinders with several homogeneous 

2. Changes t o  a l l o w  cylinders of different diameters have been coq-  
leted.  Previously each unit  was required t o  have the same d i e t e r .  

1 2 2 9 0 5 8  
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3.  ?ha primary integration routine f o r  cylinder-to-cylinder i n t e r  
&Ion has Seen modified t o  use Slntpson's Rule mther than the 
trapezoidal M e  integration. The loss in accur sq  IS 0- 1/2O$, 
but the time for a single calculation is now a n e - w f  second as 
apgoaed t o  the 30 seconds required previously. A v e r a g e  cases now 
run in one mthr than fifteen minutes. 

4. The shielding of n a m n  flov between two u n i t s  by an inbervening 
unit is being revamped t o  g i ~ e  a--re accurate approximation. 
Previoua use of area ra t ios  gave + 2O$ accuracy, while the new 
method of computing the ahadowlng-h$egral directly gives 2 5% 
accuracy Ln this calculation. 

Critical Mass Labomtozy I n s t m n t a t i o n  

A method fo r  routinely measuring the t i m e  response of  the  control and 
safety rods for both solid and solution asslsmblies at the Cri t ical  Mass 
Laboratory has been devised. 
time the a c m  operation of the rods pr io r  to-& experiment and thereby 
routinely determine that the Insertion time of the roda remBiLls as designed. 
The e x i s t i n g  EkLe model 400 counter-timer will be. used f o r  this measurement. 
It is capable of measuring inteFvals down to 10-5 seconds. Instal la t ion of 
the clrcul t ry  is nuw i n  progress. 

This nethod will a e t h e  operators to  

The cmatruction of the readout aelector f o r  the on-line noise analysis 
system is &$ complete. Included in the readout. w i l l  be provisions f o r  
manual, slov, and faat scanning of the 4.0 output8 of the noiee spectrum 
analyzer. 
f o r  the slm scan vlll be provided. 

Frequency markers for the fast scan and chaunel identification 

bnsulting Services on Nuclear Safety--W-ticalit;$ &szards 

1. hc lea r  safety in HL 

New nuclear safety specificationa and changes in existing specifica- 
t1ons ware revim a8 follows: 

a) Tauporsry  Specification No. 5 for Tech&& Shops Operation, cover- 
ing 1.95 w/o @35 enriched uranium N-fuel, was issued. 

SpeciTicgtion B-8 for Experi-al Reactors Operation, covering 
35 w/o @35 enriched U-A1 a l l o y ,  vas re-rfaed. 

b) 

1 2 2 9 0 5 9  
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2. Nuclear Safety i n  CPD 

A hazards review was completed of the miscellaneous treatment f ac i l i t y  
i n  234-5 Building for  Fac i l i t i es  Engineering. 
issued covering this revlew. 

Document HU-83641 was 

3. Nuclear Safety i n  HFtD 

The nuclear safety review of the 333 Building for  processing 1.95 w/o 
$35 enriched uranium fuels was coqle ted  fo r  H - F u e l s  Engineering. 
The N.S. specifications were subsequently approved and issued. 

a series of exponential Plans have been formulated f o r  perfo 
experiments on 1.25 w/o and 1.95 w/o e 3  enriched N-fuels in support 
of nuclear safety calculations. The measurements which are scheduled 
t o  begin in 8epteniber w i l l  provide data on the material bucklings of 
the  enriched fuel elements in water, from which the c r i t i ca l  volumes 
and m8sses mrry then be derived. 

9 

4. Nuclear Safety in Shipmeat of Fissionable Material 

Shipment of 1500 fuel  rods (1.5 w/o P U O y U % )  to AI% was reviewed and 
approved. 
C a r .  

This was a Class I11 shipment on an exclusive use railway 

Separations Instrumentation and System Studies 

Four Pu-239 sample solutions were obtained fo r  use i n  calibrating the 17 
keV X-raiy l iquid sample counting system recently installed i n  the  234-5 
Building. 
preamplifier and multiplier phototube socket viring. 

Calibration tests w e r e  started following completion of the 

Development work was Initiated with various multiplier phototubes and 
crystals for the plutonium waste carton monitoring system. The monitor 
w i l l  be used t o  measure the amounts of plutonium contained in CPD waste 
cartons. 

MEZALLURGY - Nondestructive Testinq 

N Fuels Testing 

1. Fuel Element Testing - En& Closure 

The feas ib i l i ty  of modimng the end closure t e s t  t o  permit the meas- 
urement of cap thickness is  being reviewed. There i s  some probability 
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that some fie1 element end caps a u l d  be machined down t o  h4.f or  
even t c  W s t  1OC$ of the cap thiclmess due t o  errors in the fabrica- 
tion process. The investigation consists of three phases: 

a. 
b. 
3.  

A cap thiclmess test using UT-9 hardware vlth modifications. 
Incorporation of edditional hardware Into the UT-9 system. 
A completely portable test instrument. 

Preliminary correlation ef for t  has produced encouraging results. 
Several samples w e r e  inspected wi+A a 15  ?ne!gacycle ultrasonic system 
and the  results w e r e  correlated *&thin 10 mils of tbe actual thickness 
(180 C,o 260 mils). 
froan the end of tihe cap t o  the cap core intazface. 

me test  measure^ the lapsed time of the si@ 

The use of a portable s*em and one u t i l i z ing  existiFng US!-9 hardware 
present problems. 
instrumentation t o  perform thls added function needs ' to be determined. 

needs t o  be determinecl fo r  a new portabie tester. 

me amouai; of modification necessary f o r  existing 

degree of portability, economy of design and reliabil i ty also 

The cap-to-core bonding test is be- reviewed. 
hae been limited t o  evaluation of test  standard8 by use of a wide 
band system &d point focused transducers. 

The effort thus far 

Fuel Element Testlag - Qad ' B l x m i q  

Abnormal thinning caused by abrasion on the inner clad of the inner 
N fuel element over t i e  reglorr of t h e  braze cioeure i s  c a l l e d  "dog 
bone" thinning. A nondeszmck5ve test is needed t o  det8em this condi- 
t i on  even though it can be cmtrolled through process controi tech- 
niques. Stand& ultrasonic techniques c-ot be eqplied successfully 
becauae the in tedaces  involved are of the stme general. materials and 
therefore have similar u l t r a smic  reflectivity. 

me application of boundarJr -8 is be- hyes t iga tb4  a8 a possible 
ultrasonic method for deteding this thin clad condi$ion. 
l i m b a z y  work with boundary waves on m~ fbei sections having l m o ~  
clad thickness differences has been enmraglng. 
being designed t o  enable inspection of  the regicns invoiTred. 

Some ?re- 

A s m a l l  probe is 

Targe-t memeat Bond Test 

The t s rge t  fiel element is a li$hium aluminum L ~ T Z  clad @-th aluminum 
by a coextrusior process. 
inspecting the target  e l m a n e n t  for 30adl;jg of t!x clad core. 

A ncaiestrictiv? test is desirable for 
In this 
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case, an unbond is  the desirable condition due t o  possibil i ty of the 
diffusion of lithium into the can f r o m  the core. Therefore, the test 
must be able t o  detect bonded conditions as differentiated f r o m  un- 
bonded. 

The test  technique developed is  a pulse echo test using the  back reflec- 
t ion  signal as the indicator of bond condition. 
exists the 2-1/4 megacycle pulse energy does not return at the pre- 
determined time period and no output is recorded. If a region of bond- 
ing occurs, an echo signal is present during the proper time period and 
the  output i s  recorded on a pulse counter. Prototype hardware has been 
readied f o r  instal la t ion in the 306 pi lo t  plant t o  f'urther evaluate 
this technique on larger numbers of fuels. 

Fuel Element Testing - Bond T e s t  

If a lack of bonding 

An alternate niethod of detecting unbonds on the  i.d. of 
has been successful i n  the  laboratory. 
the outside-in technique of examining the i.d. interface by passing 
the ultrasonic pulse through the outer jacket and the  uranium core. 
The technique is  similar t o  a method which  has been successfully 
demonstrated on the AlSi fuel. 
uating existing bond tes t ing hardware and w i l l  aid i n  the  evaluation 
of test standards. 

fuel elements 
The tes t ing technique involves 

This approach w i l l  be useful i n  eval- 

X-Ray Fluorescence. Test Development 

The X-ray fluorescence tester has been updated by the instal la t ion 
of the new dual s t r i p  chart recorder. 
problem on the  X - r a y  un i t  showed thgt we of the high voltage electron 
tubes fai led due t o  an open filament. 
Fuels Quality Control in preparing calibration standards and evaluating 
the equipment. 

Assistance i n  the maintenance 

Other assistance was given N 

The operational manual f o r  the t e s t e r  is approximately 
complete. 

Fuel Element Uranium Contamination Testers 

Fabrication of the th i rd  generation alpha counter for  measurement of 
uranium contamination on N fuels is proceeding on schedule. Electronic 
instrumentation is i n  the final stage i n  the Technical Shop, and work 
on the mechanical design is about 5C$ complete. 

Inner F'uel ELement Cap Crack Testing 

Cracked end caps appear t o  be reducing the integri ty  of N fuel  elements. 
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The c& are believed to  occur during extrusion of the bar stock 
frcaa which the caps are fabzlcated. Investigation of this problem 
included inspection of bar  stock ultrasonically, ultrasdc inspection 
of muhined -8, and a prdiminary approach t o  testing-of-caps on 
canpleixd fuel elements. Results were highly encouraging for most all 
aspects. Cracks in the extruded bar stock sauqles w e n  detected using 
an angled beam pulse echo, irmnersed, test. Results showed that defec- 
t i v e  bar stock could be readily detected and that the test would be 
amenable t o  use in the vendor's plant. Tests also revealed that cracks 
in sample caps could be detected wlth special techniques. A tm trans- 
ducer a r r a n g e  appears most favorable for routine use in the fue l  
manufact- f ac i l i t y .  It appears that s lmi lcv  techniques can be used 
t o  detect clgcks in the caps of finished fuel elements. Result8 of the 
investigation are documented in Memo 64-14. 

8. Irradiated Frzel  T e s t i n q  

Post i r radlat lon testing of inner N fuels WFLB completed us- the U!l'-lO 
s ta t ion in 105-n  basin. No addi t iona l  flm were f o m .  Out of a 
t o t a l  of 71 inner f i e l a  tested, 6 fuels w i t h  core cracks were found. 
Ho other flaxfa of any significance were found in t e s t a  the inner 
fuels. 
blis ters  at one end o r  the inner surface was completed by radiometallurgy. 
lib blisters *#ere seen; however, a surface depression assumed from the 
ra i l  of the inner tube was at the a p p m m t e  location of the SUB- 
pected blisters. 
144 irradiated f ids  was written. 

A thoz&agh visual exandnation of the outer tube ha- suspected 

A sunnary of the iindings from t es t ing  of a l l  of the 

AlSi -el Testing - Bond Test Development 

The nev bond test development for use on testing of the mer bond of the 
AlSi e~el element was evalurrted on the MWCY program. 
aealysis of the data indicate a very substaatial impraement in the t e s t e r  
precision and tester bias  when compared t o  the e d s t i n g  internel bond t e s t  
equipment. A conssmt ive  est*@ of the t e s t e r ' s  production l i ne  capa- 
b i l i t y  places it in the came category as the existing external bond test. 
It has been shown that thls capability is sufficient t o  sa t i s fy  a l l  the 
tester requirenrents. 

Results of the 

F'urther work on thls program includes some correlation work *determine 
the t e s t e r  capability i n  concufieatly detecting external unbonds Kith the 
same t e s t  setup. 
a complete internal bond t e s t e r  has been started. Work is now proceeding 
on a Nuvistor wide band W l i f i e r  for w e  in this system. The aim of this 
progFem is t o  produce an u l t r a  reliable,  maintenance free, electronic unit 

Development of himy re l iable  pmtotype equipment of 
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f o r  use i n  this test  system. 

chemical. Processing Dep artment - Resin Level Detector 

The resin l e v e l  measuring detec t ion  used in t h e  CPD columns uses l o w  
frequency u l t rasonic  transducers.  
i n s t iga t ed  an inves t iga t ion  i n t o  more reliable t ransducsr  assemblies which 
w i l l  operate  well i n  t h i s  corrosive environment and also rectace the problem 
of bubbles in the solut ion.  Four new transducer assemblies were completed 
and del ivered t o  t h e  200 Area Instrument Shop. Two of t h e  new transducers 
were equipped with glass faces  and wire mesh bubble def lec tors .  They have 
not been used in t h e  process as yet so t h e i r  effect iveness  in t h e  bubble 
generating so lu t ion  remains t o  be seen. Laboratory t e s t s  have confirmed 
t h e  screens'  effect iveness  toward r e f l e c t i n g  l a rge  bubbles, but have cast  
some doubt on t h e i r  abil i ty t o  eliminate problems from smaller bubbles, 
p a r t i c u l a r l y t h o s e  which approach t h e  s i z e  of t h e  mesh openings. 

Problems with these transducers have 

A c i r c u i t  was devlsed t o  el iminate  problems on t h e  meter reading when no 
r e e i f i  echo is present .  
testers f o r  evaluation w h i c h  w l l l  give a zero reading when no r e s i n  i s  
present 0 

The c i r c u i t  vas i n s t a l l e d  in one of t h e  two 

Triple-Axis Spectrometer 

!Phe alignment work on the t r i p l e - a x i s  spectrometer has been completed. 
study has been made of t h e  neutron reflectAvity cha rac t e r i s t i c s  of t h e  
families of Be(lOi1)  and Be ( l O i 3 )  c r y s t s l  planes under varying conditions 
of angular collimation. The results of this study indicated that a 
Be( l0 l l )  plane with col l imat ion appropriate  t o  a par t icular  measurement 
was t h e  best configuration fo r  t h e  analyzing spectrometer. Us- this con- 
f igu ra t ion  measurements w e r e  resumed on t h e  scattering l a w  f o r  polystyrene. 
S igni f icant  s c a t t e r i n g  xaa observed f o r  neutron energy lo s ses  of 0.05 - 
0.16-ev. 
sca t te r -  t o  d i s c r e t e  l e v e l s  could be i d e n t i f i e d  with an energy resolut ion 
of about 0.02 eV. 

A 

Within t h e  r a the r  poor statistical prec is ion  of t h e  data no 

Time-of-Fli&t Spectroscopy f o r  Slow Neutrons 

The major components of t h e  developmental spectrometer f o r  slow-neutron 
i n e l a s t i c  s ca t t e r ing  by t ime-of-f l ight  were assembled f o r  use at t h e  4-B 
hole  of 105-KE. The spectrometer was put i n t o  t e s t  operation during t he  
month. 
c h a r a c t e r i s t i c s  of t h e  system. 

PrelimFnary experiments were performed t o  deternrine the  operating 
These experiments included the measurement 
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of the time width and energy width of &e puleed ceutron beem from a rotat- 
ing diffraction crysta l  o r  aluminum. The various fesolution components 
derived from these measurements compared favorably with calculated values. 
Meaauranenta were msde both with the medmaical chopper open and rotating 
in pbaec with the crysta l  monochromator. The latter mee&3uremezrts showed 
that the chopper ma not sufficiextly effective in ramving second order 
neutrons of the Ai(220) re f lec tbz  o r  the Al(240) rsi lection. 
CoJXmation sl i t  system for the chopper i8 being fabricated to  bprove 
this charscterist ic.  
nnadltnu using nine ecatterir?g angles f m m  15 t o  135 degrees. 
fications t c  the system are being made - a reactor outage. 

A bigher 

A survey measurement vas msde of the scattering from 
Minor modi- 

Analyris o,O pre+-oualy obtained 3 to  15 MeV t o t a l  cross section data has 
continued. The computer program LIL NED was uaed t o  m u a t e  final data 
on the measurements for Fd47. An invited psper uaa prepared on inter- 
mediate structure in  fast-neutron cmss  sections for presentation at the 
Gordon Re8e&xh COnf'erence. 

PLUrmm RECYCLX PROGRAM 

Reactivity Effects Due t o  Pu Lumping in PU*-U% Fuel. Rcb 

A short  iumey study of the reactivity effects of plutonium agglomeration 
of fuel axnpcnente in mix& oxide, PuOpU%9 fuel rods has been completed. 
The study was perfcrmed for rods consisting of 2 Y/O Pu, natural  U mixed 
oxrde rods in light water. The l a t t i c e  chosen for the study was hexagonal 
n t h  a p i t c h  of Oen lnch. The length of +be fuel was assumed t o  be four 
feet 

Values cf the ef fect ive  multiplication factor, &es were calculated wing 
HFn fcr three tcmperaturcs, three Pu-240 concentrations, and three p a r t i c l e  
sizeso 
THEWS2 TIMPIST, and HRG. 
deecribed previously. 
f r o m  the GIiIcLuss mde. 
cu la t ing  escape probabi l i t ies ,  Pc(E) 
shape. 
!rHEmm. 

Four-grpup cross aecfions for uae in EFN we= generated wing 
Details of  the cerlculationai method have been 

Doppler-broadened Pu-240 crcso aectiontr -*re obtained 
tlhieiding in the Pu lumps -ma aezouaced for by cal- 

ass- the lumps - i r e  spherical i n  
'These factors were used to w e i g h t  the cmss sections used ia 

The tffect of l lunphg is -j t o  -7 Qliili-k f o r  50 micron psrt ic les  and -6 
$0 -14 mil l i -k  for 100 micron particles .  
dlffuse as the fuel i s  heated up ln an operatixq reactor s d  zhe fuel 

1-9 the aggiomersted psrt ic les  
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becomes homogeneous, then for the Fuel and conditions of t h e  present study, 
a gain of up t o  1.5s in &ff would be expected from this phenomenon. 

The t o t a l  temperature coef f ic ien t  tends t o  be slightly smaller with in- 
creasing p a r t i c l e  s i ze .  
t u r e  is  less negative f o r  higher Pu-240 conceatrations.  This is due t o  
a decrease i n  the Pu-239 dens i ty  as the densi ty  of Pu-240 was increased 
i n  the calculat ions.  

The r e a c t i v i t y  change due t o  increasing tempera- 

PLiTR Burnup Exp eriments 

Calculations are now being made t o  compare with the H,-Pu-Al burnup data 
and the U% burnup data. 
being used. 
ALTBAEA are determined using m a .  

The codes THERMOG and ALTBAEA are present ly  
The input pareMeters f o r  the zero-dimensional burnup code 

Of p a r t i c u l a r  interest i s  the U% burn* data from ele&!nt 1501. 
element i s  a nested, tubular fuel element. 
be put directly i n t o  TBERMCB, whereas, an equivalent c e l l  is being used 
f o r  all 19 rod c lus te red  elements 

The 
Its cylindrical geometry can 

A t o t a l  of 18 mixed oxide fuel s q l e s  have been dissolved and the i n i t i a l  
data, sample Weights, CS-137 counts ( a / m / m ~ . ) ,  and PU dpha counts (d/m/niL), 
have been received. 

Code Development - EIRG 
Recent rev is ions  f n  HRG have been completed and a version of the PHYSIC6 
aWa tape with ERG reglacing CAM is now avai lable .  Binary d&ck" of the 
revlsed BRG have also been d i s t r ibu ted  t o  several  Henford Lalispxtories 
users. 
replacement by the authors.  

Because of l imi t a t ions  in the SIGMA-3Fi link, the PBYSICS CEAIII version of 
HRG can presently use only those nuclides corresponding t o  GAM nuclides.  
Revision8 i n  the SIW-3H l i b r a r y  are curren t ly  being msde t o  remove this 
r e s t r i c t i o n .  

Any holders of decks of e a r l i e r  versions should arrange f o r  t he i r  

. 

Phoenix Fuel Program 

1. rn Plutonium Lonninn Analysis 

Idea l ized  MTR-type cores,  combining various plutonium loadings, iso- 
t o p i c  compositions, =tal- to-water  r a t i o s ,  and plate designs, are 
being examined in  r eac to r  mul t ip l ica t ion  and burnup calculat ions.  This 
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survey is aimed at providing in fomat ion  t o  be used in ident i fying a 
feasible F 'hop?  f u e l  burnup experiment, possibly using the KL'R as t h e  
test bed. Limitat ions due t o  thermal-hydraulics, heat t r ans fe r ,  and 
?hael. i n t e g r i t y  are being studied by other  groups in Hanford Laboratories.  

To check t h e  validity of the survey calr-ulations, one-dhxmional  slab 
models have been u t i l i z e d  f o r  mui t ip l ica t ion  and burnup ca lcu la t ions  
{ Z O n U C )  of the MTR Cycle io8 plutonium cores. 
genizatlon of the- core componentx and the re271ector p a r t s  was t h e  
baa is  of a material3 spec i f ica t ion .  The ccnuputations w e r e  made more  
reliabls, however, by using flux depression f ac to r s  f r o m  TEEM= c e l l  
calculations and by us% buckling values derived fmm previOu0 tuc- 
dimnsiopCI;L studies using AFiGIE. If a a r r e c t i o n  In q(to agree with 
Sher data) is applied,  the One-dlmPnaioMl model yielded ini+,ial multi-  
p l i c a t i o n s  which agree with experiment t o  within 1% Lk/k. 

A simple voiume-homo- 

2. 7.4conium Hydlrt ,de Study 

SPECTRIM ca lcu la t ions  have been c m i e t e d  f o r  the regions of TKIGA at 
Cvenpera%urts of 293, 533, and 693 K. 
cafiied. out .  One set treats all the hydroqen with the water kernel ,  
and the o the r  set. treats all the hydrogen vlth the zirconium hydride 
kernel. 
prepared f o r  the find. s t e p  of the ca lcu la t ions  f o r  t%e TRIGA core. 

Tvo sets of ca lcu la t ions  were 

TpipEsp and GBM have been run and the EIFN input data are being 

For %he p a r s l l e l  set  of calculat;ions 
t h e  
in one of the regions. 
input  kernels f a r  THERMOS has been sodif'ied to  k d l e  the sbgle enezgy- 
transfer level case present  in zirconfum hydz5de. 
renamed GAZER, ca l cu la t e s  t he  ke,=nel f o r  zircolvum hydride. It gives 
t h e  same results aa the MWNEL code, but in *%e proper format f o r  

these calculations, along vitii %he TRQBT and GAM data, vill be run 
vith HFN. 
ing scstterlizq in z2rconium kyLride. 

are being i=un as a check, 
code is being used t o  treat the  mixed moderators present  

code vhich is  used t o  generate the The 

This modi-gied code, 

The tapes am now being prepared. The results of 

A comparison may the2 be made of different raetbds of treat- 

3 .  Reactivity EfZects of T,-ansplutonlrun Isctopes 

*Bz s%udy regarding t h e  reactivity effect of transplutonium isotopes 
i n  Phoezdx-tNpe cores is progressing. 
dating the ZODIAC code to handle the six transplutonium isa tapes  under 
consideration is  rrearly completed. 
c f f e c f s  D f  Am-241, Am-242, and Am-243 has baen submitted. 
PffeCts of +Lese three isotopes have been e-raluated, the ca lcu la t ions  

The pred- work of up- 

l 3 e  first case t o  evaluate the  
After the 
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w i l l  be expanded t o  consider t h e  e f f e c t s  of Ccm-242, Cm-243, and 
cm-244. 

4. Pu-A1 L i g h t  Water Eqeriments in t h e  PCTR 

The r e a c t i v i t y  m r t h s  in t h e  PCX'R of about 40 of t h e  PPA f u e l  disks 
have been compared t o  that of uranium foil. The mass of uranium per  
disk was found t o  vary from about 2.0 grams t o  about 2.7 grsms. 
var i a t ion  is  p a r t i a l l y  due t o  differences in disk thickness, but t he re  
is  also a s ign i f i can t  va r i a t ion  in uranium concentration. A procedure 
is  now being devised t o  select disks containing approximately t h e  same 
amount of uranium f o r  t h e  buffer fuel without measuring t h e i r  re- 
a c t i v i t y  ~ r t h s .  

This 

B i d s  have been received f o r  10,OOO polyethylene disks t o  contain one 
percent boron; however, t h e  borated disks f r o m  t h e  PPA will i n i t i a l l y  
be used in t h e  U-AI. experiment. 

I so top ic  Aaaly sis of F m R  sl?uup l e s  

I so topic  analyses were provided on 14 plutonium and 9 Uranium samples Gf 
PRTR-irradiated fuel elements in support of t h e  Plutonium Recycle Program. 
All of these vere burnup samples f r o m  A l - H i - P u  element Number 5187. 

Instrumentation and System Studies  

Mul t ip l ie r  phototube testing f o r  the pK17R f u e l  rupture  monitor was comp- 
leted. 
XP-1010 tubes are superior  in s t a b i l i t y  c h a r a c t e r i s t i c s  t o  t h e  RCA 6199 
tubes now in use i n  t h e  monitor. 
of these  tubes i s  primari ly  due t o  increased operat ing temperatures, al- 
though excessive counting rates are &so believed t o  be a contr ibut ing 
fac tor .  It was concluded that perfonnance of t h e  f u e l  rupture  monitor 
could be materially Improved by thermally in su la t ing  t h e  de tec tors  and 
reducing the counting r a t e  through t h e  use of shielding.  
was prepared. 

Results ind ica t e  that t h e  EHI 9536-B, ENI 9524-B, and Amperex 

T e s t i n g  showed that t h e  gain i n s t a b i l i t y  

A deta i led  report  

Specif icat ions were prepared f o r  new recorders and scanner re lays  f o r  the 
f u e l  rupture  monitor. 
experimental use. The recorders will permit scanning t h e  output s igna ls  
f rom17 detectors ,  where each de tec tor  monitors gas from f i v 5  process tubes. 

A prototype six-point scanner was designed f o r  

Design was nearly completed on a de tec tor  assembly using a lead-shielded 
(with col l imator  hole) small s o l i d  s t a t e  alpha de tec tor  and a regular 
machine-type dividing head f o r  use i n  de l inea t ing  the  migration of plutonium 
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in sections of experimsntal fuel elements. Fabrication of the ditector 
-8embU yB8 initwed. 

A mugh draft of the PR!L% automatic amt ro l l e r  test was written, exclusive 
of detailed test pmcedure. 
of the PKlIR automatic controller in the period mode of operation wlthout 
taking the reactor critical. 
test by an analog computer located in  the 37074 Building. 
signals will be t;ransmitted between the PFtlTl and the analog computer facil- 
ities. 

The test was proposed t o  allov evaluation 

The reactor will be simulated during the 
!The necessary 

!be effective mriltiplications f o r  the mixed oxide zone alone and the whole 
core ( F o O p U ~ ,  enriched U%, n s t e  U%, and reflector) have been c a l -  
culated for various moderator temperatures, void fractions, and boric 
acid contents. The calculations employed few group parameters from -OS, 
W-1, and Few-group parameters from HRG were also used 
t o  calculate bfi of the cold clean core and compared t o  the results using 
W=le 
The moderator temperature coefficiext, Ibppier coefficient, and void 
coefficlent are negative f o r  both the mixed oxide zone and the whole core. 
The snr0uu-t of boric acid needed t o  poison the mixed oxide zone, and also 
the whole core'to an effective multiplication of 1.0 with moderator e i ther  
cold o r  hot has also been determined. 

in m. 
The calculated &ff was appmximately one percent higher using HRG. 

Ewcriments 

A recording of reactor noise was retaken with Pu@-tQ fuel loaded in 
the PRCF and moderated by QO. The ra t io  of signal t o  extraneous 
noise from t h i s  recording is considerably higher than that fmm the 
recording of a previous expcrimcnt. A recording of a white noise 
source was taken t o  determine the characterist ic of the data acquisi- 
tfon and data analyzing equipment. The data have been analyzed but 
need further wrk in order t o  deduce @ / A  

The analysis of the kinetics experiment using a bomn arrow is nee;rly 
complete. Three distinct groups of neutrons can be resolved f r o m  the 
first two seconda of decay after poison is Injected into the reactor 
core. The p / ~  ra t io  obtained from the shortest l ived of these is 83.3. 
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2. T m e r a t u r e  Coefficient 

The H20 moderator temperature has been changed from 20°C t o  72OC. The 
temperature coefficient changes continuously from a .025  mk/OC at X)OC 
t o  0 at 28OC t o  -0.045 mk/OC at 72OC. The scat ter  of points on the 
curve plotted f r o m  the temperature coefficient VS. temperature data 
indicates a s t a t i s t i c a l  error of 5 .007  mk. 
temperature coefficient up t o  900C is being M e .  

An &tempt t o  measure the 

3 .  

4. 

Spectnrm Measurements 

A vert ical  traverse us- Au and Pd foils was made near the center of 
the  EBUR 0.71" core. Each of three pairs  of f o i l s  w ~ 8  placed i n  r a d i a l l y  
symmetric positions. The separation was used t o  minimize the effects 
of cadmium covers. A similar normalizing Irradiation using Au and Pd 
foils on a rotator was made i n  the center of the TllR core where the 
neutron flux i s  well known. A l l  Au and Pd f o i l s  In both irradiationB 
were exposed under 0.040" cadmium. 
be used t o  determine the 1/E spectrum. 
irradiations i s  completed. 

The results of t h i s  experiment Will 
Counting of the f o i l s  from both 

Cne of the  Pd f o i l s  irradiated under cadmium Fn the PRCF was counted 
t o  obtain a decay curve. 
be obtained after eight hours de&y of the  short-lived act ivi t ies .  
The 17-say ac t iv i ty  of Pd-lo3 was l e s s  than 0.55 of the counting ra te  
up t o  30 hours decay t i m e ,  

A copper wire was irradiated under cadmium In  the EBWH 0.71" core. 
This completes the measurement of the  radial  cawum ratio.  The 
copper has been counted, but none of the data have been analyzed. 

The desired 13.6 hour act ivi ty  of Pd-109 can 

The cadmium covered lutetium vert ical  and radial traverse on the  fuel 
and the ce l l  traverse have been irradiated ana counted. The analyses 
of the lutetium data are about 50$ completed. 

Irradiation and PerturbatLon Measurements 

A radial traverse with a sol id  copper rod and vertical  traverses using 
a poison sample and a sample of fissionable material. have been comp- 
leted.  The reactivity effect  of a Zircaloy-2 tube, 7-1/2" i n  length 
and 2" i n  diameter (encircling 7 fuel  rods) wan measured in the center 
of the P3CF at three ver t ical  positions. The worth of a 1.8 w/. ?u-U 
fuel rod was measured in  the  center of tne reaztor. Moderator worth 
and reactivity coefficient measurements were extended down t o  a moderator 
level of 85.U inches. 

I 2 2 9 0 1 0  
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HIGH TmEmmmE REACTOR m c s  PROGFuM 

A worst-case estimate of p p h i t e  corrosion in HTLTR was made using data 
gathered in the last few months un the outgassing proper t ies  of insu la t ing  
materials. This estimate showed that the diatomaceous earth t h e m  insu- 
l a t i o n  which had been specified should not be used. The most undesirable 
property of diatomaceous ea r th  is reabsorption of water a f t e r  it has been 
outgassed. Uater that the diatomaceous e a r t h  reabsorbs from the atmos- 
phere can be drlven off again only if the temperature is raised so high 
t h a t  there would be danger of t h e  &fluent  steam reacting w i t h  grsphi te .  
Fibrefrax m a r s  to be the best subst i tute  for diatomaceous e~u-th, although 
T i p e r s u l  is also being tested. So far, t e s t s  show that Fibrefrax gives 
off much less gas than Tiperaul but it remains t o  be seem how corrosive 
the  gases sre and w h i c h  of the two materials w i l l  reabsorb the mo8t.  

Other way8 t o  reduce graphite corrosion were suggested and the a rch i t ec t -  
eqlneer is incorporating these suggestions in the reac to r  design *ere 
f eas ib l e .  For example, reduction of the r e l a t i v e  humidity of the reac tor  
room will keep reac to r  materials from reabsorbing water from t h e  air; and 
r ed i r ec t ion  of the &as flow and provision of var iab le  purge r a t e s  c8n help 
e z e  corrosion. Work will continue on t h e  graphl te  corrosion problem 
particularly on carbon t r anspor t  caused by the react ions 2 CO+C% + C 
Ln the cold part of the &as system. 
d a t i n g  system, free carbon is p la ted  out.  
around t i e  loop t o  +he hot graphi te  s t a c k  where it reacts with graphi te  
t o  form mz%.co. 

Uhen this reac t ion  occurs in a r ec i r -  
me C% formed then continues 

CompatibFLity tests r u n  this month shoved that t h e  alumlna brick specif ied 
for i n su la t ion  next to the graphi te  s t a c k  does not catalyze the  o f ida t ion  
of graphite. A t e s t  wa8 tried with p a r t i c l e s  of brick on t he  graphi te  a t  
d i f fe ren t  temperatures and another t e s t  was tried vi th  a brick surface 
against  +,he graphi te .  If anything, the brick slowed the oxidation of the 
graphite in both tests. 

More compatibi l i ty  t e s t a  have been set up t o  check react ions between 
materials that have surrived survey t e s t s  and a re  l i k e l y  t o  be used in the 
reac tor .  These mazerials include TD nickel, a matrix poison material. con- 
tahlq graphite, and B4C and the alumina brick. 
of a U%-gmphite matrix fuel material made by the  Advanced Fuels Develop- 
ment Operation wiil be tested for compatibi l i ty  with TI> nickel, the matrix 
poison material and graphite. The matrix f u e l  material contains 3 @8/d 
of U%, and has good s t r u c t u r s l  integx5ty at morn temperature. 
l i k e  graphi te .  Advanced Fuels Ikvelopment Opemtion is proceeding t o  make 
f u l l  s i z e  pieces of the fuel m a t r i x  material f o r  t e s t i n g  i n  a mockup of 
tke horizontal  control  mds. 

In addi t ion,  some samples 

It machines 

I 2 2 9 0 1 1  
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(This section was formerly reported by the P r o 6 e ~  Operation) 

Resonance Interference in A t W  

The capture-to-fission ra t io  (alpha) of h239 is unfavorable in the 
resonance at 0.3 eV. The reaction r a t e  due t o  this resonance is reduced 
if other isotopes are present which compete for neutrons of that energy 
thus reducing over-all effective alpha. 
interference or cross-sb$elding of the resonances at energies l e s s  than 
one electron volt have been placed on a cross section data tape for ALTHAEA- 
W G E R  t o  ref lect  this effect. The degree of interference was estimated 
and is presented in Table I. Since the resonances a t  higher energy do not, 
i n  general, in terfere  t o  the sane degree as these low energy resoPs9ce8, 
an estimate of the portion of the rceonance integral not subject t o  CIQBS- 
shielding waa also made. These estimates are presented i n  Table 11. 
variation in the calculated alpha value is presented in Table 111. This 
&ation is sufficient at the  higher concentrations t o  warrant refinement 
of these estimated interference coefficients by laore rigomus means, such 
as a Monte Carlo perturbation snalysis. 

Preliminary estimates of'resonance 

The 

TABLE I 

CROSSsHIEUXBG FACrORS FOR ALTEAZA 

.O *75 -70 .40 
.O .O 00 30 

1 *3 00 1.1 .60 
1.2 .O -90 50 
2.5 - .02 1.6 -70 

TABLE I1 

I sot ope 
Noncross-shielded 
Resonance Integral 

1 2 2 9 0 1 2  
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CroES- 
shieldiq 

NO 
Yes 

lllo 
Yes 

NO 
Yes 

1 .o 
1.0 

2 00 
2 .o 

3 -0 
3 00 

293 
293 

. loo .a4 .5i5 .310 

.099 . a 4  .508 .312 

(2) Based on 2 6 3 O C  moderator temperature. 

~ 1 2 3 8  fnrfiQiertllce Prices fo r  Production via ~mer i~ iUm241  ~ a r g e t  Irradiation 

If lutonium is stored out-of-reactor, the PuZ41 w l l l  decay (e) forming 
A n d l  which can be irradiated M a target material. The Ad41 absorbs a 
neutron resulting in -42 formation which has a 63.- half life decay- 
ing by alpha emlssion t o  Pu238 
place out-of-reacto the Pu234 w i l l  be very pure (greater than 90$) but 
If most of the Pu2g’i fomed in the reactor flux, Pu239 will be fonned 
and the  purity of Pu238 will be reduced. 

If the  major part  of the  Cd42 decay takes 

To determine the re lat ive isotope values, burn up calculations w e r e  made 
for Various Am241 target sizes and irradiation times i n  a simulated pressur- 
ized water reactor using the  MELEAGER burnup code. 
code was used t o  ca lcu ls t t  minimu fuel cost for each target situation and 
a range of isotope prices. 
the  pr ice  for ~ ~ 2 3 8  that must be paid for a given Ad41 price so that the 
fuel cost wlll be the same as when the  tar 
shows the  price which must be paid for  Pu2g8 as a function of A U ? ~  price. 
These prices do not include the extra cost of  special Isotope (&42) re- 
covery. 

The QUICK Economics 

The indifference price vas found by determining 

t is not present. FI re 1 

This cost should be added t o  the price Indicated on Figure 1. 

I 2 2 9 0 1 3  
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- 
Spatiel Concentration of mutonium in Fuel Elements 

PreliminaFy inves t iga t ion  into the e f f ec t  on a, (oJuf)  for Pu239 by 
apatial concentrations of plutonium i n  fuel elements was begun using t he  
RBU and TiiEM08 codes. For the f i r s t  expcrlment, a very s l q l e  system 

rounded by water as a moderating m u m  was examined and E W u e  of a was 
determined. Tvo other gcometrfes where the plutonium is  concentrated as a 
t h i n  penc i l  in the center  of the rod and as a thin amulus  surrounding the 
rod were examined and the Q for Pu239 was obtained f o r  these systems. 

c o l l ~ i s t i n g  Of p1239 d i s t r i b u t e d  throughout 8~ al-m rod sur- 

Results for these experiments are incomplete due t o  the lack of convergence 
o f  the flux in the ~.egfons  d intcre3t aa calculated by the RBU code. The 
value8 of Q f o r  Pu239 fmm the m C S  code are being used to detect groes 
errors in the setup of the RBU model. Prelj&ary results f r o m  both RBU 
and TEIEEMcB indicate a subs t an t i a l  reduction in alpha may be achieved by 
concentratirrg the plutonium ( t h i n  penc i l )  which promotes s h i e ~ c i i q  of the 
resonances where alpha is Ugh. 

’ 

Code Develo-pment 

1. Modification 

Modifications have been made t o  the curve fitting rrnd p l o t t i n g  code, 
cu8veSo which will improve the operation of the code by BLlOwing data 
t o  be entered on a single card rather than on two cards. 
code has been rhanped so that excess data o c m  outs ide  of the area 
of i n t e r e s t  w i l l  be automatical ly  eliminated f r o m  curve fitting. 

Also, the 

!be code, which determines an optimum mintrmlm -%el cost as 
a funct ion of selected reactor parameters, 13 being rewritten t o  
accommodate changes i n  the output format of  the MINPIIZER code, which 
generates minimum fuel costs as a funct ion of expsu=e. 
number of reactor parameters that may be exmined has been doubled. 

Also, the 

2. Fuel cyllls h s l g s i s  chain 

The Fuel Cycle Analgsia Chained Computer Programs Guide (Hv-79951) 
was completed and is_ be- cleared f o r  o f f s i t e  d i s t r ibu t ion .  It w l l l  
be made avai lab le  t o  u n i v e r s i t i e s  and i n t e re s t ed  labora tor ies ,  and it 
can be reproduced in printed card or tape fonn. 
contains i n s t ruc t ions  and data formats for wing t h e  twelve main com- 
puter  codes i n  the Fuel Cycle Analysis Chain. Part I1 is a pr in tout  
demonstrating six of the p r inc ipa l  codes which includes burnup calcula- 
t i O M  for a m, aod economic evaluations f o r  a number of eCOndC con- 

Part I of the document 

1 2 2 9 0 1 5  
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the programs produced 

lEheae aource tapas - assembled by the COPCAT program which prepares than 
fo r  o f i e i t e  use. 

- 
Information was received f rom (IE-APED that the U-234 coating on the inside 
of one of two neutron flux detecting regenerating ion chambers be- fabri- 
cated and flaked off. It ma indicated the Ehanher wmld have t o  be die- 
asrembled, cleaned, - rscoated. It could not be aacertainad when either 
chamber muld be completed and shipped. 

One werimextal  B - l l  beta cum8n-t neutron flux d t o r l n g  &amber WM 
fabricated w i t h  success in 
Unit. The long mineral &de aable and chamber aaremb4 meaeurtd -re than 
one tenohm reriatance f r o m  the carxter wire t o  tbrr-eheath. mt oi the 
required mechanicd. ~ n e n t i r  have ~zopf been fabricsted f o r  a86-4 of the 
cable test. Laboratory experiamts w i l l  be aonducted pr ior  to in-mmator 
teat-. 

appropriate hlgh Farirtsnce in the 

Another &crowam n&mn flux Ponitor exparimcnt was conducted at I(EI 

probe aseaubly was m e r t e d  in-core on t w  different -8 to  aheck repro- 
ducibil i ty of obtalned mrults. Hea6umwxts were made wing the 8t- 
wave r a t io  meter and an interfemaoter. A chunge in attenuation waa noted 
88 the flux increased during gradud inaertiorr of the a88aPlbly; hovever, 
inetabil l ty developed and the reading8 baame quite e m t i c .  The 0.tlle 
fo r  t h i a  is not bcnm at this t l m e ;  hovaver, it i r  rrupected that t e r &  
tun-csueed wavquide expansion or resistsnce change8 be the dlff'lmlty. 
Coqlete aDerlyaie of the  obtained data ma initiated in an attm t o  aacer 
t a i n  the cau~ee  of the obremed instabi l i ty .  

Reactor. This test -the O m 6 6 - C O ~ ~  8ttallStia techniqwo me 

E-UCTIVE TEwlIBc 

ELectronmgnet IC Testing 

H e w  orc i l l a tors  and aqdlfiere are being built  for the multipmmeter 
tubing tester. 
emd a brim drive circuit, is coplrpleted. Modified Colplttr c r y d a l  oscilla- 
t o r s  a m  ued t o  gsnarste frequencier of 250 kc, 7 kc, 22 kc and 6 kc. 
First f ie ld t es te  of thd aarltiparameter unit8 are planned for in-place 
bapectlon of reactor procers tuber. 

- 

The o r c W o r  chamis, wbich c o ~ i r t r  of four 08cillatom 

1 2 2 9 0 1 b  
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Work on probe suspension design for the rotating air core transformer was 
continued. Improvements were made t o  esaure more uniform pressure of 
t e s t  coi ls  against the tube wall surface, and t o  eliminate "lift off" 
signal caused by eccentricity of the tubing internal diameter. 

m n t a l  Ultrasonic Studies 

The measurtmcpt of shear wave attenuation coefficients continues t o  be 
difficuLt. 
reqpires bonding the transducers t o  the test specimens w i t h  phenyl 
salicylate.  
carefully contrdlled, the reproducibility was found not t o  be sufficient 
for attenuation measur-nts at l o w  frequencies. 
also required the use of excessive t ime which- w a a  another disadvantage. 

The technique w h i c h  has been used fo r  generating shear waves 

Although the semple preparation and bonding methods were 

Individual measurements 

shear wave trapsducers are not available at  frequencies above about 5 Mc 
and originally it was thought that higher frequency meesuwnents could 
be obtained by driving the available transducers a t  odd harmollics. This 
a lso  did nut prove favorable as there were w.uaual and troubles- 
ultrasonic echo variatians near the a o n i c  frequencies. 
these difficulties, studies were undertaken t o  determine if shear wave 
attenuation could be measured by other methods. 
generated by obliquely incident longitudinal uuves, but in attenuating 
media these shear waves are lnhanogenaus waves. 
of haw lnhamogenous waves propagate precluded the use of obliqpe angle 
methods previously. However, recent studies by Applied Mathematics 
Operatian, EL,, have sham that attenuating coefficients can be measured 
by this method. Since longitudinal waves are used, freqyencles higher 
than the 5 Mc limit can also be readily obtained. 

Ih view of 

Sheax waves can be 

!be lack of understanding 

Further qualitative explanation of c r i t i c a l  angle t e s t  effects becsme 
apparent t h i s  month. Previously it w a s  reported that beams reflected 
near the c r i t i c a l  angle had amplitude and phase changes across the beams. 
EkperimemtaUy it was found that there are essentially two amplitude peaks 
am088 the reflected b m ;  one which is uBually substantially lower in 
amplitude. Between these peaks the amplitude drops t o  a alnhtum or ntrll. 
These peaks also have 1800 phase shift and therefore wave front averlap 
is responsible for the Ilrull si@. It is believed that one peak i s  fran 
a portion of the beam which does not generate appreciable boundary waves 
because incideqt angles within this portion are below the c r i t i c a l  angle. 
The other peak is that portion which results fran boundary waves and 
therefore should be sensitive t o  the acoustic properties of the surface 
layer. 
relative balance of the FnterferFng waves; the changes being due t o  differ-  
ences in the acoustic properties of the surface. 

A nuU signal change can then be interpreted as a shift in  the 
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- 
It is hoped t h a t  eventually it w i l l  be FOSSible t o  similtaneously measure 
four surface proper t ies  of a metal, t h e  two v e l o c i t i e s  of propagation and 
the two at tenuat ion coef f ic ien ts .  

Heat Transfer Test- 

Initial experiments with thermal pulse transducers are promising, but 
ind ica te  t h e  need f o r  greater s e n s i t i v i t y  than has been obtained t o  date.  
Theoret ical  s tud ies  made t o  obtain useful  s e n s i t i v i t i e s  have shown that 
a rubber backed transducer using a .OO5 inch t h i ck  air coupling layer and 
1 c a l / c d  heat input muld give a maximum thermal signal change of only 
.00koC f o r  a 5$ di f fe rence  i n  thermal d i f f u s i v i t y  of an aluminum sanrple. 

H e l i u m  o r  water coupling would result i n  thermal signel differences of .02 
and .Og*C per  uni t  heat source in t ens i ty ,  respect ively,  under the  same 
conditfons. 
transducer s e n s i t i v i t y  VPIl increase almost in direct proportion t o  t h e  
source in t ens i ty .  

Heat inputs  g rea t e r  than 1 c a l / d  are possible ,  and the  

The t h e o r e t i c a l  study has also shown t h e  importance of s e l ec t ing  the  
pmper  backing material. A quartz backed transducer, using a .005 inch 
thick water coupling l a y e r  on an aluminum sample would give only 1/3 86 
much thermal signal change, f o r  a 5% change i n  thermal d i f f 'us iv i ty  of an 
aluminum sample, as that obtained with rubber backing. 

Fatigue Detection 

Preliminary f a t i g u e  de tec t ion  work using ultrasound and eddy currents  
continued. A &muse fa t igue  specimen made from an al- a l loy  was 
examined u l t r a son ica l ly .  
fatigue at a stress level of 20,000 p s i  f o r  13.2 x log cycles at which 
t i m e  one of the samples failed. 
examined with u l t r a son ic  c r i t l c s l  angle techniques sfmilar t o  those 
previously reported. 
r e l a t ed  well with t h e  d i s t r i b u t i o n  of f a t igue  in t h e  sample. 

I n i t i a l  eddy current tests on t h e  Krouse f a t igue  samples a lso  showed 
promise f o r  de tec t ing  fa t igue .  However, i n  subsequent t e s t i n g  the  i n i t i a l  
results could not be reproduced. 
being modified t o  provide improved response. 

A p a i r  of samples had previ  usIy undergone 

The sample which had not f a i l e d  was 

Signal amplitude changes were observed w h i c h  cor- 

The eddy current equipment i s  therefore  

The copper test sample surface preparat ion -as impraved by electropol ish-  
ing. 
reduced by lapping followed by t h e  e lec t ropol i sh .  
indicated all specimens pxcept one were acceptable. 
were also given c r i t i c a l  angle t e s t s  t o  assess  t h e i r  condition p r i o r  t o  

Machined surfaces  had in to l e rab le  thickness va r i a t ions  which were 
Dye penetrant tests 

Some of these  samples 
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fatiguing. 
of preparation. 

The aluminum and s t a h l e s s  steel s-es are in various stages 

Ikring the aforemwtioned c r i t i c a l  angle t e s t e  It became apparexrt that 
accurate specimen slignnu=nt w l U  be necessary. 
spechaen holdera and positioners have been designed and are being fabri- 
certed. 
duplication of existing equipment used for fu&mental ultrasonic studies. 
Modifications t o  this unit  will permit its use for fatigue studies as well 
as for general future ultrasonic test  problems. 

Accurate transducer and 

The basic ultrasorric tank and fixture design is essentially a 

Promising results zwe being obtained with optical methods of 
ultrasonic fields. Results of an e x p m t  in Wch an ultrasonic beam 
Impinged on a water surface after ham propsg;ated through a wire mesh 
screen wcre par t icu lar ly  encoux-a&q. In this experiment coherent l i g h t  
(generated by a He-Ele laser at 6358AO) reflected fz-an the l iqu id  surface 
projected an imaga of the wire rcreen in 8 u r p r i s l q  detail.  

In  further teats thickness step wedges made up of several layers of 
aluminum foil w t ~ e  used aa obdects to denronstrate detection of thickness 
vsriation. 
specimens up t o  1 /2  inch thick was demonstrated. 

The transmission of ultrseound thro- l uc i t e  aud alum$num 

A holder waa devised t o  stretch aluminized mylar film across the surface 
of the water in an e f f o r t  to  C1-e the detrimental effects of water 
surface movement and, t o  increase the amount of l ight  available in the 
image, btrk no could be observed when the mylar film was used. 

Continuing ef for t  w i l l  be made to  u t i l i z e  a laser beam t o  obtain ultra- 
sonic Images with special wavefront reconstruction techniques. This work 
will emplay optical  principles being used by others in the developeat of 
lensless photogFssay techniques. 

Hondestructim Testing of Isotope Heat Sources 

An infrared method for determining the power output of isotope heat 
sources is being developed, and a slnuoid&l steady state thermsl method 
f o r  detecting residua3 stress in containment vessels is being investigated. 

EQuilibrium outer aurface temperatures on ver t ical  cylinders cooled by 
free convection are a f’untsion of power density and surface emissivity. 
Experiments with an e lea t r ica l ly  heated stainless steel d m  isotope heat 
source have been perfonaed t o  study the influence of normal variations in 
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- 
ambiexrt, conditions on t h e  surface temperature. Uith longi tudinal  free 
convection cooling in air, the surface temperature of a 2.5 inch long by 
2.5 inch diameter cy l ind r i ca l  source was approximately 4700C after several  
d a y s  at a power of 146 watts. 
increased due t o  oxidation during t h e  first day of operation, and this 
r e s u l t e d  i n  a decrease in temperature during that time. 
of surface temperature t o  changes in power was approximately 1 .50~ /va t t  
after the surface had become oxidized. 
pro tec t  t h e  heat source from changes in ambient conditions, t h e  surface 
temperature -e vas a maxiplum of only 8 O C  for a constant power output 
of 146 watts. 
been about 5 watts. 
after an initial few days operation t o  reach an equilibrium surface 
emissivity.  
ambient conditions.  
on surface temperature of t h e  heat sources are being invest igated.  
methods involve t h e  u e  of external infrared source t o  balance rad ia t ion  
losses .  

The surface emissivi ty  of t h e  s t a i n l e s s  steel 

The s e n s i t i v i t y  

Although no attempts were made t o  

Thus, the maximum e r r o r  in power measurement would have 
The measurements were made during a ten-day period 

Improvements i n  accuracy should be possible  by control  of 
Methods f o r  minimizing t h e  influence of emissivi ty  

These 

Both u l t r a son ic  and radiographic tests were performed on spher ica l  shaped 
isotope containment c e l l s .  Val1 thickness  p r o f i l e s  were then p lo t t ed  
along two planes. The design c r i t e r i a  kre outl ined f o r  a mechanical 
system t o  perform this inspection. 
order while the  remaining p a r t s  w i l l  be fabricated as t he  d m  drawings 
are completed. 

Some conponents have been placed on 

Samples of the several  candidate metals which may be used B t g e  contain- 
ment c e l l s  have been received. 
will be inves t iga ted  and recorded so that they may be compared t o  the  
m e t a l .  when it is used. Several  transducers have been fabr ica ted  for this 
purpose. Methods of obtaining low frequency, highly damped transducers 
f o r  inspect ing t h e  l a r g e  grain s ize  inconel metal a r e  being developed. 

The u l t r a son ic  proper t ies  of these  samples 

Ultrasonic Transducer Development 

Methods of f ab r i ca t ing  uniform p iezoe lec t r i c  transducers a r e  being devel- 
oped. 
being used on a va r i e ty  of transducer sizes was designed. 
e l e c t r i c  t ransducers  themselves are mounted on prec i se ly  machined surfaces 
so that the mechanical and u l t r a son ic  ax i s  of these units should coincide. 
Techniques f o r  f ab r i ca t ing  the t ransducer  backing members are being im- 
proved. Several u n i t s  with damping f ac to r s  of three have been constructed 
and are being used. 
c i a l l y  ava i lab le  uni t s ,  yet  they are more economical and durable. 

T h r b a s i c  transducer housings and holder arrangement capable of 
The piezo- 

Their performance compares very favorably t o  commer- 

UNCLASSIFIED 
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A method of generating ultrasonic waves by using the forces associated 
with the e lec t r ic  f i e l d  preaent when a voltage is applied across a capaci- 
t o r  was also investigated. 
w h i c h  also semres as one plate  of the capacitor. 
not very sensitive, very broad band ultrasonic signals w e  generated and 
detected without the use of a coupling medium. 
of longitudinal and shear w a v e  propagation the tens i le  properties of the 
metal rod are determined. The broad band nature of the pul-se shows that 

'sane wave shape changes a l s o  occur. These wave shape changes may be re- 
lated t o  additional metal properties. Since The capacitor transducers 
are  not, limited by temperature this system is  also putentially capable of 
performing measuremeats at elevated temperatures so that the m e t a l  proper- 
t i e s  could be determined up t o  the melting point of the m e t a l .  

The wave is generated within a 3-inch rod 
Although t h i s  system i s  

By measuring the velocity 

Atmosvheric &..sics 

Fabrication, check-cut, and instal la t ion of meteorological and auxiliary 
equipment in the L19 a i r c ra f t  have proceeded sat isfactor i ly .  
containers for sensing equipment were received for attachment t o  the baub 
hangers. 
installed and found t o  be stable in f l igh t .  
were imtdled f o r  use with the sir samFlers. 
flown the aircraft, when possible and has achieved the proficiency needed 
for the experimental work planned in  diffusion, transport, and scavenging 
studies, 

Special 

Tbe meteorological instrument panel and recording canera were 
Addit ional  vacuum systems 

The meteorologist-pile has . 

%ree additional f i e l d  experimen%s u.sing elevated sources during night- 
time atmospheric stabilit.ics w e r e  made dur- b u t .  %o of these were 
a t  fhe previms release level of 185>ceet, while the third was made fran 
365 fee t .  
klght on ground-level dosage patterns. Analysis of the twelve t e s t s  con- 
ducted lam year us- a 23-foot release height has shown that: 

These tests w i l l  assist in studies of the effect  of source 

l! '31e travel time fran source t o  maximum exposure at the ground 
was prcportbmal t o  the Richardson number. !This number i s  a 
ccnventional mdex of atmospheric s t ab i l i t y .  

%yomi the point of mar-crmlm. the normalized expcsure curve asymp- 
tot ical ly  approached the average c u r v e  for ground-level releases. 

%e value of the peak exposure was Inversely related TO the 
var iabi l i ty  of the wind, 

2 !  

3 )  



B-29 HW-83820 

The last two results are consistent with those being obtalned with ele- 
vated releases in unstable atmospheres, in which it is found tha t  the 
cross-wind variance of the  exposure i s  l inear ly  relaked t o  the variance 
of the wind speed. Predictions made f r o m  the  theoretical  equation 

"Y2 - 
*ere ~ ' 2  is  proportional t o  the average cmss-wind turbulent energy and 
T i s  the  t rave l  time, were generally correct t o  within 2oqb of observed 
exposure variances when the aversged wind record was long compared with 
the t ravel  time. 

Radiological Physics 

The whole body counting program i n  Alaska wa8 completed for the  summer. 
The aversge adult body burdens of d - 3 7  are: Anaktuvuk Pass, 1280 nCi; 
Arctic V i l l a g e ,  614 nCI; Kotzebue, 321 nCi and Point Hope, 64 nCi. The 
average body burden at Apaktuvulr Pass was 100$ higher than that  obtained 
during the summer of 1963 and 200$ higher than during the  summer of 1962. 

Additional correlations w e r e  made at Arctic Village between the shadow 
shield and the unshielded 3 inch N a I  crystal  technique. 
t o  make a quick side t r i p  t o  measure the body burdens of 14 Eskimos at 
Point Hope w i t h  this technique. 
3-inch crystal, analyzer, and -tor generator. 

The highest d - 3 7  body burden was measured i n  a Caucasian from Ambler, 
Alaskac 
burden recommnnded by the ICRP f o r  individuals. i n  a population at large. 

It was possible 

The necessary equipment included the 

This individual's body burden of 3.0 PCi equals the maximum body 

The Hanford mobile whole body counter was taken to  Lafayette, Oregon, 
t o  measure the  (28137 body burdens i n  monks a t ,  a monastery. Because these 
people have a completely meat-free diet, it was thought that t h e i r  bo@ 
burdens would be lower than average. Preliminary results give an average 
body burden of 35 nCi w h i c h  is above average for  t h i s  area and above the 
29 nCi average of another group of men located a$ the Jesuit  Novitiate 
about 15 miles from the monastery. 
the data amlysis is  not complete, it appears that the monk's above- 
average body burdens are due t o  large quantities of whole wheat bread i n  
the i r  diet .  
normal white flouro 

The novices eat a normal diet .  Although 

The whole wheat f lour  contains 2 t o  3 times as much (28137 88 

Two significant observations have been made thus f a r  in an experiment being 
done i n  conjunction with Radiation Chemistry on S a 5  body burdens. The 
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Sr85 does not appear in the hsir for approximstely 10 t o  15 d a y s  after 
inges t ion  In to  the blood stream. There is an apparent decrease i n  whole 
bod$ counting e f f i c i ency  vhich coincides with the appearance of t h e  iso- 
tope in the bone. This decrease in counter e f f i c i ency  is agparently due 
to an increase in shielding provided by t h e  bone. 

The e l ec t ron ic  c i r c u i t s  necessary f o r  the modification of the Nuclear Data 
aualyzer t o  allow detenninst ion of local energy deposit ion via t h e  Rossi 
technique have been designed, bu i l t  and debugged. 

The helium ion separa tor  being developed f o r  use w i t h  t h e  2 MV Van de 
G r a a f f  ha8 been successful ly  tested f o r  shor t  time Fntervals.  A doubly 
charged helium beam of up t o  0.5 Aunps and 2.6 MeV has been obtsined. 
Minor modifications are now being. incorporated in the system t o  improve 
operat ing cha rac t e r i s t i c s .  

Minor problems have slowed the ca l ib ra t ion  work on t h e  L i n f i e l d  pulsed 
X-ray machine. 
t iona  on the capaci tors  and pu l se r  cabliag. 
i n s t a l l e d  t o  Femove water vspor in the spark gap colmn of t h e  pulser .  
Cal ibrat ion work is now proceeding. 

Excessive noise in the pulse was t r aced  t o  loose connec- 
A l i @ d  ni t rogen t r a p  was 

Instrumentation and System Studies 

Miens ive  t e s t a  at the Biology IPhala t ion  Laboratory of the smoke 
Inha la t ion  control  system f o r  crnine experiments indicated a need for a 
new design of t h e  epployed mash. 
These will cause the dog t o  breathe throw t h e  mouth et a l l  times, thereby 
improving cont ro l  and permit t ing e a s i e r  maintenance. 
operat ion has continued t o  be sa t i s f ac to ry .  

Three masks are being fabricated. 

General system 

Mechanical tests of t h e  modified scanner-drive system for t h e  Biology dog 
counter indicated that cor rec t  operat ion was achieved at all des i red  
scanning speed8 up t o  10 in/&. 
ind ica ted  on a chart recorder.  Several  minor difficulties l n v o l v h g  
e l ec t ron ic  noise are t o  be resolved before t h e  modifications are completed. 

The detected in-vivo r ad ioac t iv i ty  is 

Gamma spec t ra  nreasurements vere continued at the Biology f i s h  trough 
i n s t a l l a t i o n  located in the KE Reactor area. 
t o  employ one s c i n t i l l a t i o n  de tec tor  with a logarithmic response area 
rad ia t ion  monitor, as prevlously developed, t o  provide measurement of 
approximate gamma dose r a t e s  t o  t h e  fish. 

It is t e n t a t i v e l y  planned 

Three regulated power suppl ies  for use with thermal p rec ip i t a to r s  at the  
Biology Inha la t ion  Laboratory were designed and are being fabricated.  The 
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- 
precipitator units incorporate heater and air supplies along with timing 
and monitoring circuits.  

Laboratory experiments were  conducted on a developmental s m a l l  wound probe 
f o r  detecting minute amounts of plutonium within human wunds. 
mental sc in t i l l a t ion  detector included a selected low noise phototube, 
5/16 inch diameter quartz l igh t  pipes of 1/2, 1, and 1-1/4 inch lengths, 
and a tiny W(T1) crystal  t o  measure the 17 keV X-rays f r o m  Pu-239. 
Sensit ivity measurements were not completed. 

The experi- 

Laboratory investigations were continued on detection methods for differen- 
tiating between f i l t e r  collected airborne uranium and plutonium isotopes. 
Alpha energy analysis techniques appear t o  be inadequate; therefore, gamma 
and X - r a y  detection methods are being investigated. 

, 

Experimental fabrication was accelerated on another prototype, pocket 
size, signsling dosemeter, which incorporates a new design "pencil" 
automatic-recharge ion Ehnmber and sol id  state circuitry. 
she l l  ion chamber was  completed and it is being incorporated in  the dose- 
meter fo r  which the printed circui t  i e  completed. 
an audible signal fol lovlng dose accumulation of about 50 mR. 

The plastic- 

The unit w i l l .  prodde 

Laboratory measurements were conducted regarding the use of lithium-foil 
covered surface barrier diodes and various sized spherical polyethylene 
moderators as neutron dose-rate detectors. Measurements, using Pu-Be 
fast neutron sources, indicated tha t  a directional dependence of about lo$ 
is  being encountered. 
ference problems were noted i n  f i e lds  of about 5 R/hr. 

With proper biasing of the diodes, no gamma inter- 

Progress vas achieved on the  development of circui ts  for  the experimental 
animal physiological function and dose telemetry system, slated f o r  use 
i n  Biology Laboratory experiments. Tests w e r e  conducted on the thyroid 
uptake channel where a miniature GM tube is  used t o  measure 1-131 uptake. 
U s i n g  the radiotelemetry link, measurement accuracies t o  1$ w e r e  
achieved at rates to  7 x 103 counts/min; the sub-carrier osci l la tor  
frequency was increased f r o m  3 kc/sec t o  15 kc/sec t o  permit measurement 
t o  3.5 x 104 counts/min. 
chsnnel appears t o  be fu3J.y satisfactory and development work is  being 
accelerated on the  blood pressure and respiration r a t e  channela now that 
suitable transducers have been received. 

Operation of the  complete thyroid uptake 

Circuit development vas accelerated on the amplifiers and integrators for  
use with the peak pulse reader instrument t o  be employed in dosimetry 
studies. Pulse heights from 10 mV t o  10 V were measured with an accuracy 
of 1% of full scale for  a r t i f i c i a l  pulses using the  developed solid s t a t e  
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c i rcu i t s  and a digital voltmeter. However, tests w i t h  readout pulses 
were not satisfactory due t o  excessive electronic noise coincident vith 
the pulses. 
t o  cirtrmnvent the chmnic noise problem. 

Considerable circuit modificatiaas appear t o  be necessary 

I n  conjunction wlth the development of a multiplier phototube single 
electron counter f o r  use in dosimetry studies, dwelopment was conducted 
on avalanche t r sns i s tor  circuits to provide a fast rise time pulse genera- 
t o r  fo r  sluualation work. 
l e s s  than 1 nsec r iset ime and 2 nsec width wcre achieved. Such pulses 
are qyite ~inrilar t o  noise pulses from the pslperex 56 AVP multiplier photo- 
tubes. 
uring pulse-pair resolution of fast anrplifler and discriminator circui ts .  
In addition, two single stage feedback t rans is tor  amplifiers were devel- 
oped with risetimes of about 2 nsec, and a single stage amplifier with 
emitter degeneration provided a current gain of 1.5 wlth B 0.5 nsec rise- 
t i m e .  

Pulses of 4.5 V magnitude in to  50 ohms with 

Tw of the generators can be connected to  provide a means of meas- 

Acceleration ma continued on the f i e l d  t e s t a  of f ive  remote data 
statio- fur use in the Atmepheric Physics rudiotelemetering system. 
u3 f ive  units were c a p l e t &  and are now In operating condition w i t h  
extensive field testing under wag. Results achieved appear t o  be satis- 
f ac tow wlth correct mateorological and radiation measurement data being 
obtained in the f ie ld .  In addition, a power supply Y(UI desi@?d, fabri- 
cated, and installed t o  replace bat ter ies  in the central station. 
regulated solid state supply provides 28 ak 2Vdc. 
t o  provide data uaef'ul in testing the central station. 

Solid state circui t  hpmvcments were incorporated in bread-board fonn 
on the pulse shape discFiminator hstrument being developed f o r  use i n  
dosimetry studies by Radiological Phyaics. 
operating successrully with Fe-55 being measured using the circuit and 
selected low-noise nualtiplier phototubes. 

The 
A monitor was designed 

The development circuitry is 

Isotopic Bnlll_vll is P r o m  

Isotopic 8naIyues were provided on program samples d u m  the month in 
accordance w i t h  current schedules. 

A program fo r  the new PDP-5 computer was written and I s  being debugged. 
The program w i l l  process d ig i ta l  data in the form currently generated by 
the mass spectrometer f o r  this program. 
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Acceptable allrmina parts  fo r  a vacuum-lock sample changer f o r  the I. A. 
Program mass spectrometer were f lnaL ly  received. Delivery of the  par ts  
was 9-1/2 months behind the date originally scheduled by the vendor. 
vacuum-lock is  being assembled on the  ion-optical test bench for  tes t ing 
pr ior  to instal la t ion on the mass spectrometer. 

The 

EZPERIMENTAL RE%CTOR PEESICS FACILITIES 

Pc"R Operation 

The PC"R was operated routinely during the month. 
shutdown due to an electronic failure. 
formity of boron content and the  to ta l  effective boron cross section of 
boron impregnated polyethylene disks was completed. mree  sets of mica 
detectors were irradiated to detect uranium Inclusions i n  zirconium welds. 
A react ivi ty  comparison of VSTR fuel  disks vas completed t o  select disks 
of unifonn reactivity worth fo r  an experiment with polythylene moderated 
U-235-A1 fuel. 
were measured as routine operating tests. 
the control rods I s  0.20 seconds with the maximum time 0.25 seconds, and 
the  ml.n-tnnrm t i m e  0.16 seconds. The drap time f o r  "B" disk ya8 0.60 seconds 
and f o r  "C" disk 0.56 seconds. The drop time f o r  the disks includes the  
d e l a y  in the photocell c i rcui t .  

There was one unscheduled. 
The experiment t o  measure the uni- 

The closing times for the control rods and safety disks 
The average closing time fo r  

TlTR Operation 

The !ITR w88 operated intermittently w i t h  no unscheduled shutdown. 
experiment t o  measure the behavior of neutron dosimeters was completed 
during the  month. 
tion. 

An 

A set of Au and Pd f o i l s  was irradiated fo r  normaliza- 

PRCF Operation 

EBWR experiments continued. 
w e r e  completed for three, one-half inch diameter PU-A~ fuel pieces (44" 
long at 1.8 w/o Pu, 6" long at 1.8 w/o Pu, and 4" long at 2.7 w/o Pu) . 
Worth measurements f o r  the smallest fuel  piece were taken as a function 
of i ts  elevation in the cent,ral l a t t i c e  position. Similarly, vert ical  
traverse data were taken for  a 1/2" dia. x 2" long Cu rod. Au, Pd, Cu, 
and Lu irradiations vere completed with and without Cd covers for  cell 
flux measurements and for measurement of radial flux distributions across 
the core. Moderator level  sensi t ivi ty  measurements were extended down t o  
85 inches, which is approximately 15 inches below top of the fhel. (Ear- 
l i e r  measurements had provided data down t o  93 inches.) 

Worth measurements in the center of the  core 

1 2 2 9 0 8 b  



B- 34 HU-83820 

Temperature coefficient data were taken over the rmge of 28.3OC t o  72.3OC. 
This w88 the first PRCF experience a t  temperatures above &OC. 
objectives of this experiment was t o  determine a msXimrnn temperature 
capability for  the PRCF system. 
was watched carefully a t  each increment of temperature increase, and the 
experiment was terminated when an interference was detected on a t e s t  
insertion of one of the sheets. 
of 79%. A t  t h i s  tima, w i t h  the reactor c e l l  vsnti latlon tumed off, 
c e l l  temperature waa 1069 and re la t ive  htrmidity y88 approaching 85s. 
Other problems caused by the high temperature  and high h p i d i t y  did not 
appear t o  be limiting. To evaluate the expansion of the Lexanu l a t t i c e  
plates, the linear expansion coefficient for '%exan" was measured w i t h  
strain g m  over a range of PC t o  ~ O C .  
i n / i n / O c  uaa mez~llured c q ~ r e d  t o  a value of 7 x 10-5 win/% as reported 
by the manufacturer of thi8 material. 

One of the 

Performance of the shutdown mechanisms 

This oc- at a moderator tenrperature 

A coefficient of 6.63 x 10-5 

Construction work began under Rvject CAH-U9. 
assembly are8 and office space fo r  PRCF with miscellsneow ~ZWeInen tS  
f o r  PKllR. Construction work interrupted PRCF operation once during the 
math  f o r  a duration of 70 w e e .  

This project combines an 

Assembly of componeats and mockup of the second %O modrrated core struc- 
ture was completed preparatory t o  installation next mxth. !This provides 
"Lucite" l a t t i c e  plates for  experiments w ~ t h  1/2" *-er f ~ e l  rods on 
a l g t t i c e  spaciag of o .&". length of h", using 
the  &sting control and sbutdown mechnnisms. 

It is s e t  up f o r  a 

CUSTCMER WORK 

Weather Forecasting and Meteorological Services 

Meteorological and climatological sertrlcea included 1) summm5zation 
of pertinent weather and r iver  records f o r  AEC, 2) weather watch for  
electric81 tie-in 
pertinent t o  a legal  case. 

%reactor, and 3) assembly of meteorologicd data 

Weather SUnnnaFy 

Type of Forecast Number Made 8 Reliabil i ty 

8-Hour Production 
General 
Special 

93 
62 

167 

88.2 
87 .9 
89.0 

The past  month wa8 the coolest A u g u s t  i n  53 years of record for the Hanford 
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area. In August 19.U (previously t h e  coldest)  temperatures averaged 
70.5. The A u g u t  average this year was 69.8. 

Although Auguat p rec ip i t a t ion  s l i g h t l y  exceeded normal, t h e  t o t a l s  f o r  
the first 8 months of t h e  year  stood at.an all-time record lov of 1.74 
inches . 
Instrumentation and System Studies 

Engineering ass i s tance  wae rendered t o  Plutonium Metallurgy, HL, i n  w i t -  
nessing acceptance t e s t s  on an e lec t ron  microprobe X-ray instrument being 
fabr ica ted  o f f s i t e  f o r  use at Hanford. 

Fabricat ion completion wa8 achieved on t h e  s c i n t i l l a t i o n  detect ion and 
s o l i d  s t a t e  c i r c u i t r y  aerisl gamma monitor f o r  Ebvlromental  Monitoring, 
HL. Laboratory t e s t i n g  and ca l ib ra t ion  were initiated. 

The assault mask outer  surface beta-gamma detec tor  f o r  t h e  Laundry F a c i l i t y  
mask monitor va8 completed and tests appeared promising. 
necessary s o l i d  s t a t e  pr in ted  c i r c u i t s  were completed. 
was initiated. 

I n  addition, all 
Fina l  sfstem assembly 

An instrument t o  check t h e  de tec t ion  response of various HAP0 portable  
and l ine-operated alpha monitors was designed and fabr ica ted  f o r  use by 
Calibrations,  HL. 
various instruments over pre-selected counting t i m e  periods.  

The instrument provides a t o t a l  count readout f o r  t h e  

Field t e s t i n g  was completed on t h e  U-235 fuel  enrichment monitor developed 
f o r  M e t a l  Fabrication Development, HL. General operat ion appears t o  be 
as s a t i s f a c t o r y  as can be achieved with t h e  present  design, although con- 
s ide ra t ion  is being given t o  incorporation of sh ie ld ing  t o  reduce back- 
ground e f f e c t s .  The monitor i s  now i n  m u t i n e  use by t h e  customer. 

The simulation of t h e  high temperature gas loop f o r  Reactor Fuels Research 
and Development Operation continued. 
were coupled to t h e  s l m l a t i o n .  
procedures f o r  fi- t h e  control  range f o r  t h e  loop. 
has raised questions regarding t h e  adequacy of the control  system i n  that 
(a) a power f a i l u r e  t o  t h e  hea te r  may cause rap id  cooling transients in 
t h e  system, and (b) a f a i l u r e  of loop gas flow might cause melting of the 
heating element i f  control  s e t t i n g s  a r e  not properly chosen. 

Four Bailey, two-mode con t ro l l e r s  
The simulation was used t o  determine 

To date, this study 

A rough draft report on t h e  creep data logger was completed. The report  
was m i t t e n  in two  pa r t s ,  t h e  f i r s t  an introduct ion t o  t h e  data logger 
present ing over-sJ1 design philosophy and theory of operation, and the 
second p a r t  an operation and maintenance manual. The data logger has 
been operating with no apparent r ad io  frequency in te r fe rence  s w , i t  * .  was 
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enclosed in a steel bay v i t h  f i l t e r  capaci tors  OE a l l  incoming loads. 

A study designed t o  determine the constants for mathematical model of 
Columbia River flow from Priest Rapids Dm through t h e  Banford reservat ion 
was started. 
the river are supplied as functions of time. The problem involves f i t t i n g  
constants from a standard mathematical model t o  t h e  data given. 
thfs hss been done for several  r i v e r  reaches, the aynamic flow character- 
i s t i c s  of the Columbia River between the dam and W o r d  s i te  w i l l  be 
simulated on the analog computer. 

Flow rates at M e e t  Rapids Dam and at Y 8 s i o u  points along 

After 

Modifications were designed Mch permit the use of 5-1/2 inch wide roll 
film on metallographs at the RediometUurgy Lab. 
designed and bu i l t  in the O p t i c a l  Shop, has been in use at the Radio- 
metallurgy Lab for more  than a year recording thousands of p ic tures  re- 
quired for the lsrge mosaics which are made of fuel element cross sections.  
The nrodifications designed. this month w i l l  be applied t o  two nev cameras 
and will permit the use of po lamid  and rol l  film. 

A similar camera, 

htring t h e  period covered by this report, the follawing shop work was 
performed: 

1. 
2. 

3. 
4. 
5 .  

6. 
79 

8. 
9 -  
10. 

One Redox three power crane periscope head vss repaired. 
A pyrex chemical process tube was maned out t o  accept pulse  
column discs .  
Ultrasonic  fixtures were fabr ica ted  for Physical Measurements. 
One p a i r  of binoculars wa8 collimated. 
Twenty copper f a t igue  tes t  specimens w e r e  lapped for Physical 
Measurements 
Two c r y s t a l  manipulators were fabricated for Physical Testing. 
A high pressure mercury arc lamp housing and condenser lens 
was fabricated and assembled. 
T m  laser mds were s i lvered .  
Fifty bell jar vlndove were gauged for f l a tnes s .  
A shutter was repaired for RadiometaUurgy Lab. 

Physical Test- 

& a l l -out ,  coordinated effort was made t o  assess the condition and cause 
of d8mage on s ix teen  dump condensers at N Reactor. Analysis of three 
condensers by eddy current methods showed t h e  tubes were worn by fretting 
act ion of "band-it" s t r a p s  holding the tubing in t h e  heat exchangers. 
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-the tubes on the outside of the bundle were seriously affected, and 
could be vi~Unl.lv inspected from access t o  the shel l  aide of the exchanger. 
A l l  units were opened, visual ly  inspected, repaired, and the closure w e l d s  
r a d i O G s p h e d *  

An accurate and detailed map of the  export water lines and i ts  auxiliary 
systems resulted from the leak survey of the system between 100-D and 100-F 
areas. 
no leeks in the expo@ line i tself .  
7059  * 

Eighteen leaks w e r e  found and identified in the auxiliary systems, 
The map is issued as Plot Plan H-1- 

The development program fo r  gamms ray  image intensification is progressing 
wel l ,  a 2-4T level  o f  sensitivity was achieved in bath steel and uranium, 
which aEproaches the sensi t ivi ty  of conventional film radiography. 
192 was used as the source. 

Iridium- 

Notch gtMdnrd~ of 1.8 and 2.9 m i l s  deep were punched on the inner surface 
of sheath tubing pr ior  t o  msnufacturing a ceramic fuel element. 
swaging the element t o  final size the defects were readily resolved with 
ultrasonics. 
vibratory comgacted and swaged f’uel elements af’ter final assembly. 

After 

This demonatrates the feas ib i l i ty  of production tes t ing both 

w e e r i n g  assistance was given during the investigation of an induction 
furnace i n  the 234-5 Building. It was found the generator delivered only 
thirty percent of the power indicated by the field current tes te r .  
meter wa6 rewired t o  indicate the  t rue power. 
achieved by designlrq a work coi l  t o  improve the coupling between the coi l  
and the furnace and t o  match the impedance t o  the generator. 

The 
Additional output was 

. 

A rotating transformer and eddy current coi l  assembly has been successfully 
completed fo r  hel ical ly  sc- the inner bore of process tubes. 
point co i l s  are util ized, connected t o  an e lec t r ic  drive motor. 
method improves the  sensi t ivi ty  over circumferentially scanning as well 
as locates the position and orientation of a defect. 

Two 
This 

Samples from the supplier and off-s i te  inspection laboratory of stainless 
tubing for Purex concentrators showed a grain s ize  so large that the 
intended f ive percent ultrasonic tes t  was impractical. 
solution t o  the problem was t o  lower the inspection level t o  ten percent 
sensi t ivi ty  and t o  s o r t  the tubing into f ine grain and coarse grain 
categories. 
resistance, but does decrease the sensi t ivi ty  of inspection levels. 

The arbitrated 

The coarse grain structure does not af‘fect the corrosion 
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Final c a U b r a t i o n , t e s t s  were conpleted on the last three scintillation end 
solid state c i r c u i t r y  comblned alpha-beta-geumm hand and shoe counters. 
Ten Instruments bare now camplated testing and four are in service.  Cali- 
bmrtian tests shoved the fdllowhg detec t ion  e f f i c i enc ie s :  
probes, a$ t o  l2$; beta-gamna hand probes, 5$ t o  f i ;  and beta-gammu shoe 
probes, 2.5s to 4s. 

alpha hand 

Such e i i i c i e n c i e s  are s a t i s f a c t o r y  for plant use. 

Bids were received regardiag o f f a i t e  f ab r i ca t ion  of e i m  alpha-beta-grumna 
hand and shoe counters which incorporate new circuits and detec t ion  probes. 
me new design achieves an apparent 
t e n  counters described in the foregoiag parsgraph. 

cost reduction aver the or ig ina l  

Acceptance tests were c o q l e t e d  on '70 of 100 n m  CP-type por tab le  exposure 
rate meikuring inatruments. 

Investigation i n t o  leakage and consequent corrosion problems w i t h  mercury 
batteries in certain HAP0 portable (3M inetrtl~xrts indicated that zinc- 
alkaline batteries should be subs t i tu ted .  Thl8 is being done. 

One of a number of HAP0 single-range a c t a t i l l a t i o n  area radiation monitors 
was converted m m  the u s u ~ l  0-200 mR/h~ range t o  0-4ooO R/hr f o r  a 
special appl icat ion.  

LABORATORY 
RS Paul:mcs 



RESEARCH AND ENGINEERING 

J ' I S S I O N W m  - 03 PROGRAM 

IRRADIATION PROCESSES 

Reactor Coolant Water Studies 

Process water measurements were made and calculat ions completed on 
laboratory da ta  needed t o  guide a proposed half  reac tor  tes t  of the  
reduction i n  reac tor  e f f luent  radionuclides through t h e  use of sodium 
s i l i c a t e  addi t ion t o  the process water. This represents  a f i e l d  t e s t  
of promising treatment found i n  o m  laboratory s tudies .  

Columbia River Studies  

A Columbia River t r a v e l  time study w a s  made a t  a flow r a t e  of 1.7 x 
lo5 cfs using a "pulse" of, 1-131 t r a c e r  which w a s  introduced by reac tor  
operations.  The flow 
r a t e s  a t  U m a t i l l a  and The Dalles r e f l e c t  the  addi t ion of t he  Snake 
River ., 

The values obtained are  given i n  the  tab le .  

River Flow Time 
Locat ion Rate ( c f s )  (hours) 

100-B Area - Pasco 1,7 105 16 
100-B Area - U m a t i l l a  2,22 105 64 
100-B Area = The Z'alles 2.03 105 112 

Measurements were a l s o  made of t he  Na-24 concentrations,  Na-24 i s  
produced at a near ly  constant r a t e ,  so t h a t  t r a v e l  times can be esti- 
mated by use of its decay r a t e .  
from the  1-131 measurements w i i l  c a l ib ra t e  t h i s  technique so t h a t  
measurements of t r a v e l  time can be made without waiting f o r  an unusual 
operation which introduces a t r a c e r  i n  a short burst. 

Comparisons with t h e  r a t e s  obtained 

Overheated N-Reactor Fuel Study 

Special  f u e l  pieces were fabr ica ted  and charged i n t o  N-Reactor by NRD. 
These 8.33-inch long elements are scheduled f o r  discharge la te  i n  
December o r  ea r ly  i n  January, 1965, and will be used i n  the  thermal 
s t r e s s i n g  and f iss ior i  product re lease  s tud ies  of N-Reactor ful ly-  
irradiated fue l s .  I n s t a l l a t i o n  of t h e  50 KW induction hea ter  w a s  
expedited and de ta i i zd  planning f o r  these t e s t s  i n i t i a t e d .  
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Final. analyses of photomicrographs of sectioned thermally s t r e s s e  
elements were completed. These i r r ad ia t ed  elements were those heated 
and quenched e a r l i e r  t h i s  year. The report  of this work now i n  draft 
is being revised t o  include the s ign i f i can t  metallographic data. 

Instrumentation needed for t he  ove ra l l  study ar r ived  and was. tested. 

SEPARATIoElS PROCESSES 

Dissolution of Thoria 

Dissolution rates for MLillinckrodt sol gel  t h o r i a  i n  a solvent i n i t i a l l y  
12.3 &HN03-0.025 tHF-KL(NO3)3 were near ly  t h e  same at 0.1 and 0.2 
aluminum and not greatly reduced a t  0.5 5 aluminum. A t  0.2 E aluminum, 
disso lu t ion  rates a t  0.1 and 0.025 There appears 
no advantage fram a disso lu t ion  standpoint t o  t h e  use of g rea t e r  than 
O . O l & H F .  
hydroxide so lu t ion  d id  not improve the  d isso lu t ion  rate i n  Hm03-HF- 
Al(NO3l3 so lu t ions .  
t h i ck  l aye r  of t h o r i a  i n  the bottom of the  d isso lver  w a s  inadvertent ly  
heated t o  some unknown temperature w e l l  above the  boi l ing  point of t h e  
solut ion.  The t h o r i a ,  i n i t i a l l y  granular ,  w a s  convercted t o  a massive 
chunk d i f f i c u l t  t o  break up. Subsequent experiments have attempted t o  
def ine t h e  temperature range i n  which t h e  t h o r i a  becomes cemented when 
i n  contact with dissolvent .  Formation of the cemented t h o r i a  has not 
been observed at temperatures i n  the set t led sludge up t o  150 C. 

HF were the same. 

Pretreatment of the  t h o r i a  with sodium citrate-sodium 

During the course of one disso lu t ion  experiment, a 

U-233 Support Studies  

Work w a s  concentrated during the month on the  develapment of a protactinium 
scavenging process for use by t h e  Purex plant  during the  forthcoming six- 
t on  thorium test. Since feed t o  the  solvent ex t rac t ion  ba t t e ry  w i l l  
be ac id  d e f i c i e n t ,  protactinium scavenging with MnO 
acid de f i c i en t  conditions was first invest igated.  
promising, t y p i c a l  decontamination f ac to r s  of only 2 being obtained, w i t h  
e i t h e r  preformed or coformed h 0 2  or Pb02. 
c i p i t a t e s  which were formed in acid-deficient so lu t ions  were prohib i t ive ly  
bulky and of ten  co l lo ida l .  
ton  tes t )  t o  acidify t h e  feed so lu t ion ,  scavenge under mildly ac id ic  
conditions,  and then re-adjust the pEI pr io r  t o  solvent extract ion.  
Manganese dioxide scavenging of protactinium under ac id  conditions w a s  
r a t h e r  thoroughly s tudied i n  t h e  laboratory t o  def ine t h e  e f f e c t  of 
per t inent  var iab les ,  after which hot c e l l  tests were i n i t i a t e d .  It 
appears tha t  98-99 percent Pa-233 removal can be achieved and t h a t  radi- 
a t ion  decomposition w i l l  not be a ser ious problem. 
is subject  t o  confirmation wi th  feed soon t o  be produced by d isso lu t ion ,  
under flowsheet conditions,  of a short-cooled thorium t a r g e t  element. 

and Pb02 under 
gesults were not 

In addi t ion,  t h e  Mn02.pre- 

Decision w a s  accordingly made (for the six- 

The la t ter  conclusion 
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Purex I B X  Column Development 

Additional p i l o t  p l a n t  pulse column runs using SFS (sodium formaldehyde 
su l foxa la te )  as the  I B X  reductant confirmed t h a t  the optimum introduction 
point  w a s  about s ix  f e e t  from the bottom of the  p l a t e  car t r idge.  
16 t o  29 percent of the  t h e o r e t i c a l  amount of U(1V) w a s  found i n  t he  
LBU stream. The r e l a t i v e l y  poor conversion r a t i o  of the  SFS t o  give 
U(1V) may have been due t o  poor solvent qual i ty .  
contacts of the  lBXF used i n  these studies wi th ’2  s EINO3-0.1 E sulfamic 
ac id  at 50 C gave conversion r a t i o s  of only 32 t o  57 percent. 

Only 

Thirty-minute batch 

An unexpected corrosion reac t ion  w a s  discovered near the  end of one of 
the p i l o t  p lan t  runs using a bottom in t e r f ace  f o r  t h e  first t i m e .  The 
green U ( I V )  co lor  became g rea t ly  in t ens i f i ed ,  and a vigorous gassing 
( co lo r l e s s )  w a s  observed above the SFS introduct ion point 
of t h e  column after the run showed t h a t  the  s t a i n l e s s  steel  p l a t e s  and 
spacers were severely p i t t e d  and tha t  the highly colored lBXP, col lec ted  
at the  peak of the react ion,  contained dissolved s t a i n l e s s  steel. The 
run w a s  uneventfully repeated severa l  days later. 
have pin-pointed the  SFS as the  cause of the  corrosion, bu t  the  reason 
for t he  sudden a t t ack  i n  t he  above run i s  not y e t  known. 

Invest igat ion 

Laboratory s tudies  

Use of Sod im Formaidehyde Sulfoxalate  as Plutonium Reductant 

A Purex p lan t  tes t  of sodium formaldehyde su l foxa la te  (SFS) as plutonium 
reductant w a s  terminated when it w a s  observed t h a t  SFS solut ions are 
s ign i f i can t ly  corrosive t o  304-L stainless steel. In subsequent labora- 
t o r y  tests, s ign i f i can t  t o  severe corrosion has occurred i n  solut ions 
contaicing from 0.1 t o  4 
a t  temperatures as l o w  as 25 C. Inducticn periods preceding inception 
of c o r r o s i m  have been observed i n  some caseso P1,ant tests w i l l  not 
be reswned unless operating conditions can be found i n  which corrosion 
is  not a problem. 

m03 and as low as 0,005 SFS while maintained 

Trilauryl Amine Extract ion of ND and PU from Purex 1 W W  

F’urt.her s tud ies  were made toward def ining the  rad ia t ion  and chemical 
s t a b i l i t y  of t r i l a u r y l  amine (TLA)-diluent solvent during ex t rac t ion  
of neptunium and plutonium from Purex 1 W W .  Par t ions of 0.3 TLA-Soltrol 
I 7 0  or  dodecane solvents  were contacted wi th  equal volumes of 4 
o r  simulated 1WW f o r  48-64 hours a t  40-50 C. Each organic w a s  s t r ipped  
w i t h  0.05 5 hydroxylamine sulfate and allowed t o  stand a t  room tempera- 
tu re .  
from the  solvenzs. 
supernatant solvent w a s  ,-educed from tha t  of t h e  v i rg in  solvent i n  all 
cases ( t o  zero in some). A sample of 0.3 M TLA-Soltrol 170 w a s  alter- 
na te ly  contacted at 40-50 C w i t h  simulated-1WW while receiving CO-60 

HN03 

In a l l  cases a white s o l i d ,  as ye t  unident i f ied,  p rec ip i ta ted  
Neptunium ext rac t ion  capacity and amine t i t e r  of t h e  
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rad ia t ion  at 6 x 1 0  5 r / h r  and s t r ipped  with hydroxylamine s u l f a t e  a t  50 C. 
After 60 cysles ,  amine t i t e r  and neptunium ext rac t ion  capacity were 
e s s e n t i a l l y  t h e  sane as f o r  t h e  v i rg in  solvent.  
t h e  solvent w a s  about 3.6 x lo7 r during t h e  60 cycles. 

Radiation exposure t o  

Recovery and Pur i f ica t ion  of Americium by Chromatonraphic Ion Exchanue 

Promising t racer - leve l  s tud ies  of the  appl icat ion of compact-band chroma- 
tographic ion  exchange t o  t h e  recovery and pu r i f i ca t ion  of mericium-241 
were described last month. 
a fully successful  macro-level run. The feed contatned all of t h e  
ingredients  expected i n  plutonium reclamation w a s t e  ( including sa tura t ion  
with DBBP) p lus  65 mg/l Am-241. 
column (hydrogen cycle)  and then e lu t ed  sequent ia l ly  through two successive 
columns ( a l s o  in the hydrogen cycle)  with 0.03 5 DFTA at a pH of 4.5. 
Columns w e r e  operated at 60 C t o  improve k ine t ics .  
w a s  greater than 96 percents  and only aluminum (equivalent t o  about 3 
percent)  w a s  present  as an impurity. 
of t h e  americium would be expected t o  remove t h i s  small quant i ty  of 
aluminum. A l l  o the r  p o t e n t i a l  impuri t ies  were below spectrographic 
detect ion limits (generally < 1 ppm) . 

Laboratory work has  not been completed w i t h  

The feed w a s  loaded onto a Dowex-50 

Americium recovery 

Subsequent oxalate  prec ip i ta t ion  

The process is similar t o  t h a t  for promethium pur i f i ca t ion  and can be 
operated i n  the same equipment. 
appl ica t ion ,  it could be u t i l i z e d  by a power reac tor  f u e l  processor f o r  
simultaneous recovery of purified'promethium and pur i f i ed  americium. A 
formal report is being prepared. 

Although developed f o r  234-5 Building 

Themba lance  Studies  of Plutonium Oxalate Calcination 

The Cahn Electrobalance i n s t a l l a t i o n  has been completed, and t h e  balance 
w a s  used i n  preliminary s tudies  of t h e  thermal decomposition of 
plutonium(II1) and (IV) oxalates.  Further  evidence w a s  obtained fo r  
t h e  formation of P ( C  0 ) as an intermediate in t h e  thermal decom- 
pos i t ion  of  Pu(C203 *zH:O3in an argon blanket.  Analysis of t h e  Pu02 
produced by heat ing L ( C ~ O ~ ) ~ * ~ H , O  i n  argon t o  a maximum temperature of 
600 C showed the carbon content as 3000 ppm. 
be var ied i n  fu tu re  experiments i n  an e f f o r t  t o  reduce t h i s  value. 

Calcination conditions w i l l  

Electrochemistry of Plutonium i n  Molten Chloride Solutions 

Previous monthly repor t s  (e.g. ,  Apri l  1964) have presented evidence fo r  
t h e  formation of  plutonium(I1) as an intermediate i n  t h e  reduction of 
plutonium(II1) t o  metal. Recent, more re f ined  s tudies  have now shown 
t h a t  the polarographic wave which was o r ig ina l ly  ascribed t o  a subvalent 
plutonium species  w a s  i n  f a c t  caused by the  presence of oxygen, i n  some 
form, i n  t h e  m e l t .  This source of in te r fe rence  w a s  removed by using a 



- 
zirconium g e t t e r  (rather than copper) t o  remove oxygen from t h e  argon 
blanket ,  and the data now ind ica te  the  plutonium(II1) reduction t o  metal 
t o  occur i n  a s ing le  step.  

Chronopotentiometric data ind ica te  a d i f fus ion  coef f ic ien t  of 0.67 x 10-5 
cm2/sec f o r  plutonium( 111) i n  e u t e c t i c  LiC1-KC1,  which compares favorably 
w i t h  t ha t  f o r  bismuth(II1) under the  same conditions. 

-Disposal t o  Ground 

Samples from a s e r i e s  of w e l l s  n e a r  the  northwest end of the Gable Mountain 
swamp are r e f l e c t i n g  the discharge of contaminated cooling water t o  the 
swamp from Purex p lan t  i n  ea r ly  June. 
< 8 x Samples taken i n  la te  Ju ly  and ea r ly  August showed 
concentrations of b e t a  emitters up t o  50 pc/cc. A gamma scan revealed, 
as expected, t h a t  about 95 percent of the a c t i v i t y  w a s  Ru-103 and RU-106 
w i t h  t h e  remaining f e w  percent being Zr-Nb-95. Additional samples are 
being taken on a rout ine basis t o  determine t h e  peak concentrations. 
No untenable groundwater contamination s i t u a t i o n  is expected t o  result 
from t h i s  incident.  

Normally these wells contain 
pc B/cc. 

Strontium-90 w a s  detected i n  ground water samples from two wells d r i l l e d  
through t h e  gravel  f i l l  of the Redox 21643-1 and 2 c r ib s  (process con- 
densate and c e l l  drainage) soon after t h e  f a c i l i t y  was abandoned i n  1956. 
For severa l  years the concentration remained a t  about the same leve l ,  
1-2 pc/cc, and appeared only i n  t hese  two w e l l s .  By t h e  end of 1963, 
the  concentration i n  the ground water had increased t o  10 pc/cc, and 
& z i n g  t h e  pas t  s i x  months it has increased t o  50 pc Sr-gO/cc. These 
increases  co r re l a t e  w e l l  w i t h  f luc tua t ions  i n  the ground water t ab le .  
L i t t l e  va r i a t ion  w a s  noted p r i o r  t o  1961, but  between 1961 and 1963 t h e  
water t a b l e  e leva t ion  increased 2.5 f e e t .  D u r i n g  t h e  past  s i x  months a 
further increase of about 1 foot  w a s  noted. It appears from these  data 
tha t  as more of the contaminated s o i l  column beneath the  disposal  s i t e  
becomes inundated, t h e  concentration of Sr-90 i n  the ground water 
increases.  Migration of t h e  radionuclide appears t o  be qu i t e  slow as 
none has been detected i n  nearby wells monitoring t h e  c r ib ,  This 
information supports the need f o r  inves t iga t ing  t h e  e f f e c t s  of a Mile 
348 Dam ( r i s i n g  water table and changing flow pa t t e rns )  on 200 Area 
w a s t e  disposal.  

Plutonium Aerosol Studies  

A draft w a s  completed of a l i terature search and commentary, "A Review 
of Research on Plutonium Releases During Overheating and Fires." This 
review wi th  the  bibliography should prove of mater ia l  worth as a sUmmary 
of current knowledge r e l a t i n g  t o  plutonium aerosols.  
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The faci l i ty  t o  accoamodate t h e  planned plutonium aerosol s tudies  neared 
completion 3 l t h  t he  i n s t a l l a t i o n  and t e s t i n g  of t h e  15  KW induction heater  
and t h e  air dryer f o r  t h e  hood atmosphere. 

W A S T E  MAXVAGEMENT AED FISSION PRODUCT RECOVERY 

Full-Level Z e o l i t e  Storage Studies 

Observation for pressure build-up of t h e  strontium-loaded z e o l i t e  con- 
t a i n e r  continued through the month i n  B-Cell of the  High Level Radio- 
chemistry Fac i l l t y .  Pressure remained approximately constant at 12 t o  
13 ps ig  for three weeks at 470 C ,  thus  demonstrating t h a t  pressurizat ion 
is ne i ther  rap id  nor severe. Since about 8 ps ig  of t h i s  pressure is  due 
t o  hot air, only about 4 ps ig  t o t a l  can be due t o  water vapor, oxygen 
and hydrogen. In conjunction with the ex-cell c o b a l t 4 0  i r r a d i a t i o n  
observations of rather rapid recombination of hydrogen and oxygen on 
dry z e o l i t e s ,  it would appear t h a t  t he  equilibrium pressure due t o  
r ad io lys i s  products is probably qu i t e  low. 
When pressure studies are-completed, an attempt will be made t o  e l u t e  
t h e  sorbed strontium, t o  determine t o  what degree it may have become 
i r r eve r s ib ly  fixed on t h e  zeolite.  

Observations are  continuing. 

Pur i f ica t ion  of Recovered Cesium 

Preliminary results with simulated process solut ions show t h a t  cesium, 
recovered by ion exchange with zeolites from -ex a lka l ine  supernatant 
w a s t e ,  can be r ead i ly  pu r i f i ed  by a l u m  c rys t a I l i za t ion .  A 100 percent 
excess of amnroniurn a l u m  w a s  added t o  a simulated cesium product solut ion 
(0.64 5 ma+, 0.08 2 Cs') and t h e  cesium alum c rys t a l l i zed  a t  5 C. The 
supernatant l i q u i d  was decanted and the  c e s i u m  alum dissolved i n  hot 
water and twice rec rys t a l l i zed  at 5 C. 
w a s  separated from t h e  cesitim by t h e . t h r e e  c rys t a l l i za t ions .  Cesium 
recovery w a s  90 percent. The cesium i n  the waste f r ac t ion  can be 
recovered by alum scavenging for recycle i f  desired.  

About 99.8 percent of the sodium 

Cesium Removal from Redox Alkaline Waste 

Methods for regenerating I)uolite C-3 r e s in  used in cesium ext rac t ion  
from Redox SX wastes were studied. Best results were obtained when the 
coluam r e s i n  bed w a s  treated w i t h  3 column volumes (cv)  of 2 NaOH 
at 2 cv/hr and then recycl ing with 4 cv of 8 9 NaOH at 2 cv/hr for four 
hours. Fluidizat ion of the bed was not necessary. Three load, e lu t ion ,  
regeneration cycles w e r e  run with t h i s  regeneration scheme, and 1 per- 
cent breakthrough points were 12, 9 and 11 column volumes of ac tua l  
w a s t e  e 



Strontium Semiworks Ce-Pm Separation 

Tests are i n  progress t o  compare t h e  rad ia t ion  and chemical s t a b i l i t y  of 
a new hydrocarbon di luent  (NPH) with t h a t  of S o l t r o l  170 when used i n  
t h e  Strontium Semiworks process for separat ing cerium from other  rare 
ea r th  elements, The D2EHPA-diluent solvent is  contacted with simulated 
r a re  earth-containing feed and then s t r ipped  w i t h  2 
i r r ad ia t ed  in a CO-60 source. 
about 27 w a t t  hours per  l i t e r  per cycle. A Ce(1V) d i s t r ibu t ion  r a t i o  i s  
determined f o r  t he  solvent a f t e r  each cycle by a standardized procedure. 
Daring f i v e  cycles completed t o  daze, C e ( I V )  d i s t r ibu t ion  decreased for 
solvents  prepared with e i t h e r  NPH or  S o l t r o l  170 as di luent .  However, 
t h e  Ce(1V) E: i s  s t i l l  r e l a t i v e l y  high f o r  both solvents ,  g rea t e r  than 
300 fo r  D2FZIPA-NPH and 150 f o r  D2MPA-Soltrol 170. 

Hm03 while being 
Radiation exposure t o  the  solvent i s  

Technetium Studies  

The technetium m e t a l  patder ,  whose preparation w a s  described las t  month, 
has been vacuum a r c  melted t o  a massive ingot (by Metallurgy Development 
Operation) m d  t h e  l a t t e r  analyzed. Oxygen content w a s  
e 0.006 ppm, and nitrogen e 3 ppm. 

2 ppm, hydrogen 

I n  o ther  work, analysis of data obtained during t h e  hydrogen reduction of 
mTI~TcO4 has been completed. 
F i r s t  w a s  t h e  formation of Tc02 a t  about 210 C. 
s t roqqly exothermic and caused a rap id  increase i n  furnace temperature 
t o  about 1OC C above the  operat ing level, The second react ion,  reduction 
of Tc02 t o  m e t a l ,  w a s  i n i t i a t e d  at about 380 C and w a s  not s t rongly exo- 
thermic. 
by hydrogen uptake) w a s  50 minutes a t  400 C and 30 minutes at 500 C. 

Two sequent ia l  react ions were observed. 
This reac t ion  w a s  

Time required for completion of t he  second reac t ion  (measured 

Advantage is  being taken of t he  e v a i l a b i l i t y  of pure technetium t o  pre- 
pare ana ly t i ca l  standards,  which will be d i s t r ibu ted  t o  a l l  i n t e re s t ed  
Hanford Laboratories f o r  ca l ib ra t ion  purposes ., 

New Cissoiver f o r  HPRF 

A design f o r  a new dissolver  f o r  t h e  Plutonium Reclamation F a c i l i t y  
(Pro jec t  880j w a s  near ly  completed t h i s  month. The new design provides 
f o r  b e t t e r  thermal c i r cu la t ion  within the, d i sso lver  and a l so  w i l l  allow 
t h e  chmging of ac id  and nitrogen en t ry  points  as required t o  prevent 
solids deposi t ion which plugged t h e  ex i s t ing  dissolver .  
capacity is  provided t o  reduce the  probabi l i ty  of carryover i n t o  t h e  
condenser a d  product e 

Increased surge 
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Non-Metallic Materials 
~ 

A v i t reous  carbon c ruc ib l e ,  mentioned last month as a possible fused 
chloride conta iner ,  f a i l e d  by oxidation damage at less than 70 hours i n  
air at 900 C. 
he ld  at 900 C i n  an argon atmosphere f o r  96 hours. A very small amount 
of t h e  ch lor ide  mixture had penetrated the  crucible.  
suffered a weight loss of 2.3 percent. 

A similar cruc ib le  containing equimolar NaC1-KC1 w a s  

The cruc ib le  

Samples of  two bearing materials, Carbon 4 1  and Ebolon ( a  carbon-filled 
TFE produced by Chicago Gasket Company), taken f r o m  Chempumpe, were judged 
not s a t i s f a c t o l y  f o r  s e rv i ce  i n  hot ,  concentrated n i t r i c  acid. After 
240 hours i n  b o i l i n g  60 w/o HlVO 

Corrosion of 304-L S t a i n l e s s  S t e e l  During Thoria Processing 

Liquid phase corrosion rates f o r  304-L stainless steel  i n  bo i l ing  t h o r i a  
dlssolvcnt [13 HE103-0.01 5 HF-0.03 
1.4 mils/= as aluminum concentration was inareased from 0.03 t o  0.25 5. 
Vapor phase corrosion rates were very nearly t he  same. 
fe r  conditions (140 C bulk metal temperature) l i q u i d  phase corrosion rates 
decreased f r o m  4.4 t o  2.6 mils/= over t h e  same aluminum concentration 
range. In the  terminal dissolver so lu t ion  [l 4 Th(l0 ) 41, l i q u i d  phase 
corrosion rates were about 0.2 m i l / =  at b o i l i n g  and a m i l s / m o  under heat 
t r a n s f e r  conditions. Aluminum t o  f l u o r i d e  mole r a t i o  e f f e c t s  are  over- 
shadowed by the high concentration of thorium. Average corrosion rates 
at bo i l ing  poin t  were about 5 m i l s / m o  l i q u i d  phase and 1 d l / m o  vapor 
phase during three-fold concentration of t he  terminal so lu t ions  over 
30- t o  ?&hour periods.  During similar concentration of terminal solu- 
t i o n s ,  in which excess n i t r i c  ac id  had been destroyed w i t h  sugar, average 
l i q u i d  and vapor phase corrosion of 304-L w a s  less than 0.5 mil/mo. 

both showed s i g n i f i c a n t  swelling. 3' 

Al(H0 131 decreased from 2.8 t o  

Under heat trans- 

PROCESS CONTROL DEVELOPMENT 

AC Column F a c i l i t y  

All minor construction work necessary before i n s t a l l a t i o n  of t h e  computer 
van has been completed. The i n s t a l l a t i o n  o f t h c  s igna l  wiring f r o m t h e  
con t ro l  room t o  t he  van area  w a s  completed. A system w a s  constructed t o  
simulate c o n t m l  s igna l s  t h a t  would come from the process cont ro l  computer. 
S t a r tup  end steady-etate operation of  the  AC f a c i l i t y  under simulated 
computer con t ro l  was then demonstrated t o  be sa t i s f ac to ry .  

C-Column Mathematical Model DeveloDment 

A new approach is being attempted i n  order t o  obta in  so lu t ions  t o  t h e  
large matrix equation which arises in t he  so lu t ion  of the  non-linear C- 

1 2 2 9 0 9 9  
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column model (ref :  HW-SA-3484). 
nique cal led the "conjugate gradient" method. 
approximation t o  the solution of the matrix equation i s  obtained by 
using a l inear C-column model with average values substituted. 

The approach uses an i terat ive  tech- 
A reasonably good i n i t i a l  
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PLUTONIUM RECYCLE PROGRAM 

S a l t  Cycle Process Engineering Development 

Experiments i n  t he  High Level Radiochemical F a c i l i t y  were continued 
during the month in an attempt t o  p rec ip i t a t e  99 percent of t he  plutonium 
a f t e r  which t h e  uranium and t h e  rare ea r th  f i s s i o n  products would be 
electrodeposited.  
i n  t he  p rec ip i t a t ion  of only 92 percent of t he  plutonium i n i t i a l l y  in 
so lu t ion  and an apparent l imi t ing  concentration of 0.01 w/o plutonium 
was reached. Elec t ro lys i s  under codeposition conditions was attempted 
i n  hopes of leaving the previously prec ip i ta ted  plutonium undissolved. 
The e l e c t r o l y s i s  did not remove the  plutonium from so lu t ion  as expected, 
and a major port ion of  the  previously prec ip i ta ted  plutonium was re- 
di ssolved. 

Sparging the  molten salt ba th  w i t h  pure oxygen resu l ted  

In other  work, the oxidation of U ( 1 V )  wi th  a 3 l/min O2 - 1 / 2  l/min 
C+ sparge a t  550 C in equimolal KC1-LiC1 was determined t o  be linear 
with time at a rate of 0.22 w/o per  hour i n  p i l o t  p lan t  equipment. The 
plutonium oxidation rate is reported t o  be about one-half the  U ( 1 V )  r a t e  
i n  laboratory sca l e  equipment. Hence, adequate plutonium enrichment i n  
t h e  U02 deposi ts  should be a t t a inab le  in t h e  C-cell equipment if a 
s imi l a r  r e l a t i o n  between U ( 1 V )  and plutonium oxidat ion rates e x i s t s  on 
*'?e large scale. 

Photometric Measurement of U r a n i u m ( 1 V )  i n  Chloride Melts 

A photometer sensing u n i t ,  comprised of a tungsten-filament l i g h t  source, 
a quartz  l i g h t  pipe,  a f i l t e r ,  and a CilS photo-detector, was constructed 
for use i n  est imat ing t h e  u r a n i u m ( 1 V )  content of molten chlor ide sal t  
melts, a matter of some concern i n  t h e  S a l t  Cycle Process. 
meter has been tested i n  the  321-A Building S a l t  Cycle f a c i l i t y  w i t h  
good results. 
determined by t h e  length of t he  gap i n  the  l i g h t  pipe which is inser ted  
i n t o  t h e  melt), t h e  photometer was found t o  be sens i t i ve  t o  uraniUm(1V) 
over t h e  concentration range of 0 - 2 weight percent. This instrument 
should be of help i n  determining the readiness of S a l t  Cycle melts fo r  
the various uranium and plutonium recovery s teps .  

The photo- 

With t h e  e f f ec t ive  c e l l  length used (one-half inch, 

1 2 2 9 1 0 1  
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RADIOACTIVE RESIDUE PROCESS DEVELOPMENT 

Coupled Spray Calciner - Continuous Melter 

Development work continued using as feed a simulated, sulfate-free Purex 
w a s t e  with colemanite added as a f lux.  
ca lc iner  with a d r a f t  tube w a s  served as feed powder t o  t h e  10-inch 
continuous melter. 

Product from t h e  14-inch spray 

A 48-hour run w a s  completed successful ly  at ca lc iner  feed r a t e s  from 3 t o  
8 gph. Some w a l l  deposi ts  of compacted but unsintered powder were 
evident,  but they did not a f f e c t  completion of t h e  runo The continuous 
melter, operated at a w a l l  temperature of 950 t o  1000 C and a m e l t  
temperature of 850 t o  900 C ,  produced 121 pounds of "glass" m e l t .  
siphon overflow valve del ivered the g lass  by appl icat ion of vacuum t o  
i n i t i a t e  transfer. 
formation was studied. It w a s  found t h a t  they are not a d i r ec t  function 
of high feed rates t o  the calciner .  

The 

In other  runs, t h e  tendency toward w a l l  deposit  

Spray Calciner 

The 14-inch spray ca lc iner  w a s  operated without t h e  continuous melter 
t o  study operation without a draft tube. Purex sulfate-free simulated 
wastes a t  4 gph produced only l ight  w a l l  deposits.  

Glass V i  scos i t g  Measurement 

The v i s c o s i t i e s  of two g lass  samples were measured i n  a temperature 
range of 800 C t o  1000 C. 
and a Purex colemanite glass .  The v i scos i ty  curves fo r  t h e  two samples 
were g rea t ly  d i f f e ren t  over t h i s  temperature range, The bo ros i l i ca t e  
g lass  had a s l i g h t l y  lower m e l t i n g  point (below 700 C )  and t h e  v iscos i ty  
dropped more gradually over t h e  e n t i r e  temperature range showing a span 
from 147 poises a t  780 C t o  28 poises a t  975 C, 
glass  melted between 750 and 800 C ;  t he  v iscos i ty  dropped very fast the  
first f e w  degrees above melting, showing 65 poises a t  830 C ,  24 poises 
at 875 C and then gradually level ing out at  t he  higher temperatures t o  
8 poises at 1025 C, 
a t  approximately 820 c 

The samples were a Redox boros i l i ca t e  g lass  

The Purex colemanite 

The v i s c o s i t i e s  of t h e  two glasses  were the  same 

Waste Melter Pot Materials 

Sulfate-containing melts were t h e  most severely corrosive t o  310 s ta in-  
l e s s  s t e e l  among a va r i e ty  of melt compositions t e s t e d  a t  950 C; r a t e s  
as high as 2 mils/mo were noted. When f e r r i c  w a s  added t o  a m e l t  pre- 
pared from calcined -ex waste with added s o l i d  colemanite, t h e  

1 2 2 9 1 0 2  
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cor ros iv i ty  of t h e  melt t o  310 s t a i n l e s s  steel was reduced by a f ac to r  
of about 507 However, if  the colemanite was added-before ca lc ina t ion ,  
subsequent addition of f e r r i c  oxide had no e f f e c t  on t h e  corrosion r a t e ,  
No explanation is apparent f o r  these results. 

A 50 C r  - 50 Ii alloy corroded at 11 mils/mo during exposure ( 24 hours ) 
at 1100 C t o  a Redox waste-colemanite m e l t .  I n - a  Purex waste-colemanite 
melt a t  950 C ,  t h e  corrorion rate was about 2 mfls/mo; with added NaH2P04, 
t h e  corrosion rate waa at least  2 mils/hr. A 50 I s i  - 50 C r  cont.aining 1 
percent t i tanium can be made q u i t e  duc t i l e  -by a. one-hour heat treatment 
at 1200 C followed by rap id  cooling. 
adequate, but water quenching would be better. 

Air cooling would probably be 

Data Logger f o r  Waste S o l i d i f i c a t i o n  Engineering Prototype 

A 7090 program has been wr l t t en  t o  process the data obtained from t h e  WSE 
prototype by mclszls of  the  automatic data logger. The program converts 
instrument readings t o  'engineering units, computes functions of many 
readings and pr in ts  out t h e  results i n  report  form. Plo t s  of many of 
the  reduced var iab les  are a lso  prepsred using Electronic Data Processing 
Operation's. d i g i t a l  p l o t t e r .  

Continuous Glass Studies 

In-cell  i n a t a l l a t i o n ,  of equipment for full-level testing of t h e  Brookhaven 
continuous glass process was v i r t u a l l y  complete a t  month's end. 
operation will b e e n  i n  September. Comprehensive supporting laboratory 
s tud ie s  of the  e f f e c t s  of composition on t h e  phosphate g l a s s  system 
c ont inued . 

"Hot" 

I n i t i a l  hot-cell  continudua g l a s s  runs will be i n  a sense "pot" runs, 
w i t h  the  glass co l l ec t ing  i n  t he  Brookhaven-provided platinum-lined 
Inconel 702 melters. 
each run, unless use of a removable ceramic c ruc ib le  l i n e r  proves feas- 
ible .  
is tha t  average hold-up t i m e  u i l l  be much longe r  than i n  a t r u l y  
continuow unit. The laboratory s tud ie s  show t h a t  degree of loss of 
sulfate and phosphate, extent and type of phosphate bonding, and r e su l t i ng  
g lass iness  of  phosphate g lasses  are s t rongly  influenced by thermal 
h i s tory .  
f o r  l a te r  i n s t a l l a t i o n .  A thin-walled, Inconel-backed, continuous melter 
fa i led ca t a s t roph ica l ly  during "cold" t e s t i n g .  
penetrated a pin hole i n  a f a u l t y  weld. I n  t h e  ensuing, extremely 
v io len t  reac t ion ,  the phosphate is believed t o  have been reduced t o  
elemental phosphorous which attacked t h e  platinum. Product of t h e  
thermite-like reac t ion  was globules of an a l loy  which X-ray ana lys i s  

One of these w i l l  be used (and s a c r i f i c e d )  f o r  

A drawback t o  t h i s  type of operation (with o r  without a l i n e r )  

A heavy-wall continuous platinum melter is being fabr ica ted  

Apparently the g lass  

showed t o  be about 45 percent p l a t i n u m  and t h e  r e s t  nickel.  



Intermediate -Level Waste Treatment 

The bac te r i a  count i n  Purex a lka l ine  waste condensate samples taken from 
the receiver  tank at d i f f e ren t  times w a s  determined. The number of 
v iab le  c e l l s  varied from none detectable  t o  lo4 cel ls /ml .  
were s tored  a t  low temperature t o  prevent fur ther  growth u n t i l  t h e  count 

4 
w a s  determined. 
of sampling show lo3  cel ls /ml  after 48 hours at room temperature and 10 
cel ls /ml  after 120 hours. 
bac t e r i a  count at sampling time has not been resolved. 
of bacteria present i n  t h e  fresh samples is  though t o  be too s m a l l  t o  

required t o  produce t u r b i d i t y  i n  water. 
i n  the  condensate during s torage can de f in i t e ly  complicate subsequent 
treatment by ion exchange. 

The samples 

Samples which had no detectable  bacteria a t  the  time 

The cause f o r  t h e  day t o  day var ia t ion  i n  
The concentration 

cause plugging of ion exchange beds s ince  about 10 8 cel ls /ml  are 
However, t he  growth of bac te r i a  

CONTAINMENT SYSTEIB EXPERI- 

MaJor F a c i l i t i e s  and Equipment 

Decontamination continued i n  T-Plant to - reduce  contamination l eve l s  t o  
values below Radiation Protect ion cont ro l  limits. 
dose rates less than 5 mr/hr appear- t o  be a t ta inable .  

M a x i m u m  background 

Drawings f o r  i h e  containment vesse l  were received from t h e  Chicago Bridge 
& I ron  Company and are being reviewed. The vendor requested and w a s  
granted an_ extension of 35 days i n  the scheduled completion date because 
of delays i n  s teel  del ivery.  Struthers-Wells submitted a negotiated 
p r i c e  of $131,000 f o r  the reac tor  simulator vessel .  
t h e i r  proposal are being reviewed. 

Various d e t a i l s  of 

Fiss ion Product Simulation 

A 50 kw Lepel high frequency generator was received and i n s t a l l e d  i n  
271-CR B u i l d i n g  f o r  use i n  the f i s s i o n  product generation demonstration 
study i n  support of CSE. During the  acceptance t e s t s ,  a stainless s t e e l  
c lad UO specimen measuring 1/2 inch i n  diameter by 3 inches long w a s  
heated $0 t h e  U02 melting point  in-about  2 minutes. Additional tests 
a re  i n  progress t o  famil i i i r ize  personnel with t h e  operating cha rac t e r i s t i c s  
and capac i t ies  of t h e  equipment. 

General 

The CSE program document has been reviewed and i s  being revised t o  incor- 
porate comments p r i o r  t o  formal issue.  
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TERRESTRIAL ECOLOGY - EARTH SCIENCES 

Hydrology and Geology 

The e lec t ron ic  e q u i p n t  used for measuring degree of s o i l  sample 
sa tu ra t ion  (measurtmtnt of unsaturated flow parameters) is undergoing 
r e p a i r  due t o  a needed rev is ion  of t h e  discriminator-amplifier sec t ion .  
Correction of t h i s  d i f f i c u l t y  should result i n  more s t a b l e  readings of  
transmission of the  Am-241 source photons, 

Analgtical  functions used t o  f i t  s o i l  parameters give d i f f u s i v i t y  
values very comparable t o  the  values determined by graphical handling 
of t he  data. The results of pred ic t ions  of hor izonta l ,  l i n e a r ,  t r a n s i e n t  
flow are qu i t e  similar f o r  t he  two methods of handling t h e  data. The 
u t i l i t y  of the f’unctions appears t o  be i n  t h e  ease of programming and 
data input preparation. 

RADIOLOGICAL AND HEALTH CBEMISTFtY 

Multidimensional Coincidence Spectrometry 

co-60, RU-106, Ce=l44 and ~ e 2 2 6  were measurable i n  t h e  salts from 12 
l i ters of ocean water obtained for us by Oregon S t a t e  University from a 
loca t ion  50 milea west of Newport, Oregon. 
were present but could not be determined w i t h  p rec is ion .  
from 50 l i t e rs  of water were used with our  large 9-3/8 inch diameter 
c r y s t a l s ,  all of theae radionuclides should be measurable. Samples 
of salts from t h i s  water and from water taken a t  a 300-foot depth are 
being neutron ac t iva t ed  t o  demonstrate t h e  a b i l i t y  of the  multidimensional 
coincidence spectrometer t o  determine d i r e c t l y  some t e n  of t h e  t r a c e  
elements present.  

Ha-22, Sc-46 and Th-228 
If t h e  salts 

Bass muscle from a f i s h  caught i n  the  Columbia River was found t o  contain 
measurable quan t i t i e s  of Ia-22, K-40, SC=46, Mu-54, Co-58, Co-60, 251-65, 
Cs-134 and Cs-137. 
0.05, which is more than an order of magnitude higher than t h e  r a t i o  
observed i n  o the r  foods not obtained from t h e  Columbia River. 

The Cs-134 t o  Cs-137 r a t i o  w a s  observed t o  be about 

Large Area Alpha Spectrometry 

The l a r g e  a rea  alpha spectrometer was opera ted .successfu l ly  t h i s  month 
w i t h  a reso lu t ion  of 140 kev. H i g h  backgrounds obtained w i t h  t h e  com- 
mercially obtained, aluminum coated, p l a s t i c  source mounts must be 
reduced before very low-level counting can be done. 



Radionuclides i n  H u m a n  Hair 

Sixteen h a i r  samples from Alaskan Eskimos of Ahnaktuwk P a s s ,  Alaska, 
were found t o  contain Cs-137 i n  concentrations ranging from 1 - 8 dpm 
per  gram of ha i r .  
through whole body counting by Radiological Physics personnel, t h e  
r e s u l t s  were 3 - 8 dpm per  gram of h a i r  per  microcurie of Cs-137 body 
burden. 
uniformity of ha i r  sampling. 
t o  obtain b e t t e r  values c o n e l a t i n g  h a i r  concentrations with Cs-137 
body burdens. 

When normalized t o  t h e i r  Cs-137 body burdens obtained 

This range i s  surpr i s ing ly  small considering the  probable non- 
Further ha i r  sampling w i l l  be undertaken 

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Aerosol Sanrplina Study 

Studies of t he  apparent i n e r t i a l  e f f e c t s  of zinc sulfide p a r t i c l e s  on 
t h e i r  co l lec t ion  upon t h e  41 mm diameter f i l t e r s  were continued f o r  a i r  
s e p l i n g  rates much lover  than i sokine t ic .  Runs were completed f o r  a 
sampling flow rate of 0.014 of i sokine t ic  at a windspeed of 16.5 mph 
and f o r  an impaction sample at 9.0 mph. 

Analysis of t h e  da ta  f o r  16.5 mph leads t o  the  conclusion t h a t  calculated 
concentrations from t h e  subisokinet ic  f i l t e r .  would be 1.2 t o  5.7 times 
greater than t h e  t r u e  concentration f o r  p a r t i c l e s  from respect ively 3 
t o  25 microns i n  diameter. 

The reproducib i l i ty  of t h e  samples taken a t  two adjacent posi t ions i n  
the  wind tunnel with an a i r  flow of 9.0 mph w a s  determined. For s i z e  
ranges between 12  and 25 microns, t h e  reproducib i l i ty  was 636 VS. 612 
and 144  vso 135 p a r t i c l e s  on each f i l t e r ,  whfch i s  considered excel lent .  
Analysis of t h e  impaction da ta  using t h e  same sample locat ions and 9 mph 
windspeed shared t h a t  t h e  impaction e f f ic iency ,  N/N0,  increases from 
0.001 t o  0.2 f o r  p a r t i c l e s  from 4 t o  25 microns i n  diameter. 
r e s u l t s  are consis tent  with the  magnitude of t h e  impaction e f f i c i enc ie s  
measured from 2.7 t o  30 mph. 
made t o  determine t h e  impaction reproducibi l i ty .  

These 

A second impaction run at 9.0 mph is being 

A computer program has been wr i t ten  t o  ca lcu la te  an ana ly t i ca l  expression 
t o  represent t h e  p a r t i c l e  s ize  d i s t r ibu t ion  on each f i l t e r  in order t h a t  
sampling e r r o r  calculat ions may have a consis tent  bas i s  f o r  calculat ion.  
The program is based on an i t e r a t i v e  technique developed t o  represent 
t he  d i s t r ibu t ions  e Calculated d i s t r ibu t ions  show consistency w i t h  
experimental t es t  cases but  fu r the r  improvement i n  the  technique i s  
considered desirable .  
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Aerosol Transport. Deposition, and Re-entrainment 

Monodisperse s i l i c a  p a r t i c l e s  t raced  w i t h  Rhodamine-E were much less 
e f fec t ive ly  deposited i n  90' tube bends than  were methylene blue 
p a r t i c l e s  i n  earlier experiments using comparable flows. The possi- 
b i l i t y  of t h e  n e w  5 u s i l i c a  p a r t i c l e s  h a v i n g a  supe r f i c i a l  density 
much less than the actual densi ty  of s i l i c a  is being investigated.  
A Millikan c e l l  was placed i n  operation t o  measure charge/mass r a t i o s  
f o r  these and o ther  piwticles .  

Fal lout  Studies 

The cosmic ray-produced radionuclides S-38 and el-38 w e r e  measured fo r  
t he  f i r s t  t i m e  in rainwater samples t h i s  month. Since 1955 when P-32 
w a s  found t o  be present i n  rainwater a s - a  result of cosmic ray spalla- 
t i o n  of argon-40, Cl-39, S-35, P-33, Na-22 and Na-24 havt a l so  been 
reported. Es t imates  of t he  expected production rates of o ther  possible 
spa l l a t ion  products shared that-S-38 (2.9 h) should be present together  
with its daughter, Cl-38, which should be present not only from decay 
of  t h e  parent,  S=38, but also as a primary spa l l a t ion  product. 
decay mode includes emission of gaxna rays in-cascade so t h a t  it is 
suitable f o r  measurement by multidimensional coincidence spectrometry. 
By counting the  Cl-38, allowing t h i s  material t o  decay, and la ter  
counting t h e  C1-38 formed by decay of t h e  S-38, measurements of t h e  
concentrations of these  two radionuclides were obtained. Values obtained 
from f i v e  r a i n  samples were 4 . d  13 dpm per l i t e r  f o r  S-38 and 9 - 147 dpm 
per  l i t e r  f o r  C1-38. 
our understanding of f a l l o u t ,  ra inout ,  and cloud formation mechanisms. 

The C1-38 

Studies of these  radionuclides should increase 

Promethium Heat Source Development 

The first measurements of compatibil i ty of proposed promethium hea t  
source core forms with a va r i e ty  of clads-were completed during the 
month. Two types of experiment were formed. In one, specimens of 
severa l  candidate canning materials (Hastelloy-X, Hastelloy-N, Hastelloy- 
C ,  Inconel-61, Haynes-25, platinum, Rene-41, Carpenter-20, 310 SS , 
t i tanium and tantalum) were sealed i n  evacuated quartz ampoules w i t h  
samples of cerium, samarium o r  neodymium metals (stand-ins f o r  promethium 
metal) and then heated f o r  550 hours at U O O  C (above t h e  melting point 
of the  rare e a r t h  metals). Visual and metallographic examination showed 
tantalum t o  be completely unaffected. Titanium w a s  next most inert, 
whereas the  o thers  showed more o r  less general  a l loying o r  leaching-type 
at tack.  In the  other  study, neodymium oxide (stand-in f o r  promethium 
oxide) and samples of severa l  cladding mater ia ls  (310 SS, molybdenum, 



platinum, 
impacted 

Haynes-25, and Hastelloy-N, -X, and -C)  were pneumatically 
i n  a SS can) ,  held a t  1100 C f o r  1000 hours, and then sect ione 

and examined. 
Metallography has not been completed. 
pared and loaded i n t o  impaction containers with clad samples f o r  s i m i l a r  
exposure. 

No a t t ack  w a s  v i s i b l e  i n  t h e  case of any of t h e  materials.  
Neodymium f luor ide  was a l s o  pre- 

I n  o ther  work, N U 3  w a s  successful ly  reduced (by reac t ion  w i t h  l i th ium) 
t o  a high pur i ty  metal button, and design w a s  completed of t he  promethium 
reduction equipment which will be i n s t a l l e d  i n  t h e  shielded promethium 
glove boxes. 

Manager 
Chemical Laboratory 

M I  Wal1ing:cf 
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‘T. 5.T. Roberts t r ans f s r r ed  from Tschnical I n f c m a t i o n  t o  the  Biological  
.4nalyses Operation P S  an A n a l m t  on August 3. 

A. 2 4 .  Harty, Bic loc ica l  Technologist i n  Biological Analyses i3?sration, 
was temporarily rsnoved frcm the  pavro l l  due t o  i l l n e s s  absence. 

Capt. J .  L. Nurray, USAF, ccmpleted his p=riod of t r a i n i n g  on August 13, 
having been assigned t o  Biology s ince  Ju ly  26, 1963. 
duty w i l l  be with the  ASC ‘ s  Division of a ic logy and Medicine i n  
Washington, I). C.  

J. Z. Ballou, F ic loqica l  S c i e n t i s t  i n  the Yetabolism Operation, began 
h i s  Wucat ional  Leave cf Absence on August 14. 
f c r  h i s  Ph.3. a t  t h e  University of Rochestar. 

H i s  new tour  of 

Se w i l l  bs worldng 

K. R. Price,  A X  F?llow, cgnpleted a fourteen-month assignment wi th  
Iiadicecology on August 2 1 ,  conductin: t h e s i s  rpsearch. Ee will be 
teaching a t  the  Universi ty  of Xevada i n  3eno. 

J. J. Reardon, Summer Trofessor i n  the i~letabolism Operation, completed 
his summer assignment on August 21. 
assignment a t  the Universi ty  of Toronto i n  Canada. 

He will begin a new tsaching 

C. ‘d. F o r t ,  AX Radiological Physics Fellow, completed nine weeks o f  
t r a i n i n g  with Aquatic Biology on August 28. 

C. 3. idatson, ATC Fellow, complsted h i s  assignment with the Exptl. 
A n i m a l  Farm en August 28. 

3. 0.  Wilson, QioloFical S c i e n t i s t  i n  the  Rarlioecolom Operation, 
resigned e f f ec t ive  A u x s t  28 t o  r - turn t o  school. He w i l l  work 
tuward his APh.~. a t  the  ‘Tniversitv 0.’ California ,  Davis, C a l i f .  

B. A C T I T  TT T, 

Reactor Eff luent  Poni tor ine 

Young chinook salmon rsared f o r  1Q wseks on Zn6s f ree  d i e t  i n  rpac tor  
e f f l u e n t  concentrations of 9, 2, 4, and 6% accumulate on the  average 5 ,  
1 2 ,  15, and 9 pc/g f i s h ,  respec t iv  1 The 6% group compared aga ins t  8<’ 3n the o ther  t h e  4% grcup has about &O$ less Zn 
e f f l u e n t  i s  cooled t o  r i v e r  water temperature the  Zn 
w a s  5 ,  13, 1 2 ,  and 19 p ~ / ~ f i s i l f c r  3, 2,  4, and 6$ groups, respect ively.  
The r e s u l t s  show the importance of ev  n a few degrees increase i n  

water. 

nd, when the  & concentration 

temperature on the  accumulation of Zn a 5 d i r e c t l y  f r o m  the  e f f l u e n t  

1 2 2 9 1 0 9  uvcu SSTFIFD 
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C clumnaris 

Production o f  ant ibodies  was measured fol lowing in t r ape r i tonea l  and 
s u b c u t a r k u s  in j ec t ions  or' heat-ki l led c clumnaris cu l tures  singly 
and i n  camhination with F F u n d ' s  adjuvant. Antihodv prcduction was 
g r e a t e r  i n  trcut receiving subcutanocus i n j x t i o n s  than those receiving 
in t r ape r i tonea l ,  and i n  thoso trsated with the  adjuvant. 

c17LXY !.VD MTDICI'F - 06 PmRAM 
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Strontium 

A ha-year-old female miniature  swine that had ingested 25 pc Srm/day . 
f o r  approdmate ly  3-3/4 years was ki l led  due t o  her  de t e r io ra t ing  
physical  condition. 
elsvated leukocyte count. 
number of immature polymorphonuclear cells. 
a basophi l ic  type myelocyte. 
hepa t ic  and lumbar lymph nodes was observed. 

Although no t  markedly involved, t h e  l iver  d i d  have an  
appearance suggest ive o f  its involvement i n  t h e  disease process. 

Tentat ively,  this has been diagnosed as a case of qmlcgenous leukernia, 
probably of a basophi l ic  type. Leukemia of t n i s  type i s  rare i n  swine 
and wculd suggest that t h i s  case was related t c  the  r a d i a t i o n  exposure 
o f  t he  animal. The accumulated r ad ia t ion  dose t o  the  bone m a r r o w  cf 
t h i s  a w l  was estimated at-3000 r a d s  a t  a minimum. 

P r i o r  t o  death, she was shcwn t o  have a marked 
This was due in l a r g e  part t o  an increased 

The predominant c e l l  was 
3n necropsy, marked enlargemsnt o f  t h e  

Thesplsen was rnoderately 
. ' enlarged. 

This  case 
ind ica t ion  02' r a d i a t i o n  damage i n  an aninal cn the  25' pc SrgO/dav regimen. 

is of  p a r t i c u l a r  i n t e r e s t  since t h i s  i s  t h e  first clear-cut 

Iodine 

I n  order  t c  s t u d y  t h e  sarly g a s t r c i n t e s t i n a l  movement and abscrpt ion 
of iodine i n  t h e  ruminant, lambs w e r e  ,given a fsed  p e l l e t  ccntaining 
2?0 pc 1131 with a b a l l i n g  G n  and then euthanatized a t  i n t e rva l s .  
?rel.iminary r e s u l t s  i nd ica t e  a detectable 1131 l s v e l  only as f a r  a s  
the masum ( o r  t h i r d  pc r t ion  of t h e  ruminant 'tstomach") i n  10 minutes. 
Although 1131 cculd n c t  be detected i n  the blood a t  10 ninutes ,  it 
could be i n  t h e  thyrc id ,  where t h e  1131 seemed t o  be  about t he  same 
as i n  the rumen. btectable  concentrations appear i n  t h e  duodenum 
by 20 minutes and in the  colon by  LO minutes. 
expanded t o  incorporate  whole-body monitoring and t h e  use of an  
unabsorbed tracer t o  cmpare  with t he  G I  mcvement o f  11% 

(This work w i l l  be 
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Cesium - 
'hermoluminescent dosimeters (containing E?) vere su rg ica l ly  iTplanted 
i n  three male sheep t h a t  wPre fed  25 pc Csl37/day f o r  extended periods 
of time. Additional dosimet?rs were at5ached t o  the  e x t e r i o r  of t h e  
animal. After a ls-day exposure period f c r  t h e  i n t s r n a l  dosimeters, 
t h e  animals were killed, the  dosimnters recovered, and t i s s u e s  
obtained f c r  Cs137 analysis .  

The dcs ine te r  capsules used t o  hold th?  LiF pcrder were fabr ica ted  
especially f c r  t h i s  experiment. 
a h mm w a l l  t'niclmess t o  sh ie ld  th2 dosimeter powder frcm p-irradiat ion.  
?he p-radiat ion dcse r a t e  t o  the  t i s s u e  w i l l  be estimated from t h e  
Cs137 ccncentrat ion i n  t i s sue .  
t i s s u e s  w i l l  be  deduced from the  calculated dose and t h e  gamma 
rad ia t ion  dose r a t e  measured with the  LiF. 

They are m d e  of t e f l o n  and have 

I 

The t o t a l  r ad ia t ion  dose ra:.e t o  tne 

Complete r e s u l t s  of t h i s  s tudy  and a comparison with work performed 
i n  this labora tory  several years ago using a less elegant  
system w i l l  be ava i lab le  next month. 

Rumen sampling of  t h r e e  rumen-fistulated Suffolk ewes is being 
conducted over a per iod of 18 days. 3aily feeding of each ewe 
cons i s t s  of 1 kg chopped a l fa l fa  hay spiked with 2 5 p c  Cs137. 
sampling times are j u s t  before  feeding and 7 hours following feeding. 
"he cS137 concentrat ion of t h e  pre-feeding samples on t h e  second day 
were one-half that  of t h e i r  spiked feed while the concentration o f  the  
m e n  content on t h e  afternoon sample exceeded t h e  concentration 
of t h e i r  d a i l y  feed. 
by -3adioecolcgy i n  re indeer  and caribou i n  Alaska.) 

The 

(This l a t t e r  phenomena has been described 

Plu t  onium 

Tksferrioxamine-B (DFAB), when given a t  t h 9  same t i n e  a s  DTPA, vas 
b e t t e r  f o r  removing well-deposited ?u238 frcm r a t s  than e i t h e r  
agent alone, o r  when DFAB and IYTPA were given on a l t e r n a t e  d a n ,  
o r  when given with phenylbutazone. 
d i f fe rence  between t h e  con t ro l  and any treatment value f c r  hone 
Pu concentrat ion was fcund so  t h a t  ',he t o t a l  e f f e c t  was i n  the  s o f t  
t i s sues .  The extra h excreted bv t h e  t r ea t ed  animals came out 
with t h e  u r i n i  and t h e i r  was no increase  i n  the  feca l  plutonium 
output . 

Yo s t a t i s t i c a l l y  v a l i d  

Inha la t ion  S tudies  

Plutonium analyses were cornpleted on a dog t h a t  died 51 months 
following a s i n g l e  exposure t o  Pu23902. 
was 1.3 pc: 
nodes, 3% i n  l i ve r ,  and !i% i n  skel?ton. Cardiopuhonary 
insuf f ic iency  and lflphopenia were t h e  primary c l i n i c a l  s igns p r i c r  

The bodv burden a t  death 
51% i n  lungs, 413 i n  bronchial  and mediast inal  l p p h  

UMCLSS IF1 TD l 2 2 9 l  I I 
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t c  death. 
f i b r o s i s  i n  t h e  brcnchia l  lymph ncdes, but no wimary tumcrs. 
four of t h e  n inr  dogs t h a t  have died 2 t o  b years a f t m  ?xposure t o  
Pu23902 had primary ~ U ~ T G M I T  tumors. 

Two dogs were s a c r i f i c e d  s i x  nonths a f te r  exposure t o  3~10602.  
body scans with the  dog counter i nd ica t e  that t h e  bodv burden of Flu106 is 
almost e n t i r e 1  

areas . 

F!istcDathology shmred f i b r o s i s  and ne tap las ia  i n  t h e  lungs and 
Xcwever, 

Tc ta l  

i n  t h e  lung rpgion. This is i n  c o n t r a s t  t o  t h e  dogs 
exposed t o  ce & 2 which appqars t o  b e  rqtained in both  lung and liver 

I n  s t u d i e s  of lung t i s s u e  homogenates the  synthesis of f a t ty  ac ids  by 
r a b b i t  lung mitochondrial f r a c t i o n s  was only one-fourth the r a t e  found 
Ln sinilar prepaxations of rat lungs.  
d i f fe rences  is  disappo'nting i n  t h a t  it was hoped t h a t  r a b b i t s  would 
prcvi.de an  economical scurce of lung t i s s u e  f o r  our  biochemical studios., 

&r ing  the  pzs t  p a r  116 x q p i s s  werg whelped i n  t h e  dog colony. me 
mean l i t t e r  s i z e  was 5.8 puppies per  l i t t e r ,  mor t a l i t y  8$, and 5.3 pupDies 
w e r e  maned pe r  l i t t e r .  The l i t t e r  s i z e  i s  g r s a t e r  and t h e  mor t a l i t y  
s u b s t a n t i a l l y  less than reported f o r  other  experimental dog colonies.  
Because of the success of t he  breeding prozram i n  providing t h e  animals 
required f o r  experiments planned i n  1965 fu r th2 r  breeding will not be 
necessary during t h e  next  six months. To house the  expanded dog colony 
this winter, most of t h e  existing dog runs are being divided and an 
add i t iona l  20 temporary runs a r s  being constructed.  Occupancy of t h e  
40 dog runs i n  t h e  3OQ Area next spr ing  w i l l  be required t o  house t h e  
dogs as they  are assigned t o  experiments. 

This f u r t h e r  example of  species  

Zas t ro in t e s t ina l  Radiation I n j u r y  

A radiomimetic ni t rogen mustard was even more effective i n  p rwen t ing  
b i l e  salt absorpt ion than X-irradiation, when compared on a comDarable 
mor t a l i t y  dose basis. 
hydrochloride (HN2) depressed b i l e  absorpt ion i n  rats by LO and 88%, 
respec t ive ly ,  three days a f t e r  i n j ec t ion ,  w h i l e  t h e  l e t h a l l y  equivalent 
X-ray doses of  1,ooO and 1,500 r t o  the  abdomen caused cn ly  a 10 and 
5 3 :  depression below normal. 

One and 2 mg,/kg cf m t h y l - b i s (  2-chloroethyl)amine 

Secondary Disease Studies  

Ilon-treated LAF mice and mice i r r a d i a t e d  with 950 r o f  X-ravs were given 
2 X 107 cel ls  of ra t  bone marrow o r  spleen. The l i ve r  parenchymal Cells 
of t h e  chi-nx-as were examined i n  t h e  microspectrcphotometer 1, 3, 7 ,  10 
and l-4 davs a f t e r  t h e  in j -c t ion .  PJormal liver parenchymal c e l l s  o f  LAF 
mice a r e  made up of t w o  ploidy classes based on a 7NA c l a s s i f i c a t i o n ,  
d ip lo id  and t e t r a p l o i d ,  however, no dramatic cnanges i n  ploidy w s r e  
observed i n  our cytophotometric analyses. This i s  i n  con t r a s t  t o  t5e 
conclusions of Zonqden and Kretchmar, based on h i s t o l o g i c a l  evidence, 
wno f e l t  tha . t  t he  symmetrical enlargement o f  t h e  chimera's l i v e r  was 
due t o  an inc r sase  i n  ploidy causing an  enlargement i n  t h e  ind iv idua l  c e l l s .  

http://prcvi.de
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? lan t  Aut r i t ion  

3qe r imen tS  were begun t o  studv iodide t r anspor t  i n  bar lev  p lan ts  under 
csndi t ions of diminishing energy subs t ra tes .  I n i t i a l  tests shcwed iodide 
t ranspor t  (1) stcpped during dark periods following a photo period, and 
(2)  was enhanced by chlo-aiphenicol. 
emected  r e s u l t s  and a r e  b 4 - g  invsst iga ted fu r the r .  

Both resu l t s  a re  contrary t o  

IXcrob iology 

Tryptophan mutants exhib i t  considerable growth a f t e r  tryptophan has Seen 
exhausted frcm t h e i r  f i l t ra tes .  
occur a t  t h e  expense cf an  i n t r a c e l l u l a r  pool of tFrptophan; nowever, 
expo,rirnents conducted upcn t h i s  amino acid s h o r t l y  before and shcr t lv  
a f t e r  i t s  disappearance ind ica t e  the  growth i s  made a t  t h e  expense of 
some metabolic product of tryptophan which is excreted i n t o  the  medium 
and re-assimilated.  
now i n  progress t o  i d e n t i f y  t h e  compound, believed t o  be indolepyruvic 
ac id  - the  n#keto ac id  ccrresponding t o  t r y p t c ~ h a n .  

This growth was previously believed t o  

Several  experiments, both i n  vivo and i n  v i t r o ,  are 

-Radiation Affects on Insec ts  

Flour bee t l e s  maintained a t  various temperatures following X-irradiation 
showed (1) delayed reproductive onset and reduced prcduct iv i ty  i n  females 
given LOO0 r; 1 2 )  a noss ib le  syne rg i s t i c  effect  of lower temp?rature 
ccmbined with dosages of 2000 r o r  &?OO r; and (3) fendles  were moFe 
s e n s i t i v e  t o  i r r a d i a t i o n  than males, as measured by f e r t i l i t y  and 
product iv i ty  of i r r a d i a t e d  adul t s .  Dose-response curves were o f  t he  
'%ult i -hi t"  tyoe, ind ica t ing  radiation-induced chromosomal aber ra t ions  
as the majcr cause of a l t e r e d  product ivi ty .  

Yffects of X ray on F i s h  

Three groups o f  c i c h l i d s  exposed t o  2QOO r and reared a t  t h ree  d i f f e r e n t  
water kmpera tures  of 20, 25, and 30 C f c r  69 d a y s  showed no d i f fe rence  
i n  qrowth a t  the lower tempwatures,  but  t h e  i r r a d i a t e d  group i n  30 C 
water was smaller a t  t h e  1% level  o f  s ignif icance.  Controls avoraged 
11 + 5 g canpared t o  8.8 + 3 g f o r  the  i r r ad ia t ed  groups, 
morTality occurred betwee; t rsatmsnt  groups. 

Xo s ign i f i can t  

?Vfects of  'dater Tenperature on Fish 

Fish acclimated a t  1 8  C had s ign i5 i can t ly  d i f f e r e n t  r e sp i r a to ry  r a t e s  f o r  
red and white mscle. 
compared with 3.82L + 0.15 f o r  w h i t e  muscle. 
seen in t h e i r  u t i l i z&on  of labeled intwmediary mstabol i tes  i n  v i t ro .  
The red muscle is t h e  much more metabol ical ly  a c t i v e  o f  t h e  two t i s s u e s  a t  
t h i s  temmrature  as it W i l l  produce lh*b pc CO;/mgN/hr from C - 1  glucose, 
1.88 pc CO2/mgIJ/hr f r o m  C-6 glucose and 12.71 pc C02/mg?J/hr from ace ta te .  
The v . i t e  muscle produces 5.9 G11, 1.13 316, 4.28 AC1, remectively. 

The 202 (F) f o r  red muscle is  1.2& + 0.11 as 
This d i f fe rence  is a l s o  
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Columbia River Limnology 

S t a t i s t i c a l  analysis of p r i p h y t o n  b i o m s s  aeasurements showed b e s t  
correla%ions w e r e  between dry weight, ash weight, and chlorophyll  a 
content. - a and solar rad ia t ion ,  and varied from 10 t o  lb0,ug d m  weight/cm2/day. 
Phosphorus-32 and zinc-65 accumulation also cor-elated b e s t  with d r y  
weight, ash  weight, and chlorophyl l  a. 

Fbdionuclide accumulation by periphyton varied independently from t h e  
radionucl ide burden of  the  river. 

Net prcduct icn rate was c lose ly  cor re la ted  with chlorophyll  

- 

These da ta  suggest t h a t  adsorpt ion is  t h e  dominant mode of radionuclide 
uptake by t h e  river periphyton comnunity. 

Terrestrial E c o l o c  

Cation analyses of  cheatgrass  harvested from beneath greasewood and 
hopsage canopies and from in te rshrub  areas showed: 
content highest  i n  p l an t s  grown beneath hopsage and greasewood and 
lowest i n  those  from open areas, and (2) sodium content highest  i n  
p l an t s  harvested from beneath grwsewood and lowest i n  those fran 
open areas. These data i l l u s t r a t e  thg influence of  s e l ec t ive . ca t ion  
accumulatiun by d e s e r t  shrubs upon mineral  accumulation by associated 
plants .  The importance o f  such snvironmental a l t e r a t i o n  upon radio- 
nuclide uptake was i l l u s t r a t e d  i n  labora tory  experiments with s o i l  
taken from Seneath greasewood canopies. Cesium-137 uptake b barley 

uptake was much reduced compared t o  o ther  s o i l s ,  presumably because 
of t h e  high pH (9.1) and a n  abundance of sodium. 

(1) potassium 

p lan t s  grown i n  such s o i l  was fa ir ly  cons is ten t ;  however, S r  8 5 

Alaskan Studies 

'thole-body ccunting was ccntinued a t  Arct ic  Village and Yotzebue. 
Average Cs137 body burdens a t  these  loca t ions  were a0 and 3bO 
nanocuries, respect ively.  Current values  are approximately double 
those observed one year ago. 
na t ives  counted during a l l  years were 1250 nc ( a v e n g e )  and 2bOO nc 
(-). A maximum Cs137 body burden o f  3000 nc was detected i n  
a non-native res ident  o f  a r iver v i l lage ,  of which native res idents  
contained an average of 360 nc and a maximum o f  670 nc. This high 
Cs137 burden resu l ted  from much g r e a t e r  caribou ccnsumption t5an 
most na t ives  of t h e  m e  locat ion.  

Corrected values  f o r  27 Anaktuvuk Pass 

Caribou f l e s h  obtained from Anaktuvuk Pass during March and May 
contained 110 and 190 pc Cs137/g d r y  weight, respect ively,  
twice t h e  concentrat ion observed one year ago. 

Samples were obtained i n  l i chen  p l o t s  t o  which SrES and C S ' ~ ~  ere aoplied 
last month ., 

This  is 

HA Kornbt?.rg:es 
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I. Speeches Presented 

a.  Papers Presented a t  Society Meetings and jymposia 

Bustad, L. K. Signif icance o f  radionuclide contamination i n  ruminants. 
Second In te rna t iona l  Symposium on t h e  Physiology cf Digestion 
i n  the Ruminant. A m e s ,  Iowa. R u e s t  19-21, 1964. 

Cushing, C.  E. Product ivi ty  and radionuclide accumulation of 
periphyton i n  t h e  Columbia Rver. ALES 'Jeetings - kolo,$cal , 

Society of America, Boulder, Colorado. August 23, 196L. 

Rickard, V. 2. ?Enera1 uptak? by  greasewood and honsage. AIBS 
Meetings - Ecological Soc ie ty  of America, Boulder, Colorado. 
August 23, 1364. 

ITakatani, R. E. Toxic i ty  and metabolism of zinc-65; i n  t rout .  
BIBS I'eetings - Zcolozical Society of America, Boulder, Colorado. 
August 26, 1964. 

Clarke, W. J. Yistopathology and autoradiczraphy of t h e  canine 
fcllo~ ng plutonium inhalat ion.  
I n d u s t r i a l  Hvgiene Association, IZichland, jias hington. 
Auqust 28, 1964. 

Paci?ic Northwest American 

Palotay, J .  L. Anatcmy and physiology of the  mammalian lung. 
Pac i f i c  Ncrthwest American I n d u s t r i a l  Vygiene Association, 
Iiichland, Washington. August 28, 1964. 

HcClellan, R. 0. Ectopic myelopoiesis and o the r  hematologic 
changes i n  miniature swine ingest ing Sr90 dai ly .  
Congress of t h e  In t e rna t iona l  Society of Hematology, Stockholm, 
Sweden. August 30-Sept. 4, 1961r. 

Xth 

b. Seminars (Off-Site and Local) 

Universi ty  of  Washington Summer I n s t i t u t e  i n  Radiation Biologv, 
Richland, Washington: 

August 12 ,  1964 

Nahlum, D. D. - Heavy Metals and L i v e r  iletabolism 

Bustad, L. 1. - Radioiodine i n  Farm knimals 

I?rcClellan, 9. - Sr90 Yetabolism i n  Pigs 
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'Tniversity cf :,iashington S i m e r  I n s t i t u t e  - ib-ttinued: 

~~ ~~ ~~ - 
Yanson, 'T. C.  - Alaskan Studies  

?ark, J. - Inha la t ion  o f  Fiadicactive : 'ar t ic les  

;Ja!<a&d, 3. 5 .  - Z f f l u e n t  'Tcnitoring and Fish Sesearch 

? r a n ,  Y. L. - E?adiati.cn Studies  with -3cur Beet les  

c. Serninars (Biclogy) 

Ucne 

11. Art i c l e s  L%blished 

a. Open L i t e r a t u r e  

Rickard, T,%r. H. Demise of sagebrush through soil changes. BioScience 
U, Jo. 8: L3-lrL (196L). 

5 .  Fp:! Documents 

Tcne 

111. Visits and Vi s i to r s  

a. -'-sits t o  Hanford 

Th i r ty  members of t he  University of Washington Sumner I n s t i t u t e  
i-I Radiat ion Biology tcured B i c l q y  and l i s t e n e d  t o  lectures on 
August 1 2  and a. 
Dr. Rajendra Sachdev of t h e  AEC i n  Bornray, India,  tcured c io lcgy  
on August 13 ,  19%. 

&. F. A. Dostof Oregon S t a t e  University,  Corva l l i s ,  Oregon, 
conferred with D r .  Y. J. Clarke on problems of r ad ia t ion  on August 2 p m  

Y. Tembreull of t h e  ' h i v e r s i t y  of ':!ash'.nqton discussed bio-engineering 
problems wi th  Qr. Clarke cn Auqust 31. 

1 2 2 9 1  I b  
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b e  Visits Off-Site 

6/"7--  8/13 - IJ. C. Yanson ccnducted b to logica l  s tud ie s  i n  Alaska. 
8/ 5/% - F. P. Hungate and D. G o  i.latson attended a Columbia 

River Studies  lke t ing  a t  Oregon S t a t e  univers i ty ,  
Corval l is ,  Oregon. 

Dept cf Agricul ture  a t  Prosser, [.:ashinEton. 

sponsored by sa t t e l l e  demorial I n s t i t u t e  t o  discuss 
insti tute-sponsored research. 

8/10-12 - 2. C. McClellan attended a meeting held by the  Tivision 
of Biology and Ikdicine,  U.S. AT i n  Washington, D.C. 

a / i i ~  - Lo L. Eberhardt and \ d o  3 ,  Rickard co l lec ted  f a l l o u t  
samples a t  packwood , VIashington 

8/15-9/13 - R. 0. 1'kClellan w i l l  be discussing r=search with 

8/6/6L 

8/7-11/64 

- J. Hsieh c ta iced s o i l  conditioner frcm t h e  V.S. 

- P I .  A ,  Kornberg attended a meeting i n  Aspen, Colorado, 

RJ Garner and J. Rundo a t  ATRE, Harwell, %gland; 
RA ikCance and '31 iJiddowson a t  t h e  Medical 3esaarch 
Council, k p t .  of L'edicine, rJniv, of Cambridge; 
L. J. Tan Putten a t  t \e - !d i ch io l .  In s t .  of t h e  
3rganizat ion f o r  Ilealth Research, Rijswijk, 

Xth Congress o f  t h e  In s t e rna t iona l  Society o f  
Hematology, Stockholm. - L o  Y. Bustad presented a paper a t  the  Second I n t n t l .  
Symposium on t h e  physiology of E g e s t i o n  i n  t h e  
Rumlnant a t  t h e  National P . n i m a l  Disease Center, 
Ames ,  Iowa and ccnducted l i b r a r y  res-arch a t  
t he  University of Yashington i n  3 m a t t l e  e 

. :?etherlands; and presenting a paper a t  the  

8/17-2h 

8/23-'? 

8 i 2 3 - 2 9  - C, 9.  Cushing, d o  H. Rickard, and da E. lqakatani 

- 9. L. Uhler and J. 1.1. Dean attended AIM ' h e t ings  i n  
Boulder, Coicrado, 

presented p a 2 r s  a t  t h e  A I S  Iieetings i n  Roulder, 
Colorado 

6/&/!5L - L. L. Ebsr5ardt cc1'-ected fal lcut ,  samples i n  Davton, >In. 

I V .  Achievements 

'lone 

V. Honors and Xecocnitions 

'lone 

V I .  Professional  G r c u D  o r  Oreanization Assisnments 

None 

WCLASS P I E D  
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APPLIED MATHEMATICS OPERATION 

MONmLY REPORT - AUGUST, 1964 

ORGANIZATICM AND PERSONNEL 

B. B. Fleld,  Manager-0peratiQns Research, t r ans fe r r ed  t o  Business Planning 
and Transfer Operation e f f ec t ive  August 1, 1964. 

J. L. Sanders, a summer professor, l e f t  on A u g u s t  27 t o  re turn t o  the 
Ih ive r s i ty  of Arizona. 

ACTIVITIES FOR OTHER RAP0 COMPONENTS 

B-Rcactor Department 

A procedure w a s  formulated regarding sample s i zes  necessary t o  ensure pre- 
spec i f ied  power in t e s t i n g  the  difference between two means. 

Experimental data  w e r e  employed i n  t he  development of equations (with confidence 
i n t e r v a l s )  t o  pred ic t  the underwater weight of fuel elements (both inner  and outer)  
frcun the weight in air. 

I r r ad ia t ion  Processing Department 

Research and m i n e e r i n g  

The study of the v a l i d i t y  of in-reactor sec tor  gauge measurements of process 
tube thickness  w a s  continued. 

Several run-to-rupture tests were designed canparing the AlSi and H E 6  processes 
for different amounts of uranium enrichment. Careful statements of the n u l l  and 
a l t e rna te  hypotheses t o  be tested were m a d e  i n  v i e w  of the do l l a r  incentives t o  
use the ADS process i f  reactor  performance i s  ccanparable t o  the AlSi processo 
The number of tubes t o  be used in the t e s t ,  the  percent i le  points  where the  
first and la8t ruptures can be expected, and t h e  power cums f o r  t he  tests 
w e r e  also submitted. 

Work is continuing on the analysis of production test PT-546A, which compares 
the dimensional d i s to r t ion  behavior of HDS and AlSi f u e l  elements. 

1 2 2 9 1  I 8  UEJ CUSS I FIED 
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Manufacturing 

A study has been completed of the r e l i ab i l i t y  of the zone temperature monitoring 
system which Pncludes dll of the components which are required t o  respond on 
demand i n  a scrmn system. Confidence limits have been calculated on the relia- 
b i l i t y  of the system based ~1 sampliag results of the components. 
buen prepared which indicate the effects of the varlous cauponent r e l i a b i l i t i e s  
003 the systems. 
which would not be detected on the  average as a function of the mean number of 
incidents a year. 

Graphs have 

Further graphs and tables give the expected nlmrber of incidents 

An approximate formula for  x 2  
the 15, 2.5%. 9 ,  10%. 90%. 95%, 97.5%, 99% points for a range of over 
100 degrees of fYeedan. These values are t o  be used i n  canjunction with 
the determination of confidence limits on individual component r e l i ab i l i t i e s .  

percentile value has been used t o  calculate 

Production Fwls 

An end-banding test for  the H I S  process was designed where the factors are 
the control temperature, the power t i m e ,  the post-power the, the pressure 
and the presence or  absence of a wafer in the cap end. 

Productiar test PT-IP-684-A canpares s ix  different c d n g  treatments. 
analysis of the extensive dimensional and w e i g h t  measurements made preliminary 
t o  i r radiat ion has been made. The results compare the six treatments f o r  22 
different dimensional s t a t i s t i c s .  Confldence limits and tolerance statements 
we= also deterndned. An analysis aimilar t o  t h i s  was also done for the fuel 
elements i n  production test PT-IP-708-A which a l s o  ccmpcues s ix  treatments. 

An 

A t ea t  design t o  s t u w  the effects of aluminum, s i l icon and iron impurities 
and the  quenching method used i n  the fabrlcation of uranium on the dimensional 
distortion e f fec ts  under i r radiat ion has been submitted t o  interested personnel. 

Components of variance of the UT-2 vslues were estimated for differences arising 
due t o  the ingot, fuel element type, and individual fuc l  element sources of 
variation. 

The between parts, between locations within a par t ,  and measurement ccmponents 
of var la t la r  were estlmated for several types of X-ray determinations and grain 
or ientat iar  variables. Zlle biases and precisions of the types of X-ray deter- 
mination values were also compared. 

A cansiderabla amount of data describing t h e  bcnding layer diffusion properties 
resulting fran several HCB canning techniques are being studied. 

UNCLASSIFIED 
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ACTIVITIES WITHIN HANFORD LABORATORIES 

2000 Prwram 

Ground Water Models 

- HW-83820- 

EDPM programs were caupleted which compute three r a the r  canplicated mathe- 
mat ical  functions t h a t  frequently arise in s o i l  physics inves t iga t ians  

C-Calm Computer Control 

Documentation continued of funct ional  programs which w i l l  be used t o  control  
the operation of t he  EColumn w i t h  the  GE 412 process control  computer, 

The f i n a l  draft w a s  completed of the revision of t h e  paper, "A Data Logging 
Absorpt imeter  f o r  Routine U r a n i u m  Analysis ,It which w a s  submitted and accepted 
f o r  publication i n  Talanta  contingent on revis ion along the l i n e  now accanplished. 

Other 

A study w a s  i n i t i a t e d  t o  measure t h e  e r r o r s  i n  the computational sequence f o r  
determining the in-place permeabili ty d i s t r ibu t ion  f o r  heterogeneous so i l s .  

3000 Program 

Numerical Control of Rotary Contour Gages 

A document, m-83670 , e n t i t l e d  "Sheffield G a g e  Control Tapes" has been issued. 
l h l s  document explains and i l l u s t r a t e s  t he  Fortran language cmputer  program 
"Sheff ie ld  Pulse Increment G a g i n g "  (SPIG). 
produce magnetic tapes t ha t  cont ro l  t h e  prototype Shef f ie ld  ro ta ry  contour gage. 

SPIG i n s t r u c t s  the  IEM 7090 t o  

Power-Roll Forming Studies  

An EDPM program w a s  caupleted which canputes the contour ananolies t o  be 
expected on a parer-rol led form as a r e s u l t  of using a blank with known thickness 
deviations , 

4000 Prwram 

Radiation Damage t o  Fissionable Materials 

Documentation w a s  cunpleted of the  Fortran language program SALTY which unfolds 
& observed two-dimensional p a r t i c l e  s i z e  d i s t r ibu t ion  i n t o  i t s  three-dimensional 
counterpart ,  
t h e  mathematical development leading up t o  the SALTY program and a descr ipt ion 
of the  use of the  program. 

Work continued on the  formal, Hanford repor t  whiah, W i l l  include 
, 

UNCLASSIFIED 
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4000 Prwram -( cant inued) 

Other 

An aaalysis caaparing t h e  corrosion r a t e s  of metals resulting frcm dif fe ren t  
welding techniques is being completed. 

An analysis  xaa made t o  determine whether s ign i f i can t  differences exist 
between d i f f e ren t  locat ions end measurements made at d i f f e ren t  time periods 
i n  the chemical assays of a casting. 

Assistauce was given on t he  mathematical aspects of s e v e r a l  thermal diffusion 
problems being studied i n  the non-destructive testing program, 

5000 Program 

Camputation and S t a t i s t i c a l  Analysis 

The new wrsian of the GEM program, uhich provides for 30 nuclides and 100 
channel groups, ran Successfullyo An addi t iona l  modification is being made 
t o  simplify the  spec i f ica t ion  of the  model. Work continued on the problem 
of deciding between the two a l t e rna t ives ;  that a s e t  of randan times between 
successive counts arose f ran  the decay of a pure nuclide,  and tha t  the times 
were generated from a uniform i n t e n s i t y  background. 
considered both f'ran the standpoint of a randoan nwnber of counts i n  a f ixed 
t i m e  per iod and the random time t o  observe a f ixed number of counts, 

The problem is being 

Radiochemical Analysis 

Work on the f i l e  maintenance p a ~ s  of the MUL system o r  multi-dimensional gamma 
spectrometer data is near canpletion, The n e x t  pass f o r  t h i s  system, a 
s p e c t r m  addi t ion and bsckground correction program, was spec i f ied  during the  
month - 
Planning of several extensive changes t o  t h e  IRA master f i l e  w a s  s t a r t e d ,  as 
the present format and space f o r  much of t h e  da ta  is no longer adequate. 

Other 

Analysis continued a a mathematical model describing the diffusion of metals 
i n t o  metals, 

UNCLASSIFIED 
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Biology 

5-E m-83 820- 

An a n a l ~ s i s  of data wm completed relative t o  the sWimning performance of 
Za65 treated trout. 

Canputer rog ams were written relat ive to a sr90 tax ic i ty  study (p ig  skeleton) 
and a Sr&at5 interrelationship study. 

&tarnal Dosimetry 

External dosimetry data w e r e  analyzed 80 that the excess dosages of 6 ,  y ,  
and X-ray assigned t o  the Hanford personnel f l l e  in= may be estimated. 

Manager 
Applied Mathematics 

CA Bennett:lg 
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P r o g r a m m i n g  

P r o g r a m m i n g  Opera t ion  has  been m e r g e d  with Phys ics  and 

Ins t rumen t s  Labora to ry  and Radiat ion P ro tec t ion  Operat ion.  

are now r epor t ing  fuel  cyc le  ana lys i s  and nuc lear  health and sa fe ty  work,  

r e s  pe ct ively . 

These  groups 

UNCLASSIFIED 
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E. 

RADIATICiT E3OTECTIi;il CPmATICN 
REPORT FCR T I E  MOIITX CF A'JGUST 19611 - 

ORGANIZATION AND PERSONNEL 

Alta M. Morehouse t r ans fe r r ed  t o  Radiation Monitoring as a Secretary,  e f f e c t i v e  
August 24, 1964. 
Effec t ive  August 17, Fred N .  Eichner joined In t e rna l  Dosimetry as a Technician, 
Whole Body Counter. F lorde l iz  A.  Smith, Radiation Monitoring, began her  leave 
o f  absence on August 28. 

Emma K .  Wilkison, External Dosimetry, terminated Acgust 25, 

ACTIVITIES 

Occupational Exposure Experience 

Tlere  were no new plutonium depasi t ion cases confirmed by spec ia l  bioassay 
ana lys i s  during the  month. The t o t a l  number of ind iv idua ls  vho have received 
plutonium deposi t ion a t  Hanford i s  345. 
and r eac t iva t ion  of one employee, there  are curren t ly  243 employed et Hanfcrd., 

With the  terminat ion of th ree  employees 

In ; \ c y x t  t he re  were two inc idents  involving four  employees xhich required 
s5ec ia l  bioassay sampling f o r  plutcnium analys is .  The following i s  I b r i e f  
descr ip t ion  of the  more s ign i f i can t  inc ident :  

,Tree CPD employees were working i n  t h e  P l i l ton im Pur i f i ca t ion  and 
Fabr ica t ion  Building (234-5) when a s igh t  g l a s s  on a hydraul ic  
cyl inder  broke i n  an adjoining room. Plutonium contaminated f l u i d  
w a s  sprayed i n t o  the  room, contaminating the  f l o o r s  t o  > 40,000 d/m. 
The emplo ees were exposed t o  air-borne concentrations up t o  
6.1; x 10-'lv.~ -q 'cc  f o r  approximately t h i r t y  minutes. The E.:::_.:-P '-.- 
r e s u l t s  are not expected t o  ind ica te  s i g n i f i c a n t  deposi t ions.  

I n  addi t ion  t o  the  inc ident  involving plutonium, there  were f i v e  inc idents  
invclving t e n  persons t h a t  required evaluat ion f o r  possible  intake of  other 
2adioisotopes.  
1 nc i dents : 

The following are b r i e f  descr ip t ions  of t he  more s i g n i f i c a i t  

An HL employee i n  the  Radiochemistry Building (325) ,  received cuts  
on h i s  r i g h t  index and middle fingers when a g l a s s  f l a s k  containing 
Tc-99 'or.oke. Some Tc-99 w a s  detected during an examination a t  the  
Whole 3ody Counter. 
t o t d  deposi t ion i s  < 1% of the maximum permissible body burden of 
10 gc, based on kidney as the l i m i t i n g  organ. 
sampling fo r  Tc-99 ana lys i s  has been requested.  

A preliminary eva lua t ion  ind icz t e s  t h a t  the  

Special  bioassay 

Three NRD operators  were exposed t o  air-borne concentrations of Sm-153 
i ihile working on the  B a l l  3X Recovery System i n  the 105-N reac tor .  An 
examination of one of t he  operators ,  using the  Whole Sody Counter, 
revealed no de tec tab le  samarium. Special  bioassay samples, obtained 
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and processed f o r  Sm-153 f o r  ali th ree  persons, ind ica ted  no detectable 
deposit ion.  - 

Intravenous adminis t ra t ion of DTPA t o  increase the amount of slutonium excreted 
are continuing on the  HanI'ord Laboratories technician vho received the ? l u t o n i m  
contaminated in ju ry  on Ju ly  10 while working at the Plutonium bletallurgy Zuilding 
(231-2). Additionally,  and f o r  the same purpose, intramuscular i n i ec t ions  o f  
Desferol are being given along with W A .  However, no increase i n  the amount 
of plutonium excreted has been noted. 

Environmental Experience 

Ef fo r t s  t o  eliminate the  r ad ia t ion  problems assoc ia ted  with the cooling water 
swamps f o r  Purex continued through August. 
the "B" Swamp have been backf i l l ed  and this swamp i s  again i n  good condition. 
E f f o r t s  are continuing t o  raise the water l e v e l  i n  the  Gable Mountain Swamp 
with the appl ica t ion  of  Bentonite clay.  Although the concentration of radio- 
ac t ive  materials i n  the  water i s  now sa t i s f ac to ry ,  t he  depth of water over 
ccntaminated bottom i s  not s u f f i c i e n t .  

A l l  h ighly contaminated areas of 

Concentrations of f a l l o u t  materials i n  the air of Eastern Washington averaged 
0.8 pc B/m3 during A u g u s t .  
1 pc/m3 recorded i n  July and represents  a continuation of the  slowly decreas- 
ing  t r end  noted during the  pas t  two months. 

This value i s  s l i g h t l y  lower than the average of 

Studies  and Improvements 

A rev ised  heating and v e n t i l a t i o n  system f o r  t he  PRTR Storage Basin w a s  
designed by Vi t ro  personnel incorporat ing the comments provided by Radio- 
l o g i c a l  D e v e l o p n t  and Calibrat ions.  The fea tu res  i n  the  revised design 
were 10 air changes per hour, an increase i n  the  s i z e  of the  air f i l t e r  
r a m  t o  provide f o r  the addi t iona l  air volume, and exhausting of t he  a i r  
through the PRTR discharge s tack.  

Studies  t o  summarize rad io logica l  measurements r e l a t e d  t o  the Th-232 - U-233 
program were documented i n  HW-83284, "A Canparison of Theoret ical  and 
Measured Dose Rates of Thor im and Thorium Oxide." 
due t o  each isotope i n  the  thorium chain vas ca lcu la ted  using cur ren t ly  
accepted formulas. 
of the material, good agreement was found between the t h e o r e t i c d .  and experi-  
mentally determined values  of surface Cose rates. 
a t  HAP0 sho.uld not present  a ser ious  problem with respect  t o  ex terna l  personnel 
exposure. 
mate value for the time l apse  s ince the most recent  pu r i f i ca t ion .  
alpha energy spec t ra  measurements f o r  the metal and the oxide of thorium 
presented are i n  f u l l  agreement with those given i n  the l i terature.  

The surface dose r a t e  

After  correct ions T a r e  ;?lade f o r  the s t a t e  of equilibrium 

The thorium being processed 

Formulas are presented which permit t h e  ca lcu la t ion  of an approxi- 
Gamma and 

General ad jus t ing  and troubleshooting continued on the new mechanized 
densitometer. Radio frequency chokes Kith higher inductance md l e s s  
r e s i s t ance  than those o r i g i n a l l y  used were received and i n s t d l e d .  
improved the mise r e j e c t i o n  c a p a b i l i t i e s  o f  the  system. 

These 
As the noise 
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in te r fe rence  i s  in te rmi t ten t ,  no s t a t i s t i c s  can be given t o  show the degree 
of ac tua l  improvement. A design change i n  the payrol l  and t r a y  number reading 
c i r c u i t s  along with adjustments i n  the op t i c s  enabled the  densitometer t o  read 
i d e n t i f i c a t i o n  numbers off  the ca l ib ra t ion  f i lms  as dark as 1,000 mEt equivalent .  
A run w a s  made using the  monthly dos imetef i lm from 100-F and 200-W Areas. 
Approximately 280 badges were used. 
payro l l  numbers of more than 99s of the f i lms.  

The new d e n s i t m e t e r  read cor rec t ly  the 

The Richland Water Plant  monitor has operated throughout the month of August. 
As the r i v e r  flow decreased, sane d i f f i c u l t y  i n  keeping the  deposit  of 
radionuclides a t  a minimum was encountered. A t e n  minute r i n s e  cycle every 
th ree  hours in s t ead  of 15 minutes every twelve hours has g rea t ly  reduced the 
problem. Under a continuing program of obtaining the best possible ca l ibra t ion  
of the monitor, a CU-64 sample w a s  obtained and processed through the system. 
The s e n s i t i v i t y  f o r  CU-64 at  the operat ional  discr iminator  s e t t i n g  of 8.5 v o l t s  
i s  about h a l f  the average of previously checked nuclides.  

New operating in s t ruc t ions  f o r  f i e l d  use of the BEQ neutron monitoring in s t ru -  
ments were prepared f o r  d i s t r ibu t ion .  The fluxmeter t o  dosemeter r a t i o  
cor rec t ion  curve w a s  modified t o  provide improved accuracy i n  reading i n  
the region most commonly used. I r r a d i a t i o n  of a spec ia l  SbBe source was 
begun. This source i s  t o  be used f o r  checking the instrument 's  response a t  
neutron energies  of about 25 kev. An appropriat ion request was prepared t o  
authorize the  procurement of a number of neutron in t eg ra to r  attachments f o r  
the BFQ instruments. These in t eg ra to r s  are designed t o  provide, by use of 
d i g i t a l  r e g i s t e r s ,  a measurement of the  t o t a l  in tegra ted  neutron dose at 
the instrument 's  posi t ion.  It will be several  months before o f f - s i t e  
f ab r i ca t ion  and del ivery can be completed. 

The plutonium aerosol  concentration study of background and low l e v e l  
plutonium loca t ions  i n  t h e  Weapons Fabricat ion f a c i l i t y  w a s  continued by 
co l l ec t ion  of four  samples i n  the r ad ia t ion  monitoring o f f i ce .  Each 
sample w a s  taken over a one-week period a t  a constant flow rate of one 
cubic foot  per minute. 
ana lys i s  techniques i d e n t i f i e d  the  plutonium peak and indicated t h a t  the  
air concentration was i n  the This i s  s u f f i c i e n t  
a c t i v i t y  t o  permit ana lys i s  by the Analytical  Laboratory. The i n i t i a l  
sample i n  the series i s  cur ren t ly  i n  the Analytical  Laboratory and the 
succeeding samples are being autoradiographed f o r  p a r t i c l e  s i ze  ana lys i s .  

Semi-quantitative examination by alpha energy 

pc Pu/cc range. 

Several thermoluminescent dosimeters were exposed t o  neutron doses of 1 and 
4 r e m s  from PIS',, and 1, 4, and 8 rems from PuBe. 
s t rong a gamma f i e l d  as €'u.F4, and a pos i t ive  response w a s  observed f o r  all 
three doses. For PuF4, the  response w a s  pos i t ive  f o r  j u s t  the 4 rems dose. 
After correct ing f o r  absorption by the  alcohol,  using 0.9 as the absorption 
f ac to r ,  a l l  doses showed a pos i t i ve  response. 

PuBe does not emit as 

All  of the new CP Meters are now i n  the portable  instrument pool and are 
being assigned f o r  rout ine f i e l d  use. 
s t r ipped  of useful  p a r t s  and prepared f o r  excess.  
be prepared f o r  excess as they became inoperat ive.  

To date, 39 of the old CP's were 
Additional CP's Kill 

Twenty-five new Juno 
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Meters were inspected and re leased  by the  Portable I n s t r m e n t  Shop and are  
now awaiting pre-acceptance ca l ib ra t ion .  
pos i t ive  dr ive Junos from the  instrument pool i s  now i n  progress. 
request of the l o c a l  AM:, six CO-60 sources were accepted from the U. S. 
Army Corps of  Engineers and s to red  i n  the Cal ibrat ions f a c i l i t y  f o r  our use 
o r  bu r i a l .  

Removal of 25 mechanically defect ive,  
A t  the 

The 308 B u i l d i n g  General Radiation Work Procedure 
s i g n i f i c a n t  change involves dispensing with pro tec t ive  clothing f o r  e n t r i e s  
i n t o  the  building hallways f o r  inspections,  t ou r s ,  and consul ta t ions.  Pro- 
t e c t i v e  clothing requirements f o r  e n t r i e s  i n t o  the process rooms remain 
unchanged. 

w a s  revised. The most 

A r e v i e w  w a s  made of three s p e c i f i c  areas of 300 Area emergency p l a c i n g .  
The following conclusions were reached: 

1. Evacuation frcm t he  300 Area, i n  the  event of a c r i t i c a l i t y ,  
should be by the  fastest and most d i r e c t  route avai lable  and 
without regard  t o  the loca t ion  of po ten t i a l  sources of c r i t i -  
c a l i t y  accidents .  

2. Se t t i ng  c r i t i c a l  r ad ia t ion  de tec tor  systems t o  a l a r m  i n  a 
gamma f i e l d  of 5 R/hour provides adequate assurance t h a t  all 
c r i t i c a l i t y  accidents  within 100 feet of the sensing un i t  w i l l  
be detected.  

3. A l l  f a c i l i t i e s  within 100 feet of a po ten t i a l  source f o r  a 
c r i t i c a l i t y  accident  should have an extension alarm t ha t  would 
be ac t iva t ed  by a de tec tor  l oca t ed  near the  source. 

Capab i l i t i e s  f o r  coping with a ser ious  accident at  PRTR ;,-ere &isa,:--- a& i n  
detail with an engineering firm. This f i rm is making a comprehensive 
study of recovery c a p a b i l i t i e s  a t  30 reac tor  f a c i l i t i e s  at the request 
of the AM=. 

A study was conducted on a pas t  Hanford employee's exposure record t o  deter- 
mine the  amount of time r e q u i r e d t o  prepare a complete extensive exposure 
h i s t o r y  and t o  determine the  completeness of records ava i lab le .  During 
the  study, which took approxlmately 2-1/2 t o  3 man-months, a l l  the  r ing  
and badge dosimeter film from 1944 through 1959 f o r  t h i s  employee w a s  
obtained, re read  and re-evaluated. The records f o r  t h i s  employee were 
complete f o r  h i s  e n t i r e  employment period. 

All se l ec t ion  c r i t e r i a ,  based on suffix and job c l a s s i f i c a t i o n  code, have 
been given t o  Data Processing f o r  programming whole body counter examin- 
a t ions .  I n  addi t ion,  the pre-pr inted E M  schedule cards are now ava i lab le .  
Data Processing is curren t ly  debugging the program, and they expect t o  make 
the f i rs t  scheduling run f o r  100-D Area bl mid-September. This is one month 
ahead of schedule. 
i s  now complete. The final s t ep  is the design of  a whole body counter data 
input card on which raw data from whole body count results can be placed on 
magnetic tape,  and from which  various types of output repor t s  can be develope- 

Thus, the automatic scheduling port ion of t h i s  program 
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This e f f o r t  will be c lose ly  coordinated w i t h  CDS&R, Es&EO and Indus t r i a l  
Medical t o  assure t h a t  the  data input uill be of maximum usefulness t o  the 
requirements of these organizations as well as IDO. 

New standard so lu t ions  of both plutonium and u r a n i u m  have been obtained and 
analyzed against  current  standards.  Close agreement was obtained i n  both 
cases and the  new standards have been placed i n  service.  

A complete audi t  has been made of the  first run under the new, automatic 
plutonium sample scheduling program. The program i s  based on a frequency 
determined by s u f f i x  and job c l a s s i f i c a t i o n  codes. A number of incor rec t  
sample schedule frequencies were detected.  Those were due i n  pa r t  t o  
m i s s i o n s  i n  the i n i t i a l  programming, and i n  pa r t  because of changes of 
a f e w  job c l a s s i f i c a t i o n  codes within CPD and HL. Corrections have been 
made. However, t o  keep the se l ec t ion  c r i t e r i a  current ,  an audi t  will be 
conducted every three months t o  de tec t  improper sample schedules and 
change the se l ec t ion  c r i t e r i a  accordingly. 

Eight employees working i n  the  3732 Building were measured as p a r t  of the 
rout ine  bi-weekly survei l lance program f o r  thorium-232 detect ion.  
t r a c e  was detected i n  two individuals .  

A slight 

New e q u i p e n t  consis t ing of N s I  c rys t a l s ,  photomultiplier tubes, and 
associated e l ec t ron ic  gear has been ordered t o  improve t h e  capabi l i ty  f o r  
measuring low-energy gamma or  X-ray emi t te rs  i n  wounds. I n  addi t ion,  
spec ia l ized  geiger  tubes f o r  l oca t ion  of higher energy beta-gamma contami- 
na t ion  i n  injuries has been ordered. A t a r g e t  date of October l h a s  been 
set f o r  i n s t a l l a t i o n  of some of t h i s  equipment. 

Research Studies  

Effec t  of Reactor Eff luent  on the  Qua l i ty  of Columbia River Water 

A study i s  i n  progress of t he  e f f e c t s  of r eac to r  e f f luen t  on Columbia River 
water q u a l i t y  with emphasis on temperature e f f e c t s .  
f o r  measurement of equilibrium e f f luen t  concentrations a t  downstream loca-  
t i o n s  were made from the upstream reac tor  areas B, K, N and D. 
the data has not been completely processed, the usual bias toward the p lan t  
shore w a s  seen f o r  e f f luen t  from all reac tor  a reas  as far  as the 300 Area. 

Continuous dye re leases  

Although 

I n  order t o  measure per t inent  meteorological parameters more representat ive 
of conditions along the  r i v e r ,  the portable  meteorological s t a t i o n  was 
es tab l i shed  on the  far shore a t  White Bluffs. Only the wind and water 
temperature recorders  were i n  operation by the  end of t h e  month. 
hygrothermograph needed addi t iona l  maintenance and the radiometer awaited 
i n s t a l l a t i o n  of cable supports.  

The 

Mechanisms of Environmental Exposure 

An experiment i s  planned t o  begin on September 14 ,  i n  which the  uptake and 
r e t en t ion  of P-32 from Columbia River f i s h w i l l  be measured. The upt&e 
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Nuclear F a c i l i t i e s  Monitoring Guide 

Work continued on t h e  guide and severa l  attempts were made t o  develop a 
s e q u e n t i d  sampling scheme which would reduce t o  a minimum the num'aer of 
samples t h a t  m u s t  be taken and analysed t o  determine i f  e f f luen t  waste 
releases do comply with regulatory l e v e l s .  

c. RELATIONS 

There were two minor i n j u r i e s  and no secu r i ty  v io l a t ions  during the  month. 

S i x  suggestions were received. There were no suggestions evaluated, adopted 
o r  r e j ec t ed ,  E i g h t  suggestions are outstanding. 

Talks on the physiological  p r o p r t i e s  u ld  ass imi la t ion  process of tritium 
were presented t o  all PRTR Operations personnel. 

A r e -o r i en ta t ion  on r ad ia t ion  pro tec t ion  p rzc t i ces  was presented t o  Ceramics 
Research and Development p r s o n n e l  assigned t o  the  308 Building. 

Radiation pro tec t ion  o r i en ta t ions  mre presented t o  40 F r s o n n e l  i n  the 
325 and 329 Buildings. 

A t r a i n i n g  sess ion  on the  hazards and safe handling of thorium oxide w8s 
presented t o  t e n  I r r a d i a t i o n  Processing Department personnel. 

A new t r a i n i n g  b u l l e t i n  w a s  developed f o r  Radiation Monitoring personnel. 
The t i t l e  is  "Prac t i ca l  Radiation Problems - Set  #l". Copies were issued 
t o  a l l  Supervisors,  S p e c i a l i s t s  and Radiation Monitors. Tfie b u l l e t i n  
contains f i v e  problems covering areas which were shown by the  recent  re -  
fresher course f inal  examination t o  require add i t iona l  t r a in ing .  Additional 
sets of t he  problems will be developed t o  cover other  areas i n  which t r a in ing  
i s  desirable, but formal classroom work i s  not j u s t i f i e d .  The Spec ia l i s t s  
and Supervisors w i l l  supply the necessary ass i s tance  and supplexentar j  
i n s t r u c t i o n  required i n  the f i e l d .  

Another course i s  being organized f o r  r ad ia t ion  pro tec t ion  t r a i n i n g  of exempt 
personnel. This w i l l  be e s s e n t i a l l y  i d e n t i c a l  t o  the course given last  spring. 
The scheduled s t a r t i n g  date i s  September 16. 
a t t end  the course l a s t  spring ere being contacted t o  determine t h e i r  i n t e r e s t .  

Personnel who were unable t o  

Another shor t  refresher course i s  being organized f o r  HL Radiation I4onitors. 
This course will cons is t  of  only f o u r  sessions and will include addi t iona l  
i n s t r u c t i o n  i n  elementary nuclezr ?hysics ,  instrument theory and use cf 
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instruments i n  dose rate monitoring. 
monitoring, e f f e c t s  of r ad ia t ion  of l i v i n g  t i s sue ,  and fundamentals of 
reac tor  operation. The scheduled s t a r t i n g  date i s  September 15. 

New material w i l l  include tritiun 

D. SIGNIFICANT RBORTS 

HW-809027, "Radiological S ta tus  of the Hanford Environs for July,  1964") 
by R. F. Foster ,  A u g u s t  ll, 1964. 

HW-83284, "A Comparison of Theoretical  and Measured Dose Rates of Thorium 
and Thorium Oxide", by J. M. Morgan and L. G .  Faust. 

Hw-83900, "Radiation Monitoring Monthly Report , August 1964") by 
A. J. Stevens. 

HW-82409, "Hanford Whole Body Counter A c t i v i t i e s  for 1961-1963", 
by D. N. Brady. 
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Whole Body Counter 

Subd ec t  

GE - EPrployees 
R.gUlar 

Terminations 
Eew Hirer 
Specia l  Studies 

faCidant c-88 

Ion-Employees 

Total 

lumber of Examinations 
747-A WBC 1964 Mobile WBC 1964 - 

27 353 13 611 
17 102 9 16 
24 181 43 b3 
10 234 12 I 2  
14 73 0 10 

2 

95 973 79 694 
- 2 - 30 - 3 - 

Bioassay 
current Results Above 

Aaslysis Reporting L i m i t  Reporting Limit Samples Assayed 

% 1964 b* 
559 
0 0 0 

Plutonium 2.2xl0-8 uc/sam * 
Fission Rod. 3.lA.0'5 U C / S ~ I U  0 
Strontium 3.1x10'5 uc/sam 0 ll 0 60 
!rritium . 5.0 U C / ~  
uranium 0.14 wn/l 
Special. Studies 

Calibrations 

Portable Instruments 

CP Meter 
JunO 
GM 
Other 
Audit s 

Total. 

Personnel Meters 

Bet*gamma film 
Rings 
Other film 

Total 

Mlscallaaeous Special Services 

184 1637 340 2466 
0 0 105 1319 
0 0 0 180 

Number of Units Calibrated 
August 196L 
1085 8743 
256 2154 
468 4148 
228 1880 

847 111 

2,148 17,772 
- - 

32 4 
74 
136 

534 
- 

6650 
569 
2294 - 

9,513 

585 2,324 

Total Number of Calibrations 3,267 29,609 
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Current - Month External Exposure Above Permissible L i m i t s  

Whole Body Penetrating 
Whois BOW skin 
Extremi t y  

Hanford Pocket Dosimeters 

Dosimeters Processed 

Hanford Beta-gamma Film Badge Dosimeters 

Film Processed 
Results - 100-300 mrads 
Results - 300-500 mrads 
Results - Over 500 mads 
Lost Results 
A v e r a g e  Dose Per Film Packet - mrad (ow) 

mr ( 9 )  

Hanford Film Badge Dosimeters 

Slow Neutron 

Nlm Processed 
Results - 50-100 mrem 
Results - 100-300 m r v m  
Results - Over 300 man 
Lost Readings 

Fas t  Neutron 

Film Processed 
Results - 50-100 m r e m  
Results - 100-300 mrem 
Results .I Over 300 mrem 
Lost Results 

Hand Checks 

Checks Taken - alpha 
beta-gamma 

Skin Contamination 

Plutonium 
Fission Products 
U r a n i u m  
T r i t i u m  
Thorium 

0 
0 
0 

s ,695 

2.146 
78 
29 
5 
8 
12 
130 

m-8 3820 

Year t o  
Date - 
3 
1 
1 

39,602 

63,701 
1,148 
183 
69 
102 
8 
47 

170 4,559 
0 25 
0 29 
0 5 
0 5 

1,000 5,025 
21 126 
66 371 
1 6 
0 3 

30,602 307,151 
41,371 409,784 

12 179 
37 373 
0 10 
0 0 
0 0 
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Environmental Monitoring 

Saamles 

Air 
- 

Filters 
Scrubbers 

Water 

Raw 
Sanitary 
P r O C e 8 8  

Vegetation 
Test Wells 
Fish 
Food Products 
Beef Thyroids 
Waterfowl 

Control Plots 
Aerial Monitoring 
Ionization. Chambers 

A u g u s t  

344 
259 

31 
109 
26 

92 
154 
85 
59 
35 
7 

109 
1 

178 

1964 - 
2711 
1993 

323 
721 
191 

874 
1886 
954 
433 
335 
116 

621 
11 

1796 
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FINANCE AND ADMINISTRATION 

HW-83820 

- 
ACCOUNTING 

Cost Accounting 

The Hanford Laboratories' control budget was adjusted during August as 
f 01 lows : 

1. The transfer of the cycie analysis function from Programming 
to Physics and Instruments. 

2. Reduction in sponsored funds from the product departments as 
follows: 

Research & Development 
NRD - Reactor (Zircaloy Tube Dev.) 

IPD - 

CPD - 

Total 

Metallurgy (Fuel Dev.) 
Multiproduct 
Reactor 
Diversification 
Me t a 1 1 ur gy 
Fission Product 
Waste Management 
Separations Development 

Diversification 
234-5 PU 

Sponsored 02 R6J) 

Process Technology 
NRD 
IPD 
CPD - 

Total 

Waste Management Purex 

Purex 
Redox 
Fission Products 
Critical Mass Studies 

234-5 PU 

Sponsored 0.2 Process Technology 

Reduct ions 

$ 15 000 
34 000 

$144 000 - 

-- 
25 000 
50 000 

$ 75 000 - 

New 
Allocation 

$ 799 000 
355 000 
440 000 
200 000 
175 000 
50 000 
35 000 
518 000 
258 000 
100 000 
275 000 

$3 205 000 

$ 20 000 
390 000 
70 000 
100 000 
80 000 
55 000 
15 000 -- 

$ 730 000 
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3 .  Transfer  of the  PRTR Cr i t i ca l  F a c i l i t y  Operation from Test 
Reactor and Auxil iar ies  t o  Physics and Instruments. 

4 .  Inclusion of contracted shop work i n  the Technical Shops operat- 
ing budget as opposed t o  a d i r e c t  charge t o  the work order  customer. 

Special  accounting codes es tab l i shed  during the month were: 

.5J - Graphite Machining f o r  t he  Cal i forn ia  I n s t i t u t e  of Technology. 
$3,365 was authorized t o  Technical Shops f o r  t h i s  service.  
Material is excess from the  K Reactors and material cos ts  w i l l  
be t ransfer red  t o  RLOO-AEC. 

.2M - Pneumatic Compaction o f  Enriched U02 f o r  APED. $13,500 uas 
authorized f o r  t h i s  work which i s  being performed on a f u l l  
cos t  recovery bas i s .  

With the  t r ans fe r  of Mail and Duplicating Operation from IPD t o  Hanford 
Laborator ies ,  organizat ion codes 712A - Mail, and 712B - Duplicating,have 
been es tab l i shed .  

Organization code 7360 - C r i t i c a l  F a c i l i t y  has been cancelled with the  
t r ans fe r  of t h i s  operat ion t o  Physics and Instruments. 

Also, due t o  the  t r a n s f e r  of c e r t a i n  programs from Programming, the follow- 
ing codes were establ ished:  

7470 - Fuel Cycle Analysis 
7870 - Nuclear Health and Safety 

Code 7210 - Nuclear Health and Safety has been cancelled.  

General Accounting 

Approval l e t t e r  No. AT-356, 002 Compaction Work f o r  General E lec t r i c  Company, 
was approved by the AEC on August 12, 1964. 

Appendix "B", Art i c l e  V I  was modified t o  provide a p e r  diem allowance of 
$14.00 ($7.00 under 12 years of age) r e t roac t ive  t o  February 1, 1964. 

The fol lowing.revised OPGs were issued during the month of August: 

OPG No. T i t l e  

2 . 2  Organization Announcement 
3 . 5 . 2  Tuit ion Refund Program 
9 . 1  Contracts and Purchase Orders (Work Authorization Manual) 

UNCLASSIFIED 
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Hanford Laboratories' net material investment at August 1, 1964 totaled 
$27.5 million-as detailed below: 

(In thousands) 
SS Material $26 290 

99 1 

Yttrium 26 
Sub t ot a 1 27 662 

Reactor & Other Special Materials 
Spare Parts 355 

Reserve: Spare Parts $88 
Yttrium - 26 (114) 

Net Inventory Investment $27 548 

The cumulative value of nuclear material consumed in research by Hanford 
Laboratories during FY 1965 (at August 1, 1964) is shown below: 

02.Program $ (23 550) 
03 Program 66 568 
04 Program (324 281) 

Total $(281 263) 

The credit in the nuclear material consumed in research account is due pri- 
marily to return of material to Redox at full value. 

The status of Hanford Laboratories' heavy water inventory at August 31, 
1964 is as follows: 

Current Month FY to Date 
Pounds Value Pounds Value 

Beginning Balance 32 519 $441 879 32 762 $447 572 
Acquisitions 
Scrap Returns (SROO) 
Consumption - 1) 

PRTR: Loss (923) (12 764) (1 166) (16 123) 
Scrap (7 470) (9 804) 

Ending Balance -2) 31 596 $421 645 - - 31 596 $421 645 - - 
(1- Consumption - Scrap reflects amount charged to Cost only. 
(2 - Includes 10,539 pounds of heavy water scrap valued at $130,385. 

UNCLASSIFIED 
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A requis i t iof i  f o r  55 drums ( 2 7 , 5 0 0  pounds) of heavy water was placed during 
the month t o  replace losses  and degraded mater ia l  and t o  provide adequate 
heavy water f o r  the  PRTR. 

Nuclear Materials Operation advised us  of the  s t a r t  of Survey 22 of which 
Par t  1 w i l l  cons is t  of a v e r i f i c a t i o n  of HAP0 inventories of normal uranium, 
thorium, and U-233 as of the  end of September 1964.  A team consis t ing of 
RLOO-AEC personnel and a member of Nuclear Mater ia ls  Operation w i l l  witness 
the physical inventory performed by custodians.  

The Semi-Annual Major Machine Tool Sunnnary report  of HL machine too l  u t i l i -  
za t ion  was prepared and submitted t o  Property Management, CMO, during the 
month of August. 

, 

A report  of f indings i n  connection with quar te r ly  inventory of Other Special  
Mater ia ls  i n  the  custody of 122 Hanford Laboratories '  mater ia l  holders was 
prepared. This was a c e r t i f i c a t i o n  type inventory and revealed only minor 
variances a t t r i b u t e d  t o  rounding variances.  An adjustment was made f o r  
quant i ty  only.  

. Laboratory Storage Pool a c t i v i t y  i s  sunnnarized a s  follows: 

Current Month. FY t o  Date 
Quantity Value Quantity Value 

Beginning balance 2 177 $1 562 594 2 027 $1 493 571 
Items received 52 44 581 2 29 121 796 
Items reclaimed by custodians ( 1 7 8 )  ( 5  3 2 2 )  ( 1 8 6 )  ( 9  844)  
Equipment t r ans fe r s  ( 3 8 )  ( 3 8  548)  ( 5 7 )  ( 4 2  218)  
Items disposed by PDR ( 2 )  ( 4  4 5 7 )  ( 2 )  ( 4  4 5 7 )  
I t e m s  disposed by excessing ( 1 2 7 )  (27  3 0 2 )  ( 1 2 7 )  (27  3 0 2 )  

End ing balance 

(1- Includes 188 i t e m s  valued a t  $124,315 on loan a t  August 31, 1964.  

1 884 $1 531 546 1 8 8 4 .  $1 531 546 - 1 )  - - 
Loans & Transfers  in 

L i e u  of Purchases 

Loans 
Transfers  

Tota l  

Operating Costs ( 8 - 2 - 6 4 )  

Current Month FY t o  Date 
Quantity Value Quantity Value 

23 $ 16 664 33  $ 21 750 
38 38 548 57 4 2  218 

90 $ 63 968 - 6 1  $ 55 212 - 
$ 1 484 $ 1 484 

UNCLASSIFIED 
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Laboratory Storage Pool mater ia l  and equipment investment a t  August 31, 1964 
to t a l ed  $2.5 B i l l i o n  as  de t a i l ed  below: 

Equipment $1 531 546 
Reactor & Other Special  Materials 270 260 
SS Material  154 800 
Other Material  534 310 

To ta l  $2 490 916 

The following cont rac ts  were processed i n  August: 

CA-454 
CA-457 
CA-460 
CA-461 
CA- 464 

DDR- 19 0 
DDR- 196 
DDR- 197 

SA-359 
SA- 3 64 

MRO- 77 

John E .  Dorn 
Textron Elec t ronics ,  I n c . ,  ME Electronics Division 
H. A. La i t inen  
John- C . Shyne 
Maurice J. Sinnot t  

The Kontro Company 
San Fernando Laboratories 
General Dynamics Corp., Electro Dynamic Dynapak Division 

Wyandotte Chemicals Corporation 
Tokyo Shibaura E l e c t r i c  Company, Ltd. 

Consolidated Electrodynamics Corporation 

Additional funds were a l loca ted  Hanford Laboratories f o r  equipment and capi- 
t a l  work order  expenditures a s  shown below: 

Equipment 
02  
03 
04 
05 
06 
08 

New Allocation Fy Tota l  

$ 55 000 $155 000 
45 000 105 000 
90 000 180 000 
25 000 50 000 
25 000 50 000 
3 000 8 000 

To ta l  $243 000 $548 000 

Capi ta l  Work Orders $ 30 000 $ 60 000 

UNCLASSIFIED 
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Personnel Account inq 

A l l  o f a t h e  exempt personnel ,a lders  prepared f o r  the  823 ac t ive  exempt Han- 
ford Laborator ies '  employees were given t o  E. P. Galbrai th .  The remaining 
fo lders  f o r  nonexempt employees a re  ready f o r  B M I .  

E. K. Wilkison r e t i r e d  e f f ec t ive  September 1, 1964. 

P e r  s onne 1 s t a t  i s  t ics f o 1 1 ow : 

Employee Changes Tota l  Exempt 

Employees a t  beginning of month 1 826 823 
Additions and t r a n s f e r s  i n  51 11 

24 Removals and t r ans fe r s  out 36 

1 841 810 

- 
- - Employees on payrol l  a t  end of month 

1 003 
40 
12 - 

1 031 - 
July August Overtime Payments During Month 

Exempt 
Nonexempt 

.$ 7 362 
27 575 

$ 5 500 
30 183 

Tota l  $ 34 937 

Gross Payrol l  Paid During Month 

Exempt 
Nonexempt 

$ 837 437 
577 464 

$ 819 612 
592 679 

Tota l  $1 414 901 $1 412 291 

July 
Number Percent 

1 672 99.3 

1 398 99.7 
39 7 

Par t i c ipa t ion  i n  Employee Benefit  
Plans a t  Month End 

August 
Number Percent 

Pension 
Insurance Plan - Personal 

U .  S. Savings Bonds 
Stock Bonus Plan 
Savings Plan 
Savings & Securi ty  Plan 

- Dependent 

Good Neighbor Fund 

1 702 99.4 

1 420 99.7 
39 1 

153 34.5 
7 1  3.9 

1 213 86.8 
1 325 71.9 

150 35.5 
68 3.7 

1 221 86.8 
1 310 71.6 

UNCLASSIFIED 
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Insurance Claims August 
- Number Amount 

Employee Benefi ts  
L i f e  Insurance $ -0- 
Weekly Sickness 6r Accident 8 62 1 
Comp rehens ive  Medica 1 54 3 481 

Dependent Benefits  
Comprehensive Medical 

Tota l  

98 9 988 - 
- 160 $14 090 - 

July 
Number Amount 

$ -0- 

64 3 a76 
13 1 1 7 1  

107 11 431 - - 1 a4 $16 478 

TECHNICAL ADMINISTRATION 

Requisitions f o r  10 nonexempt employees were f i l l e d ;  37 remain t o  be f i l l e d .  

Suggestion Plan ac t iv i ty :  

Suggest ions received 37 

Suggestions r e j ec t ed  7 
Suggestions adopted 14 

Suggestions i n  process 108 

V i s i t o r s  Center ac t iv i ty :  

August attendance . 3 222 
Average attendance p e r  day open 10 7 
Cumulative attendance s ince  6-13-62 78 095 
Conducted groups 5 ( t o t a l i n g  102 people) 

P lan t  tour  a c t i v i t y :  

Number To ta l  People 

General Public Relations Tours 5 102 
Special  Tours 0 0 

Overall r ec ru i t i ng  r e s u l t s  f o r  August a r e  a s  follows: 

Offers extended 7 (Ph.D. o f f e r s  only) 
Offers  accepted 1 
Offers re jec ted  1 
Added t o  r o l l  7 

Advanced Degree - One Ph.D. appl icant  v i s i t e d  HAP0 f o r  an employment in t e r -  
view. Seven o f f e r s  were extended; one acceptance and one r e j ec t ion  were 
received. Nine o f f e r s  a r e  cur ren t ly  open. 

UNCLASSIFIED 
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BS/MS (Direct Placement) - No o f f e r s  were extended. There were no accep- 
tances o r  r e j ec t ions  received. There a re  no o f fe r s  cur ren t ly  open. 

BS/MS (Program) - No o f f e r s  were extended. No o f f e r s  were accepted and no 
o f f e r s  were re jec ted .  There is  one o f f e r  cur ren t ly  open. 

Technical Graduate Program - Four Technical Graduates were placed on perma- 
nent assignment. 
from the r o l l .  Current Program numbers 42. 

Four new members were added t o  the r o l l  and two terminated 

FACILITIES E N G I N E B I N G  

A t  month end, F a c i l i t i e s  Engineering Operation was responsible f o r  12 ac t ive  
p r o j b t s  having t o t a l  authorized funds in the  amount of $10,596,500. 
to ta l ' cs t imated  cost  of these pro jec ts  is $11,793,000. Expenditures through 
June 30, 1964 were $4,165,000 ( l a t e s t  AEC cost  f igures) .  

The 

The following sunrmarizes pro jec t  a c t i v i t y  i n  August: 

New p ro jec t s  submitted t o  the  AEC i n  August --------------------- 1 
CGH-153, PRCF I r r ad ia t ed  EBWR Fuel Handling F a c i l i t y  

New p ro jec t s  awaiting U C  approval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
CAH-114, Cr i t ica l  Mass Laboratory Addition 
CAH-123, Laboratory F i r e  Protect ion System 
CGH-153, PRCF I r r ad ia t ed  EBWR Fuel Handling FqFi l i ty  

Pro jec t  proposals being prepared . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Biology Uti l i t ies  Extension - 300 Area 
Geological and Hydrological Wells - E'Y 1965 
Pouer Supply - Mill ion Amp Welder 
PRTR Increased Power Level 
Shielded Creep Test  F a c i l i t y  - 3707-C Building 
Variable Spectrum Test  Reactor 

The s t a t u s  of ac t ive  pro jec ts  follows: 

UNCUS S Il? I E D  
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CAH-100 High Temperature L a t t i c e  Test Reactor - 
The Phase I construction bid package was issued on August 18. An addendum 
covering minor cor rec t ions  and revis ions i s  now being prepared. Bids a re  
t o  be opened September 16, 1964. 

The cur ren t  pro jec t  es t imate  of $2,500,000 includes only $150,000 f o r  con- 
tingency. 
prepare a l i s t  of po ten t i a l  scope reduction items i n  an attempt t o  increase 
pro jec t  contingency t o  $250,000. 

The Commission has requested t h a t  w e  review the pro jec t  and 

To ta l  design by Vi t ro  i s  about 82 percent complete versus 86 percent scheduled 
f o r  August 31, 1964. Design cos t  es t imate  has now increased t o  $350,000. , 

Vi t ro  i s  continuing with Phase I1 design. 

CAH-114 C r i t i c a l  Mass Laboratorv Addition 

The pro jec t  proposal submitted t o  the  Comnission on November 4 ,  1963 i s  
s t i l l  awaiting ac t ion  by Washington-AEC. 

CAH-116 PRTR Decontamination and D20 CleanuE 

Detailed design i s  approximately 95 percent complete. It was scheduled t o  
be complete on June 15, 1964. F a c i l i t i e s  Engineering has held several  
meetings with AEC and V i t r o  t o  discuss  d e t a i l  design comments. Many of our 
e a r l i e r  comments had not been resolved p r i o r  t o  the  AEC' s  issuance of draw- 
ings t o  General E lec t r i c  Company f o r  approval. Resolution was reached on 
our ea r ly  coments  and changes a re  now being made. A l l  comment drawings 
have been received and our comments returned t o  the AEC. Receipt of a l l  
drawings f o r  approval is  expected soon. 

AEC has prepared the  pro jec t  proposal rev is ion  requesting construction 
funds for the  D 2 0  cleanup por t ion  only.  

CAH-119 PRTR Storage Basin and Experimental F a c i l i t i e s  Modifications 

Detailed design on building and bas in  addi t ion  i s  about 9 2  percent complete. 
It was scheduled t o  be complete on June 15, 1964. 

Work i s  progressing by GE on procurement spec i f i ca t ions  f o r  the underwater 
equipment. 

Construction work was s t a r t e d  by J .  A. Jones forces  during the  week of 
August 3 ,  1964. Work is progressing on re loca t ion  of manhole No. 4 ,  foot-  
ings f o r  extension of the  load-out crane,  and on new f u e l  s torage supports.  

UNCLASSIFIED 
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CAH-123 L a b r a t o r y  F i r e  Protect ion System 

N o  ac t ion  was taken by the Comnission during the  month. 

CAH-126 Waste Transport System 

Design is  i n  progress on loading and unloading f a c i l i t i e s .  
ing Company has j u s t  s t a r t e d  on t h e i r  study t o  prevent f reezing of wastes. 

Vitro Engineer- 

CAH-136 Service Addition - 327 Buildinq 

Detailed design s t a r t e d  on August 10, 1964 a f t e r  approval of T i t l e  I design. 

CAH-137 Temporary Physical Sciences Center 

Vi t ro  Engineering Company has completed design f o r  the  computer room f loo r .  
J .  A. Jones is preparing t o  purchase the f l o o r  on a furnish and i n s t a l l  
bas i s .  

Comnents have been returned t o  Vi t ro  on power and f i r e  protect ion.  

CAH- 146 Atmospheric Physics Building 

AEC i s  conducting negot ia t ions with an o f f - s i t e  archi tect-engineer  fo r  
award of a design cont rac t  on t h i s  f a c i l i t y .  

CAH-151 Off ice  Addition - 308 Building 

An inspect ion was made of the  bui lding ven t i l a t ion  cont ro l  equipment with 
Vi t ro  Engineering Company personnel t o  c l a r i f y  questions on the  addi t ion.  
Preliminary a rch i t ec tu ra l  drawings were received from Vi t ro  f o r  conment. 
Work is progressing on e l e c t r i c a l  and mechanical design. 

CGH-153 Plutonium Recycle C r i t i c a l  F a c i l i t y  - I r r ad ia t ed  EBWR Fuel Handling 

A projec t  proposal requesting t o t a l  project  funds i n  the amount of $40,000 
was submitted t o  the AEC on August 1 7 ,  1964. 

CAH-916 Fuels Recycle P i l o t  Plant  

Construction i s  73 percent complete compared t o  a scheduled 60 percent. 
Placement of normal and high densi ty  concrete is  continuing on the  Hot 
P i l o t  and Metal lurgical  Cel l  wal l s .  I n t e r i o r  concrete block walls a r e  
being l a i d .  Window wall  l i n e r s ,  s leeves ,  and f i l t e r  frames were in s t a l l ed  
in  the Hot Metallurgy Cells and the c e l l  metal l i n e r  sect ions a re  being 
welded together.  I n s t a l l a t i o n  of second and t h i r d  floor piping and elec-  
t r i c a l  work is continuing. The ins ide  of the exhaust s tack  and the waste 
vaul t s  have been painted with pro tec t ive  coat ings.  

UNCLASS IFIED 
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CAH-962 Low Level Radiochemistry Building 
- 

HW- 83820 

Construction is  18 percent complete versus a scheduled 1 7  percent. The 
foundation wal ls  have been completely poured and 80 percent of the f i r s t  
f l oo r .  The e x t e r i o r  wall has been waterproofed. Preparatory working 
s labs  have been poured f o r  precasting wall panels.  Piping i s  being run 
i n  the  basement and through the f i r s t  f l oo r  s l abs .  E l e c t r i c a l  work i s  
continuing. Erection of s t r u c t u r a l  s t e e l  has been s t a r t e d .  

CAH-977 F a c i l i t i e s  f o r  Radioactive Inha la t ion  Studies 

A rough d r a f t  revised p ro jec t  proposal f o r  construction of t h i s  f a c i l i t y  
a t  t he  300 Area Biology Laboratory s i t e  instead of 100-F Area i s  being 
prepared a t  A E C ' s  request .  

CAH-982 Addition t o  the Radionuclide F a c i l i t i e s  

A rough d r a f t  revised p ro jec t  proposal f o r  construction of t h i s  f a c i l i t y  
a t  the 300 Area Biology Laboratory s i t e  instead of 100-F Area,as o r ig ina l ly  
planned, i s  being prepared a t  AEC's request .  

U t i l i t y  Pro jec t  and Relocated Biology F a c i l i t i e s  i n  the  300 Area 

A meeting was held August 18, 1964 with AEC, Biology, and F a c i l i t i e s  Engi- 
neering t o  consider the new s i t e  i n  the 300 Area f o r  the  Biology f a c i l i t i e s .  

Comparative cos t s  f o r  providing permanent se rv ices  a t  t h i s  time for  fu ture  
buildings versus i n s t a l l i n g  some temporary serv ices  were considered. AEC 
has requested addi t iona l  cos t  f igures  f o r  comparison. These a re  cur ren t ly  
being prepared. 
s i z e  of u t i l i t y  i s  resolved. 

A p ro jec t  proposal w i l l  be prepared a f t e r  the  type and 

Engineering Services and Plan t  Engineering 

Engineering work was performed i n  support of design and construction on 
ac t ive  p ro jec t s ,  p ro jec t  proposals, preliminary planning, and design 
c r i t e r i a  for new p ro jec t s .  Pr inc ipa l  work items included: (1) f i e l d  
consul ta t ion  and review of  vendor drawings f o r  pro jec ts  CAH-916, Fuels 
Recycle P i l o t  Plant  and CAH-962, Low Level Radiochemistry Building; (2) 
preparing func t iona l  spec i f i ca t ions  f o r  procurement of underwater equip- 
ment and reviewing v e n t i l a t i o n  flow diagram on pro jec t  CAH-119, PRTR 
Storage Basin and Experimental F a c i l i t i e s  Modifications; (3) reviewed the 
simulator vesse l  proposal and reviewed the drawings f o r  the dry and w e t  
w e l l s  on the  containment vesse l  f o r  t he  Containment Sys tems Experiment; ( 4 )  
work i s  continuing on the  preparation of a design c r i t e r i a  document f o r  a 
PRTR replacement deaerator ;  and ( 5 )  the  design c r i t e r i a  f o r  a shielded 
creep t e s t  f a c i l i t y  a t  3707-C building i s  being revised. 

UNCLASSIFIED 
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F a c i l i t y  plarming and budget study work included: (1) preparat ion of con- 
s t r u c t i o n  da ta  sheets  f o r  th ree  separate  proposals f o r  the Poodle Thruster  
f a c i l i t i e s ;  and (2) the  adequacy of the  supply of w e l l  water t o  the 324 
building. 

Engineering and consul t ing work was provided t o  research and development 
personnel a s  requested. Major work items inc'luded: (1) ass i s tance  was 
provided i n  determining e l e c t r i c a l  components t o  be used in  conjunction 
with the  waste Calcinat ion work i n  the 324  building;  ( 2 )  shielding modi- 
f i ca t ions  a re  being made f o r  the  experimental spectrometer i n  the 105-KE 
building;  and ( 3 )  drawings are now being prepared showing the  scope and 
l a t t i c e  spacing f o r  the  t h i r d  core of the PRCF l i g h t  water f a c i l i t y .  

Plant  engineering work during the  month included: (1) improving the 3 2 8  
building o f f i c e  v e n t i l a t i o n  system; ( 2 )  the  ex i s t ing  d ra in  piping i n  the 
northwest s ec t ion  of the second f l o o r  of the 3 0 8  building was revised;  
(3) a new re f r ige ra t ed  a i r  conditioning system serving the metallography 
labora tor ies  of the  306 building was completed; (4) bids  were reviewed 

Shop exhaust system i n  the 325 building basement was reviewed; ( 6 )  an 
e lec t r ica l  power usage forecas t  was prepared and submitted t o  the U t i l i t i e s  
Operation f o r  predicted HL loads i n  1965; and (7 )  necessary changes were 
out l ined t o  the  108-F addi t ion  v e n t i l a t i o n  cont ro l  valves t o  p e r m i t  40 
pound steam usage. 

' f o r  a proposed aux i l i a ry  compressor fo r  the  3 4 0  building;  ( 5 )  the  Ceramics 

Consulting service f o r  o ther  departments included ass i s tance  on: DC power 
supply requirements and spec i f i ca t ions  f o r  a proposed arc-type metal depo- 
s i t  ion process.  

Pressure Systems 

The Containment Systems Experiment f i e l d  work and cos ts  a r e  on schedule 
and wi th in  the  estimated amount. 
the  containment vesse l  has been extended from January 10, 1965 t o  Febru- 
ary 17, 1965, a t o t a l  of 3 8  days' time extension. This  i s  due t o  a three- 
day time required f o r  change orders  and 35 days' time allowance because of 
s teel  del ivery.  
f o r  compliance with our requirements. 
mitted t h e i r  proposal f o r  construct ion of the simulator vesse l .  A technical  
review of the .proposal has been made. 
by J. A. Jones Company towards c l a r i f i c a t i o n  of technical  questions and t o  
a r r i v e  a t  a cos t  p r ice .  Design e f f o r t  f o r  systems associated with the 
vesse ls  i s  being conducted by Vi t ro .  A preliminary drawing l i s t  and schedule 
were submitted. A review of t h i s  l i s t  has been made and comments returned 
t o  Vitro.  

Chicago Bridge and I ron  contract  f o r  

Shop drawings were received and a re  present ly  being reviewed 
Struthers-Wells Corporation has sub- 

Further  negot ia t ions w i l l  be conducted 

UNCLASSIFIED 
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Purchase information f o r  a High Pressure Furnace,which w i l l  be a code vesse l ,  
is  60 percent-complete. 

The th i rd-par ty  inspector  reviewed the  records fo r  the High Temperature Gas 
Loop. He a l s o  inspected seven e leva tors  i n  HL buildings.  

F a c i l i t i e s  Operation 

Costs f o r  the  month of Ju ly  were $138,798, which i s  68 percent of the fore- 
c a s t  for the  month. During t h i s  month improvement and building maintenance 
cos t s  were lower than forecasted.  The r e tu rn  t o  normal maintenance work 
schedule has been af fec ted  by vacations and preparation fo r  p r i o r i t y  improve- 
ments. 

The emergency l i gh t ing  (exide l i g h t s )  program i s  100 percent complete. E m e r -  
gency l i g h t s  have been i n s t a l l e d  i n  327, 328, 325, and 3760 bui ldings.  

I n t e r i o r  pa in t ing  i n  325 building is  progressing slowly; however, t h i s  
building w i l l  be completed before moving t o  the  next building on the  pa in t  
l i s t .  

The 3707-B building was t ransfer red  t o  HL from IPD f o r  j a n i t o r  se rv ices .  

C la s s i f i ed  i s land  operation of 329 bui ld ing  is being held up awaiting 
c l a r i f i c a t i o n  of AEC secu r i ty  p o l i c i e s  r e l a t i v e  t o  labora tor ies  con- 
ta in ing  c l a s s i f i e d  materials.  

On August 3, 1964, 21 j a n i t o r s  and one foreman were t ransfer red  from IPD 
t o  the  Fac , i l i t i e s  Operation, and on August 1 7 ,  1964 s i x  j a n i t o r s  were 
t ransfer red  from HL Maintenance. 

The following t a b l e  sunnnarizes the Waste Disposal Operation: 

June - Ju ly  

Concrete waste b a r r e l s  disposed t o  
300-qre b u r i a l  ground 10 0 

Concrete waste ba r re l s  disposed t o  
200-W b u r i a l  ground 9 

Loadluggers of dry waste disposed t o  
300-wye b u r i a l  ground from 300 Area 
s i t e s  o ther  than the  325 building 21 

9 

33 
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- 
June - I t e m  - 

Loadluggers of dry waste disposed t o  
300-wye b u r i a l  ground from the 325 
bui lding 4 

Loadluggers of dry waste disposed t o  
200-W b u r i a l  ground from 300 Area s i t e s  7 

HW- 83820 

July 

Containers of high l eve l  dry waste 
disposed t o  300-vye b u r i a l  ground 
v e r t i c a l  pipes 89 96 

Crib waste volume, gal lons 270 000 300 000 

No unusual incidents  occurred t h i s  month. 

The volume of dry waste disposed t o  the  bu r i a l  ground has r i s en  again. 

Markers are being i n s t a l l e d  a t  300-north bu r i a l  ground t o  put it  i n  termi- 
na l  condition. 

Two la rge  dry waste disposal  tanks have been i n s t a l l e d  a t  300-wye bur ia l  
ground and w i l l  be put i n t o  serv ice  i n  the  near fu ture .  

None of the  r e t en t ion  basins exceeded Class I1 a c t i v i t y  leve ls  during the 
month. 

Completion of the  r e t en t ion  waste monitoring systems i s  being delayed 
because of def ic ienc ies  i n  some of the e l ec t ron ic  components. Purchasing 
is  contact ing the  vendor. 

Building Operations 

In  the 3760 bui lding the  No. 9 booster c o i l  has been repaired and rein-  
s t a l l e d  t o  improve conditions u n t i l  a new c o i l  a r r ives .  Reheat c o i l s  i n  
the 326 bui lding were repaired.  

Vent i la t ion  noise problems i n  the 329 bui lding were corrected.  The a i r  
balance group balanced flows on the new a i r  conditioner i n  the 306 building 
and rebalanced a i r  flow on the f i r s t  f l o o r  of the 108-F building. 

Outages a re  scheduled in the  325 and 3760 buildings f o r  Saturday, August 29, 
t o  perform maintenance work on the serv ice  water l i n e  and supply fans,  
respect ively.  

UNCLASSIFIED 
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The equivalent of 
age of 38 man-hours p e r  drawing. 

drawings were produced during the  month f o r  an aver- 

Major designs completed or i n  progress are:  (1) a powder processing glove 
box l i n e ;  (2) diagrams of a l l  a i r  se rv ice  l i n e s  i n  the  309 bui lding;  ( 3 )  
a high temperature furnace f o r  t he  NASA program; (4) FRPP serv ice  piping 
t o  waste ca l c ina t ion  equipment; ( 5 )  underwater measuring equipment f o r  
c a l i b r a t i n g  elements i n  N-Area; (6) e l e c t r i c a l  work fo r  waste ca lc ina t ion  
equipment i n  FRF’P; (7) mock-up of equipment i n  FRPP Pyrochemical c e l l ;  
(8) scope work f o r  equipment layout f o r  PmR increased power l eve l ;  (9) a 
sodium pump test f a c i l i t y ;  (10) a c r i t i c a l  mass expansion tank f o r  build- 
ing 209-E; and (11) a scope design f o r  the polonium hood complex. 

Drafting serv ice  was a l so  supplied i n  support of o ther  laboratory engineer- 
ing programs. 

Construction 

Unexpended 
Balance 

Orders outstanding beginning of month $476 768 
Issued during the  month ( i n c l .  suppl.  & ad j . )  397 025 
J .  A. Jones expenditures during month 

( includes C.O.  cos t )  149 278 
Balance a t  month end 724 515 
Orders closed during month 168 635 

Maintenance Work Orders ac t ive  - 4; Face Value - $16,789. 

Major nonproject jobs i n  progress during the month were: (1) review of 
preliminary cos t  es t imate  f o r  a cont rac t  on the  c r i b  waste leak de tec t ion  
program; (2) i n  the  100 a reas ,  the t h i r d  f l o o r  p a r t i t i o n s  a r e  completed 
i n  the  108-F bui lding,  the  south sec t ion  (69 pens) of the dog pens have 
been completed a t  t he  144-F bui lding,  an intercom system is being i n s t a l l e d  
i n  t h i s  bui lding,  t he  e l e c t r i c a l  se rv ices  have been revised i n  the 146-FR 
bui lding,  the  dark room i n  the  1706-KEL bui ld ing  i s  being modified, and 
modifications t o  the  stairway and e l e c t r i c a l  se rv ice  i n  the  189-D building 
a re  being made; (3) i n  the  200 areas ,  the  work on the  221-T building t o  
modify it  f o r  t he  Containment Systems Experiment is  nearing completion 
except f o r  canyon l igh t ing  i n s t a l l a t i o n ;  ( 4 )  i n  the  300 area ,  procurement 
and i n s t a l l a t i o n  is i n  progress f o r  a new r e c t i f i e r  f o r  t he  arc-melt fur-  
nace, the hydraulic snubbers f o r  the  309 building a r e  70 percent i n s t a l l ed ,  
a l so  a manhole has been i n s t a l l e d  for t h i s  building and a cont rac t  awarded 
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t o  repair  and recoat the e x t e r i o r  of the containment vesse l ;  i n  the 314 
building the autoclave p i t  and s torage area is  completed as is the s t ruc-  
t u r a l  housing f o r  EDEL I1 loop; i n  the 321 building e l e c t r i c a l  c i r c u i t s  
and a foundation have been in s t a l l ed  f o r  a computer,and t w p  o f f i ces  a re  
being constructed; i n  the 3718-C building the  excavation i s  completed for 
the  foundation of an addi t ion  t o  the warehouse, 80 percent of the flow 
meters and 60 percent of the r ad ia t ion  meters a re  in s t a l l ed  i n  the  reten- 
t i o n  l i nes ;  and ( 5 )  bids  have been issued f o r  the computer f loo r  of the 
320 1 bu i  Id ing . 
Well Dr i l l i ng  Program 

A design c r i t e r i a  f o r  the  FY 1965 w e l l  d r i l l i n g  program is current ly  being 
approved within Laboratories.  

Waste So l id i f i ca t ion  Engineering Prototype 

Delivery of rack No. 3-B was made on schedule on August 19 ,  1964. Other 
work was on schedule u n t i l  the  p i p e f i t t e r s  went out on s t r i k e .  

There were no repor t s  of inventions or d i s c o v e n  during the month. 

Acting Ma 
Finance ana Administration 

DS Pars1ey:RDT:whm 
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REACTOR DEVEIdPMENT - 04 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Operation 

Reactor output for  August was 580 MWD fo r  an experimental time efficiency 
of 47% and a plant efficiency of 27$. There were eight operating periods 
during the month, three of which were terminated manually and five were 
terminated by scrams. 
August 31, 1964, follows: 

Program 

A 8umm.x-y of the -1 irradiation program as of , 

Al-Pu uop Puo~-uo~ Other Totals 
No. MWD No. MWD No. MWD -- - - - -  No. MWD No. MWD - -  -- 

In-core 0 8 1850.5 1-1.945.9 85 13796.4 
Maximum 322.4 336.7 
Average 231.3 155 1 

79 8471.1 In Basin 7 572.5 25 2564.1 47 5334.5 
Buried 1 7.3 1 7.3 a 7431.6 

Program Totals j[5. 6038.3 68 6380.4 124 17280.4 2 7.3 268 29706.4 

Chem. Process. 68 5465.8 2 1965.8 - -  

Note: (MWD/Element) x 20 zMWD/TU for  U02 and PuO2-UO2. 

Heavy water loss and indicated helium loss fo r  the month were 923 pounds and 
149, I29 scf., respectively. 

Equipment Expe r ience 

A t o t a l  of 184 reactor outage! hours 7rgs charged t o  repair work. 
were : 

Main items 

Vibration check and repair of primary pumps 
Jumper repair  
H e l i u m  campressor repair  
Tube -to -nozzle regaske t ing 
Rupture h a p  repairs 

Preventive maintenance required 385 manhours, or  8.8$ of the t o t a l  mainten- 
ance effort. 

An order was placed fo r  20 replacement PRTR process tubes, with delivery 
expected during the f i rs t  quarter of 1965. Cost of the  order is  ry $95,000. 
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- 
Improvement Work Status (Signff icant Items ) 

Work Completed 

h t a l l a t i o n  of New Alarm Annunciator 
Gas Moisture Detection System Blower Exchange 

Work P a r t i a l l y  C o m p l e t e d  

Corrosion Loop Instal la t ion 
PrFmary Water Sample Station 
Shim Rod Shroud t o  Top Cap Modification 
Repair aad Recoating of PRTR Containment Vessel Roofing 
Air Lock Door Operators 
b d i r i c a t i o n  t o  PRTR Warehause 3718-c 
Vibration Snubbers for Earthquake Protection 
Supplemental Wrgency Water Addition 
Voltage Off-Normal Detection and Alaxm for  24-Volt' Battery System 
PRTR Steam Util ization 
Additionai -1 Storage and Examination Faci l i ty  

Design Work Completed 

Mark I11 Shim 
I n s t a l h t i a n  of Second Generation Shim R o d  
Creep Test Faci i i ty  

Desim Work Partially Ccaopleted 

Rzcontamination Building and D20 Cleanup Faci l i ty  
Flux W i r e  Scanning System 
Thermal Barrier Seal and Hoist Improvements 
pneumatic Irradiation Faci l i ty  
PRTR Gxperimental and Building Faci l i ty  Addition 
PFER Increased Power Level 

Process Engineering a d  Reactor physics 

PFER Test 94, Corrosion Study in Calandria Atmosphere, has been completed. 
The ?est zoupons have been discharged and returned t o  the t e s t  sponsor fo r  
study. 

Calculations designed t o  define the characterist ics of the high power den- 
s i t y  core are continuing. 
calculated and expected xenon transient magnitudes have been computed. 
Coclant vciding studies and moderator level coefficient studies are in  
progress. 

Radial and axia l  flux distributions have been 
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PRTR Test 9 3 ,  Hydrogen Addition t o  Bulk Helium, wa6 completed, recommend- 
ing continued addition of 15 % t o  the bulk helium supply. 

Gas gap measurements between the process tubes and the shroud tubes were 
made for 10 process channels. Tube 1748, which indicated less than 020" 
clearance, wa8 relocated Fn process channel 1253 and a new tube placed in  
channel 1748. 
indicated *.050rf. 
lpechanical and mta l lu rg ica l  testing. 
of channel 1748 was visually examined. 

Gas gap m a s u r e e n t  between the new tube and shroud 
Process tube 6084 from channel 1253 was removed for  

The inter ior  of the shroud tube 
No defects were observed. 

Exwrimntal  Reactor Services 

The status of the various test elements at the end of A u g u s t  1964, is shown 
below. Those elements which had reached the i r  assigned goal exposure o r  
had been permanently discharged for other reasons pr ior  t o  August 1, 1964, 
have been deleted from this table. 

Test Channel 
No. Location - 
14 1956 

14 1758 
48 1156 

54 1554 
61 1249 
61 1354 
61 1445 
67 l.dC7 
80 1746 
85 1855 
37 1548 
37 1550 
37 1552 

14 1352 

54 1542 

Element 
Nmiber Description 

5097 
509 
5099 
5150 
5116 
5118 
5185 
5186 

Moxtyl -Swaged 
Moxtyl-Vipac 
Moxt yl-vipac 

~ ~ x t y l  (c l ip  on pads 
Moxtyl-phys i cs 
Moxtyl-physics 
Moxtyl-physics 
Moxtyl (Repaired Wire) 

Moxtyl $' x 3" pads) 
Moxtyl t c l i p  on pads 

uo2 -phys i c 9 

uo2-pnysics 
uo2 -mys i cs 

Fuel Element 5118 was rebanded i n  the basin after having 5 bands damaged dur- 
ing t h e  transfer operation. 
corrosion evaluation. 

One band was given t o  Chemical Metallurgy for  

Three new fuel elements and 21 irradiated fuel elements were inspected in  
July 

Fuel Element 1502 was shipped t o  Radiometallurgy fo r  examination and testing 
together with rods and other camponents from eight fuel elemxts.  
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- 
Fuel Element Rupture Testing Faci l i ty  

Difficulty was encountered during the previous operating nul with both the 
t e a t  section out le t  pressure and temperature control. 
d i f f i cu l t i e s  were traced t o  the fatigue failure of the positioner p i lo t  valve 

ture control has been a problem since loop activation, but has generally been 
tolerable unti l  the previous operating run. 
valve trim in temperature control valve RL-2 and excessive time lags in the 
process. 
Test lo3 was issued in an attempt t o  reduce process lags. 

the reactor startug of 8-7-64. A standard size VO, PIETR fuel element, #1039, 
waa intentionally defected v l th  a saw cut estimated t o  be about 1.5 inches in 
length. I)Iping August, the test element was subjected t o  seven c r i t i c a l  
periods which Included two manual reactor shutdowns from 5 and 1 5  MW respectively, 
one scram from 28 M, and four scrams from 70 MW. 
the fuel element waa visual ly  eramined in the storage basin. 
apprwnt evidence of defect prupagation o r  of a signif ic int  release of fuel  
materiai. 

%e pressure control 

Q I ~  RL-3. A Vibratia reelatant p i l o t  w a ~  procured snd installed. T-FS- 

The problem is due t u  oversized 

New, m3Uer sized t r i m  has been ordered f o r  the valve and PRTR 

Test 7, M i a t i o n  ~f a Longitudinal S l i t  Defected UQ, was begun w i t h '  

Following these power cycles, 
There was no 

T o t a l  productive tinr for the period w88 19,015 hours. 
hours performed in the Technical &ops, 4,529 hours assigm?d t o  J. A. Jones 
Company, azd 1,760 hours assigned t o  off-site vendors. 
19,864 hours, of which 90% is required in the current month Kith the remaining 
hours 9istri3uted mer a three-month period. Overtime worked during the month 
totaled 1,013 hours or  5.7s of the t o t a l  available hours. 

This includes ~2,726 

Total shop backlog is  

Mstribution of tim?? was as follawe: 

I Reactor Dapsrtjpent 
IfiadWion Procssr3ing Department 
Chemical Proceseizq Department 
W o r d  Laboratories 

Man Hours $ of Total 
1 9 u  10.0 
3 1 2 2  16.5 
159 .8 

13 823 72.7 

Total productive time was 17,500 hours of 20,600 potentially available. 
the total productive time, 93s wa8 expended in support of Hanford Laboratories 
components, wlth the remaining 7% directed tarard providing service for other 
HAP0 organizatians. 
available hours. 

O f  

C r a f t  overtime worked during August was 3.4% of t o t a l  
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Manpower utilization ( i n  houra) for August waa as follows: 

A. Shop Work 
B. Maintenance 

1. Preventive Maintenance 
2. mrgency or Unscheduled Maintenance 
3. Nonnal Scheduled Maintenance 

C. R&D Assistance 

HW-83820 

1 700 
7 200 

2 200 
2 000 
3 m  

8 600 

w r  
Test-Reactor and Auxiliaries 

WD Richmond : JGZ :bk 
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- INVENTIONS OR DISCOVERIES 

A l l  pe r sons  engaged in work  that might reasonably  be expected to 

r e s u l t  in inventions o r  d i scove r i e s  advise  that, t o  the bes t  of their knowledge 

and belief,  no inventions o r  d i s c o v e r i e s  w e r e  made  in  the c o u r s e  of the i r  

work  dur ing  the per iod  cove red  by th i s  r e p o r t  except  as l i s ted  below. Such 

p e r s o n s  f u r t h e r  advise  that, fo r  the per iod  the re in  covered  by this r e p o r 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  f o r  poss ib le  inventions o r  d i scove r i e s .  

INVENTOR 

R.  D. Nelson 

R. D. Nelson 

C .  A. R o h r m a n n  

TITLE OF INVENTION OR DISCOVERY 

Product ion  of C r a c k - F r e e  High-Pur i ty  
Plutonium (HW-83733) 

Strengthening of the Beta  P h a s e  in 
Unalloyed Plutonium (HW-83754) 

A P r o c e s s  f o r  the Manufacture of 
Objec ts  of Vi t reous  S i l ica  (HWLR-1748) 

&L 2 Manager ,  Hanford L a b o r a t o r i e s  
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