
NOVEMBER 16, 1964 

HANFORD LABORATORlES 
MONTHLY ACTIVITIES REPORT 

OCTOBER 1964 

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

THIS DOZUUMEW?' 15 PUBL!CL'f 
A V A I L A B L E  

HANFORD ATOMIC PRODUCTS OPERATION 
RICHLAND, WASHINGTON 

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



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

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

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

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

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

B. 



HW-84474 

q o u t e  To P. R.  No. Loca t ion  Route Date  

T!LS* 3 d T /lw"-t; 
I 

~ \ , ̂/ I  

HANFORD LABOR .. L 
A T O K  

MONTHLY A C T I V I T E S  R E P O R T  

OCTOBER 1964 

cLASSiFlCkTlON R 

-~ 

Signa tu re  and Date  

EC Division 01 Clessifrc8lryll 

HANFORD ATOMIC PRODUCTS OPERATION 
RICHLAND, WASHINGTON 

PRELIMINARY R E P O R T  

T h i s  r e p o r t  w a s  p r e p a r e d  only f o r  u s e  within G e n e r a l  E l e c t r i c  
Company in  the c o u r s e  of w o r k  under  Atomic  E n e r g y  C o m m i s s i o n  
C o n t r a c t  AT(45-1) -1350.  Any v iews  or  opinions e x p r e s s e d  in the 
r e p o r t  are those  of the au tho r  only.  



ii UNCLASSIFIED 

Copy N u m b e r  

1 

2 

3 

4 

5 

6 
7 

8 
9 

10 

11 

12  

13 

14 - 17 

18 

19 

20 

DISTRIBUTION 

W .  E .  Johnson 

H. M. P a r k e r  

F. W .  Albaugh 

C .  A.  Bennet t  

F. E .  C r e v e r ,  GEAPD 

W .  E .  F o u s t  

A.  R .  Keene  

H. A. K o r n b e r g  

J. V .  M c M a s t e r  

D. S .  P a r s l e y  

R .  S .  P a u l  

M. T. Wal l ing  

W. D. Richmond 

Richland  Opera t ions  Off ice 
Attn: J.  E .  T r a v i s  

Savannah R i v e r  Opera t ions  Office 

300 Files 

R e c o r d  C e n t e r  

HW-84474 

UNC LASS IFIE D 



UNCLASSIFIED iii HW-84474 

TABLE O F  CONTENTS 

F o r c e  R e p o r t  and P e r s o n n e l  S ta tus  Changes  . . .  
G e n e r a l  S u m m a r y  

Manager ,  H. M. P a r k e r .  . . . . . . .  

R e a c t o r  and F u e l s  L a b o r a t o r y  
Manager ,  F. W. Albaugh . . . . . . .  

P h y s i c s  and I n s t r u m e n t s  L a b o r a t o r y  
Manager ,  R.  S.  P a u l  . . . . . . . .  

C h e m i c a l  L a b o r a t o r y  
Manager ,  M. T.  Wall ing . . . . . . .  

Biology L a b o r a t o r y  
Manager ,  H. A. K o r n b e r g  . . . . . . .  

Manager ,  C. A. Bennet t  . . . . . . .  

Manager ,  A. R .  Keene . . . . . . . .  

Applied Mathemat i c s  Opera t ion  

Radia t ion  P r o t e c t i o n  Opera t ion  

F inance  and Admin i s t r a t ion  Opera t ion  
Act ing Manager ,  D .  S. P a r s l e y .  . . . . .  

P a g e  

. . . .  . i v  

. . v through xxv 

A-1  through A-47 

B - 1  through B-47 

C - 1 through C - 22  

. D-1 t h r o u g h D - 8  

. E - 1  through E-4  

F-1 through F - 9  

.G- 1 through G- 17 

T e s t  R e a c t o r  and Auxi l ia r ies  Opera t ion  

Invention R e p o r t  I -  1 

Manager ,  W. D. Richmond . . . . . . . .  H-1  t h r o u g h H - 5  

. . . . . . . . . . . . . . . .  

UNCLASSIFIED 



UNCLASSIFIED i v  HW- 8447L 

rl m 
N 

M 
m 
rl 

03 
Ln 
rl 

0 m 
4 

m 
Ln 
rl 

t? 
0 
4 
al 
k 
0 

3 

B 

rl a 
0 

‘a 

P- 
0 
rl 

m 
v) 

f 
3 

M 
\D 

m 
f 

2 

0 

b 

0 
4J 
al 
k 
0 

4 

0 
rl 
0 
4 
F9 

Ln 
m 
rl 

W 
a3 

m 
f 

Ln 
03 

m 
3 

E 
0 
4 
c, 
al 
k 

; 
c 
0 
.rl +J 
0 
a, 
c, 

&4 

c 
0 
d 
c, 
d 
d a 
d a 

2 

c u d  I4  

1 ZII 

“I HI1 

rl 
al 
k 
a, 

0 

UNCLASSIFIED 



V HW -84474 

BUDGET AND COST SUMMARY 

October  ope ra t ing  c o s t s  to ta led  $3, 051, 000, a n  i n c r e a s e  of $293, 000 
F i s c a l  y e a r - t o - d a t e  c o s t s  aggrega te  $11,046,  000 f r o m  the  previous  month.  

o r  31% of the c u r r e n t  con t ro l  budget f o 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  October  

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

(Dol l a r s  in 
t:. ,ausands) 

HL P r o g r a m s  

02 
04 
05 
06  
07 
08 

C O S T  
C u r r e n t  P r e v i o u s  7 0  

Month Month T o  Date  Budget Spent  

$ 227 $ 542 42 
1 6  076 3 0  

152 115 485 1 6 9 4  29 
3 12 295 1 198 3 570 34 
- 0 -  2 7 - 0 -  

33 47 37 165 500 

1 9 7 9  1 768 6 915 22 382 3 1  

$ 52 $ 67 
1 4 1 6  1 252 4 833 

- -  
- 

Sponsored  By 
NRD 123 127 544 1 594 34 
IPD 2 1  16 75 425 18 

3 4  C P D  2 00 185 746 2 207 

3 1% $ 2  323 $ 2  0 9 6  $8 280 $ 2 6  608 
- 
- - 

RESEARCH AND DEVELOPMENT 

1. R e a c t o r  and F u e l s  

I ron-a luminum s t ab i l i zed  u ran ium i r r a d i a t e d  to  2500 Mwd / ton 

swel led  1. 2 voloJ, o r  about half as much as a companion N - R e a c t o r  fuel  

compos i t ion ,  

Li th ium a lumina te  and l i th ium s i l i ca t e  t a r g e t  e l e m e n t s  are  being 

i r r a d i a t e d  i n  K E - R e a c t o r  to obta in  d a t a  on t r i t i u m  r e l e a s e  and g a s  compo-  

s i t ion .  In  addition, m o r e  than  40 compounds of t h e s e  salts with v a r i o u s  
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addi t ion agen t s  have been  made  to  eva lua te  t h e i r  dens i ty ,  t h e r m a l  s tab i l i ty ,  

and e a s e  of f ab r i ca t ion .  

proceeding .  

Des ign  of A1-3 wt% L i  alloy t a r g e t  e l e m e n t s  is 

Work  continued on p r e p a r a t i o n  of Bi -9  wt% Li a l loy .  

No evidence of loca l ized  o r  a c c e l e r a t e d  c o r r o s i o n  a t tack  w a s  noted 

in  p r e l i m i n a r y  examinat ions  of N -Reac to r  graphi te  cooling s y s t e m  components .  

Nicke l -p la ted  aluminum -c lad  fuel  e l e m e n t s  w e r e  d i scha rged  f r o m  C - 1 
loop a f t e r  30 days  of exposure  to  260  C w a t e r .  

be dis t inguished through the  thin deposi t ,  i t  appea red  to  be in tac t .  

Where  the n icke l  plate could 

Out-of - r e a c t o r  c e r a m i c  fuel washout  e x p e r i m e n t s  with a sec t ion  of 
a Z i r c a l o y - 2  clad,  U 0 2 - 1 / 2  wt% P u 0 2  swaged P R T R  19- rod  fuel  e l emen t  

i r r a d i a t e d  to  4085 Mwd/ton showed no de tec tab le  c o r e  m a t e r i a l  r e l e a s e  (as 
de te rmined  by act ivi ty  r ead ings  throughout the  loop) through a s l i t  de fec t  

6 i n .  long by 1 / 1 6  i n .  wide after 14 days  of e x p o s u r e  t o  flowing (13 fps )  w a t e r  

a t  300 C .  S i m i l a r  r e s u l t s  w e r e  obtained l a s t  month du r ing  a 3 - 1 / 2 - w e e k  t e s t  
wi th  a Vipac e l e m e n t .  

The  a s b e s t o s  in a used  P R T R  nozz le- tube  gaske t  showed s u r p r i s i n g l y  

i i g h  ch lo r ide  content ,  with the highest  concent ra t ion  (1430 ppm) o c c u r r i n g  in 

the  o u t e r  r eg ion  w h e r e  stress c r a c k i n g  had o c c u r r e d  in the SS s p i r a l  wound 

bands .  The  s o u r c e  of the  ch lo r ide  is p r e s e n t l y  unknown. 

Ex tens ive  plutonium c e r a m i c  d isso lu t ion  t e s t s  have shown tha t  O P G  

solu t ion  (oxa l ic  ac id ,  p e r a c e t i c  ac id ,  sodium gluconate)  is the m o s t  effect ive 

of the s t a n d a r d  decontaminat ing  agen t s ,  but still has  a n  undes i r ab ly  slow 

d isso lu t ion  r a t e - 0 .  5 ppm a f t e r  1 h r  at 40 C .  

as s t r o n g  mixed  a c i d s )  coupled with anodic  pro tec t ion  are being eva lua ted .  

More  c o r r o s i v e  so lu t ions  ( such  

A P R T R  high power dens i ty  c o r e  fuel e l emen t  (58- in .  length) produced 

l e s s  end b r a c k e t  f r e t t i n g  damage  in a 500-hr  o u t - o f - r e a c t o r  t e s t  (at 145 ppm 

flow) than  a s t a n d a r d  PRTR fuel  e l emen t  t e s t ed  under  s i m i l a r  condi t ions (but 

at 120 gpm flow). 
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T h e  Techn ica l  Design C r i t e r i a  f o r  the P R T R  High Power  Densi ty  

C o r e  w e r e  i s s u e d .  

The  e f fec t  of r e a c t o r  t r a n s i e n t  opera t ion  on f r e t t i ng  c o r r o s i o n  w a s  

c l e a r l y  demons t r a t ed  in  PRTR w h e r e  the z i r con ium content  of the p r i m a r y  

coolant  changed f r o m  eo. 1 ppb to >5 ppb as the s t e a m  g e n e r a t o r  p r e s s u r e  

w a s  va r i ed  f r o m  325 to 410 ps i .  

( < O .  1 ppb) s h o r t l y  a f t e r  complet ion of t he  t e s t .  

1 1  T h e  Z i r c a l o y  content  r e t u r n e d  to  no rma l"  

Calcu la t ions  ind ica te  tha t  s u r f a c e  boiling should not occur  on the 

P R T R  sh roud  tubes  in  the 55-tube high power dens i ty  c o r e ,  u n l e s s  the 

p r e s s u r e  tube is m o r e  than  75% e c c e n t r i c .  

Calcu la t ions  w e r e  made  to  allow predic t ion  of flow and enthalpy in 

the va r ious  flow ckiannels in mul t i rod  fuel bundles  du r ing  two-phase  flow 

condi t ions.  

p red ic t ion  of two-phase  p r e s s u r e  d r o p  de te rmined  with e l ec t r i ca l ly -hea ted  

t e s t  s e c t i o n s  within a few p e r c e n t .  

The s tudy  is not yet comple t e ,  but ini t ia l  r e s u l t s  allowed a 

Examina t ion  of P R T R  p r o c e s s  tubes  shows that  high flux significantly 

i n c r e a s e s  the c o r r o s i o n  r a t e .  

A s h o r t  c o r e  f u e l  e l e m e n t  cons i s t ing  of U 0 2  fueled r o d s  a s s e m b l e d  

into a 1 9 - r o d  c l u s t e r  was  exposed  in the E D E L - 1  loop for 3 weeks  a t  540 F. 
Examina t ion  of the  e l emen t  showed minor  w e a r  (- 0. 1 m i l )  on  the  lower  

suppor t  pads and 5 to  10 m i l s  in one r o d - w r a p .  

Calcu la t ions  ind ica te  tha t  60% of the  e l e m e n t s  in  the PRTR s h o r t  

c o r e  loading wi l l  o p e r a t e  wi th  mol ten  c o r e s  at s o m e  t i m e  dur ing  the i r  i r r a -  
diat ion.  

A fue l  e l emen t  des igned  t o  d e m o n s t r a t e  the feas ib i l i ty  of r e p l a c i n g  

individual  r o d s  in  a P R T R  c l u s t e r  w a s  cha rged  to  the MTR. 

C a p s u l e s  of Z i r c a l o y - 2  w e r e  exposed in  a n  autoclave at 350 C,  150 

Af te r  fou r  days  of p s ig  in  a continuing s tudy  of Z i r ca loy -2 - I2  in t e rac t ion .  
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autoclaving no c r a c k i n g  w a s  obse rved ;  however ,  pi ts  5 to  10 m i l s  d e e p  w e r e  

obtained in a r e a s  of high s t r e s s ,  in the p r e s e n c e  of 12. 

U0,-2070 P u 0 2  s a m p l e s  p r e p a r e d  f r o m  d r y  ba l lmi l led  and pneumat-  

ical ly  impacted  m a t e r i a l  continue to  show exce l len t  plutonium dis t r ibu t ion .  

S t a i n l e s s  s t ee l -20  ~ 0 1 7 ~  P u 0 2  c e r m e t s  showed no changes  in s t r u c t u r e  

when heated to  900 C in a vacuum fo r  400 h r .  

Two s t a i n l e s s  c lad,  s t a i n l e s s - 3 0  wt% U 0 2  c e r m e t  pins  ( 0 .  640 in.  O D x  

3 - 1 / 2  in.  long) f ab r i ca t ed  by pneumat ic  impact ion  w e r e  r educed  by hot e x t r u -  

s ion  to  0 .  200 in .  OD x approximate ly  3 6  in.  long fuel e l e m e n t s .  

T h e  pneumat ic  impact ion  equipment  was  comple te ly  overhauled  f o r  the 
f i r s t  t i m e  a f t e r  2-  1 / 2  yr and approx ima te ly  1000 impact ion .  

T h e  the rmion ic  e m i s s i o n  a p p a r a t u s  f o r  m e a s u r i n g  work  funct ions of 

plutonium compounds h a s  been  success fu l ly  ope ra t ed  f o r  the first t i m e .  

Beta  plutonium sesquioxide  e x i s t s  a t  the  composi t ion  O / P u  = 1 .  50. 

An oxygen e x c e s s  o r  def ic iency could not be  produced .  

3 A max imum e x p o s u r e  of 3 . 4  x lo2' f i s s i o n s / c m  (12, 600 Mwd/ton UOz) 
w a s  achieved  f o r  the 12  EBWR prototypic  fuel  rod  capsu le s  s t i l l  under  irra- 
diat ion.  

So l -ge l  t h o r i a  r e l e a s e d  cons ide rab ly  less gas  than  e i t h e r  low - f i r e d  gel 

t h o r i a  or  Nupac den i t r a t ed  t h o r i a .  

F u l l - s i z e  tho r ium -u ran ium tubular  fuel  e l e m e n t s  ope ra t ed  under  power 

r e a c t o r  condi t ions in the ETR have now a t ta ined  9300 Mwd/ton e x p o s u r e  with 

a m e a s u r e d  volume i n c r e a s e  of 0 . 7 % .  

A s a m p l e  of Haynes a l loy  25 w a s  exposed to  high veloci ty  he l ium,  

500 fps ,  a t  2050 F for 111 hr  to  d e t e r m i n e  i f  high g a s  ve loc i t ies  are impor t an t  

t o  c o r r o s i o n  in the ATR loop. Obse rved  c o r r o s i o n  w a s  in good a g r e e m e n t  with 

da t a  obtained in s t a t i c  oxygen a t  18 p or  4 2  p r e s s u r e  a t  2050 F. 
l i m i n a r y  d a t a  ind ica te  tha t  g a s  veloci ty  effects  are not impor t an t .  

T h e s e  p r e -  
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The  f i r s t  of a s e r i e s  of 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 s  r e a c h e d  i t s  goal  exposure  and w a s  d i scha rged .  

success fu l ly  a t  450 C and 1000 ps i .  

t ro l l ed  p r e s s u r e - t e m p e r a t u r e  capsu le  w a s  completed and  the capsu le  w a s  

cha rged  into a r e a c t o r .  

I t  had ope ra t ed  

The cons t ruc t  3n of a second con-  

A s  de te rmined  by a dead weight  loading s t r e s s  - t o - r u p t u r e  a p p a r a t u s ,  

the effect  of i r r a d i a t i o n  [ 1 .8  x lo2' nvt (E>1 MeV) a t  50 C ( 1 2 2  F ) ]  on  the 

t i m e  t o  r u p t u r e  of Inconel  X-750 in the s t a n d a r d  hea t  t r e a t e d  condition is 
as fol lows:  a t  48, 000 p s i  s t r e s s  and 732 C ,  the con t ro l  r u p t u r e d  in 175. 2 h r ,  

while  the i r r a d i a t e d  s p e c i m e n  b roke  in 9 .  5 h r .  

Z i r con ium al loy s a m p l e s  exposed to  the hydrogenated,  low oxygen, 

C o r r o s i o n  coolant  have now been weighed and c o r r o s i o n  r a t e s  ca lcu la ted .  

rates w e r e  r educed  a t  l e a s t  a f a c t o r  of two by the hydrogen addition at 
all flux leve ls ,  but still w e r e  g r e a t e r  than  o u t - o f - r e a c t o r  rates. 
f ic ia l  e f fec ts  of hydrogen addi t ion to  the  coolant  w e r e  l e a s t  at the h ighes t  

flux l eve l s .  

T h e  bene-  

T e s t s  on a l a r g e  b a r  of N-Reac to r  graphi te  show tha t  1000 ppm H2 
r e d u c e s  t h e  r a t e  of oxidation by w a t e r  vapor  in concen t r a t ions  of 100 to  

1000 ppm.  

Good a g r e e m e n t  has  been  obtained on length changes  in g raph i t e  

t e s t s  at 600 C i n  the  GETR and in K - R e a c t o r .  

d o s i m e t r y  methods used  have  p rope r ly  accounted f o r  the d i f f e rences  in 

neu t ron  s p e c t r a  and flux intensi ty .  

T h i s  ind ica tes  that  the neu t ron  

The  t h e r m a l  conduct ivi ty  of g raph i t e  i r r a d i a t e d  a t  625 to  800 C to  

high neu t ron  d o s e s  has been  m e a s u r e d  on N-Reactor  and o the r  g raph i t e s .  

A f a c t o r  of 5 d e c r e a s e  in the  r o o m  t e m p e r a t u r e  t h e r m a l  conduct ivi ty  w a s  
found. 

Radia t ion- induced  expansion is now o c c u r r i n g  in N-Reac to r  graphi te  
2 1  s a m p l e s  i r r a d i a t e d  in the  E T R  at about  1000 C to a dose  of 4 t o  6 x 10 

n e u t r o n s / c m 2 ,  E>O. 18 MeV. 
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Examina t ion  of e l ec t ron  m i c r o g r a p h s  made  f r o m  molybdenum which 

was  i r r a d i a t e d  t o  lo2' nvt d i sc losed  a nonuniform dis t r ibu t ion  of de fec t  

c l u s t e r s .  T h i s  sugges t s  tha t  c l u s t e r s  do coa le sce  t o  f o r m  dis locat ion r i n g s .  

A 2 -h r  annea l  a t  750 C of high pur i ty  molybdenum, i r r a d i a t e d  to  

1 x lo2' nvt (E > 1 Mev),  r e s u l t s  in  no apprec i ab le  change in lattice p a r a m e t e r  

but a m a r k e d  d e c r e a s e  in l ine b read th .  

t ro l l ed  impur i ty  show a d e c r e a s e  in both l a t t i ce  p a r a m e t e r  and l ine b read th  

u m e r  the  s a m e  condi t ions.  

F o i l s  containing ca rbon  as a con- 

I t  h a s  been in fe r r ed  f r o m  expe r imen t s  that  diffusion of a t o m s  is not 

the m a j o r  mechan i sm in the beta  to  a lpha t r ans fo rma t ion  of pu re  plutonium 

2 .  P h y s i c s  and Ins t rumen t s  

N-Reac to r  P h a s e  I11 fue l  cyc le  ana lys i s  using u ran ium m e t a l  f u e l  has  

been  completed.  

l a t t i ce s  are in  p r o g r e s s .  

M e a s u r e m e n t s  of ka to suppor t  h a z a r d s  evaluat ion of coproduct  

Two m o r e  hybrid p r e a m p l i f i e r s  w e r e  completed f o r  u s e  with the 

r e g u l a r  f i ss ion  d e t e c t o r s  of t he  N - R e a c t o r  s u b c r i t i c a l  neutron flux moni tor ing  

s y s t e m .  

The addition of a n  Am241 detect ion channel  t o  the Pu239  liquid s a m p l e  

counting s y s t e m  is being cons ide red  t o  compensa te  fo r  Am241 contr ibut ion to  

the r eadou t ,  t he reby  improving  the a c c u r a c y  of the PuZ3' m e a s u r e m e n t s .  

Development  is continuing on a n  u l t r a son ic  test t o  de tec t  c lad  thinning 

ove r  the b r a z e d  r eg ions  of N - R e a c t o r  fue ls  (dog-bone t e s t ) .  A prototype 

probe  w a s  cons t ruc ted  us ing  2 Mc BaTiOQ t r a n s d u c e r s ,  and p r e l i m i n a r y  

r e s u l t s  w e r e  encouraging .  

A prototype u l t r a son ic  t e s t e r  f o r  de tec t ing  the bond qual i ty  of l i th ium-  

a luminum t a r g e t  e l e m e n t s  has  been  r e t u r n e d  to the l a b o r a t o r y  p r i o r  t o  i t s  

ins ta l la t ion  in  the 306 Building for continued "in l ine" evaluat ion.  
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X - r a y  f luo rescence  da ta  indicate the i n s t r u m e n t  does  not de tec t  

N-Reac to r  fuel c l o s u r e  contaminat ion  to  the r e q u i r e d  sens i t iv i ty .  

l a b o r a t o r y  work  is planned.  

F u r t h e r  

An improved  alpha p a r t i c l e  de tec t ing  s y s t e m  t o  r e v e a l  u ran ium con-  

tamina t ion  on f inished fuel  s u r f a c e s  h a s  been  des igned .  

Development work  has been  comple ted  on a prototype dua l  bond 

t e s t e r  t o  moni tor  the  in t e rna l  bond quality of AlSi  f u e l s  f r o m  the o u t e r  

s u r f a c e .  

by the p r e s e n t  t e s t e r .  

This  s y s t e m  e l i m i n a t e s  the t roub le some  in t e rna l  probe  r e q u i r e d  

Exponent ia l  and neut ron  mult ipl icat ion e x p e r i m e n t s  w e r e  continued 

with en r i ched  N - R e a c t o r  fue ls  in l ight w a t e r  t o  provide  da t a  fo r  nuc lea r  

s a fe ty  guidance .  M e a s u r e m e n t s  have now been comple ted  with two fuel 

a s s e m b l i e s  in e a c h  of two l a t t i ce s .  

Subc r i t i ca l  neut ron  mult ipl icat ion m e a s u r e m e n t s  w e r e  p e r f o r m e d  on 

a r r a y s  of S N  and PR c a n s  f i l led with plutonium n i t r a t e  solut ions.  

s o m e  f u r t h e r  e x p e r i m e n t a l  checks  are needed,  p r e l i m i n a r y  r e s u l t s  show 

tha t  S N  and  PR c a n s  may  be  s a f e l y  handled in much g r e a t e r  n u m b e r s  than  

p rev ious ly  p e r m i t t e d  . 

Although 

A series of c r i t i ca l i t y  e x p e r i m e n t s  w e r e  comple ted  with plutonium 

n i t r a t e  so lu t ions  in a 15. 2 in .  d i am s t a i n l e s s  s t e e l  s p h e r e  (30. 2 l i t e r  

vo lume) .  

m a s s  va lues  f o r  plutonium so lu t ions  in the  v e s s e l  b a r e  and wi th  r e f l e c t o r s  

of w a t e r  and c o n c r e t e .  

The  da ta  obtained f r o m  t h e s e  e x p e r i m e n t s  have provided c r i t i c a l  

Class I HL-des igned  sh ipping  con ta ine r s  w e r e  sub jec t ed  to  d r o p  

t e s t s  ( u p  to  30 f t )  to  s i m u l a t e  acc iden t  condi t ions .  

t h e s e  t e s t s  in fair o r d e r .  

The  con ta ine r s  su rv ived  

A Monte Car lo  ca lcu la t ion  h a s  been  used  to provide  a n  e s t i m a t e  of 
the c r i t i c a l  m a s s  for a b a r e  s p h e r e  of Pu238 m e t a l .  The  r e s u l t s  ind ica te  

the  c r i t i c a l  m a s s  for  Pu238 may  be  as low as 5 kg, which is half the value 

f o r  Pu239  m e t a l  of 10 kg.  
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Favorab le  c o m p a r i s o n s  have been  obtained between m e a s u r e d  and 

ca lcu la ted  c r i t i ca l i t y  fo r  P u 0 2 - p o l y s t y r e n e  c o m p a c t s  a t  a n  H / P u  of 15, f r o m  

both mult igroup diffusion ( H F N )  and SN t r a n s p o r t  (DTF)  ca lcu la t ions .  

The  modifications to  the slow -neut ron  t ime-of  -fl ight s p e c t r o m e t e r  

The  reso lu t ion  e l emen t s  of the s p e c t r o m e t e r  w e r e  m e a -  w e r e  completed.  

s u r e d  using a new c o p p e r - c r y s t a l  m o n o c h r o m a t o r .  

Another m e a s u r e m e n t  series of 3 -  to  15-Mev to ta l  c r o s s  sec t ions  

w a s  comple ted .  

which w e r e  m e a s u r e d  l a s t  month.  

9 Mev w e r e  l o s t  f r o m  both r u n s  due to  a malfunction in the da ta  s t o r a g e  

ana lyze r  . 

This  s e r i e s  w a s  a r e m e a s u r e m e n t  of the s e p a r a t e d  i so topes  

The r e s u l t s  for neutron e n e r g i e s  of about 

Burnup da ta  f r o m  the f i r s t  of the 1% P u 0 2 - U 0 2  fuel e l emen t s  i r ra-  
diated in the PRTR are  now being r ece ived .  

The  in i t ia l  e x p e r i m e n t  using 19- rod  c l u s t e r s  0 .  9% P u 0 2 - U 0 2  fuel 

in a graphi te  la t t ice  has  been completed in the  P C T R .  

Ex tens ive  m e a s u r e m e n t s  of con t ro l  e l emen t  wor th ,  r e a c t o r  no i se ,  

and void coefficient m e a s u r e m e n t s  (Pu-A1 r o d s  in H 2 0 )  w e r e  m a d e  in the 

PRCF.  

A r e p o r t  desc r ib ing  m e a s u r e m e n t s  of the d e p a r t u r e  of the s lowing 

down s p e c t r u m  in the  EBWR lattice f r o m  the  z e r o  a b s o r p t i o n - ( l / E )  f o r m  i s  
in p repa ra t ion .  

C o m p a r i s o n s  of an  i t e r a t ed  s p a c e  -energy  s e p a r a b l e  approximation 

to  obtain unit  cell p a r a m e t e r s  h a s  been made  with the in t eg ra l  t r a n s p o r t  

s imul taneous  s p a c e - e n e r g y  ca lcu la t ions  f o r  the  EBWR la t t ice .  

t h e r m a l  Ff is shown t o  be  f r o m  0 .  35 to  1. 3570 higher  than the s imul taneous  

solut ion va lues .  

The  i t e r a t ed  

S tudies  of the ut i l izat ion of P u 2 3 9  and U233 in  the  710 propuls ion 

r e a c t o r  are  under  way.  

the r e a c t o r .  

Ini t ia l  w o r k  c o v e r s  both the s t a t i c s  and k ine t ics  of 

An i m m e d i a t e  r e s u l t  is tha t  the shutdown power dens i ty  is - 1 / 3  
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tha t  of a uranium-fue led  r e a c t o r  ( r a t i o  of delayed neutrons is p r i m a r y  

f ac to r ) ,  and the shutdown cooling (propel lan t )  r e q u i r e m e n t s  would be s i g -  

nificantly lower  in the plutonium-fueled c a s e .  

Reac to r  physics  code development  has  continued a t  2 :-elatively high 

l eve l ,  including the complet ion of the  ZODIAC code and desc r ip t ive  documents .  

T h e  ini t ia l  r u n  with the HTLTR mockup has  begun. The run  is con-  

Tes t ing  cont ro l  e l emen t  f ined most ly  t o  component  t e s t ing  and outgass ing .  

and fue l  e l emen t  components  cont inues .  

At the r eques t  of Washington AEC a s tudy  to  d e t e r m i n e  plutonium 

va lues  under  p r iva t e  ownersh ip  conditions is under  way to  be completed e a r l y  

in  November  1964.  About 60 h r  of 7090 compute r  t i m e  are involved. 

Monte C a r l o  calculat ions in the  RBU code have been used  to  ca lcu la te  

effective c r o s s  sec t ions  of Pu239  as a function of concent ra t ion  and geomet ry .  

C o m p a r i s o n s  with o ther  codes  and expe r imen ta l  da ta  wil l  be a t tempted  in  

o r d e r  t o  de t e rmine  the p r o p e r  c o r r e c t i o n s  of ILTELEAGER. 

C r o s s  sec t ion  da ta  have been  der ived  f r o m  a r e c e n t  v e r s i o n  of the 

RBU B a s i c  L i b r a r y  to  m a k e  up  t h r e e  c r o s s  sec t ion  da ta  t apes  f o r  va r ious  

t e m p e r a t u r e  r a n g e s  f o r  u s e  in  the MELEAGER E c o n o m i c s  chain s y s t e m .  

T h e  PROTEUS code ( c u r v e  f i t s  the output f r o m  the MELEAGER 

burnup code to the p rope r  f o r m  f o r  the QUICK economics  code)  h a s  been  

r e v i s e d  t o  a c c u r a t e l y  t r e a t  p r iva t e  ownersh ip  of nuc lea r  fuel .  

A special da ta  s e t  for the f ina l  debugging of the  VESTA code has  been 

devised  and is being run .  

A ca ta log  (designated FORV) of r e a c t o r  fuel  c o s t s  and fue l  cos t  c u r v e s  

is being compiled for AEC -Washington. 

Improved  power  supply  regula t ion  has  e l imina ted  ins tab i l i ty  of the 

P R T R  underwater  g a m m a  s c a n n e r .  

to accommoda te  va r ious  radionucl ide ca l ibra t ion  s o u r c e s ;  fabr ica t ion  w a s  
s t a r t e d  on a device t o  p e r m i t  c l o s u r e  of the a p e r t u r e  in the lower  co l l ima to r .  

S y s t e m  de tec to r  sh ie ld ing  w a s  modified 



xiv HW-84474 

234 
Two regene ra t ing  neutron flux de tec to r s  coated with about 90% U 

and 10% U235 w e r e  given p r e l i m i n a r y  t e s t s  ( fo r  g a m m a  sens i t iv i ty  .I. and alpha 

pa r t i c l e  induced c u r r e n t )  and instal led in KW-Reac to r .  A B L 1  c h a m b e r  and 

a n u m b e r  of me ta l - shea thed  coaxia l  cables w e r e  a l s o  ins ta l led  in a d i f fe ren t  
60 

KW-Reac to r  t e s t  faci l i ty .  

g a m m a  flux of 7 x l o 4  R / h r  r evea led  c u r r e n t s  of one pA f o r  t he  c h a m b e r  and 

even  less f o r  the c a b l e s .  

P r i o r  exposure  of the boron  c h a m b e r s  t o  a Co 

A the rmos ta t i ca l ly  cont ro l led  bath was  designed to  provide molten 

Wood's  m e t a l  f o r  u s e  in studying eddy c u r r e n t  t e s t  coi l  des ign  and the effect  

of f law g e o m e t r y  on output t e s t  s i g n a l s .  

Analyt ical  solut ion f o r  t h e r m a l  s u r f a c e  impedance as a function of 

m a t e r i a l s ,  t h e r m a l  wave f r equenc ie s ,  l a y e r  th ickness  and contac t  conductance 

h a s  been evaluated for a wide r a n g e  of poss ib le  t e s t  condi t ions.  

T h e  ana ly t ica l  and n u m e r i c a l  a t tenuat ing  wave propagat ion mode l  
s tud ie s  are  es sen t i a l ly  comple te .  

s t a i n l e s s  s t e e l  are comple te  except  f o r  da ta  reduct ion .  

S h e a r  wave at tenuat ion m e a s u r e m e n t s  on 

Ul t rasonic  and eddy c u r r e n t  p r e c h a r a c t e r i z a t i o n  tests w e r e  conducted 

Fa t igue  t e s t s  are being delayed while  the  four -poin t  on fa t igue  t e s t  s a m p l e s .  

bending f ix tu re  is modif ied.  

Two approaches  are being conducted in  a n  e f fo r t  t o  produce  a s e m i -  

T h e  f i r s t  is to  grow the  conductor  junction in l i thium su l fa te  monohydrate .  

c r y s t a l  f r o m  a n  aqueous solut ion and add the p r o p e r  dopants  du r ing  the  growth.  

T h e  second is to f o r m  deep  t r a p s  by i r r ad ia t ion  of a s ingle  c r y s t a l .  

An ana log  c o m p u t e r  p r o g r a m  w a s  p r e p a r e d  f o r  the  convers ion  of wind 

turbulence  da ta  into r ec t angu la r  coord ina te  components ,  

An ana log  c o m p u t e r  p r o g r a m  w a s  completed which def ines  the  d i s t r ibu -  

t ion and t i m e  t r a n s i e n t s  of rad io iso topes  in  the  human body a f t e r  ingest ion,  

inject ion,  inhalation, o r  absorp t ion .  T r a n s i e n t s  w e r e  obse rved  after ingest ion 

of s ingle  and mult iple  d o s e s  of r e s u l t s  a re  graphed  on a c h a r t  r e c o r d e r .  
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Success fu l  ope ra t ion  w a s  achieved  with the new s l id ing  valve mecha -  

n i sm f o r  Biology canine inhalat ion -:udies. 

a c t u a t o r  which,  i n  t u r n ,  d r i v e s  the  s l i d ing  va lve .  

T h e r m i s t o r s  con t ro l  a l i n e a r  

The  Biology field ana lyze r  and moni tor  w a s  comple ted  f o r  f ie ld  and 

l a b o r a t o r y  use  in the  de tec t ion  of rad ionucl ides  in e x p e r i m e n t a l  a n i m a l s .  

Ini t ia l  ope ra t ion  appea red  s a t i s f a c t o r y .  

E x p e r i m e n t s  w e r e  conducted ins ide  a r e a c t o r  hea t  exchange r  to  

d e t e r m i n e  i f  the  a n i m a l  physiological  function t e l e m e t r y  s y s t e m ,  being 

developed f o r  Biology L a b o r a t o r y ,  could be used  to  m e a s u r e  the t e m p e r a -  

t u r e  a n d / o r  pu lse  r a t e  of humans  working  inside the e x c h a n g e r s .  R e s u l t s  

w e r e  f avorab le ,  although h igher  t r a n s m i t t i n g  powers  a r e  r e q u i r e d .  

Equipment  which w i l l  o p e r a t e  a t  100 kc is being developed to  pene-  

t r a t e  i so tope  conta inment  c e l l s  wi th  u l t r a sound .  

within so l id  c o r e s  and r e v e a l  whether  the c o r e  c e n t e r  i s  sol id  o r  mol t en .  

This t e s t  w i l l  de tec t  c r a c k s  

The  ana ly t ica l  so lu t ion  f o r  t h e r m a l  s u r f a c e  impedance  as a function 

of hea t  s o u r c e  p a r a m e t e r s  has been  eva lua ted  f o r  a l a y e r  of Inconel  on 

S r T i 0 3 .  T h i s  method a p p e a r s  to  r e v e a l  t h e r m a l  p r o p e r t i e s  of the  c o r e  

m a t e r i a l  while  minimiz ing  ef fec ts  of contact  conductance .  

An u l t r a son ic  tes t  has been developed to  d e t e r m i n e  the loca t ion  of 
t r a n s i t i o n  r eg ions  between as - ext ruded  and annea led  g r a i n  s t r u c t u r e s  a long  

the length of P R T R  p r o c e s s  t u b e s .  

Analog computat ions w e r e  e s s e n t i a l l y  comple ted  on the  rou t ing  p rob-  

l e m  of the Columbia  R i v e r  du r ing  a flood. 

t h r e e  p a r a m e t e r s  of a ma themat i ca l  model  t o  r i v e r  flow da ta .  

The  p rob lem involved f i t t ing of 

The  i so tope  Fe55 has  been  d i scove red  in a blood s a m p l e  f r o m  an 

Alaskan  ca r ibou .  

Using the volume of a u r ine  s a m p l e  r a t h e r  t han  the po ta s s ium content  

as a n  e x c r e t i o n  index g ives  a n  a v e r a g e  Cs137 body burden  e s t i m a t e  tha t  

a g r e e s  with whole body count ing m e a s u r e m e n t s  made  at the  s a m e  t i m e .  
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3 The He 

coincidence c i r c u i t s .  

neut ron  s p e c t r o m e t e r  w a s  success fu l ly  t e s t ed  us ing  the an t i -  

Recen t  unexplained difficult ies in the  s m a l l  r ad ia t ion  c a l o r i m e t e r  

s y s t e m  have been t r a c e d  to  room t e m p e r a t u r e  f luctuat ions.  

out s y s t e m  f o r  the s m a l l  c a l o r i m e t e r  w a s  des igned  and bui l t .  

A pulsed  r e a d -  

An ana lys i s  w a s  made  of two a t m o s p h e r i c  phys ics  expe r imen t s  in  
which f luo resce in  and zinc su l f ide  t r a c e r s  w e r e  r e l e a s e d  f r o m  a common  

s o u r c e .  

gene ra t ed  d rop le t ,  i t  w a s  demons t r a t ed  that  f l uo resce in  p a r t i c l e s  can  be 

produced  which have ae rodynamic  p r o p e r t i e s  s i m i l a r  t o  those  of z inc sulf ide,  
the t r a c e r  u sed  a t  Hanford in the pas t .  

By cont ro l l ing  the concent ra t ion  of the s l u r r y  and the s i z e  oi 

3 .  C h e m i s t r y  

Vapor  depos i t ion  of nickel  on copper  and u ran ium has  been  a c c o m -  

pl ished by a p romis ing  new p r o c e s s  us ing  a nickel(I1) compound of hexa-  

f luoroace ty lace tone  . 

The  volati l i ty of t r a c e  quant i t ies  of polonium o v e r  b i smuth  oxide 
fol lows the  equat ion 

w h e r e  n is the vapor  p r e s s u r e  divided by the mole  f r ac t ion  of polonium in the 

oxide and T r a n g e s  f r o m  858 to  1000 K .  

Polonium dis t i l l s  out of n i t r i c  ac id  so lu t ions  containing 1 g / l i t e r  

d iphenylcarbaz ide  (DPC).  
b i smuth  s u p p r e s s  the dis t i l la t ion.  Bismuthyl  n i t r a t e  c a r r i e s  polonium a l m o s t  

quant i ta t ively,  o f f e r ing  p r o m i s e  as a p r o c e s s  s t e p  for achiev ing  concent ra t ion  
of polonium. 

Acid i t ies  above  1 to 2M - a n d / o r  the p r e s e n c e  of 

I r r a d i a t e d  t h o r i a  w a s  d isso lved  wi th  no difficulty and the  r e s u l t i n g  

f eed  sub jec t ed  t o  a manganese  dioxide scavenging  s t e p  f o r  pro tac t in ium 

r e c o v e r y .  Radiat ion effects  r e q u i r e d  the  p r e s e n c e  of a n i t r i t e  s u p p r e s s a n t  
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f o r  p r o p e r  prec ip i ta t ion  of the manganese  dioxide p rec ip i t a t e  and prevent ion  

of i t s  r a p i d  r ed i s so lu t ion .  

r e s u l t s  w e r e  achieved with f eeds  subs tan t ia l ly  “ h o t t e r ”  than  expected in the 

plant.  

convers ion  of manganese  dioxide to  ion exchange feed .  

With addi t ion of a n i t r i t e  s u p p r e s s a n t  s a t i s f a c t o r y  

S u c r o s e  in  0. 5M - H2S04  w a s  demons t r a t ed  as a su i t ab le  r e a g e n t  f o r  

P rec ip i t a t ion  as the hydroxide a t  pH 10 was  t e s t ed  in l a b o r a t o r y  

e x p e r i m e n t s  and shown to be a p r o m i s i n g  method of s e p a r a t i n g  magnes ium 
90 

f r o m  S r  , a s e p a r a t i o n  need which m a y  a r i s e  in fu tu re  w a s t e  p r o c e s s i n g .  

S u c r o s e  deni t ra t ion  of technet ium so lu t ions  w a s  success fu l ly  

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

Reac t ion  of BAMBP with n i t r i c  ac id  w a s  shown to p roceed  through 
n i t rous  ac id  a t tack .  

Continuing l a b o r a t o r y  s tud ie s  of t h o r i a  d i sso lu t ion  have ind ica ted  
that  a luminum does  not ca t a lyze  r e a c t i o n  with n i t r i c -hydro f luo r i c  ac ids  , 
c o n t r a r y  to  SRL r e p o r t s .  

P r e v i o u s  work  has identified the  c r i t i c a l  t e m p e r a t u r e s  at which 

runaway chemica l  r e a c t i o n s  can  o c c u r  in ion exchange p r o c e s s e s .  

w o r k  h a s  identified c i r c u m s t a n c e s  under  which t r a n s i e n t  hea t  gene ra t ion  

condi t ions can  produce  t e m p e r a t u r e s  we l l  in e x c e s s  of ambien t  condi t ions.  

Recent  

E x p e r i m e n t s  t o  c o m p a r e  the  e f f ec t s  of i r r a d i a t i o n  and c h e m i c a l  

deg rada t ion  on Ce(1V) ex t r ac t ion  by D2EHPA-TBP-so lven t s  indicated a 
m a r k e d  (30-fold) d e c r e a s e  in ex t r ac t ion  coeff ic ients  by exposure  to  27 whr  

of r ad ia t ion  p e r  liter. 

A f u l l - s c a l e  p l a s t i c - l i ned  s l a g  and c ruc ib l e  d i s s o l v e r  h a s  s u c c e s s -  

ful ly  p r o c e s s e d  190 c a n s  of s imula t ed  feed  m a t e r i a l  a t  the r a t e  of two c a n s  

p e r  hour .  

A con t ro l  s y s t e m  f o r  u s e  in plutonium e l e c t r o r e f i n i n g  p r o c e s s  

s t u d i e s  h a s  been  des igned ,  f ab r i ca t ed ,  t e s t ed  and de l ive red  t o  CPD. 
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The GE -412 p r o c e s s  con t ro l  compute r  s a t i s f a c t o r i l y  p a s s e d  an  

ex tens ive  series of acceptance  t e s t s .  

E s s e n t i a l l y  comple te  prec ip i ta t ion  of plutonium dioxide in  a s a l t  

cyc le  m e l t  w a s  demons t r a t ed  us ing  a two-s t ep  p r o c e s s .  

T h e  s e p a r a t i o n  of noble m e t a l s  f r o m  uranium in s a l t  cyc le  s y s t e m s  
by e l e c t r o c h e m i c a l  means  has been  shown to be unlikely.  

e x p e r i m e n t s ,  however ,  indicate tha t  p rec ip i ta t ion  is a poss ib le  s e p a r a t i o n  

s t e p .  

P r e l i m i n a r y  

Rela t ionships  fo r  the r a t i o s  of plutonium s p e c i e s  in va r ious  ch lo r ide  

m e l t s  a t  500 to  $ 0 0  C have been de te rmined  spec t ropho tomet r i ca l ly .  

A second hot ce l l  phosphate  g l a s s  w a s t e  fixation r u n  w a s  comple ted .  

A good quality v i t r eous  product  w a s  obtained and l i t t l e  o r  no rad ioac t iv i ty  

w a s  evolved to  the off - g a s  o r  condensa te  s t r e a m s .  

The  opera t ing  capac i ty  f o r  t he  p ro to type - sca l e  s p r a y  c a l c i n e r - m e l t e r  

(with no d r a f t  tube) w a s  e s t ab l i shed  at that  equivalent  to the w a s t e  f r o m  a 
plant  p r o c e s s i n g  about  2 tons of u ran ium pe r  day. 

T h e  f i r s t  ope ra t ing  t e s t s  of the W a s t e  Solidification Eng inee r ing  

P-ototype w e r e  success fu l ly  made  on the pot ca lc ina t ion  p r o c e s s .  

An unexpected e x o t h e r m i c  r e a c t i o n  o c c u r r e d  in a n  expe r imen t  in 
which a n  un i r r ad ia t ed  N-Reac to r  coproduct  e l e m e n t  w a s  hea ted  in a steel 
tube; the e x p e r i m e n t  is to  be r e p e a t e d  with a Vycor  l i ne r  in the steel tube 

p r i o r  t o  tests with i r r a d i a t e d  e l e m e n t s .  

Des ign  and p r o c u r e m e n t  ac t iv i t ies  for the Conta inment  S y s t e m s  

E x p e r i m e n t  cont inued.  

scheduled  t o  s t a r t  in mid -November .  

A e r o s o l  Development  F a c i l i t y  with c a r r i e r - f r e e  

r e l e v a n t  to  r e a c t o r  s i m u l a t o r  blowdown w a s  so lved  by a n  ana log  compute r  

p r o g r a m .  

E r e c t i o n  of the containment  v e s s e l  in T P l a n t  is 
An ini t ia l  r u n  w a s  comple ted  in  the 

'. A s y s t e m  of equat ions 
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The "Steady-State Flow in So i l s ' '  compute r  p r o g r a m  f o r  analyzing 

liquid flow through porous  med ia  has been r e v i s e d  to  f o r m  a new p r o g r a m  

t o  ca lcu la te  gas  flow through soils, r e l a t ed  to the d i sposa l  of of f -gas  to  

ground.  

A s t a t i s t i c a l  ana lys i s  of n u m e r i c a l  e r r o r s  in permeabi l i ty  ca lcu la-  

t ion methods  r e v e a l s  that  r e m a r k a b l y  a c c u r a t e  r e s u l t s  c a n  be expected in  

us ing  the  
s y s t e m s .  

1 1  S t r e a m  C o m p u t e r  P r o g r a m ' '  to  ana lyze  ground w a t e r  flow 

Soi l  d i spe r s ion  t r e a t m e n t s  which wil l  a id  in  the s e p a r a t i o n  and iden-  

t i f icat ion of the different  m i n e r a l  series in Hanford soils have been  d e t e r -  

mined .  Montmori l loni te ,  m i c a ,  and a ch lo r i t e - l i ke  m i n e r a l  have been  

ident i f ied in the c lay  f r ac t ion .  

T h e  high reso lu t ion  c h a r a c t e r i s t i c s  of a l i thium -dr i f ted  g e r m a n i u m  

de tec to r  w e r e  d e m o n s t r a t e d  on a mix tu re  of g a m m a  emi t t ing  f i s s ion  products .  

The mechan i sm of radiat ion-induced er ioglauc ine  decomposi t ion  in 

aqueous s y s t e m s  w a s  unequivocally es tab l i shed  as a t t ack  by OH r a d i c a l s .  

I r r ad ia t ion  of p-n i t robenzoate  ion gave rise t o  free r a d i c a l s ,  as s tudied  by 
ESR, having half l i ves  of s e v e r a l  minu te s .  

P r e l i m i n a r y  ana lyses  of p rometh ium f r o m  i r r a d i a t e d  power  r e a c t o r  

fue ls  showed Pm146  contents  of about 5 ppm after exposures  of about  15, 000 

Mwd/Tonne ,  subs tan t ia l ly  less than published e s t i m a t e s .  

T h e  s u r f a c e  tens ion  of molten neodymium (a  p rometh ium s tand- in)  

w a s  exper imenta l ly  d e t e r m i n e d  as 50 t o  70 d y n e s / c m .  

S t ront ium t i tana te  of va r ious  s to i ch iomet r i e s  w a s  p r e p a r e d  f o r  

pneumatic  impact ion  t e s t ing .  

Two previous ly  un repor t ed  g a m m a  r a y s ,  0 .  6 and 0 .  64 MeV, w e r e  

tentat ively identified as p a r t  of the a m e r i c i u m  decay  s c h e m e .  
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4 .  Biology 

Adult chinook s a l m o n  ( 2 0  f i s h )  exposed by the  contact  method f o r  90 

min  to a v i ru len t  s t r a i n  of Chondrococcus co lumnar i s  died 3 days  pos texposure .  

To o u r  knowledge, t h i s  is the first l a b o r a t o r y  demons t r a t ion  of acu te  dea th  

of adult  s a l m o n  f r o m  co lumnar i s  infect ion.  P r e v i o u s  l a b o r a t o r y  work  w a s  

with juvenile s a l m o n ,  

Acute  myelogenous leukemia  w a s  tentat ively diagnosed in a 2 -  1 / 2  y r -  
90 old f e m a l e  min ia tu re  pig in  the 125 dCi  S r  

hematopoiet ic  t i s sue  neoplas ia  obse rved  in pigs ingest ing S r  
/ d a y  group.  T h i s  is the f i f th  

90 . 

Lungs  and bronchia l  lymph nodes f r o m  rats exposed twice weekly f o r  

8 weeks  t o  u ran ium o r e  dus t  show a se l ec t ive  re ten t ion  of t ho r ium in c o n t r a s t  

to  u r a n i u m .  

tha t  of u r a n i u m  although tho r ium and u ran ium w e r e  in equi l ibr ium in the o r e  

dus t  , 

T h e  concent ra t ion  of t ho r ium in t h e s e  t i s s u e s  is 2 t o  6 t i m e s  

Ini t ia l  t e s t s  w e r e  p e r f o r m e d  with DDT to d e t e r m i n e  expe r imen ta l  

l eve l s  at which t o  s t r e s s  f lour  bee t le  populations under  conditions of both 

insec t ic ide  and r ad ia t ion .  R e s u l t s  indicated:  (a) wild types  had c o m p a r a b l e  

sens i t i v i t i e s  to DDT, (b )  sooty  mutants  w e r e  about t en  t i m e s  m o r e  sens i t i ve  

to  DDT than w e r e  wild types ,  and (c) o l d e r  l a r v a e  placed on 0 .02% DDT 
ra t ions  had a h igher  s u r v i v a l  r a t e  than did younger l a r v a e .  

Alfalfa s eeded  into S r g O  plots dur ing  l a t e  s u m m e r  of 1963 w a s  

h a r v e s t e d  s i x  t i m e s  du r ing  the 1964 growing s e a s o n .  

t ions  i n c r e a s e d  s l igh t ly  du r ing  the s e a s o n ,  with no appa ren t  effect  of plant 

m a t u r i t y  upon the concent ra t ion .  

found dur ing  1958. 

S t ront ium concen t r a -  

C u r r e n t  va lues  are n e a r l y  ident ica l  t o  those  

P r e l i m i n a r y  ca lcu la t ions  of biological half-life of Cs137 in Anaktuvuk 

Pass adul t  E s k i m o s  w e r e  m a d e  us ing  whole-body burdens  d e t e r m i n e d  by the  

shadow - sh ie ld  counter  and C s  13' intake ca lcu la ted  f rom d i e t a r y  informat ion .  
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Subs tan t ia l  va r i a t ion  w a s  found in the  va lues  de r ived ,  but gene ra l ly  

indicated a ha l f - t ime  subs tan t ia l ly  s h o r t e r  than  the  100 to  150 days  r e p o r t e d  

in the l i t e r a t u r e .  

Whole-body counts  of 12 Anaktuvuk Pass adul t  m e n  w e r e  obtained 
by Radiological  P h y s i c s  Opera t ion  on Oc tobe r  13, uti l izing the 3 in .  c r y s t a l .  

Cs13?  body burdens  w e r e  found t o  be about  2070 lower  than  those  m e a s u r e d  

on S e p t e m b e r  9-10 .  

TECHNICAL AND OTHER SERVICES 

Work  o n  the  Gable  Mountain S w a m p  to  con t ro l  contaminat ion that  

e n t e r e d  the s w a m p  on June  1 2  w a s  e s s e n t i a l l y  comple ted .  

edges  of the  s w a m p  bur ied  the contaminat ion  in  the n e a r  s h o r e  area and 

r e s u l t e d  in a r i s e  in w a t e r  l e v e l  of about 1 f t .  

t ion l eve l s  t o  a few mR p e r  hour .  The  concent ra t ion  of be ta  e m i t t e r s  in the  

s w a m p  w a t e r  had p rev ious ly  dec l ined  to  about p c / c c .  Food p lan ts  fo r  

w a t e r  fowl w e r e  e i t h e r  bu r i ed  o r  bu rned .  Ducks s a m p l e d  du r ing  the l a t t e r  

p a r t  of the  month had e x t e r n a l  contaminat ion  of less than  1000 c / m  and Cs 
concen t r a t ions  in the i r  f l e s h  of about 

still highly contaminated ,  however ,  and wil l  l ikely r e m a i n  so  for a y e a r  o r  
two.  

Backfi l l ing of the 

T h i s  ac t ion  r educed  r a d i a -  

137 

pc /g .  .The  bottom of the  s w a m p  is 

The  concent ra t ion  of fal lout  m a t e r i a l s  in the air of the  Hanford 
3 env i rons  w a s  about  0 .  3 t o  0 . 4  pc 

but r o s e  t o  a peak of 4 pc e / m  

c a r r i e d  out by the Ch inese  on Oc tobe r  16 .  The  l e v e l  had dec l ined  t o  about  

1 p c / m  by the  end of the month .  No s igni f icant  i n c r e a s e  in the I con-  

cen t r a t ion  in  loca l  air o r  mi lk  w a s  evident  by the  end of the month.  

/ m  dur ing  the e a r l y  p a r t  of the  month,  
3 on Oc tobe r  2 2 - 2 3 ,  following the a t o m i c  test 

3 131 

Dur ing  the instal la t ion of P r o j e c t  CGI-966 (Safety C i r c u i t  T r i p  Identi-  

f icat ion S y s t e m )  p r o b l e m s  involving the in t e rac t ion  of row and co lumn ground 

d e t e c t o r s  w e r e  r e s o l v e d  through the s tudy  of a model  a s s e m b l e d  a t  the  c e n t r a l  

main tenance  shop  in 1 0 0 - H .  P r o j e c t  accep tance  t e s t s  w e r e  s u c c e s s f u l l y  
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completed a t  D-Reac to r  on October  30 following ad jus tmen t s  of the  ground 

de tec to r  acco rd ing  to  the  in s t ruc t ion  of "Invariance of Pane l l i t  Ground 

Detect ion Funct ions  Under  a Change of Supply Voltage,  a l e t t e r  f r o m  

R .  L.  R i c h a r d s o n  t o  the pro jec t  engineer ,  dated Ju ly  20, 1964. 

I I  

R .  L.  Richardson ,  Ma themat i c s  Opera t ion ,  w a s  coauthor  of " P r i n -  
I I  c ipa l  Var i ab le s  in Vibrat ional  Compact ion,  

J apan  Internat ional  Exchange  Meeting on C e r a m i c  Nuclear  F u e l s .  

a paper  p re sen ted  a t  the U.  S .  - 

HW-84388, "Finding P r e c i s i o n  Lat t ice  Cons tan ts  of Hexagonal 

C r y s t a l s  by Using a C o m p u t e r ,  ' I  has  been  i s sued  as p a r t i a l  documentation 

of w o r k  done on P u  0 c r y s t a l s .  2 3  

Instal la t ion of the GE 412 p r o c e s s  cont ro l  compute r  in the Hanford 

van  next to  the 321 Building w a s  comple ted .  

and machine  debugging of funct ional  p r o g r a m s  i s  in p r o g r e s s .  

on the  coding of the  gene ra l  diagnost ic  (equipment  f a i lu re  and p e r i p h e r a l  

failure rout ines  1 p r o g r a m .  

The  compute r  is now opera t iona l ,  

W o r k  cont inues 

A procedure  w a s  developed for de t e rmin ing  opt imal  n u m b e r s  of 
p r o c e s s  tubes  t o  be m e a s u r e d  in the continuing Al te rna te  T u b e - C o r r o s i o n  

Monitor P r o g r a m .  

An extens ive  s e t  of power c u r v e s  w a s  developed t o  a s s i s t  in  the  des ign  

of a n  acceptab le  r u n - t o - r u p t u r e  e x p e r i m e n t  to c o m p a r e  the  HDS and AlSi fue l  

p r o c e s s e s .  

The  ini t ia l  m a s s  s p e c t r o m e t e r  s imula t ion  s tudy  of the  propagat ion of 
m e a s u r e m e n t  errors w a s  concluded. 

T h e  ana lys i s  of the da t a  f r o m  the DNA s tudy  of m o u s e  l i v e r s  of r a d i a -  

t ion c h i m e r a s  w a s  comple ted .  
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SUPPORTING FUNCTIONS 

Plutonium Recyc le  T e s t  R e a c t o r  output fo r  October  w a s  1312 Mwd 

f o r  a n  expe r imen ta l  t i m e  eff ic iency of 76% and a plant eff ic iency of 60%. 

T h e r e  w e r e  s e v e n  ope ra t ing  pe r iods  du r ing  the month,  four  of which w e r e  

t e r m i n a t e d  manual ly ,  two w e r e  t e r m i n a t e d  by s c r a m s ,  and one continued 

through month-end.  

Oc tobe r  31, 1964, follows: 

A s u m m a r y  of the  fuel  i r r a d i a t i o n  p r o g r a m  as of 

PUO2-UO2 A l - P u  u02 

No. Mwd No.  Mwd N o .  Mwd --- 
In- C o r e  0 7 1 8 5 0 . 9  78 14 1 2 8 . 0  

Max i m  u m 3 4 9 . 7  376 .2  
Average  264 .4  181. 1 

In B a s i n  7 5 7 2 . 5  26 2 7 6 9 . 0  48  5 8 8 4 . 3  
Bur ied  
C h e m i c a l  
P r o c e s s i n g  - 68 5 465 .8  - 1 5  1 9 6 5 . 8  

P r o g r a m  
T o t a l s  

- 

75 6 0 3 8 . 3  68 6 585 .7  126 20 012 .3  - - 

P r o g r a m  
O t h e r  To ta l s  

No.  Mwd No.  Mw d --- 
8 5  15 9 7 8 . 9  

81 9 2 2 5 . 8  
1 7 . 3  1 7 . 3  

103 7 431 .6  - - - -  

1 7 . 3  270 32 643 .6  - - -  

(Note:  Mwd/E lemen t  x 20 3 Mwd/tonU f o r  U 0 2  and  P u 0 2 - U 0 2 )  

E s t i m a t e d  heavy w a t e r  l o s s  and indicated hel ium l o s s  fo r  the month 

w e r e  975 lb and 131, 596 s c f ,  r e s p e c t i v e l y .  

C o r r e c t i o n s  to  the Rup tu re  Loop in the F u e l  E l e m e n t  Rup tu re  T e s t i n g  

F a c i l i t y  du r ing  the l a s t  outage have made  a s igni f icant  improvemen t  in v i b r a -  

t ion l eve l .  

w a s  p laced  back into s e r v i c e .  

t e m p e r a t u r e  which a r e  a t t r i bu ted  to the low fue l  power gene ra t ion  and the  

o v e r s i z e d  t r i m  in the h e a t e r  bypass  va lve .  

this  va lve .  

Fol lowing loading of a n  intentionally defec ted  e l e m e n t  the loop 

S o m e  con t ro l  p rob lems  continue at the h igher  

New t r i m  h a s  been o r d e r e d  f o r  
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To ta l  product ive t i m e  in Techn ica l  Shops Opera t ion  fo r  the per iod 
w a s  30, 767  h r .  Dis t r ibu t ion  of t i m e  w a s  as follows: 

Manhours  70 of To ta l  

N-Reac to r  Depar tmen t  2 933 9 . 5  
I r r a d i a t i o n  P r o c e s s i n g  Depar tment  6 137 2 0 . 0  
C he  m ic  a1 P r oc e s s ing De p a r t  m e nt 458 1 . 5  

2 1  239 69. 0 H anf o r  d Labor  a t  o r  ie  s 

Nine c r a f t s m e n  ( c a r p e n t e r s ,  p a i n t e r s ,  and s h e e t m e t a l  w o r k e r s )  w e r e  t r a n s  - 
ferred f r o m  IPD to Techn ica l  Shops .  

To ta l  product ive t ime  in L a b o r a t o r y  Maintenance Opera t ion  was  

18, 100 h r  of 20, 200 potentially ava i l ab le .  

w a s  expended in suppor t  of H m f o r d  L a b o r a t o r i e s  components ,  with the 

r e m a i n i n g  570 d i r e c t e d  toward  providing s e r v i c e  fo r  o the r  H A P 0  o r g a n i z a -  

t ions .  Manpower ut i l izat ion ( i n  h o u r s )  f o r  October  w a s  as follows: 

Of the total  product ive t i m e ,  95% 

A .  Shop Work  2000 
B. Maintenance 6300 

1. P reven t ive  Maintenance 1800 
2 .  E m e r g e n c y  o r  Unscheduled Maintenance 1400 
3.  N o r m a l  Scheduled Maintenance 3100 

C .  R&D A s s i s t a n c e  9800 

T h e  heavy w a t e r  inventory  at the end of October  1964 showed a loss 
of 857 lb  valued a t  $1 1 , 8 3 7  fo r  the P R T R .  

du r ing  the month amounted to  1359 lb ,  r e s u l t i n g  in a $2783 c h a r g e  t o  ope ra t ing  

costs. 
at $190, 294. 

Heavy w a t e r  s c r a p  gene ra t ed  

Total scrap on hand a t  Oc tobe r  31, 1964 amounted to  15, 398 l b  valued 

Cumula t ive  da t a  of Hanford vis i ta t ions 

V i s i t o r s  C e n t e r  
P l a n t  T o u r s  

Number  of V i s i t o r s  

In S e p t e m b e r  ' Since  6-13-62  
1569 81, 107 

- -  227 
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Ph .  D 
BS /MS 
BS/MS 

HAPO pro fes s iona l  r e c r u i t i n g  act ivi ty  f o r  October :  

P l a n t  Of fe r s  Of fe r s  O f f e r s  Of fe r s  
V i s i t s  Extended  Accepted Rejec ted  Open 

5 5 3 3 3 
( D i r e c t  P l a c e m e n t )  0 1 2 0 0 
( P r o g r a m )  0 0 0 1 0 

F i v e  Technica l  Gradua te s  w e r e  placed on pe rmanen t  a s s i g n m e n t .  

One new m e m b e r  w a s  added to  the r o l l .  

The  Hanford Nuclear P r o g r a m  wil l  be divided effective November  1. 
28 who have not ye t  s e l e c t e d  o f f -p rogram placement ,  18 wi l l  r e m a i n  with 

the L a b o r a t o r i e s ,  and 10 wil l  be a s s igned  to  the new HAPO p r o g r a m  

ope ra t ed  by N-Reac to r  . 

C u r r e n t  p r o g r a m  n u m b e r s  35. 
Of the 

Author ized  funds fo r  13 ac t ive  p r o j e c t s  total  $10, 729, 000. Tota l  

e s t i m a t e d  cos t  of t h e s e  p ro jec t s  is $1 1 ,880 ,  000. 

S e p t e m b e r  30, 1964 w e r e  $ 5 , 0 6 6 ,  000. 

Expend i tu re s  through 

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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REACMR AND FUELS M O R A T O R Y  MONTHLY REPORT 

OCTOBER 1964 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - 02 PROGRAM 

1. Metal l ic  Fuel Development 

Comparative Swell ing of Uranium Fuelsa  
i r r a d i a t e d  i n  KER Loop 1 t o  2500 Wd/ton f o r  t h e  purpose of com- 
par ing swel l ing performance of two f u e l  compositions under i d e n t i c a l  
i r r a d i a t i o n  condi t ions a r e  being examined i n  t h e  Radiometallurgy 
f a c i l i t y .  
examined, one element contained uranium wi th  a nominal "N-fuel" 
composition (140 ppm Fe and 120 ppm S i ) ,  and t h e  o the r  element 
contained uranium w i t h  400 ppm Fe and 800 ppm A l .  
N-fuel uranium was 2,2 vel% compared t o  1,2 vol$  f o r  t h e  Fe-A1 
bear ing  f u e l ,  
boundary t e a r i n g  i n  t h e  cooler  zones ( s w i r l  micros t ruc ture)  and 
c lus t e red  sphe r i ca l  poros i ty  i n  t h e  h o t t e r  zone (heav i ly  twinned 
micros t ruc ture)  of t h e  N-fuel uranium. The f u e l  conta in ing  t h e  
Fe-AI add i t ions  r evea l s  no obvious poros i ty  of e i t h e r  of t h e s e  two 
types ,  

Two KSE-5 f u e l  elements 

A s  w i t h  a previous low exposure t e s t  t h a t  has been 

Swelling i n  the  

Optical  metallography r evea l s  a s l i g h t  amount of gra in  

Some cracking i n  t h e  cen te r  of t h e  f u e l  was observed, 

Pos t - I r rad ia t ion  Examination of Co-product Driver Element. Radio- 
meta l lurg ica l  examination has been completed on a 1025% enriched 
co-product d r i v e r  element that was i r r a d i a t e d  t o  1850 Mwd/ton i n  
KER-3, The element experienced a 3 0 3  vol% increase  i n  t h e  f u e l  as 
determined by element bulk dens i ty  measurements as a consequence 
of t h e  i r r a d i a t i o n .  The f u e l  was of standard N-composition, i c e a ,  
150 ppm Fe and 100 ppm S i ,  and operated wi th  a maximum f u e l t e m p e r a -  
t u r e  of approximately 550 C ,  

Metallography of t h e  f u e l  i nd ica t e s  two d i s t i n c t  types  of poros i ty ,  
Grain boundary t e a r i n g  i s  evident  i n  t h e  f u e l  near t h e  cladding,  
w i t h  more poros i ty  on t h e  OD than on t h e  I D ,  The microstructure  
i n  t h e s e  reg ions  i s  swir led or hashed, Crys ta l lographica l ly  
or ien ted  poros i ty  is evident  i n  t h e  c e n t r a l  region of t he  f u e l ,  
The microstructure  i n  t h i s  higher temperature region i s  heavi ly  
twinned, 
comparison of pre- and pos t - i r rad ia t ion  uranium dens i ty  as compared 
t o  3a3 vol$ determined from t h e  comparison of pre- and post-  
i r r a d i a t i o n  f u e l  element bulk d e n s i t i e s ,  

Fuel  swel l ing  of 3 0 1  vol% has been determined from t h e  
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Examination of both end c losures ,  which were of t h e  ful l -brazed,  
tapered  o r  chevron design, revealed a good performance with no 
evidence of c ladding deformation or damage i n  t h e  v i c i n i t y  of t h e  
c losu re ,  
and t h e  tapered s i d e  of t h e  cap was observed, but the  crack d i d  
not propagate beyond the  uranium i n  any casea  

Some radial cracking i n  t h e  f u e l  between t h e  c l ad  w a l l  

Al te rna te  Uranium Compositions ,- Studies  a r e  i n  progress t o  eva lua te  
uranium base a l l o y s  i n  terms of composition, f u e l  f a b r i c a t i o n  
h i s to ry ,  corrosion behavior, and i r r a d i a t i o n  performance, 
a l l o y s  planned f o r  i r r a d i a t i o n  i n  N a K  capsules  have been extruded 
as 0,6 diameter Zr-2 c l ad  rods ,  
t r e a t e d  as fol lows t o  provide specimens w i t h  second phase disper-  
s ions  i n  var ious d i s t r i b u t i o n s  and s i zes :  

Seventeen 

The a l l o y s  a r e  now be ing  hea t  

Uranium w i t h  add i t ions  of up t o  800 ppm Fe, Si ,  Al, 
P, or C ,  

1, beta  quench 
2, be ta  quench, a lpha anneal  
30 gamma quench, 

Uranium w i t h  add i t ions  of approximately 2 Kt% Zr ,  Mo, 
or  Nb and up t o  800 ppm Al or Si ,  

1, gamma quench 
2, gamma quench, a lpha annea lo  

The machining of t h e  i r r a d i a t i o n  specimens and capsule  parts has 
been s t a r t e d  and i s  scheduled f o r  completion i n  November, 

Tarnet Element Development, 
support  f o r  t h e  N-Reactor multiproduct target element development, 
s e v e r a l  studies a r e  being conducted on the  target materials and 
t a r g e t  element components 

As part of t h e  cont inuing program of  

To obta in  data on t h e  gas composition and t r i t i u m  r e l e a s e  dur ing  
i r r a d i a t i o n  of ceramic core  t a r g e t s ,  two elements of  LiAJ.02 and 
two of Li2SiO3 are now being i r r a d i a t e d  i n  a KER Loop, 
f a b r i c a t i o n ,  c a r e f u l  c o n t r o l  w a s  exer ted t o  a s su re  t h a t  t h e  t a r g e t  
cores  were f r e e  of m i s t u r e  and extraneous gases, These elements 
w i l l  be  discharged a t  t h e  next r eac to r  shutdown, 

During 

An i r r a d i a t i o n  test  us ing  A1-3 w t %  L i  a l l o y  t a r g e t  elements i n s i d e  
tubu la r  uranium d r i v e r  f u e l  elements is  planned, Fabr ica t ion  of 
t h e  metal  t a r g e t  elements i s  scheduled t o  start e a r l y  i n  November, 
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Design of t h e  t a r g e t  elements c a l l s  f o r  a O035-inch gap between t h e  
end cap of t h e  inner aluminum can and t h e  end cap of t h e  outer 
Zircaloy-2 canc There i s  concern tha t  t h i s  f r e e  s tanding length  of 
0,736-inch OD x 0,030-inch t h i c k  Zircaloy-2 tubing may co l l apse  or 
deform under the 1500 p s i  coolant  pressure and lead t o  failure, To 
study t h e  problems assoc ia ted  w i t h  t h i s  t a r g e t  design, a s e r i e s  of 
t e s t  samples s imulat ing t h e  t a r g e t  element conf igura t ions  with free 
s tanding Zircaloy-2 tube lengths  from 0 t o  1 inch a r e  being f a b r i -  
cated f o r  thermal cyc l ing  i n  a steam autoclave at  prototype pressure 
and temperature condi t ions , 

Ceramic Target Cores, 
co re  f o r  t h e  N-Reactor t a r g e t  elements capable of withstanding 

A program i s  under way t o  develop a ceramic 

temperature excursions up t o  1200 C f o r  2 hours, W o  bas i c  systems 
a r e  under considerat ion,  namely l i t h ium aluminate and l i t h ium meta- 
s i l i c a t e ,  More than 40 compounds of these  salts have been made 
using addi t ions  of l i t h ium carbonate,  l i t h ium hydroxide, sodium 
hydroxide, aludnum, l i t h ium orthophosphate, l i t h ium sulfate and 
graphi te ,  The"as-pressed dens i ty  of t h e  p e l l e t s  averaged 68% of 
t h e o r e t i c a l  i n  almost every caseo  
cracked p e l l e t s ,  In  every case it was necessary t o  l u b r i c a t e  t h e  
punch and d i e  with l i t h ium s t e a r a t e  t o  a l low e j e c t i n g  an unbroken 
p e l l e t ,  The p e l l e t s  were s in t e red  at  500, 750, 1000 C, and then 
heated t o  1200 C f o r  5 hours as a proof of thermal s t a b i l i t y ,  
Evaluation of t h e  s in t e red  p e l l e t s  i s  under way, 
be used, namely schleroscope hardness and compression s t r eng th ,  
Preliminary r e s u l t s  i nd ica t e  that 5% Al + Li2Si% and 5% Li2CO3 + 
Li2SiO3 a r e  t h e  e a s i e s t  t o  f a b r i c a t e  and s i n t e r  t o  a hard p e l l e t ,  
The aluminate powders a r e  extremely abras ive  and r e q u i r e  extensive 
d i e  c leaning  a f t e r  each compaction, 

Higher pressures  r e s u l t e d  i n  

Two methods w i l l  

TarRet Elements, Efforts t o  m e l t  and s o l i d i f y  t h e  Si-9 L i  alloy 
d i r e c t l y  i n  low carbon steel  tubes  of f i n a l  core  s i z e  were twice  
unsuccessful because t h e  s t e e l  w a l l  melted through, allowing escape 
of t h e  conten tso  Fromthe  sudden r ap id  hea t ing  of t h e  charge, it 
became apparent t h a t  t h e  formation of L i 3 B i  i s  a s t rongly  exothermic 
r eac t ion ,  I n  t h e  t h i r d  attempt t h e  charge was segmented, p e l l e t s  
of L i  being a l t e r n a t e d  with l aye r s  of B i  powder i n  t h e  closed steel 
c a r t r i d g e ,  
t o  about 200 C by induct ion,  
temperature rose  t o  grea te r  than 1000 C,  and t h e  e n t i r e  c a r t r i d g e  
became yellow hot ,  
c a r t r i d g e  on t h e  cooler  quartz soon obscured t h e  view of t he  py- 
rometer so t h a t  a c t u a l  a t t a i n e d  temperatures a r e  not known, However, 
t h e  c a r t r i d g e  remained i n t a c t  and t h e  specimen i s  t o  be used t o  
study t h e  e f f e c t s  of high pressure steam on t h e  core  mater ia lb  

This was caut ious ly  heated i n  vacuo i n  8 q w t z  tube  
Suddenly (over  about 2 sec s p a n )  t h e  

Condensation of sublimed i r o n  from t h e  hot 
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Similar specimens a r e  being prepared, from which t h e  s t e e l  j a c k e t s  
a r e  t o  be mechanically s t r ipped  and t h e  s ized  core  in se r t ed  i n t o  
aluminum l i n e r s ;  t h e  l a t t e r  sea led  and enclosed i n  Zircaloy 
j a c k e t s ,  
p a t i b i l i t y ,  i r r a d i a t i o n  behavior, and tritium e x t r a c t a b i l i t y ,  

N-Fuel End Closure Development, 
s i z i n g  devices  far t r u i n g  t h e  f r e e  s tanding cladding ( a f t e r  chemical 
mi l l ing)  on N-outer f u e l  tubes  r e s u l t e d  i n  a reques t  t o  adapt t h i s  
t o o l i n g  t o  t h e  d r i v e r  tube  geometry, 
c losure  may depend on t h i s  t o o l i n g d  
c r i t i c a l  i n  t h i s  c losure ,  and lack  of c ladding concen t r i c i ty  becomes 
magnified i n  t h e  heavier w a l l  f u e l  t ubes ,  
is done, and f ab r i ca t ion  of  t h e  d r i v e r  t o o l i n g  w i l l  be completed 
October 29, 

These a r e  t o  be used i n  t e s t s  f o r  high temperature com- 

Successful  demonstration of c l ad  

Success of t h e  "TIG Braze" 
J o i n t  f i t  up i s  extremely 

The necessary redes ign  

N-Outer Fuel  SUpportsa 
first group of 1000 of our committed 6000 N-driver tube supports 
us ing  t h e  2 , 5  KVA heat  sourceo The pieces  can be formed us ing  a 
double puls ing of t h e  heat  source which a t  present  introduces some 
v a r i a b i l i t y  i n  forming temperatures with r e s u l t i n g  v a r i a b i l i t y  i n  
parts, The 50 KVA u n i t  excessed from UCLRL w i l l  provide adequate 
hea t  and con t ro l  t o  minimize t h i s  problemo 

It w i l l  be necessary t o  form A t  l e a s t  t h e  

Ceramic Target Outgassinq, 
and l i t h ium s i l i c a t e  were outgassed, 
C02 contents  were observed i n  both compounds, 
was generated by decomposition of unreacted LiCO3 l e f t  from t h e  
prepara t ion  of t h e  l i t h i u m  aluminate and s i l i c a t e ,  
was shown t o  be hygroscopic; up t o  800 C ,  t h e  C02 evolved was 
%5000 ppm; t h e  moisture evolved was % U O O  pmo Helium-4 evolut ion 
was 5,7% of t h e o r e t i c a l  and t r i t i u m  (T2 + 
of t h e o r e t i c a l o  Moisture content  of t h e  2 s i l i c a t e  was 300 ppm; 
Co;! evolut ion w a s  U 7 0 0  ppm; helium-4 evolut ion w a s  %2$ of t h e o r e t i -  
c a l ,  and t r i t i u m  evolut ion was ~ 0 ~ 2 5 %  of t h e o r e t i c a l  dur ing  out- 
gassing t o  370 C, 

Samples of i r r a d i a t e d  l i t h ium aluminate 
Rela t ive ly  l a r g e  moisture and 

The C02 apparent ly  

The aluminate 

evolut ion was 2,2% 

Samples of aluminate and s i l i c a t e  f i r e d  t o  2000 F (1093 C) a r e  
c u r r e n t l y  be ing  i r r a d i a t e d  i n  t h e  KER f a c i l i t y  and w i l l  be d i s -  
charged i n  November 1964, 

2, Corrosion and Water Quality Studies  

Hydridinp, of Zircaloy-2 a t  Low Temperature, 
r ep resen t ing  a v a r i e t y  of pretreatments  were exposed t o  wet H2 at  
100 and 200 C i n  an attempt t o  reproduce reported low temperature 

Zircaloy-2 samples 
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hydride failures, 
rate of f i l m  formation some hydriding might occur before  an in-  
h i b i t i n g  f i l m  could grow, Samples with t h i c k  f i l m s  (appl ied a t  
450 C )  d i d  absorb a small amount of hydrogen, probably due t o  a 
memory effect ,  i , e , ,  t h e  films contained an oxygen vacancy con- 
cen t r a t ion  typical of 450 C which was permeable t o  H2. 
f i l m  samples , three-day autoclaved samples, and etched samples 
d id  not hydride, 
after two weeks of exposure, 

It has been proposed t h a t  because of t h e  slow 

B i n  

Hydriding i n  a l l  samples appears t o  have stopped 

I r r a d i a t i o n  of Nickel-Plated Aluminum Fuel 
c l ad  f u e l  elements were discharged from C-1  in-reactor  loop after 

Nickel-plated aluminum 

30 days of exposure i n  260 C deionized water, 
element operated a t  282 C throughout t h e  exposure d e s p i t e  deposi t ion 
of a v i s i b l e  crud l a y e r ,  Where t h e  n i cke l  p l a t e  could be dis- 
t inguished through t h e  t h i n  depos i t ,  it appeared t o  be i n t ac t ,  

A thermocouple 

Crevice Corrosion i n  L i th i a t ed  Water a t  pH 10 ,  Two a d d i t i o n a l  
t es t s  have been completed i n  t h e  program t o  evaluate  crevice cor- 
rosion a t  heated surfaces i n  l i t h i s t e d  and ammniated water under 
condi t ions t y p i c a l  of N-Reactor. ?he t es t  specimens have c rev ices  
formed on t h e  surface of Zircaloy-clad, i n t e r n a l l y  heated t e s t  
assemblies by welding N-Reactor suitcase-handle f u e l  element supports  
t o  t h e  cladding, Both t e s t s  were i n  TF-3 with l i t h i a t e d  water a t  
pH 1 0 ,  293 C and 1350 p s i ;  t h e  f irst  at 2000,000 Btu/ft2-hr f o r  
135 days, and t h e  second at  550,000 Btu/ftZ-hr f o r  45 days, Pre- 
l iminary examination of t h e  c rev ice  areas revealed r e l a t i v e l y  severe,  
l o c a l i z e d  corrosion i n  about one-third o f  t h e  heated c r e v i c e s ,  The 
t h i c k e s t  oxide f i l m  w a s  estimated t o  be about 0,003 inch and was 
assoc ia t ed  with t h e  t e s t  assembly claddingc The corroded area near 
t h e  c rev ice  t i p  w a s  almost equal ly  divided between t h e  cladding and 
t h e  surface of t h e  suitcase-handle supports,  I n  similar tests 
us ing  a m n i a t e d  water t h e  t h i c k e s t  oxide f i l m  observed w a s  0,001 
inch 

Water Quality Tests f o r  N-Reactor In-reactor t e s t s  are being con- 
ducted i n  KER-1 t o  evaluate  poss ib l e  e f f e c t s  of nonstandard water 
q u a l i t y  on corrosion and crudding i n  N-Reactor, Four separate 
condi t ions are  being evaluated: (1) low pH, ( 2 )  high oxygen, 
( 3 )  combined low pH and high oxygen, and ( 4 )  combined low pH, high 
oxygen and t h e r m c y c l i n g o  
have been completed 

The low pH t e s t  and t h e  high oxygen t e s t  

A gradual buildup of crud on t h e  f u e l  elements and a n  increase i n  
t h e  loop a c t i v i t y  l e v e l  occurred during low pH ( ' ~ 7 )  operat ion,  The 
pre- tes t  condi t ions of crud and a c t i v i t y  were r e s t o r e d  when t h e  pH 
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was re turned  t o  10, 
occurred during high oxygen operat ion u n t i l  t h e  loop w a s  shut  down, 
at  which time a severe crud burs t  occurred, 
t h i s  t ime was brown and mgnet  i e  
observed was 128 ppm (about 400 t imes t h e  concentrat ion under 
standard condi t ions)  
a l a r g e  amount of suspended crud,  
sample b o t t l e  was 500 mr/hr as compared t o  a normal value of 
<10 mr/hr,  
deposi t ion on t h e  f u e l  elements dur ing  t h i s  per iod ,  

Corrosion Evaluation of N-Reactor Graphite Cooling System, 
sheet  a r e a  of an N-iieactor a a p h i t e  cool ing system heat  exchanger 
was inspected t o  devermine if the high oxygen l e v e l  induced by 
r a d i o l y t i c  decomposition of t h e  cool ing  water is causing excessive 
corrosion.  The s t a i n l e s s  s t e e l  had a d u l l  golden c o l o r  with no 
evidence of acce lera ted  a t t a c k ,  
black oxide w i t h  some m t t l e d  orange spot ted  arease There was no 
evidence of acce lera ted  a t t a c k ,  The s t a i n l e s s  steel t o  carbon 
steel weld junc t ion  was i n  exce l len t  condi t ion ,  Addit ional  t e s t s  
a r e  i n  progress t o  inves t iga t e  poss ib le  loca l i zed  a t t a c k  i n  o ther  
areas of t h i s  systemo 

No s i g n i f i c a n t  change i n  opera t ing  condi t ions  

The crud re leased  a t  
The maximum crud concentrat ion 

The water samples were opaque ind ica t ing  
The a c t i v i t y  as read through t h e  

S ign i f i can t ly ,  t h e r e  was no ind ica t ion  of gross crud 

The tube  

The carbon s t e e l  had a t h i n ,  t i g h t  

Anodic Inh ib i t i on  of Corrosion by Acids (Decontaminants ) Laboratory 
tests have shown t h a t  corrosion of carbon s t e e l  i n  oxa l i c  ac id ,  one 
of t h e  candidate decontaminating agents ,  could be decreased by a 
f a c t o r  of two o r  more by anodic p ro tec t ion ,  A p i l o t  p l an t  t e s t  was 
completed t o  demonstrate t h e  f e a s i b i l i t y  of us ing  t h i s  method t o  
p ro tec t  tanks used f o r  s t o r i n g  t h i s  a c i d ,  A carbon s t e e l  t8nk 
(4,5 ga l lons )  was f i l l e d  w i t h  0,3 M H2c2O4 and protected by an  i m -  
pressed cu r ren t  of 0,08-0,lO ma/in7, 
i n  maintaining t h e  pas s iv i ty  of t h e  surface during t h e  three-week 
t e s t ,  The l i g h t  uniform p ro tec t ive  f i l m  was lnaintained, and no 
cor ros ion  a reas  were apparent , 

No d i f f i c u l t y  was encountered 

Corrosion Inh ib i t i on  of Aluminum i n  t h e  S ingle  Pass Reactors,  The 
second of two ha l f - reac tor  t e s t s  t o  evaluate  e f f e c t s  of pH on cor- 
ro s ion  r a t e s  of aluminum was r e c e n t l y  completed, In  one t e s t ,  
one-half of t h e  r eac to r  was a t  7.0 and t h e  other  half a t  6,6;  i n  a 
second tes t ,  one-half of t h e  r e a c t o r  was at  6,6 and t h e  o the r  half 
a t  6,2,  In  both t e s t s  t h e  cor ros ion  coupons and t h e  f u e l  elements 
showed t h e  i n h i b i t o r y  e f f e c t  of lower pHo No evidence of increased 
loca l i zed  a t t a c k  was observed 
that reducing pH from T O O  t o  6 0 2  would decrease aluminum corros ion  
r a t e s  by a f a c t o r  of 4 t o  g o  
corrobora te  r e s u l t s  from labora tory  and p i l o t  p l an t  tests completed 
p r i o r  t o  i n i t i a t i o n  of t h e  r eac to r  t e s t s ,  

An over-a l l  comparison ind ica ted  

These la rge-sca le  r eac to r  tests 
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3. Gas-Atmosphere Studies 

&aphite-Zirconium Compatibility Loop Experiment, Five add i t iona l  
tes ts  have been completed on t h e  new oxidation bar, described last 
mnth .  "he new ba r  has t h e  same 20 i n t e r i o r  c y l i n d r i c a l  samples 
as i n  t h e  f irst  three tes ts  and, i n  add i t ion ,  a l a r g e  number of 
surface samples, 
770 C one inch from t h e  f r o n t ,  620 C a t  t h e  middle, and about 810 C 
one inch from the  rearr 
without CO i s  an e f f ec t ive  oxidat ion i n h i b i t o r  f o r  water vapor i n  
t he  range 100 t o  1000 ppm, A comparison of i n t e r i o r  samples with 
surface samples a t  t h e  same long i tud ina l  posi t ion,  showed that i n  
most cases  t h e  i n t e r i o r  samples oxidized at about 1 /10  t h e  ra te  of 
t h e  surface samples. 
surface sample r a t e  t o  i n t e r i o r  sample r a t e  was only about two, 
Some f a c t o r s  t h a t  may be e f f e c t i n g  t h i s  result are: 
water-vapor pressure (4000 ppm); ( 2 )  t h e  bar  has been p a r t i a l l y  
oxidized which might enhance greater penetrat ion of t h e  oxidant; 
and ( 3 )  t h e  r a t i o  PH20/P~2 w a s  higher i n  t h e  last  t e s t ,  

During t h e  t e s t s  t h e  temperature of t h e  bar was 

The r e s u l t s  show t h a t  1000 ppm H2 wi th  or 

In  t h e  las t  t e s t ,  however, t h e  r a t i o  of 

(1) t h e  higher 

4, Thermal Hydraulic Studies  

Analysis of Transient Heat Transfer Experiments f o r  N-Reactor, 
Previously, l abo ra to ry  experiments were conducted t o  determine t h e  
therm1 and hydraulic conditions i n  a column of N-Reactor f u e l  
elements following a gross rup tu re  of an i n l e t  riser supply l i n e ,  
These experiments were performed w i t h  a fu l l - sca l e ,  e l e c t r i c a l l y  
heated model of t h e  downstream half of an N-Reactor f u e l  column 
w i t h  prototypic hydraulic connectors and f i t t i n g s ,  The break 
leading  t o  a water loss was simulated by quickly opening one end 
of t h e  t e s t  s ec t ion  t o  atmosphere whi le  i s o l a t i n g  t h e  r e c i r c u l a t i n g  
loop by means of quick-acting valves ,  Water from a pressurized 
tank  w a s  a v a i l a b l e  t o  t h e  test sec t ion  during t h e  t r a n s i e n t  and t h e  
e l e c t r i c a l  heat generation was reduced i n  a manner t o  simulate 
N-Reactor scram curves a 

During t h e  past month, e f f o r t s  w e r e  continued on developing an  
a n a l y t i c a l  model t o  desc r ibe  such an  event,  It i s  f e l t  t h a t  if t h e  
model can success fu l ly  account f o r  a l l  t h e  condi t ions which oc- 
curred i n  t h e  laboratory experiments, t h e  model would be of great 
value i n  p red ic t ing  condi t ions f o r  t h e  r eac to r  which a r e  beyond t h e  
scope o f  t h e  experiments, 

To da t e ,  it has been found that t h e  temperature t r a n s i e n t  can be 
reproduced f a i r l y  accu ra t e ly  during t h e  first few seconds by 
assuming a sudden s h i f t  from normal cool ing t o  a d i a b a t i c  hea t ing  
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of t h e  f u e l ,  with a r e d i s t r i b u t i o n  of s tored  heat  t o  provide 
uniform r a d i a l  f u e l  temperatures a 

i n i t i a l  phase, t h e  r a t e  of temperature r ise measured i n  t h e  
e l e c t r i c a l l y  heated f u e l  column model used i n  t h e  experiments 
was less than t h a t  ca lcu la ted  by assuming no heat  t r a n s f e r  out  
of t h e  m d e l .  

However, fol lowing t h i s  

Two sets of ca l cu la t ions  were made i n  an e f f o r t  t o  e s t a b l i s h  a 
v a l i d  pred ic t ion  of  heat loss  from t h e  t e s t  s ec t ion  after t h e  
f irst  few seconds, 
t r a n s f e r  coe f f i c i en t s  f o r  steam o r  water cool ing  a t  var ious  
thermocouple loca t ions .  The ca l cu la t ed  c o e f f i c i e n t s  showed 
considerable  v a r i a t i o n ,  ranging from 1 5  t o  40 B t u / ( h r ) ( f t 2 )  (9) 
a long  t h e  upper p a r t  of t h e  m d e l  and from 250 t o  1500 Btu/ (hr )  
( f t 2 ) ( q )  a long t h e  lower pa r t .  Uncer ta in t ies  i n  t h e  s p e c i f i c  
hea ts  of t h e  m d e l  materials a t  high temperatures and i n  f l u i d  
temperatures in s ide  t h e  m d e l  probably account f o r  some of t h e  
va r i a t ions .  
bottom of t h e  process tubes and that b o i l i n g  of t h i s  water 
produced t h e  r e l a t i v e l y  high c o e f f i c i e n t s  a t  t h e  lower part of  
t he  model. 

The first w a s  t h e  c a l c u l a t i o n  of heat  

It i s  suspected that some w a t e r  remained i n  t h e  

The second group of ca l cu la t ions  was used t o  determine rates of 
temperature r i s e  assuming that hea t  w a s  r ad ia t ed  from t h e  f u e l  
model t o  t h e  process tube,  and tha t  t h e  temperatures of t h e  
model and tube increased a t  t h e  same r a t e .  The rate of tempera- 
t u r e  r i s e  ca l cu la t ed  by t h i s  procedure was l e s s  than  t h a t  meamred 
by t h e  thermocouples e 

It mst be  concluded that none of t h e  procedures examined thus  
far provide an accura te  method f o r  c a l c u l a t i n g  t h e  temperature 
t r a n s i e n t s  after t h e  first f e w  seconds. 

Hydraulic Tests f o r  the R e s e n t  Productipn Reactors Vibrat ion 
of i n l e t  connectors f o r  C-Reactor was s tudied  b r i e f l y  i n  
labora tory  experiments i n  t h e  189-D Hydraulics Laboratory, The 
connectors under study were 5/8-inch OD Inconel connected t o  a 
P-7537 C-Reactor nozzle on a uniform-wall r ibbed  aluminum tube  
with a C I I I E  f u e l  loading,  
range from 53 t o  55  gpm. The r e s u l t s  of  t h e  inves t iga t ion  
showed t h a t :  

The opera t ing  flows for t h e s e  tubes  

(1) the v i b r a t i o n  i s  d e f i n i t e l y  a c h a r a c t e r i s t i c  of t h e  
nozzle and 5/8-inch OD connector combination over 
t h e  flow r a t e s  considered (50-65 g p m ) ;  
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(2) t h e  amplitude of t h e  connector v ib ra t ion  on t h e  labora tory  
mckup was about t h e  same as that occurr ing on t h e  r eac to r ,  
that is, 1/16-inch peak-to-peak at 55 gpm; 

(3 )  a major v ib ra t ion  a t  a frequency of about 50 cps w a s  
present  w i t h  low-smplitude v ib ra t ions  being superimposed 
at higher frequencies;  

( 4 )  at an opera t ing  flow r a t e  of 55 2 l o o  gpm, a s l i g h t  no ise  
i n  t h e  nozzle assembly was evident,  i nd ica t ing  that in-  
c i p i e n t  c a v i t a t i o n a l  condi t ions  may be present  i n  t h e  
f r o n t  nozzle assembly during r e a c t o r  opera t ion ,  

5. Shielding Studies  

N-Reactor Shield Evaluation. F ina l  ca l cu la t ions  a r e  being run  w i t h  
MAC f o r  r igorous comparison t o  experimental da t a .  MAC-RAD i s  a l s o  
being used on the  N-Reactor problem t o  compare t h e  coaes,  

Additional data reduct ion i s  i n  progress  t o  improve experimental 
v a l i d i t y .  The s u l f u r  (n ,p)  cross sec t ion  used i n  d a t a  reduct ion 
f o r  f a s t  neutron f l u x  ana lys i s  by sulfur a c t i v a t i o n  i s  s p e c t r a l l y  
weighted above 1 MeV. The MAC ca l cu la t ed  neutron s p e c t r a l ,  above 
1 MeV, i s  now used t o  weight t h e  S32 c ross  sec t ion  ins tead  of t h e  
previously assumed f i s s i o n  neutron spectrum, A rough draft of t he  
r epor t  on t h e  N-Reactor t o p  s h i e l d  experiment i s  p a r t i a l l y  completed, 

6, Graphite Studies  

N-Reactor Graphite I r r a d i a t i o n s  The s e r i e s  of long-term i r r a d i a t i o n s  
of N-Reactor graphi te  cont inues s a t i s f a c t o r i l y .  
fourth-generation capsules ,  H-6-4, has successfu l ly  completed t h e  
t h i r d  cyc le  of i r r a d i a t i o n ,  and t h e  f irst  of  t h e  f i f th -genera t ion  
capsules ,  H-4-5, has successfu l ly  completed one cyc le ,  

The last of t h e  

Some d i f f i c u l t y  has been experienced over t h e  last two r e a c t o r  
cyc le s  i n  maintaining sample temperatures i n  t h e  H-6-4 capsule  
without exceeding former sample temperatures This has been caused 
by an increase  i n  t h e  power l e v e l  of t h e  GETR from 30,O Mw t o  3265  M u ,  
w i t h  a corresponding increase  i n  gamma heat ing,  Consequently, it 
has been necessary t o  rear range  f u e l  loadings,  r epos i t i on  ad jacent  
f u e l  elements, and at times t o  a d j u s t  t h e  power l e v e l  t o  less than  
32a5  Mw, t o  maintain t h e  proper temperatures,  These techniques 
have proved s a t i s f a c t o r y  t o  da t e ,  and sample temperatures duplicate.  
those  of previous capsules ,  



A-10 

B O  

A r e p o r t ,  HW-81250 A, "The H - 4 ,  -5, -6, I r r a d i a t i o n  Program 
I r r a d i a t i o n  of N-Reactor Graphite-Interim Report No 
been completed 

1," has 

Hanford I r r a d i a t i o n s  of N-Reactor' Grsphites,  The second of a 
s e r i e s  of length determinations was completed on N-Reactor re- 
f l e c t o r  and core graphi tes  i r r a d i a t e d  at  550 t o  600 C ,  
r e s u l t s  given below summwize measurements made on four  t r a n s -  
ve r se  and four  longi tudina l  samples c u t  from each of four  
d i f f e r e n t  bars of each type  of graphi te ,  

The 

RADIATION-INDUCED LENGTH CHANGES OF N-REACTOR GRAPHITES 

Length Change. % 
Graphite Type Orientat ion Af te r  7,8 x After 15.06 x lo2'* 

-00044 2 00009 
-0,099 2 0,007 

-0,038 2 0,007 

-0,180 2 0,016 
-0,334 2 0,017 

-00146 2 o,o~- 

GLC Ref lec tor  1- 

AGOT-LS lr 
1 1  

-001og t oooog 

After  6,O x 1020* 

-0,304 2 0,008 

After  12,8 x lo*!* 

I1  Ref lec tor  

TSX Core - I -0,023 t 0,010 -00122 t 0,011 
I I  -0,068 2 0,008 -0,231 2 0,014 

*Neutrons/cm2, E > 0,18 MeV 

Exposures i n  these  i r r a d i a t i o n s  a r e  now high enough f o r  d i r e c t  com- 
par ison with t h e  f i r s t  GETR i r r a d i a t i o n s  of TSX at 600 C ,  Excep- 
t i o n a l l y  good agreement was found between t h e  i r r a d i a t i o n s  of small 
quarter-round samples i n  t h e  GETR and t h e  above r e s u l t s  on 0,426- 
diameter cy l inde r s  i r r a d i a t e d  a t  Hanford, This agreement ind ica t e s  
t h a t  t h e  neutron dosimetry methods used properly account f o r  d i f -  
fe rences  i n  neutron spec t r a  i n  water-moderated t e s t  r e a c t o r s  and 
graphite-moderated r e a c t o r s  

WEAPONS - 03 PROGRAM 

Research and development i n  t h e  f i e l d  of plutonium meta l lwgy continued 
i n  support  of t h e  Hanford 234-5 Building operat ions and weapons develop- 
ment programs of t h e  Universi ty  of  Ca l i fo rn ia  Lawrence Radiation Laboratory 
(P ro jec t  Whitney) D e t a i l s  of t h e s e  a c t i v i t i e s  a r e  repor ted  sepa ra t e ly  

, v i a  di-qbr u t ion  l i s t s  appropr ia te  t o  weapons development work, r., --f I- > 'Li: 3 
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C. REACTOR DEVELOPMENT - 04 PROGRAM 

1, Plutonium Recycle Program 

Fuels Development 

A-11 

PRTR Fuel Fabr ica t ion  and Development, A c ladding failure was 
discovered i n  t h e  bottom end cap reg ion  of a swage-compacted U02- 
0.5 w t %  Pu02 PRTR f u e l  element (FE-5185) during r o u t i n e  under- 
water examination following discharge of t h e  r e a c t o r ,  
element, with a burnup of 4870 Mwd/ton, w a s  f ab r i ca t ed  dur ing  
t h e  period when d i f f i c u l t i e s  were being experienced w i t h  f l u o r i d e  
and moisture impur i t ies  i n  t h e  f u e l  and seve ra l  rods contained 
suspect mater ia l .  
PRTR core did not cause any opera t iona l  problems. 
w i l l  be examined t o  determine i f  it is  similar t o  previous f a i l u r e s  
caused by these  contaminants 

This 

The presence of t h i s  de fec t ive  element i n  t h e  
The de fec t  

A short  co re  f u e l  element cons i s t ing  of U 0 2  fue led  rods  assembled 
i n t o  a 19-rod c l u s t e r  w a s  exposed i n  t h e  EDEL-1 l oop  far t h r e e  
weeks a t  540 F. Operating condi t ions were maintained as c l o s e  as 
poss ib l e  t o  those  sustained i n  t h e  PRTR, Examination of t h e  e le -  
ment showed minor wear (Q,1 m i l )  i n  t h e  lower support pads and 
5-10 m i l s  i n  one rod-wrap, 
wire  was loose and projected out  far enough t o  contact  t h e  process 
tube.  
region o f t h e  support pads and 2-4 mils wear i n  t h e  a r e a  ad jacent  
t o  t h e  f r e t t e d  rod-wrap. 

Apparently, t h i s  p a r t i c u l a r  rod-wrap 

Examination of  t h e  process tube  ind ica ted  no wear i n  t h e  

kximum temperature condi t ions have been ca lcu la ted  f o r  short  
(58-inch core l eng th )  UO2-2 wt% b o 2  elements ope ra t ing  i n  t h e  
proposed PRTR h i g h  power dens i ty  co re  loading c o n s i s t i n g  of 55 
fue led  tubes ,  It i s  estimated t h a t  a t  a r eac to r  power of 70 Mw 
60% of the  elements i n  t h e  short  core  loading  would opera te  with 
molten cores  at some t ime (poss ib ly  very  s h o r t )  during t h e i r  
i r r a d i a t i o n  

A f u e l  element designed t o  demonstrate t h e  f e a s i b i l i t y  of re- 
p lac ing  ind iv idua l  rods i n  a PRTR c l u s t e r  was charged i n  t h e  MTR. 
Each rod of t h e  four-rod c l u s t e r  has end caps designed t o  allow 
t h e  r e m v a l  and subsequent replacement of i nd iv idua l  rods from 
t h e  c l u s t e r s ,  The t e s t  element will be re turned  t o  Hanford for 
examinat i on  e 

Means f o r  enrichment of uranium dioxide f u e l  elements with plu- 
tonium wires a r e  being developed. The c a p a b i l i t y  of t h e  280-ton 

UNCLASSIFIED 
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extrusion press  f o r  extrusion of  long  l eng ths  of plutonium wire 
i s  being inves t iga ted .  
aluminum on t h e  125-ton unhooded ex t rus ion  press .  Long l eng ths  
of aluminum wire were e a s i l y  extruded. 
diameter ex t rus ion  ram buckled before  t h e  d e l t a  plutonium a l l o y  
extruded i n  t h e  280-ton press .  
pressure t o  avoid overloading i s  d i f f i c u l t  on the 280-ton press  
with t h e  present  system of valves  and gages because t h e  ava i l ab le  
pressure i s  enormous compared t o  t h e  requi red  pressure.  Since 
sho r t  lengths  of  plutonium wire were extruded before  buckl ing 
occurred, a higher s t r eng th  t o o l  s t e e l  w a s  obtained f o r  =king 
new rams which, together  with higher extrusion temperatures,  may 
cause t h e  plutonium t o  extrude w i t h i n  t h e  present  system of  
pressure  cont ro l .  

Tooling was f ab r i ca t ed  and t e s t e d  with 

However, t h e  small 

Control of t h e  lnaximm appl ied 

U02 f u e l  element 1037 was salvaged f o r  f u r t h e r  i r r a d i a t i o n  by 
banding it underwater i n  t h e  PRTR basin.  
wrap had been broken, m k i n g  banding necessary i f  i r r a d i a t i o n  
of t h i s  l ong  exposure (over 6000 Mwd/ton) U02 f u e l  element was 
t o  continue, During the  banding process t h e  element w a s  com- 
p l e t e l y  banded once and then  rebanded again t o  a s su re  a t i g h t  
bundle 

The old ou te r  wire  

Cladding Evaluation, 
a t  350 C, 150 p s i g  i n  a cont inuing study of Zr-2 - 12 i n t e r a c t i o n ,  
The capsules  were charged with I2  and s t r e s sed  t o  21,400 p s i  (55% YS) 
and 62,200 p s i  (>loo% YS) us ing  H e  p re s su r i za t ion  o r  t h e  thermal  
expansion d i f f e rence  of shrink-f i t t e d  s t a i n l e s s  s t e e l  cores ,  
Control capsules  without I2 were a l s o  exposed. After four days 
of autoclaving,  no cracking w a s  observed; however, i n  t hose  
capsules  conta in ing  12, p i t s  5-10 mils deep were observed i n  
a reas  of high s t r e s s ,  
was found i n  t h e  12-charged capsules .  

Capsules of 2 - 2  were exposed i n  an autoclave 

A l i g h t  i r i d e s c e n t  f i l m  t oo  t h i n  t o  i d e n t i f y  

Underwater Equipment Development, Underwater spot  welds rcade on 
Zircaloy-2 banding Ipster ia l ,  3/16 inch wide by 0.010 inch t h i c k ,  
were shear t e s t e d  t o  determine t h e  comparative s t r eng th  between 
samples which had undergone 64 hours of autoclaving and samples 
that were not autoclaved. 
two lapped p ieces  of material, 
s t r eng th  after autoclaving,  This s t r eng th  loss should have l i t t l e  
e f f e c t  on t h e  a b i l i t y  of t h e  band t o  do i t s  job  over t h e  requi red  
per iod of f u e l  element exposure. 

Each sample had one spot weld hold ing  
"here w a s  a 2.3% reduct ion  i n  

Bands w i t h  two welds 1-1/8 inches a p a r t  were a l s o  t e s t e d ,  
specimens f a i l e d  a t  s l i g h t l y  l e s s  than twice  t h e  f o r c e  of t h e  
specimens w i t h  only one weld, 
have at l e a s t  four t o  s i x  welds, 

These 

"he a c t u a l  f u e l  element band would 
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Corrosion and Water Quality Studies 

Corrosion Evaluation of I r r a d i a t e d  PRTR Zircaloy-2 Process TubinF;, 
Metallographic measurement of oxide th i ckness  on PRTR Zircaloy-2 
process tube (6079) subs t an t i a t e s  previous r e s u l t s  that t h e  net 
in-reactor weight gains are h igher  than would norlnally be expected 
f o r  Zircaloy exposed out-of-reactor ., 
t o  a temperature o f  500 F for approxilrately 370 days, 
ness of two sec t ions  of t h e  tube  exposed t o  f l u x  i n t e n s i t i e s  of 
3 x 1012 nv (>1 MeV) and 3 x 1013 nv (>1 Mev), r e spec t ive ly ,  were 
equivalent t o  in-reactor weight  gains o f  approximately 40 mg/dm 
Portions of t h e  process tube exposed t o  the  lesser f l u x  i n t e n s i t i e s  
were not ava i l ab le  f o r  examination, But t h e  oxide th i ckness  of a 
l i g h t l y  irradiated sample (<1 x lo5 nv) from process tube 6084 was 
less by a f a c t o r  of f i v e ,  even though process tube 6084 had been 
at a temperature of 500 F f o r  a longer time than process tube 6079. 

Process tube 6079 was exposed 
Oxide th i ck -  

2 

Thermal Cycling of Zircaloy-2, 
corroded a t  425 C (25 mm H20) f o r  80 days while  suspended from a 

A Zircaloy-2 coupon has  been 

continuously recording balance. A t  least two and perhaps three 
multiple r a t e  t r a n s i t i o n s  were observed during isothermal operat ion,  
Thermal cyc l ing  t o  room temperature and back t o  425 C induced a 
r a t e  t r a n s i t i o n  ind ica t ing  t h a t  therms1 shock can affect  corrosion 
k i n e t i c s ,  These r e s u l t s  confirm t h a t  mechanical breakdown a t  t h e  
oxide plays a r o l e  i n  t h e  r a t e  t r a n s i t i o n s  of Zircaloy-2, 

PRTR Pressure Tubes. 
t ubes  is  indicated t o  be independent of microstructure  and neutron 
exposure. Seven specimens with annealed microstructure  and two 
specimens w i t h  45% cold worked microstructure  have been t e s t e d c  
Three of t h e  annealed pieces  had received 2 x 1020 nvt fas t  neutrons,  
and one of t h e  cold worked pieces  had received 5 x 1020 nvt fast 
neutrons,  The annealed specimens were prepared f o r  t e s t i n g  by 
introducing cracks of 0,38 inch, 0.41 inch, 1,5 inches,  and 2,O 
inches l eng th  i n  t h e  t u b e  wall and or iented w i t h  t h e  t ube  longi- 
t u d i n a l  a x i s ,  
previously. 

Crack propagation i n  PRTR Zircaloy-2 pressure 

The method f o r  doing t h i s  has been descr ibed 

The i r r a d i a t e d  cold worked specimen was prepared w i t h  a 0 , 9  inch 
long  crack and t h e  un i r r ad ia t ed  cold worked specimen w a s  prepared 
w i t h  a 0,38  inch long crack. The product of t h e  value of t h e  
hoop stress a t  which each of these cracks propagated and t h e  crack 
length taken t o  t h e  power 0'61 (not  l 0 4 7 7  as was reported last  
month) i s  indicated t o  be: 

Hoop Stress (crack length)0o61 = 45,400, 
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Varying t h e  pressur iza t ion  r a t e  from 135 psig/min t o  18,000 
psig/min (1 t o  133) produced no s i g n i f i c a n t  d i f f e rence  i n  
m i x i m u m  or burs t ing  pressure of specimens of  annealed- 
uni r rad ia ted  PRTR Zircaloy-2 pressure  tubes ,  The tes t s  were 
performed a t  room temperature e 

ranged from 8000 p s i g  t o  8h00 psig,  and t h e  bu r s t ing  pressure  
values  ranged from 7600 p s i g  t o  8200 ps ig ,  
t h a t  t h e  maximum or  breaking load capac i ty  of t h i s  material i s  
not  s e n s i t i v e  t o  r a t e  of app l i ca t ion  of pressure loads ,  

The maximum pressure  va lues  

These d a t a  ind ica t e  

Rupture Behavior of PRTR Fuel Rements.  
i r r a d i a t e d  PRTR f u e l  elements a r e  proving t o  be very r e s i s t a n t  

The mixed oxide cores  of 

t o  a t t a c k  by high temperature water i n  ex-reactor tests,  The 
second i n  a s e r i e s  of tests t o  determine washout behavior (re- 
l e a s e  of core  material) was conducted on a 12-inch length  of a 
swaged PRTR rod,  2 - 2  c lad ,  with a co re  of U02-1/2% h02, ir- 
r ad ia t ed  t o  4084 Mwd/ton, A defec t ,  1/16" x 6" ,  was milled i n  
t h e  j acke t ,  and the  element w a s  exposed t o  300 C f lowing water, 
After  14  days of exposure, no de tec t ab le  amount of core  nraterial 
was re leased  i n t o  t h e  water as determined by surveying t h e  
a c t i v i t y  of loop components, In  t h e  f i r s t  t es t  a Vipac element, 
i r r a d i a t e d  t o  5000 Mwd/ton, was defected with a s l i t  1-1/2" x 
1/16'!. No a c t i v i t y  w a s  r e l eased  t o  t h e  coolant  a f t e r  3-1/2 weeks 
of t e s t i n g ,  except f o r  a minor amount thought t o  be caused by t h e  
defect  machining opera t  ion e 

PRTR Crevice Corrosion Tests  a 

conducted i n  W-3 t o  determine if  acce lera ted  corrosion w i l l  
Out-of-reactor t e s t s  a r e  being 

occur i n  c rev ice  a reas  on t h e  PRTR high power dens i ty  co re  f u e l  
elements. Crevices a r e  found on PRTR f u e l  elements where t h e  
s p i r a l  wound wire  wraps and cluster-bands contac t  t h e  cladding,  
'Xihe p o t e n t i a l  f o r  acce lera ted  corrosion arises from poss ib l e  
concentrat ion of L i O H  (used f o r  pH c o n t r o l )  from b o i l i n g  i n  t h e  
c rev ices  e 

Test assemblies,  cons i s t ing  o f  a car t r idge-type hea t ing  element, 
s p i r a l l y  wound w i t h  two wraps and having a "cluster-band" at  t h e  
mid-point of t h e  heated length ,  a r e  being used i n  t h e  tests.  The 
t e s t s  a r e  being conducted i n  l i t h i a t e d  water a t  pH 10; temperature 
and pressure  are such t o  p r o m t e  surface bo i l ing ,  Surface heat 
f l uxes  of t h e  t e s t  assemblies a r e  550,000, 300,000 and 200,000 Btu/ 
(hr) ( f t 2 )  e 

S t r e s s  Cracking o f  PRTR Gasket s a  Several  nozzle-tube gaskets  
- ( sp i r a l  wound SS-asbestos t y p e )  remved from PRTR pressure  tubes  
showed s t r e s s  cracking,  e spec ia l ly  a long t h e  ou te r  r i n g  (No, 1 
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r i n g ) ,  
su rp r i s ing ly  high i n  ch lo r ide  with t h e  highest  concentration 
(1430 ppm) occurring i n  t h e  outer  r i n g  where t h e  stress cracking 
had occurred, Concentration of Na+ was high (710-1170 ppm), but 
concentrations o f  L i +  were low (<0,05 ppm). 
680 ppm and Ring No, 3 had 280 ppm C1- ,  
analyzed. 
f o r  C1' and showed s imi l a r  high concentrat ion (1415 ppm) and 
concentration gradient  (154-1415 ppm) e The e f f e c t  o f  t h e  ana ly t i -  
c a l  procedure on C 1 -  r e l e a s e  from t h e  a sbes tos  complex i s  being 
evaluated, It has been noted t h a t  t h e  asbestos  from used gaskets  
d i s so lves  more r e a d i l y  than from new gaskets,  suggesting t h a t  t h e  
PR'I'R se rv ice  conditions tend t o  d e t e r i o r a t e  t h e  asbestos ,  
Analyses on one new gasket gave t h e  following values:  Ring No, 1 
(ou te r  r i n g )  560 pprn C1'; Ring No, 2, 430 ppm Cl', 
r i n g s  are  being analyzed, Both t h e  high concentrat ion (1430 ppm) 
and t h e  concentration gradient  (280-1430 ppm) are d i f f i c u l t  t o  
explain unless  one assumes concentration by gasket leakage., 

The asbestos  from one gasket was analyzed and found t o  be 

Ring No, 2 had 
The inner r i n g  was not 

A leaking gasket from an ex-reactor loop was examined 

The o the r  

Decontamination Studies - Dissolution o f  Mixed Oxide Fuels. The 
s in t e red  plutonium oxides have been very r e s i s t a n t  t o  a t t a c k  by 
t h e  standard decontaminating agents ,  
best r e s u l t s  have been with t h e  OPG so lu t ion  (oxa l i c  ac id ,  per- 
a c e t i c  ac id ,  sodium gluconate).  
oxides were t r e a t e d  i n  50 m l  of so lu t ion  f o r  one hour at  40 C, 
A t  t h e  end of t h i s  time, only 0,025 mg Pu dissolved,  This corres-  
ponds t o  a concentration of only 0,5 ppm and r ep resen t s  an undesir- 
a b l y  slow d i s so lu t ion  r a t e ,  0 

O f  a l l  t r i e d  so  f a r ,  t h e  

Five hundred mg of t h e  mixed 

Reagents which are capable of d i sso lv ing  s i n t e r e d  plutonium oxides 
at a s a t i s f a c t o r y  r a t e  are  extremely co r ros ive  t o  some r e a c t o r  
Illaterials, It may be possible ,  however, t o  use t h e s e  reagents  
f o r  l i m i t e d  areas (such as deadlegs) o r  spec ia l  ca ses  i f  s u i t a b l e  
i n h i b i t i o n  can be provided, One reagent which had proved suc- 
c e s s f u l  was 9 E HBr on r e f lux ing  f o r  s eve ra l  hours,  
and inh ib i t ed  so lu t ions  o f  HBr are being t r i e d ,  In  one t e s t ,  
1 M HBr was i n e f f e c t i v e ,  

More d i l u t e  

- 
PRTR Boron Shim Studies - Procedures f o r  Analysis o f  Boric Acid. 
Work i s  continuing t o  develop procedures f o r  measuring and con- 
t r o l l i n g  boric  ac id  concentrat ions i n  t h e  PR'I'R moderator system 
(Boron Shim)o 
procedures (spectrophotometric methods) which may be used with 
t h e  Technicon f o r  analyses and c o n t r o l ,  The procedure used a t  
other s i t e s  u t i l i z e s  t h e  r eac t ion  o f  carminic a c i d  with boron t o  
form a colored complex which may be measured q u a n t i t a t i v e l y  i n  low 

Several  t es t s  were mde t o  evaluate  a n a l y t i c a l  
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concentrations (%5O ppb of boron),  However, t h e  carminic a c i d  
must be dissolved i n  concentrated H2S04, and t h i s  so lu t ion  i s  
so corrosive t h a t  a minor instrumental  malfunction could cause 
extensive damage t o  the e n t i r e  instrument. 
were made t o  evaluate an aqueous so lu t ion  of qu ina l i za r in  as an  
ind ica to r ,  but  no re l iable  procedure could be developed; a t  
present ,  it appears t h a t  carminic a c i d  i s  t h e  best a v a i l a b l e  
reagent,  
procedure more s u i t a b l e ,  

Some experiments 

Some modification of t h e  (HzSO4) solvent  may m k e  the  

Reactor Engineering Studies 

Second Generation Mechanical Shim R o d .  A t e s t  of t h e  coolant  
flow versus temperature r ise  i n  t h e  d r i v i n g  head was completed 
using t h e  environmental rod t e s t  f a c i l i t y .  
pressure of 2 p s i  (minimm expected on-reactor),  t h e  flow was 
8 gallons per hour and t h e  coolant temperature rise was 35 F, 
which are s a t i s f a c t o r y  fo r  PRTR app l i ca t ion .  Test condi t ions 
included an  in s ide  s h e l l  heater temperature of 450 F and an  
ambient a i r  a t  t h e  head of 350 F, 

With a d i f f e r e n t i a l  

Design, f a b r i c a t i o n ,  and t e s t i n g  of a s p e c i a l  shim rod gasket 
has  been completed, 
r e a c t o r  i n s t a l l a t i o n  and removal, The second generation shim 
rod i s  being modified t o  incorporate  t h i s  improvement. "he 
c o n t r o l  box, synchro readout equipment, and d r i v i n g  head have 
been del ivered t o  PRTR f o r  c i r c u i t  c o n t i n u i t y  checking p r i o r  t o  
in-reactor  t e s t i n g ,  

This gasket r e m i n s  on t h e  shim during in- 

F r e t t i n g  Corrosion Inves t iga t ion  - Ex-Reactor Tests, 
corrosion t e s t  i n  EDEL-1 w i t h  t he  high power d e n s i t y  f u e l  element 
w a s  terminated after 537 hours at 530 F, 1050 p s i ,  and 145 gpm. 
The f u e l  element was removed, and the  f u e l  element and pressure 
t u b e  were then inspected, One r e l a t i v e l y  l a r g e  burnished area 
was noted i n  t h e  pressure tube which was caused by one lower 
support pad. 
0.25 m i l  deep, "he f u e l  element w a s  inspected, and, on t w o  of the 
four  bundle bands, s eve ra l  of t h e  spot welds on t h e  band lap-over 
had f a i l e d ,  This condi t ion was not noted following t h e  r e l a t i v e l y  
severe e x t e r n a l  e x c i t a t i o n  t e s t s  reported last m n t h ,  This 
p a r t i a l  f a i l u r e  i s  a t t r i b u t e d  t o  t h e  combined e f f e c t s  of t h e  tests,  
From t h e  tube  response c h a r a c t e r i s t i c s ,  t h e  t ube  damage measure- 
ments and t h e  comparison w i t h  the  f r e t t i n g  corrosion tests wi th  
t h e  r e g u l a r  88-inch f u e l  element, t h e  following q u a l i t a t i v e  state- 
ments a r e  drawn: 

The f r e t t i n g  

The deepest p a r t  of t h i s  area w a s  estimated t o  be 
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(1) me shor t  (Mark-I) f u e l  element i nd ica t e s  no greater 
f r e t t i n g  tendency than  does the  r egu la r  f u e l  element 
under similar opera t ing  condi t ions and a t  lesser f l o w ,  

( 2 )  The mode of v ib ra t ion  of  t he  pressure tube has changed 
s l i g h t l y  w i t h  t h e  shor t  f u e l  element i n s t a l l e d ,  This 
change may be s i g n i f i c a n t  when consider ing t h e  i n t e r -  
ac t ion  o r  coupling between the  f u e l  element and 
pressure tube,  

Short Element 
i n l e t  Jumper 1.3-2 m i l s  double amplitude 825-35 cps  
tube middle 0.3 mils double amplitude 625-35 cps 

Regular Element 
i n l e t  jumper 
tube  middle 

1.5-2 mils double amplitude 625 cps 
0.1-0.13 m i l s  double amplitude 6245 cpso  

F r e t t i n g  Corrosion Inves t iga t ion  - PRTR Tests. A PRTR test  de- 
signed t o  y i e l d  co r re l a t ions  between steam generator pressure,  
t ube  v ib ra t ion ,  pump ( o r  p ip ing)  v ib ra t ion ,  and zirconium content  
of t h e  pr inary coolant has been conducted, Preliminary data a r e  
shown i n  Figure 1. From prel iminary analyses  of these da ta ,  
considering only average maximum amplitudes, severa l  t e n t a t i v e  
conclusions can be made: 

(1) %be v ib ra t ion  l e v e l  tends  t o  decrease w i t h  decreasing 
steam generator pressure.  
from a June 1964 tes t  where t h e  same e f f e c t  w a s  noted. 
The source of e x c i t a t i o n  (steam generator,  pumps, e t c ,  ) 
i s  not immediately evident .  It i s  i n t e r e s t i n g  t o  note  
that tube  v ib ra t ion  l e v e l s  wi th  t h e  r e a c t o r  hot and 
pressurized,  but w i t h  i n s i g n i f i c a n t  steam generat ion,  
are about one-tenth of t h e  opera t ing  l e v e l s ,  

This t r end  confirms data 

( 2 )  Steam generator  pressures  of about 365-385 p s i  seem t o  
cause increased i n l e t  jumper-tube v ib ra t ion ;  pressures  
of l e s s  than 350 p s i  (and 395 p s i  f o r  t h e  pump suc t ion  
header )  cause increased pump header v ib ra t ion ,  

( 3 )  Apparently a l l  r eac to r  channels do not exh ib i t  similar 
f r e t t i n g  c h a r a c t e r i s t i c  s o  
content i n  t h e  coolant a t  365 p s i ,  whereas t h e  bulk 
coolant zirconium content was a t  a minimm. In  general ,  
where t h e  primary system v ib ra t ion  l e v e l  was high, t h e  
bulk coolant  zirconium content  was high, 

Tube 1653 shows high zirconium 
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( 4  1 Transient operat ion increases  t h e  zirconium content  
of t h e  coolant  by a f a c t o r  of 20 or more. A few hours 
before  and after t h e  t es t  t h e  zirconium content  of t h e  
coolant  was less than  0 , l  ppb, 
t h e  steam generator pressure w a s  increased i n  10  p s i  
s t eps  i n  about 1 0  minutes and held at  pressure f o r  
20 minutes, The coolant samples and v i b r a t i o n  mea- 
surements were taken i n  a 5-minute period fol lowing 
t h e  pressure-hold per iod,  

During t h e  test  sequence 

Gasket and Closure Tests ,  O f  two s e t s  of FBTR gaskets  t e s t e d  i n  
t h e  PRTR Gasket Test S ta t ion ,  a l l  t h r e e  cap gaskets have leaked, 
whereas the  t h r e e  nozzle-to-tube and i n l e t  gaskets  d i d  not l eak ,  
A l l  were s p i r a l  wound asbes tos-s ta in less  s t e e l  type  except for 
one spec ia l  nozzle-to-tube gasket ,  I n  t h i s  l a t t e r  gasket t h e  
s i l i c o n e  rubber por t ion  of t h e  s e a l  f a i l e d ,  bu t  t h e  s o f t  i r o n  
por t ion  m i n t a i n e d  a seal. 

PRTR-HPD Core, A document, "Technical Design Criteria - PRTR High 
Power Density Core," HW-83932,  10/1/64, was issued. The c r i t e r i a  
s e t  f o r t h  t h e  general  guidel ines  f o r  design of t h e  high power 
dens i ty  core  which s t r i v e s  t o  meet t h e  f u e l  development and physics 
program objec t ives  f o r  t h e  next few years ,  
items a r e  subject  t o  r ev i s ion ,  depending on t h e  r e s u l t s  of f u r t h e r  
experiment or ana lys i s .  

Some o f  t h e  s p e c i f i c  

A draft document o u t l i n i n g  t h e  t r a n s i t i o n  from t h e  present  PRTR 
core  loading t o  t h e  proposed shor t  core  has been wr i t t en ,  In- 
cluded a r e  t h e  bases f o r  t h e  t r a n s i t i o n ,  t h r e e  proposed schedules 
and a summary of support ing research  and development work, The 
t h r e e  schedules i l l u s t r a t e ,  r e spec t ive ly ,  a 15-mnth t r a n s i t i o n  
per iod terminat ing i n  a batch core loading,  a lO-mnth t r a n s i t i o n  
t o  a batch loading,  and a t r a n s i t i o n  t o  a graded f u e l  cyc le  
reaching equi l ibr ium i n  about 23 months. A comment d r a f t ,  
HW-84449 RD, i s  being d i s t r i b u t e d .  

To r e f i n e  t h e  previous preliminary estimates, a r ev i sed  a n a l y s i s  
of t he  f u e l  temperature,  u s i n g t w o  models and power d i s t r i b u t i o n s  
and t h r e e  values  of U 0 2  thermal conduct ivi ty ,  i s  being made on t h e  
high s p e c i f i c  power core  for t h e  PRTR. It i s  expected that rev ised  
f u e l  temperature pred ic t ions  w i l l  be higher than  t h e  previous oneso 

Fuel Re-use, The second draft of t h e  progress  report on f u e l  re- 
use  (HW-81282) i s  being completed. Graphical presenta t ion  of t h e  
economic r e s u l t s  w a s  reorganized f o r  c l a r i t y .  The Value Analysis 
subsect ion i s  being reworked i n  an  attempt t o  obta in  a b e t t e r  cor- 
r e l a t i o n  and understanding of  t h e  e f f e c t  (or l a c k  of e f f e c t )  o f  use 
charge . 
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Thermal Hydraulics Studies.  
t o  allow rapid ca lcu la t ion  of t he  surface temperature of the  

An a n a l y t i c a l  method w a s  developed 
- 

shroud tubes surrounding t h e  PRTR pressure tubes.  
of these  temperatures is  desired t o  determine condi t ions of 
stress, corrosion, and l o c a l  b o i l i n g  of t h e  moderator surrounding 
t h e  shroud tubes. 

A knowledge 

Using t h e  method, it w a s  found tha t  subcooled bo i l ing  of t h e  
moderator w i l l  not occur under t h e  proposed opera t ing  condi t ions 
f o r  a shor t  core (70 Mw power w i t h  a r eac to r  core of 55 tubes 
and f u e l  elements 58 inches long, coolant  temperature at  505 F, 
and m d e r a t o r  temperature at  150 F ) ,  provided t h e  pressure tube  
remained near ly  concentric within t h e  shroud tube.  
pressure tube were eccent r ic  such that t h e  helium gap were reduced 
t o  approximately 25% of t h e  nominal gap, t h e  shroud t ube  tempera- 
t u r e  w i l l  reach the  b o i l i n g  point of  t h e  moderator, 
eccen t r i c i ty  cause t h e  pressure t u b e  t o  physical ly  contact  t h e  
shroud tube,  local subcooled b o i l i n g  w i l l  occur, but  t h e  shroud 
temperature will not r i s e  appreciably above t h e  moderator satura- 
t i o n  temperature because of  t h e  l a rge  improvement of the  heat 
t r a n s f e r  coe f f i c i en t  once bo i l ing  begins. 

If t h e  

Should 

Also, an analys is  was performed t o  pred ic t  the  shroud tube 
surface temperature during a scram, when the  heavy water 
moderator i n  t h e  reac tor  calandria  is displaced by helium gas. 
Resu l t s  were presented graphical ly  which r e l a t e  t h e  shroud tube 
temperature as a funct ion of t h e  helium atmosphere temperature 
within t h e  calandria .  A document, HW-84445, covering t h e  PRTR 
shroud tube temperature was prepared and issued. 

Calculations were a l s o  made t o  determine t h e  heat t r a n s f e r  
c a p a b i l i t i e s  of t h e  PRTR when operat ing as an organic-cooled, 
heavy water moderated r eac to r .  It was found t h a t  f o r  a 750 F 
bulk o u t l e t  coolant temperature, t h e  PRTR could operate  a t  
40 Mw with a f u l l  length,  85-tube core or 20 Mw with a 58-inch 
long, 55-tube core ,  These powers of t h e  r eac to r  are es tab l i shed  
by t h e  f u e l  cladding temperature which was assumed t o  be l imi t ed  
t o  850 F. 

29 Plutonium Ceramics h e 1  Research 

An i r r a d i a t i o n  capsule f o r  wafer specimens which w i l l  allow 
c lose ly  cont ro l led  sample temperature has been designed. 
method of temperature cont ro l  c o n s i s t s  of d i r e c t i n g  t h e  thermal 
energy from t h e  sample through w e l l  defined insu la ted  paths of 
thermal r e s i s t o r s  i n t o  large heat s inks.  In t e r f ace  hea t  t r a n s f e r  

The 
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temperature gradients a r e  minimized by t h i n  nralleable metal f o i l s  
between t h e  sample and t h e  thermal r e s i s t o r s ,  

The thermionic emission apparatus f o r  measuring work funct ions 
of plutonium compounds has been successful ly  operated f o r  t h e  
first time. The work funct ion o f  t h e  tantalum heater  i s  being 
measured as a standard check p r i o r  t o  measurements on o t h e r  
samples, 
about 5 x 10-9 Torr,  

Present measurements are being made i n  a vacuum of 

Studies are continuing on cha rac t e r i za t ion  of p o t e n t i a l  fast 
r eac to r  f u e l  mater ia l  obtained by b a l l m i l l i n g  and impacting U02- 
20 w t %  Pu02 powders. Preliminary data show t h a t  a f te r  four hours 
of ba l lmi l l i ng ,  t h e  U02-Pu02 powder mixture has an average p a r t i c l e  
s i z e  of %3 microns with 95% of t h e  p a r t i c l e s  less than 7 microns 
and 99% of the p a r t i c l e s  less than 11 microns, 

I n  an e f f o r t  t o  determine whether beta-A1203 e x i s t s  over a com- 
pos i t i on  i n t e r v a l ,  samples of t h i s  compound containing 10% PuH, 
and 10% pU02 were r eac t ed  a t  1450 C f o r  four hours i n  high vacuumo 
The l a t t i c e  parameters of t h e  hexagonal beta-Pu203 f o r  a l l  
samples were e s s e n t i a l l y  constant,  i nd ica t ing  very l i t t l e  or no 
oxygen deficiency o r  excess e x i s t s ,  

S t a i n l e s s  steel-20 vol% pU02 cermets showed no changes i n  s t ruc -  
t u r e  when heated t o  900 C i n  a vacuum f o r  400 hours. 
graphic examination of specimens held a t  t e s t  temperature f o r  64, 
154, and 409 hours showed no evidence of r e a c t i o n  between t h e  Pu02 
and t h e  304 s t a i n l e s s  s t ee l ,  
noted from x-ray d i f f r a c t i o n  scans of t h e  specimens, 

Metallo- 

No suboxides of plutonium were 

Ceramic (Uranium) Fuel Research 

Gas release d a t a  were obtained on t h e  last t h r e e  t h o r i a  elements 
irradiated i n  t h e  PRTR, An element containing Hanford processed 
Sol-gel t h o r i a  r e l eased  0.003 cm3/gm after 2,2 x 1020 nvt ex- 
posure, an element containing low-fired e l  mterial r e l eased  
approx imte ly  006 cd/gm a f t e r  2,2 x lo2' nvt  exposure, and a n  
element containing Nupac d e n i t r a t e d  material r e l eased  0~16 cm3/gm 
after 1,1 x 1020 nvt exposure, 

The surface roughness tes t  element which has  been rescheduled f o r  
i r r a d i a t i o n  i n  t h e  ETR P-7 loop i s  being remade, 
found necessary t o  reduce t h e  U-235 enrichment of t h e  U02 t o  1,5%o 
If t h e  o r i g i n a l  element with 4% enrichment had been i r r a d i a t e d  i n  
t h e  P-7 pos i t i on ,  the  higher neutron f l u x  (as opposed t o  t h e  f l u x  

I t  has been 
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i n  t h e  MTR) would have caused f u e l  rod rup tu re  by thermal e%- 
pansion r a t h e r  than by burnout. 

A technique f o r  e l imina t ing  gross  dimensional changes i n  pneu- 
mat ica l ly  impacted s t a i n l e s s  steel-U02 cermet f u e l  p ins  was 
demonstrated. 
caps are pre-compacted i n t o  p e l l e t s  of  s imi l a r  bulk dens i ty  by 
cold pressing.  
s t a i n l e s s  s t e e l  tubing and pneumatically impacted t o  bond and 
seal t h e  pins.  

Cermet cores  and powdered s t a i n l e s s  steel end 

The p e l l e t s  a r e  then  loaded i n t o  t h i n  wall 

The e f f e c t s  of p a r t i c l e  s i ze ,  shape, and dens i ty  a r e  being 
evaluated with regard t o  mpac process va r i ab le s ,  such as p a r t i c l e  
f r a c t u r i n g  from cold press ing  and pneumatic impaction, cold 
pressing,  and metal matrix and p a r t i c l e  dens i ty  a f t e r  pneumatic 
impact ion.  

Nine stainless steel-UO2 cermet f u e l  pins  were f ab r i ca t ed  t o  
eva lua te  t h e  fol lowing va r i ab le s :  
dens i ty ,  metal matrix dens i ty ,  co ld  press ing  technique, and 
ceramic d i s t r i b u t i o n  throughout t he  matrix. Post-pneumatic 
impaction evaluat ion of t h e s e  e f f e c t s  i s  i n  progress.  

e f f e c t  of b inders ,  p a r t i c l e  

Two s t a i n l e s s  c lad ,  s ta inless-30 w t %  U02 cermet p ins  (0.640" OD 
x 3-1/2" long)  f a b r i c a t e d  by pneumatic impaction were reduced by 
hot  ex t rus ion  t o  0.200" OD x approximately 36" long fue l  elements, 
This method of f a b r i c a t i o n  i s  t o  be evaluated as a means f o r  fab- 
r i c a t i n g  f a s t  r e a c t o r  f u e l  elements us ing  f u e l  p ins  with lengths  
approaching t h r e e  f e e t .  

Dimensional v a r i a t i o n  along t h e  l eng th  of t h e  as-extruded pin i s  
2 0.004 inch except t h e  rear-most t h r e e  inches where t a i l i n g  of 
t h e  ex t rus ion  caused a diameter reduct ion of 0,015 inch below 
nominal. Plans f o r  f u r t h e r  processing and eva lua t ion  of t h i s  
mater ia l  include: (1) a l i g h t  (0,001") swage pass for po l i sh ing  
and s t r a igh ten ing  purposes, ( 2 )  cross-sect ion and metallography 
of t h e  pin length f o r  evaluat ion of c l ad  th ickness  var ia t ion  and 
processing e f f e c t s  on t h e  U02 f u e l  p a r t i c l e s .  

The impaction compacts were extruded in s ide  a 2-3/8" diameter 
mild s t e e l  b i l l e t  can a t  1200 C through a 0.750" d i e .  
mild s t e e l  can w a s  then removed chemically.  

The outer 

The Model 1220-B Dynapak machine was completely overhauled dur ing  
t h e  month. This was t h e  first time t h e  machine was dismantled i n  
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t he  2-1/2 years  s ince  it a r r ived  at Hanford. 
approximately 1000 impaction sho t s  dur ing  t h a t  time. 
nrachine was out of operation f o r  1 0  days while it was being  
worked on. 
resumed. 

It had made 
The 

Six ty  shots  have been made s ince  opera t ion  was 

The ex ten t  t o  which packed-particle fuels support t h e i r  c ladding 
aga ins t  external pressure co l l apse  w a s  inves t iga ted .  One-foot 
long rods of U02, v i b r a t i o n a l l y  compacted and c l ad  i n  6 0 6 1 4  
aluminum were hydros t a t i ca l ly  pressed a t  room temperature,  No 
observable d i s t o r t i o n  w a s  produced i n  t h e  cladding of any rod,  
at pressures  t o  3150 p s i .  
c losures  were pressed simultaneously,  with t h e  r e s u l t s  summarized 
i n  t h e  following t a b l e ,  

Empty tubes with i d e n t i c a l  welded 

EFFECT OF PRESSURE ON UNSUPPORTED AUMINUM CLADDING 

O.D. Cladding Thickness Collapse Pressure 
7 

0.520 0.030 

0.340 0.045 
0.303 0 . 026 

0 371 0.060 

660 
1375 
3 150 

d + O O O  ( e s t ' d )  

4. Basic Swelling Studies  

I r r a d i a t i o n  Fropam 

'&e f i r s t  con t ro l l ed  pressure-temperature swel l ing capsule,  con- 
t a i n i n g  high p u r i t y  uranium, U + Fe-A1 and U + Fe-Si specimens, 
reached goal exposure and w a s  discharged. It operated success fu l ly  
a t  450 C and 1000 p s i  i r r e s p e c t i v e  of t h e  ope ra t ing  condi t ions  of 
t h e  r e a c t o r .  

A second con t ro l l ed  pressure-temperature capsule  was assembled, 
bench-tested, charged i n t o  a r e a c t o r ,  and i s  opera t ing  success- 
f u l l y  a t  goal  condi t ions  of temperature and pressure,  namely 575 C 
and 1000 ps i .  It, too,  contains  high p u r i t y  uranium, U + Ye-A1 and 
U + Fe-Si specimens, and w i l l  provide in s igh t  i n t o  t h e  e f f e c t  of 
pressure  on "growth" induced, c rys t a l log raph ica l ly  a l igned  t e a r i n g .  

Pos t - i r rad ia t  ion Examination 

Metallographic examination of t h e  high p u r i t y  uranium specimens ir- 
rad ia t ed  t o  O , O 5  a t% B.U., i n  a capsule  con t ro l l ed  at TOO C i s  i n  
progress.  The specimens were i n  t h e  form of s o l i d  cy l inde r s  1/8 inch,  
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1/4 inch, and 1 / 2  inch i n  diameter and s p l i t  t ubes  1 / 2  inch i n  d i -  
ameter with 0 . 0 3  inch, 0.060 inch, and 0,120 inch t h i c k  w a l l s .  
Severe temperature grad ien ts  i n  t h i s  capsule  caused por t ions  of 
t h e  end specimens t o  operate  i n  t h e  alpha phase and t h e  bulk of 
t h e  specimens i n  t h e  cen te r  of t h e  capsule  t o  opera te  i n  t h e  beta  
phase. A small region of t h e  1 / 2  inch diameter rod may a l s o  have 
operated i n  t h e  gamnra phase. Those regions which operated i n  t h e  
alpha phase have r e t a ined  t h e i r  o r i g i n a l ,  small, equiaxed gra in  
s t r u c t u r e  while those regions which operated i n  t h e  be t a  phase 
now cons i s t  of l a rge ,  i r r e g u l a r  a lpha gra ins .  Superimposed on 
t h e  l a r g e  alpha gra in  s t r u c t u r e  is a network of  poros i ty  which 
apparent ly  o u t l i n e s  a p r i o r  s e t  of p a i n  boundaries,  
boundaries are probably t h e  beta g ra in  boundaries t h a t  ex i s t ed  
during t h e  i r r a d i a t i o n .  
e l ec t ron  metallography w i l l  be i n i t i a t e d  sho r t ly .  

These 

Optical  metallography is  continuing, and 

Three add i t iona l  genera l  swelling capsules  were opened i n  Radio- 
metallurgy and t h e  specimens were recovered. Each capsule  con- 
t a ined  four high pu r i ty  uranium specimens, two U + Fe-A1 specimens, 
and two U + i"e-Si specimens, Several  d i f f e r e n t  heat  t rea tments  
were given t h e  specimens p r i o r  t o  i r r a d i a t i o n .  Capsule No. 22 
was i r r a d i a t e d  a t  525 C u n t i l  0.037 a t $  B.U. was a t t a i n e d ,  and 
then t h e  temperature was dropped t o  200 C f o r  an a d d i t i o n a l  
0.05 a t% B,U. Capsule No. 23 w a s  i r r a d i a t e d  a t  625 C t o  0 , l l  a t% 
B.U. i n  t he  specimens. Capsule No. 27 w a s  irradiated a t  500 C t o  
Oell a t$  B.U. hcrophotography and dens i ty  have been completed 
on these  specimens, b u t  metallographic examination w i l l  be delayed 
f o r  a t  l e a s t  a month. The general  behavior of t h e s e  specimens 
cor robora tes  t h e  previous observat ions and conclusions i n  t h a t  
(1) specimens from both a l l o y s  behave b e t t e r  t han  high p u r i t y  
uranium, ( 2 )  t h e  U + Fe-A1 a l l o y  specimens are super ior  t o  t h e  
U + Fe-Si a l l o y  specimens, ( 3 )  gamma anneal ing o f  t h e  a l l o y  
specimens followed by e i t h e r  a beta  quench o r  a n  a lpha  anneal 
r e s u l t s  i n  s t i l l  f u r t h e r  improvement i n  specimen behavior.  

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

Alloy Select  ion 

Several  n icke l  base a l l o y s  are  being s tudied  t o  determine t h e  
e f f e c t s  of i r r a d i a t i o n  and environment upon t h e i r  mechanical 
properties. ,  

measured, and t e s t e d  fo r  hardness. Eight o f  t h e s e  specimens were 
a l s o  t e s t e d  i n  tens ion .  Hardness va lues  f o r  t h e  p r e c i p i t a t i o n  
hardenable a l l o y s ,  Inconel 625, Inconel 718, and Hastel loy R-235, 

Ninety s ecimens i r r a d i a t e d  a t  280 C t o  exposures 
vary ing  from 5.4 x 10 f: 9 t o  8 x 1020 nvt ( E > 1  MeV)  were weighed, 
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showed no change as compared t o  t h e  c o n t r o l  specimens. 
values  f o r  t h e  so lu t ion  hardenable a l l o y s ,  Incoloy 800, 
Hastel loy N, and Hastel loy x-280, showed a s l i g h t  increase  i n  
hardness wi th  increas ing  exposure. 

Hardness 

One specimen of Inconel 600 has been examined by e l ec t ron  mi- 
croscopy t o  determine changes i n  the  microstructure  due t o  ir- 
rad ia t ion .  
of 9 x 1019 nvt (E>1 Mev). 
d i f fe rences  i n  microstructure  were found i n  the i r r a d i a t e d  specimen 
when compared t o  t h e  noni r rad ia ted  cont ro l .  
i n  t h e  specimen which might have been formed by helium being formed 
from the  presence of boron i n  t h e  mater ia l .  
sequently annealed at 1050 C f o r  24 hours and re-examined f o r  pores 
which may have formed through coalescence of helium atoms due t o  
t h e  heat t reatment .  Again, no such pores were found. Similar  
inves t iga t ions  w i l l  continue t o  determine t h e  cause of mechanical 
property changes i n  nickel-base and r e f r a c t o r y  metal a l l o y s  . 

"his specimen was i r r a d i a t e d  at  740 C t o  an exposure 
As previously reported,  s u b s t a n t i a l  

No pores were found 

The specimen was sub- 

Chromium a l l o y s  have proper t ies  which m y  make them s u i t a b l e  f o r  
app l i ca t ions  i n  f u t u r e  high temperature r e a c t a r s .  Quantit ies of 
a C r  a l l o y  (Cr-0.7% Y-1.4$ Zr-0.7% Ti-0.25% C >  were received and 
a r e  present ly  being evaluated t o  determine mechanical p rope r t i e s  
and heat t r e a t i n g  c h a r a c t e r i s t i c s .  Specimens of t h i s  a l l o y  w i l l  
be i r r a d i a t e d  and t h e  e f f e c t s  of environment and i r r a d i a t i o n  on 
i ts  mechanical p rope r t i e s  determined. 

In-Reactor Measurements of Mechanical Proper t ies  

A capsule  conta in ing  an annealed 304 s t a i n l e s s  s t e e l  specimen has 
been charged and w i l l  be tested at 650 C and 20,000 p s i  stress. 
An ex-reactor tes t  at  t h e s e  condi t ions has been r nning about 
200 hours and shows a c reep  r a t e  of about 5 x 10.' i n / in /h r .  

During t h e  past  month a d d i t i o n a l  a c t i v a t i o n  energy t e s t s  of 
annealed 304 SS during i r r a d i a t i o n  have been completed at 550, 
575, 601, and 621 C, 30,000 p s i  stress; and 655, 680, and 704 C ,  
20,000 p s i  s t r e s s .  The tests completed t o  d a t e  i n d i c a t e  a stress 
and temperature dependency of t h e  a c t i v a t i o n  energyb 
va lue  of t h e  a c t i v a t i o n  energy i s  around 140,000 c a l / m l e  and de- 
c reases  with decreasing temperature and stress t o  around 
100,000 cal/mole.  
r eac to r  c reep  rates, are that a c t i v a t i o n  energies  may decrease 
t o  as low as 60,000 c a l / m l e  w i t h  decreasing temperature and stress, 
In  t h e  absence of any i r r a d i a t i o n ,  t h e  a c t i v a t i o n  energy f o r  
annealed 304 SS appears t o  be about 100,000 cal/mole.  

The high 

Indica t ions ,  from an Arrhenius p l o t  of in- 
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An i r r a d i a t e d  in-reactor tes t  capsule  has  been dishcarged i n t o  
a cask and i s  await ing shipment t o  Radiometallurgy. 
inspec t ion  of t h e  capsule  components and metallography s t u d i e s  
of  t h e  annealed 304 s t a i n l e s s  s t e e l  specimen is planned. 

General 

Capsule Development 

A high temperature creep machine has been developed with a 
c a p a b i l i t y  of  remote operat ion.  The apparatus can measure 
specimen elongat ion t o  l o A  inches.  
t h e  specimen through a bellows-type loading system. 
welder i s  used as t h e  power supply f o r  t h e  1/8 inch diameter 
molybdenum rod wound hea ter .  

The stress i s  appl ied  t o  
A Lincoln 

To d a t e  s i x  t e s t s  have been run w i t h  the following resul ts :  

Minimum a Time t o  
hiaterial Temp. Stress Creep Rate ElonR. Rupture 

Haynes 25 2100 F 4000 p s i  1.9 x l O ' l / h r  15.9 38 min 
11 I t  I t  1 .9  x lO''/hr 12.3 33 

3000 p s i  6.7 x 1o'*/hr 10.0 78 " 

2000 p s i  ~2.6 x >1.3 (Thermocouple 

11 I 1  

I 1  I 1  l t  

I f  f l  
7.2 x 10'2/hr 9.5 63 

f a i l u r e ,  stopped 
t e s t  a f t e r  3 h r s )  

Hastel loy X 4000 p s i  7.7 x l O ' l / h r  13.8 -_ 
?he Haynes 25 da ta  agree w e l l  w i t h  t h e  r e s u l t s  obtained e a r l i e r  
us ing  a dead weight loading  system and induct ion heat ing.  The 
Hastel loy X t e s t  i s  t h e  f i r s t  of i t s  kind. More da t a  w i l l  be 
obtained on both Haynes 25 and Hastel loy X at var ious temperatures 
and s t r e s s e s .  

I r r a d i a t i o n  Effec ts  i n  S t r u c t u r a l  Mater ia ls  

Four spec ia l  quadrants conta in ing  24 t e n s i l e  specimens f a b r i c a t e d  
from Inconel 600 - Zircaloy-2 tubes have been s e n t  t o  t h e  ETR f o r  
i r r a d i a t i o n  i n  t h e  G-7 loop. 
t h e  t r a n s i t i o n  j o i n t  i s  contained within t h e  gage l eng th  of each 
of t h e  samples. The over -a l l  l ength  of t hese  specimens is 8-1/4 
inches . 

The specimens a r e  formed so t h a t  

These s p e c i a l  i r r a d i a t i o n s  a r e  i n  support  of t h e  "Advanced BONUS 
Core Development Program" being conducted by General Nuclear Engi- 
neer ing  Corporation. G o a l  exposures for t h e s e  i r r a d i a t i o n s  a r e  
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1.0 x 1020 and 5.0 x 1020 nvt  (>1 MeV)  a t  temperatures near 
287 C. 
tubes ,  one w i t h  a 1.5  inch OD and one with a 3.3  inch OD. 
The smaller diameter tubes are approximately 0.030 inch t h i c k  
and were f ab r i ca t ed  by a coextrusion process. The l a r g e r  
diameter tubes are approximately 0.90 inch t h i c k  and were 
f ab r i ca t ed  by an explosive welding technique. Tests  w i l l  be 
performed on specimens f ab r i ca t ed  by each method i n  t h e  as- 
received condi t ion,  a f t e r  discharge from t h e  out-of-reactor 
loop, and after i r r a d i a t i o n  i n  t h e  G 7  loop. Tens i le  t e s t s  
w i l l  be conducted a t  room temperature and a t  287 C on specimens 
i n  each condi t ion.  

The tes t  includes specimens from two d i f f e r e n t  s ized  

The dead-weight loading  frame described i n  t h e  last  r epor t  was 
used t o  compare t h e  s t ress- to-rupture  l i v e s  of two Inconel X-750 
specimens, one i r r a d i a t e d  a t  50 C t o  1.8 x 1020 nvt  ( E > 1  MeV) 
and t h e  o the r  an un i r r ad ia t ed  con t ro l .  Both specimens had been 
given t h e  s tandard heat  t reatment  [1177 C/2 hrs, AC; 843 C/24 hrs, 
AC; 704 C/20 hrs, AC] .  The condi t ions  of t h e  s t ress- to-rupture  
test  were 48,000 p s i  s t r e s s  a t  a temperature of  1350 F (732 C ) .  
The r e s u l t s  a r e  as follows: 

Specimen Hours t o  Rupture 

Con t r o  1 : A007 175.2 
I r r ad ia t ed :  A001 9.5 

Specimens i n  two experimental hea t  t reatments  w i l l  a l s o  be tested. 

Environmental E f fec t s  on In-Reactor Zircaloy Corrosion 

On t h e  assumption that aqueous Zircaloy ocr ros ion  in-reactor  i s  
acce lera ted  by oxygen dissolved i n  t h e  water, hydrogen add i t ions  
( t o  r e p r e s s  f r e e  oxygen) were made t o  t h e  coolan t  of ETR E 7  loop 
during cyc le  65. 
low oxygen coolant  have now been weighed and cor ros ion  rates calcu-  , 

l a t ed .  Corrosion rates were reduced a t  least a f a c t o r  of two by 
hydrogen add i t ions  a t  a l l  f l u x  l e v e l s ,  but  s t i l l  were grea te r  than  
out-of-reactor .  The b e n e f i c i a l  e f f e c t s  of hydrogen add i t ion  t o  
t h e  coolant were g rea t e r  a t  t h e  lower f l u x  l e v e l s .  
of hydrogen pickup f r a c t i o n s  and confirmatory determination of 
cor ros ion  r a t e s  by oxide thickness  renrain t o  be done. 

Zirconium a l l o y  samples exposed t o  t h e  hydrogenated, 

Determination 

ATR Gas Loop Studies  

&del  Loop Studies ,  
two bellows i n  t h e  primary p ip ing  were replaced with pipe sec t ions ,  

Subsequent t o  t h e  2000 F run on Sept.  17, 1964, 
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and, i n  addi t ion ,  a new flow tube was i n s t a l l e d .  h r i n g t h e  
period of Oct. 20-23, t h e  model loop r a n  continuously a t  
var ious  flows, pressures ,  and temperatures.  Addit ional  t es t  
equipment was i n s t a l l e d  on Oct. 26, and more t e s t  runs were 
made d u r i n g t h e  following three-day period. Much of t h e  
operat ing time was with 2060 F helium temperature at t h e  
heater out le t  and 1850 F helium flowing i n t o  t h e  t e s t  sect ion.  

One of t h e  purposes of t h e  sus ta ined  tes t s  was t o  eva lua te  t h e  
behavior of layered meta l l ic  f o i l  i n su la t ion  and t o  determine 
i f  t h i s  type of in su la t ion  meets t h e  design requirements of t h e  
ATR gas loop, 
meta l l ic  i n su la t ion  w&s determined by t h r e e  independent means . 
The preliminary thermal conduct ivi ty  va lues  ca lcu la ted  from t h e  
t e s t  da t a  v e r i f i e d  that t h e  thermal conduct iv i ty  under t h e  t e s t  
condi t ions was independent of helium flow r a t e s  through t h e  in-  
su l a t ion .  
a t  1600 F. 

During t h e  t e s t s  t h e  thermal f l u x  through t h e  

Conductivity va lues  ranged from 0 . 3  at  800 F t o  0.5 

Preliminary ind ica t ions  based on comparisons of hea t  loss through 
t h e  f iber - f rax  in su la t ed  p ip ing  and t h e  meta l l ic  f o i l  i n su la t ed  
t e s t  s ec t ion  show t h e  meta l l ic  f o i l  t o  be a b e t t e r  i n su la t ion  
than c a s t  f iber - f rax .  

I n  order  t o  ob ta in  thermal conduct iv i ty  d a t a  without delay and 
t o  develop d a t a  on amounts of impur i t ies  t o  expect dur ing  loop 
s t a r t u p ,  t h e  loop was operated without a bypass cleanup system. 
Helium p u r i t y  was a problem dur ing  t h e  period of Oct. 20-23. 
Although t h e  loop was evacuated, purged, and heated t o  m a x i m u m  
temperatures w i t h  2060 F helium and the cyc le  repea ted  many times,  
impur i t ies  remained high. A t  shutdown on O c t .  23,  t h e s e  impurity 
l e v e l s  were measured i n  t h e  helium: 

Hydrogen 1500 v p m  
Oxygen 0.2 " 

Nitrogen 40 'I 

Methane 20 I' 

Carbon monoxide 1300 
Carbon d ioxide  170 
Water 7 00 

If 

( 1  

On Oct. 27, t h e  loop w a s  evacuated, purged, and pressurized 
with Grade A helium f o r  s t a r t u p .  A temporary helium bypass 
cleanup system c o n s i s t i n g  of a l i q u i d  n i t rogen  cooled t r a p  was 
i n s t a l l e d  ac ross  t h e  c i r c u l a t o r .  The combination of bake-out 
dur ing  t h e  previous week's high temperature opera t ion  and t h e  
bypass cleanup system reduced t h e  impur i t ies  t o  a s i g n i f i c a n t l y  
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lower l e v e l .  
measured i n  t h e  helium: 

A t  shutdown on O c t ,  29, t h e s e  impurity l e v e l s  were 

Hydro gen 780 vpm 

Carbon monoxide 58 l1 

V a t  e r  30 " 

Nitrogen 10  l1 

Since i n i t i a l  loop s t a r t u p  i n  Ju ly ,  t h e  gas bearing c i r c u l a t o r  
has been run with helium pressure  va r i ed  from 0-350 p s i g  and t h e  
i n l e t  helium temperature va r i ed  from 60.650 F with speed varia- 
t i o n s  from 3600-25,000 rpm. 
t o t a l  of 133 hours w i t h  46 s tar ts ,  
been noted and no maintenance has been needed, 

To d a t e  t h e  c i r c u l a t o r  has run  a 
No opera t iona l  problems have 

Although more d e t a i l e d  s tud ie s  a r e  t o  be made i n  t h e  near fu tu re ,  
preliminary evaluat ion of t h e  a t tempera t ing  p r i n c i p l e  shows it t o  
be a very e f f e c t i v e  way t o  reduce g a s  temperature. 

22-02-02 Probe. 
been shown t o  be extremely s e n s i t i v e  and appears capable of 
fol lowing 02 concentrat ion from one atmosphere air t o  below one 
part per  b i l l i o n  02. It was found t h a t  H2 i n  t h e  gas stream in- 
va l ida ted  t h e  re ference  02 concentrat ion ( N i O - N i ) ,  The design was 
modified t o  permit air flow through t h e  re ference  s ide ,  t h u s  
sweeping out t r a c e s  of H2 and providing a s t a b l e  02 concentrat ion,  
A new device w a s  b u i l t  and i n s t a l l e d  i n  314 Building and is now 
being c a l i b r a t e d  

The ZrOZ-oxygen probe described last m n t h  has 

Gas Chromatograph. The CMO gas chromatograph i s  now opera t iona l  
i n  t h e  314 Building. 
O p A r  i n t e r f e rence  problem, including v a r i a t i o n  of c o l l e c t o r  
vo l tage  and use of a C u  g e t t e r  t o  e l imina te  t h e  02 peak, 
was successful .  
column t o  -100 C where 02 and argon separa te  on molecular s i eve ,  

Several  devices  were t r i e d  t o  r e so lve  t h e  

Neither 
It appears t h e  best  approach w i l l  be t o  c o o l ' t h e  

H i &  Temperature Oxidation of Candidate ATR Materials, Therm1 
cyc l ing  tests a r e  i n  progress on Haynes Alloy 25 i n  a 25 t o r r  
s t a t i c  oxygen atmosphere and i n  a 0-020 tor r  rep len ished  oxygen 
atmosphere at  1120 C. The t e s t s  have i n i t i a l l y  been scheduled 
f o r  t e n  cyc le s  cons i s t ing  of 3000 minutes a t  temperature and 
1200 minutes cool ing time per cyc leo  In  t h e  fou r th  cyc le  f o r  
Haynes Alloy 25, i n  25 t o r r  02, t h e  oxida t ion  rates a r e  com- 
parable  t o  those in isothermal tests.  The continuously record ing  
microbalance ind ica t e s  t h a t  although s p a l l i n g  of  t he  oxide occurs 
during cooling, t h e  r e s i d u a l  s c a l e  appears  p ro tec t ive  
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Corrosion of Haynes Alloy 25 i n  H i &  Velocity,  Contaminated - Helium, 
contaminated helium (11500 f p s )  at 2050 F f o r  111 hours, t o  de te r -  
mine if erosion by h igh  ve loc i ty  gases i s  an  important considera- 
t i o n  i n  t h e  ATR loop. 
Grade A helium t o  a pressure of 350 psig.  
during t h e  run t o  c lean t h e  gas, 
diminished t o  undetectable  levels,  while t h e  Co, C02, and H2 
l e v e l s  gradual ly  increased t o  10, 3, and 32 ppm, respec t ive ly .  

A sample of Haynes Alloy 25 w a s  exposed t o  high ve loc i ty ,  

The system was i n i t i a l l y  charged w i t h  
No attempt was made 

The oxygen l e v e l  r ap id ly  

The sample w a s  s t r i pped  of i t s  oxide f i l m  i n  a m l t e n  salt bath 
and t h e  metal loss computed t o  equal a penet ra t ion  of 0.25 m i l .  
This penetrat ion i s  i n  good agreement w i t h  t h a t  ca l cu la t ed  from 
w e i g h t  gain da t a  obtained i n  oxygen a t  1 8 i ~  or 42~1 pressure  and a 
temperature of 2050 F. These preliminary da t a  i n d i c a t e  t h a t  g a s  
v e l o c i t y  e f f e c t s  a r e  not important. 

Gas Loop Materials ,  
W as candidate weld metals f o r  d i s s i m i l a r  metal welds between 
A I S 1  316 s t a i n l e s s  s t e e l ,  Hastelloy-X, and Heynes Alloy 25 i s  
proceeding 

?he evaluat ion of Hastelloy-X and Hastelloy- 

6. Nuclear Graphite Studies  

Kinet ics  of t h e  Reaction of Carbon Dioxide with Hydrogen, Certain 
s o l i d  sur faces  s t rongly  ca ta lyze  t h e  r eac t ion  between carbon 
dioxide and hydrogen, and we have used TSX graphi te  t o  determine 
t h e  e f f e c t  of graphi te  on t h e  r eac t ion  r a t e ,  It was repor ted  
e a r l i e r  t h a t  no enhancement of r a t e  was observed a t  920 C. The 
study has now been extended t o  cover: (1) a range of temperatures 
from 680 t o  970 C; (2) a range of hydrogen partial pressures  from 
0 t o  400 t o r r ;  and ( 3 )  a range of carbon dioxide partial pressures  
from 0 t o  500 t o r r .  Over t h i s  wide range of condi t ions,  we observe 
no s u b s t a n t i a l  d i f fe rence  between t h e  homogeneous gas-phase re -  
a c t i o n  and t h e  r eac t ion  i n  t h e  presence of  graphi te ,  

"he graphi te  rod appeared t o  be oxidized homogeneously s ince  
t h e r e  was no evidence of p i t t i n g ,  It should be emphasized, 
however, t h a t  i f  t h e  rod becomes contaminated by handl ing an 
enhancement of t h e  r e a c t i o n  r a t e  of carbon d ioxide  with hydrogen 
i s  observed. 

Inh ib i t i on  of A i r  Oxidation of Graphite. The i n h i b i t i n g  e f f e c t  
of CF2C12 on graphi te-air  oxidat ion has been explained as a re- 
s u l t  of p r e f e r e n t i a l  ch lor ine  adsorp t ion  on t h e  graphi te .  The 
study of t h i s  e f f e c t  d i sc losed  complications which are only par- 
t i a l l y  understood. An i n i t i a l  and temporary acce le ra t ed  oxida t ion  
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of EGCR graphi te  occurred while vanadium and o the r  impuri t ies  
were being removed. 
graphi tes  such as CSF, SP-6, and spectrographic g raph i t e ,  It 
i s  probably t h a t  CF2C12 i n i t i a l l y  enhances t h e  c a t a l y t i c  e f f e c t  
of c e r t a i n  impuri t ies ,  most probably vanadium, which i s  present 
i n  EGCR graphi te ,  Surface p i t t i n g  which is  u l t imate ly  produced 
by vanadium and other  c a t a l y t i c  impuri t ies  i s  eliminated by 
CF2C12 or  chlor ine probably by removal of t he  impurity, and 
thus  f o r  an equal w e i g h t  loss a l a r g e r  su r face  area i s  produced, 
"he l a r g e r  surface a r e a  l eads  t o  an increased oxidat ion rate 
a f te r  t h e  i n h i b i t o r  i s  removed f o r  a given amount of burn o f f ,  

This e f f e c t  i s  not exhibi ted by purer 

The e f f e c t  of t h e  r e l a t e d  compound, CF3C1, on EGCR graphi te  
oxidation has a l s o  been determined. CF3C1 has g rea t e r  thermal 
s t a b i l i t y  than  CF2C12 and does not provide enough ch lo r ine  f o r  
i nh ib i t i on ;  however, t h e  a c c e l e r a t i n g  effect  i s  about a f a c t o r  
of f i v e .  The r e s u l t s  wi th  CF3C1 suggest t h a t  p a r t  of t h e  e f f e c t  
of CF2C12 on graphi te  oxidat ion may be due t o  t r a c e s  of CF3C1 
formed by pyrolysis  

Thermal Conductivity of EGCR and TSX Graphite, 
d u c t i v i t y  measurements were completed f o r  samples of EGCR and 
TSX graphi te  i r r a d i a t e d  a t  high temperature t o  high exposures, 
Data were obtained by t h e  thermal-pulse method i n  t h e  temperature 
range 25 t o  500 C. 
t r o l l e d  temperature of 625 C t o  3033 x 1021 n/cm2, E>0.18 MeV, 
The thermal conduct ivi ty  t r ansve r se  t o  t h e  extrusion d i r e c t i o n  
was 0,045 cal/cm-sec O C ,  increased t o  0,055 a t  300 C ,  and then 
decreased t o  0,050 a t  500 C ,  The TSX t r ansve r se  sample was 
i r r a d i a t e d  at 800 C t o  1,25 x 1021 n/cm2, E>Oo18 MeV,  and i t s  
thermal  conduct ivi ty  w a s  0.065 cal/cm-sec O C  at 25 C,  0,072 a t  
275 C, and 0.070 a t  500 C, Additional measurements are planned 
f o r  TSX and CSF samples irradiated t o  g rea t e r  t han  1021 n/cm2d 

Thermal con- 

"he EGCR sample w a s  i r r a d i a t e d  a t  a con- 

EGCR Graphite I r r a d i a t i o n ,  The ninth capsule, H-3-9, in t h e  
series of long-term i r r a d i a t i o n s  of EGCR graphi te  has operated 
success fu l ly  f o r  one cyc le  i n  t h e  GETR, During capsule f a b r i -  
c a t i o n  t h e  end w a s  broken o f f  t h e  800 C high exposure, N C 7 ,  
t r ansve r se  sample, This was probably due t o  stresses bui l t  up 
i n  t h e  sample which had caused measurable warpage during t h e  two 
previous i r r a d i a t i o n s ,  The amount of warpage was indicated by 
an increase i n  t h e  standard deviat ion of t h e  pos t - i r r ad ia t ion  
sample lengths  from a value of 0 ,001 t o  a value of 0,004%, By 
modifying t h e  sample assembly with a s-11 graph i t e  col lar  it 

\ w a s  possible  t o  r e - i n s t a l l  t h e  sample i n  t h e  H-3-9 capsule,  A l l  
thermocouples i n  t h e  capsule a r e  funct ioning properly and sample 
temperatures dup l i ca t e  those of previous capsules ,  
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A r e p o r t ,  HW-71500~3, “l’ne H-3 I r r a d i a t i o n  Experiment: 
of EGCR Graphite Inter im Report Eo. 2,” has been completed, 

Annealing of I r r ad ia t ed  Graphi te .  
two p a r a l l e l  and two t r ansve r se  4” long x 3/8” quarter-round CSF 
samples were i r r a d i a t e d  a t  400 C i n  t h e  ETR t o  an accumulated 
exposure of 6 x 1020 n/cm2, EAI.18 MeV. 

samples were annealed at 1500 C f o r  one hour and then thermal ex- 
pansions from 25 t o  T O O  C and lengths  were measured. 
t i o n  t h e  thermal expansions and lengths  were reneasured p r i o r  t o  
annealing. 
1500 C ,  and those i n  t h e  t h i r d  capsule were held as standards.  

I r r a d i a t i o n  

Three capsules each containing 

W i o r  t o  i r r a d i a t i o n ,  

After i r r a d i a -  

Tne samples i n  two capsules were annealed a t  1100 C and 

During t h e  annealing it became apparent t h a t  t h e  samples i n  one 
capsule were irradiated a t  300 C or less ,  
on annealing were also determined from t h e  (0027 d i f f r a c t i o n  l i n e  
w i t h  a high tenperature  x-ray diffractometer ,  
induced t r ansve r se  length changes and ha l f  of t h e  parallel length 
changes were annealable f o r  t h e  lower i r radiat ion temperature (<300 C) 
Annealing of t h e  t r ansve r se  length changes occurred i n  two temperature 
ranges of 400 t o  700 C and 1100 t o  1500 C.  

The c-spacing changes 

A l l  of t h e  r ad ia t ion -  

For samples irradiated at  400 C only an  a d d i t i o n a l  shrinkage w a s  
observed t r ansve r se  t o  t h e  extrusion d i r e c t i o n  during anneal ing 
between 1100 t o  1500 C .  Neutron i r r a d i a t i o n  increased t h e  CTE 
t r ansve r se  t o  t h e  extrusion d i r e c t i o n  by about 5 t o  7%, but t h e  
annealing treatment eliminated most of t h i s  expansion. - c spacings increased from i r r a d i a t i o n ,  but  a l l  of t h i s  increase 
was annealed during heat ing between 1100 t o  1450 C, 
changes i n  CTE were observed parallel t o  t h e  extrusion d i r e c t i o n ,  

Also, t h e  

No s i g n i f i c a n t  

These r e s u l t s  support t h e  theory t h a t  high-temperature r a d i a t i o n  
damage includes an  unannealable contract ion concentrated p a r a l l e l  
t o  the  extrusion d i r e c t i o n  as well as e f f e c t s  due t o  c r y s t a l l i t e  
dimensional changes. 

E f fec t  of Impremation on I I i d  Temperature Contraction of Graphite, 
The s i x t h  i r r a d i a t i o n  has been completed on a series of’ samples 
which are  intended t o  determine t h e  e f f e c t  of impregnation with 
f u r f u r y l  a lcohol  on high temperature radiation-induced contract ion.  
The t e s t  involves TSX (iJPR) g raph i t e  and HLM-85, used i n  IITGR fue l  
elements. 
8% f o r  TSX and 4 %  fo r  HLM-85. 
1000 C.  Although exact exposure d a t a  f o r  t h e  s i x t h  i r r a d i a t i o n  a r e  
not y e t  ava i l ab le ,  t h e  cumulative exposures w i l l  range from 4 t o  
6 x n/crnz, E > o , ~ B  MeV. 

Carbon added by t h e  reimpregnation process amounted t o  
I r r a d i a t i o n  temperatures were near 
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The most s t r i k i n g  r e s u l t s  were obtained from t r ansve r se  samples 
of TXS, 
including t h e  unimpregnat ed con t ro l ,  expanded by amounts ranging 
from O,O5 t o  0,33%. Previously only two of t h e  four  samples had 
exhibited p o s i t i v e  length changes during an i r r a d i a t i o n ,  
impregnated sample heat t r e a t e d  t o  2600 C now has returned t o  i t s  
o r i g i n a l  length a f te r  having displayed a mximum con t rac t ion  of 
-0,5%o 

During t h e  latest i r r a d i a t i o n  a l l  t r ansve r se  samples, 

The 

These da t a  are cons i s t en t  with r e s u l t s  from GE;TR i r r a d i a t i o n s ,  

P a r a l l e l  samples of both TSX and HLM-85 continue t h e  behavior es- 
t ab l i shed  i n  previous t e s t s ,  These r e s u l t s  s t i l l  support t h e  theory 
t h a t  carbon from t h e  impregnant con t r ac t s  at a much faster ra te  than 
t h e  base graphi te ,  

In-Reactor Creep of Graphite. 
of t h r e e  samples under constant  load of 600 p s i  i s  i n  progress a t  

The tes t  t h a t  permits t h e  i r r a d i a t i o n  
- 

t h e  Engineering Test Reactor, 
operation 
9.8 x 1026 n/cm2, E>0,18 MeV, 
none of t h e  samples have broken, 
i s  an  ind ica t ion  of fa i lure  i n  one of t h e  samples, The purpose of 
t h i s  t e s t  i s  t o  def ine t h e  s t r a i n  l i m i t  of  graphi te  more p rec i se ly ,  
A new t e s t  a t  800 p s i  i s  ready f o r  i n s t a l l a t i o n  when t h e  present  
capsule i s  removed, 

In  66 effect ive days of r eac to r  
t h e  t e s t  has  accumulated an exposure of approximately 

The break de tec to r  i nd ica t e s  t h a t  
The tes t  w i l l  continue u n t i l  t h e r e  

7. Boronated-Graphite Studies 

2-C I r r a d i a t i o n  Tes ts ,  The 2C-3 capsule continues t o  operate  satis- 
f a c t o r i l y o  
gas system ind ica t e s  a gradual increase proport ional  t o  exposure 
ind ica t ing  a leak-tight capsule,  

Measurement of t h e  helium pressure i n  t h e  primary blanket- 

A small l a t h e  enclosed by a glove box has been readied so t h a t  
samples o f  irradiated boronated g raph i t e  can be taken a t  var ious 
r a d i a l  depths f o r  i so top ic  a n a l y s i s  of t h e  B1O/BU r a t i o ,  
y i e l d  a q u a n t i t a t i v e  measurement of  boron burnout as a funct ion of 
depth t o  compare w i t h  t h e o r e t i c a l  c a l c u l a t i o n s ,  

This w i l l  

A comparison has been made of t h e  length-change r e s u l t s  of t rans-  
ve r se  boronated-graphite samples from t h e  2 C  (Hanford) i r r a d i a t i o n  
with those from t h e  ETR i r r a d i a t i o n s ,  For a given exposure, t h e  ETR 
i r r a d i a t i o n s  produce 4 t o  6 t imes t h e  l eng th  change observed i n  t h e  
2C t e s t s ,  when t h e  sum of thermal and f a s t  neutrons are used as a 
measure of exposure, The d i f f e rence  i s  even g rea t e r  i f  only those  
neutrons of ~>0,18 Mev a r e  used t o  index exposure, 
apparent tha t  a t o t a l  neutron count i s  p re fe rab le  t o  index t h e  r e s u l t s  

It i s  t h u s  
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of t h e  two f a c i l i t i e s ,  but  t he re  s t i l l  remains a problem of exact 
r e c t i f i c a t i o n  of r e s u l t s .  

Temperature-Controlled, Shielded Capsule. The temperature- 
cont ro l led  thermal-neutron-shielded capsule  cont inues t o  perform 
s a t i s f a c t o r i l y  i n  t h e  M-6 pos i t i on  of t h e  ETR. 
26 samples of graphi te ,  impregnated w i t h  B4C p a r t i c l e s  at 5 and 
7 w t %  concentrat ions.  
maintained f o r  25.8 e f f ec t ive  days during cycle  66. 
of t h e  sample-train column follows a modified cosine curve,  ranging 
from approximately 700 F at  t h e  lower sample t o  1000 F a t  t h e  
re ference  sample, t o  930 F a t  t h e  upper sample. 
ETR f l u x  s h i f t s ,  t h e  lower and upper samples va r i ed  f r o m t h e  above 
averages by approximte ly  

The capsule  conta ins  

The re ference  temperature 1000 F 2 20' was 
The temperature 

Due t o  inherent  

50' and 2 25', r e spec t ive ly .  

The boron-steel s h i e l d  tube t h a t  surrounded t h e  capsule  during 
cyc le  66 was remved and replaced by a new s h i e l d  tube.  Calcula- 
t i o n s  ind ica t e  t h a t  t h e  e f f e c t i v e  thermal-neutron sh ie ld ing  p o w e r  
of  a 1.85 w t %  B-steel tube decreases  by approximately 13% f o r  each 
28 ef fec t ive-day  cycle .  

%e tes t  w i l l  be discharged a t  t h e  end of November. 
peak neutron exposure a t  discharge w i l l  be approximately 0.43 x 
1020 ( thermal )  and 8.15 x 1020 (>0.18 MeV). 

The estimated 

8. Aluminum Corrosion and Alloy Development 

Weight loss measurements a f t e r  chemical c leaning  t o  remove oxide 
were obtained f o r  t h e  las t  charge of aluminum-clad f u e l  elements 
exposed i n  C-1 Loop f o r  58 days a t  260 C loop  o u t l e t  temperature 
and pH 4.5 (H3P04), The corrosion rates so measured ranged from 
0.3 m i l  per month on t h e  upstream element (which operated at  t h e  
lowest temperature and heat  f l u x )  t o  4.9 mils/mo on t h e  second t o  
downstream (x-8001) element. Most o ther  elements had rates of 2 
t o  3 mils/mo. 

The corrosion r a t e s  of t h e  X-8001, A-288, and KYZ a l l o y s  t e s t e d  
were not  s i g n i f i c a n t l y  d i f f e r e n t  from each o the r ,  except f o r  t h e  
X-8001 element noted above. The two downstream elements (X-8001 
and KYZ) showed extensive nonuniform a t t a c k  with many shallow p i t s  
sbout  2 t o  10 mils deep, N o  nonuniform cor ros ion  w a s  evident  on 
t h e  other  s i x  pieces .  

9. Metal l ic  Fuel Development 

I r r a d i a t i o n  of Thorium-Uranium Fuel Elements. I r r a d i a t i o n  of  
t h r e e  tubu la r  Zircaloy-2 c lad ,  thorium-2.5 w t %  uranium-1.0 w t %  
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zirconium f u e l  elements continued successful ly  i n  t h e  nCR-p? loop, 
The f u e l  elements are c u r r e n t l y  operat ing at a maximum temperature 
of 460 C, a surface hea t  f l u x  of 51 cal/sec-cm2 (6,8 x 105 Btu/hr-ft*) 
and a spec i f i c  power of 45  w a t t s / g m  (138 kw/ft) .  
exposure i s  3.1 x 1020 fissions/cm3 (9300 Mwd/ton), 
continues t o  be no more than t h a t  expected f r o m t h e  s o l i d  f i s s i o n  
products. The measured volume increase at 9300 Mwd/ton was 0,7% 
which i s  0.2% less  than t h a t  reported las t  month. The d i f f e rence  
i s  presumably within t h e  experimental e r r o r  of measurementa 

The in t eg ra t ed  
Fuel swelling 

I r r a d i a t i o n  of Metall ic Uranium- w i t h  Sub-Micron Uranium Carbide 
DisDersions, The i r r a d i a t i o n  Derformnce of f u e l  rods containing A - - 
a sub-micron dispers ion of uranium carbide i n  uranium i s  being 
evaluated i n  t h e  Em, Of t h e  t h r e e  i r r a d i a t i o n  t e s t  capsules,  t w o  
contain f u e l  rods  i d e n t i c a l  i n  uranium compositions, but with one 
having a uranium carbide s i z e  of 2-5 microns produced from arc- 
melted uranium and t h e  o the r  a uranium carbide p a r t i c l e  s i z e  of 
less than O e 5  micron produced from t h e  uranium shot .  The t h i r d  
capsule contains  two f u e l  rods with t h e  f i n e  carbide,  

One capsule has achieved goal exposure of 0 ,3  at% burnup and has been 
shipped t o  Radiometallurgy f o r  examination. Maximum temperature a t  
t h e  cen te r  of t h e  uranium rod w i t h  t h e  sub-micron ca rb ide  particles 
was 500 C and on t h e  rod w i t h  2-5 micron-sized carbide p a r t i c l e s  was 
450 C. 
temperature of 600 t o  625 C during t h e  f i rs t  cyc le  of i r r a d i a t i o n ,  
A drop i n  power i n  t h a t  region of t h e  r eac to r  r e s u l t e d  i n  a decrease 
i n  f u e l  temperature t o  t h e  475 t o  500 C range during t h e  second and 
t h i r d  cycle  of i r r a d i a t i o n ,  The exposure a t  t h e  end o f  t h e  t h i r d  
cyc le  i n  t h e s e  two capsules was 0,17 at%. 

"he remainingtwo capsules operated a t  a maximum f u e l  

Examination of t h e  two rods shipped t o  Radiometallurgy i s  under ways 
Optical metallography shows extensive t e a r i n g  por.osity i n  t h e  
uranium with f i n e  carbides  b u t  none i n  t h e  uranium with t h e  coarse  
carbides.  
f a i l u r e  (described last  month) and t h e  consequent loss of  r e s t r a i n t ,  

The t e a r i n g  po ros i ty  may be r e l a t e d  t o  the  cladding 

Samples from both rods  have been declad and pos t - i r r ad ia t ion  
annealed at 630 C f o r  100 hours and 610 C f o r  10  hours. 
measurements m d e  before  and after annealing were as follows: 

Density 
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$Ap Resul t ing $Ap Change 
Annealing Time from During 

Rod Temp,'C hr  Annealing Ir r ad ia t ion - 
-- -- -- 1 

Coarse 1 630 100 -3.2 
Carbide 1 61 0 10 -3.2 

-- -- -- 31 
Submicron 31 630 100 0 
Carbide 31 61 0 10 0 

Although t h e  a s - i r r ad ia t ed  uranium dens i ty  decrease i n  rod 1 was 
almost half  t h a t  i n  rod 31, a f t e r  t h e  high alpha temperature 
anneal t h e  coarse carbide uranium continued t o  increase i n  volume 
(dens i ty  decrease) ,  but  t h e  uranium with f i n e  ca rb ide  showed no 
f u r t h e r  volume increases .  

Optical  metallography and e l ec t ron  microscopy w i l l  show t h e  extent  
t o  which carbide p a r t i c l e s  influenced t h e  dens i ty  o r  po ros i ty  
changes that occurred during annealing. 

10. USAEC-AECL Cooperative Program on Development of Heavy Water 
Moderated Power Reactors 

Two-Phase Flow i n  N i l t i r o d  Fuel Bundles. In many multirod f u e l  
bundles an imbalance e x i s t s  between t h e  mass flow rate ( l b / h r )  and 
heat t r a n s f e r r e d  t o  t h e  individual  flow channels formed between t h e  
rods. 
w i l l ,  i n  general ,  b e  d i f f e r e n t  from t h a t  o f  t h e  neighboring channel 
a t  any c r o s s  sec t ion  and a condi t ion of two-phase flow i n  one 
channel and s i n g l e  phase flow i n  the  neighboring channel might 
occur. I n  f a c t ,  two-phase flow might occur i n  each channel, but 
with unequal steam q u a l i t i e s .  In  e i ther  event flow d ive r s ion  f'rom 
t h e  channel with a higher steam qua l i ty  t o  t h e  channel of lesser 
steam q u a l i t y  o r  of s i n g l e  phase l i q u i d ,  w i l l  t a k e  place.  The 
pressure drop i n  each channel of t h e  system w i l l  be t h e  same; 
the re fo re ,  one may e s t a b l i s h  t h e  t h e o r e t i c a l  mass flow rate  i n  
each channel through t h e  use of two-phase and s i n g l e  phase pressure 
drop r e la t  ions h ips  

This means t h a t  t h e  enthalpy of t h e  coolant i n  one channel 

A computer program has been p a r t i a l l y  wr i t t en  which w i l l  p r ed ic t  
t h e  l o c a l  enthalpy r i s e  i n  a system of two paral le l  connected 
channels. This program uses t h e  Martinelli-Nelson method f o r  

UNCLASSIFIED 

1 2 3 5 0 0 4  



UNCLASSIFIED A-37 HW-84474 

11. 

ca lcu la t ing  two-phase pressure drops,  
by J.R,S. Thorn, e n t i t l e d  "Prediction of Pressure Drop During Forced 
Circulat ion of Boiling Water" i n  a r ecen t  e d i t i o n  of t h e  In t e r -  
nat ional  Heat Transfer Journal,  presents  a method f o r  p red ic t ing  two- 
phase pressure drops t h a t  i s  claimed t o  be i n  c lose r  agreement with 
experimental work than t h e  r e l a t i o n s h i p  given by Mar t ine l l i  and 
Nelson. For t h i s  reason, Thorn's procedure, i n s t ead  of Elar t ine l l i  
and Nelson's, w i l l  be used t o  e s t a b l i s h  t h e  t h e o r e t i c a l  flow diver- 
sion i n  t h e  present ana lys i s ,  

However, an a r t i c l e  wr i t t en  

Thus far, a very simple a n a l y t i c a l  r e l a t i o n s h i p  f o r  t h e  two-phase t o  
s i n g l e  phase pressure drop r a t i o  has been developed using Thom's 
work, and i s  v a l i d  f o r  t h e  pressure range from 250 p s i a  t o  2100 p s i a ,  
This expression a s  found t o  p red ic t  t h e  pressure drop r a t i o  within 
a few percent of t h a t  which has been found experimentally a t  Hanford 
using electr ical ly-heated t e s t  sect ions.  

C r i t i c a l  Flow at  Hipb Pressures and Temperatures 

The inves t iga t ion  of maximum discharge rates from r e a c t o r  piping 
breaks w a s  continued with an experimental study a t  low temperatures 
and pressures  of two-phase c r i t i c a l  flow from t h e  branch s i d e  of 
a t e e  t o  t h e  atmosphere. Esrlier, a n  inves t iga t ion  w a s  performed 
studying c r i t i c a l  flow from elbows t o  t h e  atmosphere. It i s  be- 
l ieved t h a t  t h e  chances of a piping break a t  f i t t i n g s  such as tees 
and elbows a r e  increased because of maximization of bending moments 
a t  t h e s e  poin ts ,  Xowever, p red ic t ions  of maximum two-pnase f l u i d  
l o s s e s  cannot be accu ra t e ly  performed because t h e  technology i s  not 
a b l e  t o  cope with t h e  a l t e r a t i o n  of flow pa t t e rns  caused by t h e  
f i t t i n g .  Even i f  it were possible  t o  c a l c u l a t e  c r i t i c a l  flow rates 
wi th  t h e  present a v a i l a b l e  methods based, as usual,  on a pressure 
a t  t h e  downstream end of t h e  piping system, t h i s  information would 
not be of much use i n  t h e  p r a c t i c a l  predict ion of t h e  c r i t i c a l  flow 
c h a r a c t e r i s t i c s  o f  piping systems with a break immediately adjacent 
t o  a f i t t i n g .  This i s  because t h e  pressure drop-flow behavior of 
f i t t i n g s  i s  not known a t  t h e  extremely high two-phase v e l o c i t i e s  
which w i l l  be encountered. I n  t h e  present study, t h e  combined 
c r i t i c a l  flow-pressure drop behavior of s eve ra l  types of pipe f i t -  
t i n g s  i s  being s tudied with t h e  i n t e n t  o f  developing t h e o r i e s  and 
c o r r e l a t i o n s  which w i l l  enable simple and complete a n a l y s i s  of 
piping breaks a t  such f i t t i n g s .  

The t e s t  s e c t i o n  considered i n  t h e  present i nves t iga t ion  consis ted 
o f  a 1/2-inch weld-type pipe t e e  which w a s  welded i n t o  t h e  approxi- 
raate cen te r  of a two-foot long piece of 1/2-inch schedule 40 s t a i n -  
less s t e e l  pipe,  Steam-water mixtures were supplied t o  t h e  t e e  
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from one s i d e  of t h e  pipe and t h e  other  s i d e  of t h e  pipe was 
capped, Flow t o  t h e  atmosphere was through t h e  branch s i d e  of 
t h e  tee .  
t h e  pipe t o  determine t h e  d i s t r i b u t i o n  of pressure i n  t h e  t e s t  
sect ions.  
Heise gage through a r o t a r y  pressure-scanning valve.  
water mixtures of t h e  desired enthalpy and flow rate were made 
by t h e  mechanical mixing of s a tu ra t ed  steam a t  225 p s i g  and water 
a t  385 F. 

Wall pressure t a p s  were provided i n  t h e  tee and along 

Tubing from these  pressure t a p s  were routed t o  a 
Steam- 

The pressure d i s t r i b u t i o n s  along t h e  t e s t  s ec t ion  and t h e  associated 
c r i t i c a l  flow rates were determined f o r  mixture en tha lp i e s  of 350, 
500, 600, 700, 800, 900,  and 1000 Btu/lb. 
rates a t t a i n e d  were between 0.5 t b  3 lb / sec  and were l imi t ed  by t h e  
c a p a b i l i t i e s  of t h e  hot water supply system. Preliminary a n a l y s i s  
of t h e  da t a  and comparisons of t h i s  data taken with t h e  t ee  t e s t  
s ec t ion  t o  that obtained e a r l i e r  with an elbow t e s t  s ec t ion  reveal 
t h e  following: 

I n  general ,  t h e  flow 

(a )  If t h e  pseudo-crit i c a l  pressure i s  def ined upstream 
of t h e  tee ,  t h e  slope of t h e  pseudo-cr i t ical  pressure- 
c r i t i c a l  flow l i n e s  are  e s s e n t i a l l y  constant at flow 
r a t e s  below approximately 2 lb / sec  . 
w e l l  t o  t h e  behavior of elbows i n  c r i t i c a l  flow. 

This corresponds 

( b )  Comparing t h e  pseudo-crit ical  pressures  obtained with 
t h e  tee-test sec t ion  t o  t h a t  obtained with an  elbow- 
tes t  sec t ion  revealed t h a t  higher pressures were ob- 
t a ined  with t h e  t e e  f o r  corresponding flow rates and 
enthalpies .  

The r a t i o  of t e e  t o  pipe c r i t i ca l  flow rates was found t o  be 
constant  f o r  a l l  corresponding pseudo-crit ical  pressures  and 
en tha lp i e s  and equal t o  0.713 2 3.9%. This r egu la r  behavior 
i s  s u r p r i s i n g  considering t h e  complexity of t h e  nonequilibrium 
two-phase expansion process c h a r a c t e r i s t i c  of t h e  c r i t i c a l  flow 
process. 

12,  Phoenix Fuel Program 

MTR Experiment. A parametric study t o  i d e n t i f y  engineering 
operat ing requirements f o r  an  MTR-Phoenix experiment has continued. 
The analyses were concerned p r i n c i p a l l y  with methods which would 
r e s u l t  i n  increased plutonium f u e l  loading  through increased metal- 
to-water r a t i o s .  The r e l a t i o n s h i p s  of metal-to-water r a t i o ,  f u e l  
loading  and heat  t r a n s f e r  c h a r a c t e r i s t i c s  were examined by (1) re- 
ducing t h e  number of p l a t e s  with coolant  channel and v e l o c i t y  

UNCLASSIFIED 



UNCLASSIFIED A-39 HW-84 47 4 

remaining t h e  same as present MTR design (0,117" channel width at 
30 f p s  v e l o c i t y ) ,  and ( 2 )  decreasing t h e  coolant channel t o  
0,0845" and v e l o c i t y  t o  25 f p s  ( thereby maintaining t h e  co re  
pressure drop a t  about 40 p s i )  

These preliminary ca l cu la t ions  i n d i c a t e  t h a t  high power (40 I&), 
high s p e c i f i c  densi ty  ( k g / l )  co res  desired f o r  Phoenix program 
w i l l  r equ i r e  improvements i n  t h e  present indicated ho r i zon ta l  
power d i s t r i b u t i o n s  based on physics ca l cu la t ions  

13e 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 l o y  
development i n  support of NASA programs continued. 
t h e s e  a c t i v i t i e s  are reported sepa ra t e ly  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, 

Details of 

1. Radiation Ef fec t s  on Metals 

This program i s  d i r ec t ed  toward e s t a b l i s h i n g  t h e  combined e f f e c t  of 
impuri t ies  and neutron i r r a d i a t i o n  on t h e  p rope r t i e s  and s t r u c t u r e  
of s p e c i f i c  metals, and deducing from thermally ac t iva t ed  recovery 
processes how the  damage state can be a l tered,  
involve s i n g l e  and po lyc rys t a l l i ne  specimens of molybdenum, n i cke l ,  
and rhenium, 

Present s t u d i e s  

Examination of transmission e l ec t ron  micrographs o f  molybdenum f o i l s  
which were i r r a d i a t e d  t o  1020 nvt (E>1 M e V )  d isclosed a nonuniform 
d i s t r i b u t i o n  of de fec t  c l u s t e r s ,  Many of t h e  spot d e f e c t s  are 
a s soc ia t ed  w i t h  interconnect ing d i s loca t ion  networks o r  r i n g s ,  An 
est imate  of t h e  number of spots  gives an  approximate concentrat ion 
of 10l6 cc ,  about t h e  same o r  less than t h e  concentrat ion observed 
after a n  exposure of only 1019 nvt i n  the  same material. This dis-  
crepancy can be explained i f  we assume t h e  spot d e f e c t s  t o  be un- 
resolved prismatic loops; as m o r e  d e f e c t s  are formed and migrate t o  
t h e  loops, t h e  loops grow u n t i l  adjacent loops become near enough 
so t h a t  t h e  a t t r a c t i v e  f o r c e  between them r e s u l t s  i n  coalescence of 
t h e  loops i n t o  a s i n g l e  l a r g e r  one., In t e rac t ions  between growing 
loops of un l ike  Burgers vectors  r e s u l t  i n  complex network formation, 
These processes account f o r  t h e  reduct ion i n  t h e  extrapolated 
dens i ty  of spot de fec t s ,  The Burgers vec to r s  of t h e  observed d i s -  
l o c a t i o n  r i n g s  have been determined t o  be a <111> , t h e  r i n g s  being 
uniformly d i s t r i b u t e d  on a l l  (111) planes,  2 
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Dislocations having other  Burgers vec to r s  have not been observed. 

X-ray l i n e  broadening and l a t t i ce  parameter changes have a l s o  
been s tudied i n  molybdenum f o i l s  i r r a d i a t e d  t o  lo2' nvt and sub- 
sequently annealed, F o i l s  containing less than 10  ppm carbon, 
100-200 ppm carbon, and 400-500 ppm carbon were i d e n t i c a l  i n  l i n e  
breadth and l a t t i c e  parameter a f t e r  1020 nvt,  a l l  showing pro- 
nounced broadenin 
measured a f te r  10f9 nvt.  After annealing at 750 C (1382 F) f o r  
two hours, t h e  l i n e  breadths  of a l l  f o i l s  decreased, those with 
t h e  higher  carbon content being s l i g h t l y  broader. 
of t h e  100-200 ppm C and 400-500 ppm C f o i l s  decreased t o  near pre- 
i r r a d i a t i o n  values,  while t h e  l a t t i c e  parameter of t h e  high p u r i t y  
(<lo ppm C )  f o i l  remained unchanged. 
l a t t i c e  expansion a f t e r  i r r a d i a t i o n  is acce le ra t ed  by t h e  presence 
of excess carbon. Line broadening, on t h e  other  hand, i s  increased 
by t h e  presence of carbon. 

and a l a t t i c e  parameter s l i g h t l y  less  than t h a t  

L a t t i c e  parameters 

Apparently t h e  recovery o f  

A complete Fourier a n a l y s i s  of t h e  broadening i n  a molybdenum f o i l  
containing 400-500 ppm C i r r a d i a t e d  t o  1020 nvt has been performed 
f o r  comparison w i t h  the  ear l ie r  analysis f o r  s imi l a r ly - i r r ad ia t ed  
high p u r i t y  molybdenum, 
greater (1350 A compared t o  1000 A ) ,  and t h e  s t r a i n  d i s t r i b u t i o n  i n  
t h e  l a t t i c e  i s  q u i t e  similar, Further  analyses  of i r r a d i a t e d  and 
annealed samples are i n  progress.  

The x-ray p a r t i c l e  s i z e  is  s l i g h t l y  

The defect  configurat ion i n  t h e  mlybdenum f o i l s  i r r a d i a t e d  t o  
1020 nvt ,  as seen i n  e l e c t r o n  micrographs, suggests a n  agglomera- 
t i o n  or coalescence of de fec t s .  If the  r e s u l t i n g  arrangement of 
c l u s t e r e d  d e f e c t s  i s  such as t o  produce local v a r i a t i o n s  i n  e l ec t ron  
dens i ty ,  t h e  technique of snrall-angle x-ray s c a t t e r i n g  play be 
app l i cab le .  This p o s s i b i l i t y  i s  being explored f o r  poss ib l e  use. 

2. Plutonium Physical Metallurm 

The ob jec t ive  of t h i s  program i s  t h e  d e r i v a t i o n  of fundamental in-  
formation r e l a t i v e  t o  (1) t h e  k i n e t i c s  and mechanics of t h e  phase 
t ransformation i n  plutonium, and ( 2 )  t h e  mechanisms by which mono- 
c l i n i c  plutonium deforms . 
Because considerable  conjecture  e x i s t s  on t h e  mechanism of t h e  
beta t o  a lpha t ransformst ion of plutonium, experiments were con- 
ducted t o  e s t ab l i sh  whether appl ied stress rnarkedly a f f e c t s  t h i s  
t ransformation.  Decreasing t h e  maximm transformation ' rate from 
25% per minute t o  0.2% per minute increased t h e  u n i t  length change 
only 20% during transformation under compressive stresses of 2000 
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and 5000 p s i ,  
t h e  concentration of de fec t s  and t h e i r  mobili ty should be high, and, 
as a consequence, t h e  u n i t  length change should be much greater a t  
t h e  lower t r a n s f o r m t i o n  r a t e .  These d a t a  support t h e  t h e s i s  that 
d i f fus ion  i s  not t h e  m j o r  mechanism f o r  t h e  beta t o  alpha t r a n s f o r m -  
t ion 

If t h e  transformation proceeds by a d i f fus ion  process, 

Experimental equipment has been designed and f ab r i ca t ed  for preliminary 
and f i n a l  metallographic pol ishing of beta plutonium i n  t h e  temperature 
range 100 t o  140 C. 

X-ray goniometer i nves t ig s t ions  of alpha-rolled plutonium, as wel l  as 
t h e  columnar grained ma te r i a l  r e s u l t i n g  from t h e  transformation of 
beta plutonium t o  alpha under a compressive load,  have not ,  as ye t ,  
yielded s u f f i c i e n t  da t a  f o r  t h e  construct ion of d e f i n i t i v e  pole 
f igu res .  
ture. There i s  evidence a l s o  t o  i n d i c a t e  t h a t  grain s ize  continues 
t o  be a problem, p a r t i c u l a r l y  i n  t h e  case of t h e  columnar grained 
specimen 

!his i s ,  i n  p a r t ,  due t o  t h e  complexity o f  t h e  alpha struc- 

Preparations are under way t o  r o l l  new specimens. 
t h e  second half of t h e  ingot of e lectro-ref ined m e t a l  previously used 
t o  produce t h e  present samples. This port ion of t h e  c a s t i n g  has been 
s tored i n  vacuum far i n  excess of 120 days and w i l l  provide f u r t h e r  
data on t h e  observation t h a t  self-damage r a d i c a l l y  a f f e c t s  t h e  working 
c h a r a c t e r i s t i c s  of alpha plutonium. 

The s tock  w i l l  be 

An attempt i s  being made a l s o  t o  produce evidence of s l i p  o r  twinning, 
o r  both,  i n  alpha plutonium by deforming a previously polished 
surface by compressiono By using a long i tud ina l  s ec t ion  of t h e  
columnar grained material, it i s  hoped t h a t  c rys t a l log raph ic  d e t a i l s  
which have been derived from t h e  x-ray goniometric s tud ie s  can be 
appl ied t o  determine t h e  s l i p  and twinning systems. Some work along 
t h i s  l i n e  has been reported by t h e  French but without corroborat ive 
x-ray evidence. 

E. CUSTOMER WORK 

1. Radiometallurgy Laboratory 

Elraminat ions 

?he r e s u l t s  of r o u t i n e  examinations and measurements are,  or  w i l l  be, 
reported as p a r t  of t h e  sponsoring research and development programs 
During t h e  period September 27 t o  October 22, 1964, Radiometallurgy 
Laboratory output included: 
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Equipment 

Pro jec t  CAH-136, Service Addition - 327 B u i l d i n e  
completed d e t a i l e d  design of t h e  327 Building se rv ice  addi t ion .  
t a i l e d  drawings were received and comments submitted. AEC approval 
was obtained f o r  r ev i s ion  of t h e  design c r i t e r i a  t o  permit a change 
i n  t h e  locker  room arrangement. 

Vi t ro  Engineering 
De- 

Project  CGH-857, Physical  & Mechanical P rope r t i e s  Test ing Cel l .  F i n a l  
c a l i b r a t i o n  of t h e  remote impact t e s t e r  t o  Watertown Arsenal t e s t i n g  
s tandards i s  i n  progress  at Test ing Machines Incorporated.  I n i t i a l  
c a l i b r a t i o n  at tempts  were not successful ,  and f u r t h e r  modification of 
t h e  t e s t e r  hammer was needed. 

"E" Ce l l  Metallographic F a c i l i t i e s .  
p repara t ion  equipment has been completed and i n s t a l l e d  except t h e  
o r b i t a l  gr inder .  Fabricat ion of t h e  gr inder  w a s  completed, and f i n a l  
t e s t i n g  i s  i n  progress.  The rermte metallograph f a b r i c a t i o n  was com- 
p le ted ,  and f i n a l  t e s t i n g  and alignment i s  i n  progress .  

All of t h e  i n - c e l l  metallographic 

"B" C e l l  Modification. 
i n  t h e  "B" c e l l  door i s  i n  progress a t  100-H shop. 

Machining of t h e  l a r g e  viewing window opening 
Shipment of t h e  

viewing window w a s  delayed by dimensional e r r o r s  made by t h e  window 
frame f a b r i c a t o r .  

"I" Cel l  Microhardness B l i s t e r .  
hardness t e s t e r  was completed, and t h e  t e s t e r  was placed i n  operation. 

F ina l  t e s t i n g  of t h e  remote micro- 

Remote Bel t  Sander. F ina l  design of t h e  remote b e l t  sander hood and 
b a f f l e  f o r  coolan t  containment was completed, and f a b r i c a t i o n  i s  i n  
progress .  
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2,  Metallography Laboratories 

Routine metallography work w i l l  be reported as part of t h e  spon- 
so r ing  research and development component's work, 
of unusual i n t e r e s t  o r  represent ing  departures  from r o u t i n e  
operations w i l l  be reported here,  

A technique t h a t  permits cha rac t e r i za t ion  of tungsten powders i n  
t h e  e l ec t ron  microscope by extending t h e  Mathews and Buthala carbon- 
f i l m  preparation technique has been successful ,  A benzene s l u r r y  of 
t h e  powder i s  dropped onto t h e  surface of a g l a s s  s l i d e ,  
persed powder i s  shadowed with palladium a t  45' and uniformly covered 
w i t h  an evaporated l aye r  of carbon at goo, 
scribed i n t o  a grid of small squares, properly s ized f o r  examination 
screens,  
and t h e  squares f l o a t  t o  t h e  surface. 
completes d i s so lu t ion  of t h e  tungsten powder, 
t o  s eve ra l  water wash-baths and i s  co l l ec t ed  on examination screens,  
Dissolution of t h e  tungsten powder r e s u l t s  i n  a r e p l i c a  displaying 
surface contours of t h e  p a r t i c l e ,  

However, items 

The d i s -  

The deposited f i l m  i s  

The s l i de  is immersed i n  25% aqueous potassium hydroxide, 
Two changes i n t o  f r e s h  KOH 

The f i l m  i s  t r a n s f e r r e d  

During t h e  r e p o r t  month 308 samples were processed, a t o t a l  of 487 
micrographs and macrographs taken, 1871 negatives prin'ted, and 6905 
p r i n t s  pr oc ess ed 

3. High Temperature L a t t i c e  Test Reactor (HTLTR) 

Environmental and Mechanical Test Data on HTLTR Materials. Compres- 
s ion  s t r eng th  data at room and elevated temperature were obtained on 
candidate f u e l  and con t ro l  rod materials f o r  t h e  HTLTR, Dispersions 
of U02 i n  graphi te  B4C i n  graphi te  were t e s t e d  i n  t h e  form of 0 ,3  
inch diameter by 0,6 inch specimens a t  RT i n  a i r  and at  1000 C i n  an  
argon atmosphere, 
and pure graphi te  f o r  comparison were as follows: 

Average test  values obtained f o r  t h e s e  materials 

Compression Strenffth (ps i  ) 
RT 1000 c -- 

U02 - graphi te  (HL) 
U 0 2  - graphi te  (Vendor) 
B4C - graphi te  (Vendor) 
Graphit e (305 ) 
Graphite (AGSX) 

2,390 2,970 
16,900 17,600 
3,960 3,430 
3,470 3,680 
8,920 8,650 

The above p rope r t i e s  f o r  f u e l  and con t ro l  materials are i n  t h e  trans- 
ve r se  d i r e c t i o n ,  Testing w i l l  continue i n  order  t o  g e t  l o n g i t u d i n a l  
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data and t o  evaluate  a d d i t i o n a l  l o t s  of HL mater ia l  which is s t i l l  
under development. 

An environmental t e s t  f o r  a d e t a i l e d  evaluat ion of t h e  compati- 
b i l i t y  of U02 and TD n icke l  i n  t h e  r e a c t o r  atmosphere w a s  s t a r t e d .  
In t h i s  tes t ,  simulated f u e l  element assemblies a r e  exposed i n  a 
nitrogen-graphite environment a t  1100 C f o r  100 hours. 
i n  separa te  t e s t  chambers were s t a r t e d  f o r  an evaluat ion of poss ib le  
B4C i n t e rac t ions  with TD n icke l  and K23 i n s u l a t i n g  br ick .  

Similar tes ts  

HTLTR Mockue, 
Seven room temperature evacuation cyc les  were completed, a f t e r  which 
each of t h e  four heat ing elements were operated a t  approximately 
2 kw at  a mximum indica ted  temperature of 500 F .  
vacuum was 10  mm Hg, absolute .  
down indica ted  about 21 vol% H20. 
as follows: 

Leak checking of t h e  l a r g e  HTLTR mockup was completed. 

Best sustained 
Gas samples taken during i n i t i a l  pump 

Typical water c o l l e c t i o n  da ta  were 

Time Vol.(ml) - Date 

10 /15 /64 0930 320 
1030 550 
113 0 320 
1330 560 -- 120 

10/16/64 0810 2850 
1010 390 
1100 120 

10 /17 /64 08 00 2720 
1535 1110 

l O / l g  /64 0800 5220 
1030 130 

10/20/64 0815 1910 

10/21/64 0800 2100 

10/22/64 0815 23 50 
2260 

10/23 /64 0815 2650 
10 /24/64 0910 2370 
10/26/64 0800 4950 
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4, 

5 .  

A l l  p a r t s  f o r  t h e  ho r i zon ta l  con t ro l  rod have been f ab r i ca t ed ,  t h e  
uranium-bearing pieces being m d e  of p l a i n  graphi te ,  
t h e  drive subassembly has s t a r t e d ,  and t h e  c o n t r o l  elements have 
been assembled s a t i s f a c t o r i l y ,  

Wiring of 

UOpGraphite Dispersions, Twelve HTLTR c o n t r o l  rod s leeves were 
Yabricated from 69 w t  yU d02-graphite0 The f a b r i c a t i o n  process con- 
s i s t e d  of: (1) bLending U02-gaphite f l o u r  and a phenolic r e s i n  
binder,  ( 2 )  mechanical r o l l i n g  and shredding, (3 )  drying a t  1 0 0  C ,  
( 4 )  pressing and screening t o  -100 mesh size,  ( 5 )  cold pressing, 
( 6 )  heat  treatment i n  a helium atmosphere af ter  being packed i n  a 
graphi te  powder, and ( 7 )  f i n a l  machining, 

Two di'es were designed and f ab r i ca t ed  for use i n  forming t h e  inner 
and outer f u e l  r o d s E  Special  heat t r e a t e d  t o o l  s t e e l  was used, 
A spec ia l  holding f i x t u r e  was made f o r  use i n  gr inding t h e  302- 
graphi te  sleeves t o  f i n a l  dimensions, 

Additional s leeves a r e  being f ab r i ca t ed  t o  complete t h e  quant i ty  
required f o r  prototypic HTLTR mockup tests a 

EBWR Fuel Elements 

I r r a d i a t i o n  Testing of EBWR Frototypic Fuel R o d s ,  A maximum exposure 
of 3 6 4  x 1020 fissions/cm3 (12,600 Mwd/ton U02) was achieved f o r  t h e  
1 2  capsules s t i l l  under i r r a d i a t i o n ,  Performance continues t o  be 
excel lent ,  and no f a i l u r e s  have occurred, Law f u e l  d e n s i t i e s  and 
r e a c t i o n s  between capsule components and f u e l  are probable reasons f o r  
anomalously high f i s s i o n  gas r e l e a s e  values  f o r  two capsules  examined 
after discharge,  

Other Customer Work 

h02-62 ut% (80 iJi/20 Cr), A new technique f o r  preparat ion o f  N i C r -  
clad YUO 2-NiCr compatibi l i ty  samples i s  being evaluated, Pressed 
cermet cores  a re  loaded i n t o  I/&-inch N i C r  cans, end caps welded on, 
t h e  cans buried i n  A1203 within a double s t a i n l e s s  s t e e l  Nupac 
assembly and impacted a t  1200 C, 

ISsE Pu-AI Fuel Elements Twelve, 3 c 3  I&% W l ,  aluminum c lad ,  I&E 
f u e l  elements were f ab r i ca t ed  f o r  IPD t e s t  purposes. The elements 
were f ab r i ca t ed  using standard IPD, I & E  components and machined PUAl  
co res  t o  achieve a s l i p  f i t e  
resul ted from hydrostat ic  pressing (15,000 p s i  and 100 C) after 
assembly and c losu re  welding, Standard supports were at tached t o  
t h e  elements by u l t r a s o n i c  welding, 

Essen t i a l ly  100% core-clad contact  
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Boil inp Burnout Studies  f o r  t h e  Advanced Test Reactor ( A T R ) ,  
l a t i o n s  were m d e  t o  m d i f y  t h e  design of t h e  second e l e c t r i c a l l y  

Calcu- 

heated test  sect ion which w i l l  have a v a r i a t i o n  of heat f l u x  ac ross  
t h e  flow channel as wel l  as t h e  cosine v a r i a t i o n  along t h e  length.  
This modification w i l l  f i t  t h e  latest  heat f lux  p a t t e r n  predicted 
by t h e  P h i l l i p s  Petroleum Company f o r  a f u e l  element i n  a d i s t o r t e d  
f l u x  area i n  t h e  r eac to r .  

The heat generation curve f o r  t h e  r eac to r  varies by a f a c t o r  of 2 
across  a 3.78-inch coolant channel, Since t h e  t e s t  s ec t ion  coolant 
channel i s  about one-half t h e  width of t h e  r e a c t o r  coolant channel, 
t h e  l a t e r a l  heat f l u x  v a r i a t i o n  across t h e  t e s t  s ec t ion  was chosen 
t o  correspond t o  t h e  heat f l u x  p r o f i l e  ac ross  about half of t h e  f u e l  
p l a t e .  
m t i o n  of t h e  r eac to r  heat f l u x  curve can be obtained with a t e s t  
s ec t ion  which has a smooth la teral  t a p e r .  
with a x i a l  l o c a t i o n  on t h e  t e s t  s ec t ion  i n  order that t h e  l a t e r a l  
f l u x  d i s t r i b u t i o n  be t h e  same along t h e  e n t i r e  t e s t  s ec t ion  length.  
Hand removal of very small amounts of heater  bar  material might be 
done t o  enhance t h e  l a t e r a l  heat f l u x  p r o f i l e  near t h e  channel edge, 

It was found from t h e  c a l c u l a t i o n s  t h a t  a reasonable approxi- 

The t a p e r  angle  w i l l  vary 

Some a d d i t i o n a l  ca l cu la t ions  were performed t o  inves t iga t e  t h e  
coolant channel edge heat f l u x  between f u e l  p l a t e s  i n  t h e  ATR. Two 
e f f e c t s  were invest igated.  F i r s t ,  it w a s  found t h a t  t h e  temperature 
d i f f e rence  between t h e  coolant stream between two fue l  p l a t e s  and t h e  
coolant stream between t h e  f u e l  elements support p l a t e s  g r e a t l y  
a f f e c t e d  t h e  edge heat f lux .  
of t h e  channel cen te r  flux with 0' AT t o  -35% with 180° AT between 
coolant streams. I n  other  words, with t h e  f u e l  p l a t e  coolant 180' 
above t h e  temperature of t h e  support p l a t e  coolant,  heat w i l l  be r e -  
moved from t h e  f u e l  p l a t e  coolant a t  t h e  channel edges. Since t h e  
t o t a l  heat input t o  t h e  support p l a t e  coolant streams is low, a 
l a r g e  AT w i l l  exist,,, and, thus,  negat ive heat f l uxes  a t  t h e  channel 
edge w i l l  be common i n  t h e  Am. 

The edge heat  f l u x  va r i ed  from +21$ 

Second, at c e r t a i n  loca t ions  on ATR f u e l  assemblies, bumpers are 
provided on t h e  outs ide of t h e  support p l a t e s  t o  assure p o s i t i v e  
spacing between f u e l  assemblies. A s  presen t ly  designed, t h e r e  w i l l  
be no support p l a t e  coolant stream a t  bumper loca t ions .  This not 
only means that t h e  f u e l  coolant channel edge f l u x  w i l l  be pso i t i ve ,  
but ,  a l s o ,  it means it w i l l  be  r e l a t i v e l y  high--about 44% of t h e  
center  channel heat f l ux .  The edge heat f l u x  a t  bumper loca t ions  
could e a s i l y  be reduced by machining long i tud ina l  s l o t s  i n  t h e  
bumpers. 
hea t  away from t h e  f u e l  p l a t e  channel edge r a t h e r  than as heat insula-  
t i o n  t o  t h e  channel edge. However, s ince  t h e  bumpers are  only about 
two inches long, t h e y  would probably not cause burnout on t h e  edge 
with these  heat  f l uxes ,  

If t h i s  were done, t h e  bumpers would a c t  as f i n s  t o  conduct 
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C r i t i c a l  Mass Physics. 
t h e  s p l i t - t a b l e  machine were completed and del ivered t o  t h e  C r i t i c a l  
Mass Laboratory f o r  i n s t a l l a t i o n ,  These rods  m v e  plutonium-bearing 
p l a s t i c  blocks towards a known near c r i t i c a l  mass o f  similar construc- 
t i o n .  
mat ical ly  by a spr ing t r igge red  by i n t e r r u p t i n g  cu r ren t  t o  a holding 
electronagnet6 
magnet i s  0.02 sec,  and t h e  rod i s  f u l l y  withdrawn i n  0,12 s e c e  
Excessive v ib ra t ion  o f  t h e  u n i t s  during t h e  scram cycle  was solved 
by adding te lescoping ad jus t ab le  braces t o  t h e  u n i t s ,  

The ho r i zon ta l  s a fe ty  and c o n t r o l  rods f o r  

On r e c e i p t  of a scram s igna l ,  t h e  rods are withdrawn auto- 

High speed movies show t h a t  t h e  release time of t h e  

DOD Support. 
programs continued. 
a t e l y  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. 

Development of s p e c i a l  f a b r i c a t i o n  methods f o r  DOD 
Details of t h e s e  a c t i v i t i e s  are reported separ- 

Manager 
Reactor and Fuels Laboratory 
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PHYSICS AND INSTRUMENTS LABORATORY 

MONTHLY REPCET 

OCTOBER 1964 

FISSIONABLE MATERIALS - 02 PROGRAM 

REACTOR 

NPR Uti l iza t ion  Studies 

The NPR Phase I11 f u e l  cycle ana lys i s  using uranium metal f u e l  has essen- 
t i a l l y  been cmpleted.  
NRD t o  extend t h e  Phase I11 f u e l  cycle s tud ies  t o  include PuQ znrichment 
i n  Uo;! and perhaps i n  Th% i f  time permits. 

A supplemental work order has been received from 

A two-dimensional analysis  of t h e  NPR l a t t i c e  using t h e  code 9-ANGLE has 
been s ta r ted  t o  resolve the  problem of r e a c t i v i t y  averaging i n  determining 
t h e  reactor  mult ipl icat ion f o r  a graded f u e l  loading. 

NPR Coproduct Experimental Program (1.95$ U-235) 

The scope of t h e  experimental program on the  1.95 NPR coproduct la t t ice  has 
been expanded. Originally t h e  measurements were t o  include ko? determina- 
t i o n s  on the w e t  and dry l a t t i c e  p lus  determinations of thermal u t i l i z a -  
t i o n s  and spec t ra l  indices  f o r  both l a t t i c e s  and conversion r a t i o s  on the 
wet l a t t i c e .  To assist i n  t h e  hazards evaluation of a t a r g e t  melting inc i -  
dent,  addi t ional  measurements w i l l  be made of 163 of t h e  dry l a t t i c e  without 
t a r g e t .  To support t h e  control rod enhancement e f f o r t  d i f f e r e n t i a l ,  k, 
measurements w i l l  be made on a few strong absorbing samples placed i n  t h e  
N-Reactor neutron spec t ra l  environment set up i n  t h e  core of t h e  PCTR. 

The N-Reactor control  rod system can be strengthened by replacing t h e  
na tura l  boron with BIO, and by increasing t h e  surface area of t h e  control  
rod. Some degree of v e r i f i c a t i o n  of these predicted e f f e c t s  can be obtained 
i n  scaled experiments performed i n  t h e  sample of t h e  N-Reactor l a t t i c e  used 
i n  the  PCTR experiments. There, i n  the  correct  neutron s p e c t r a l  environ- 
ment, various composition and shape samples of neutron absorbers can be 
compared i n  simple r e a c t i v i t y  measurements. To t h i s  end, an attempt i s  
being made t o  loca te  samples of go and H f .  To date ,  approximately one 
pound of amorphous g o  has been located i n  the  Equipment Development Sub- 
sect ion of IPD. Plans are f o r  NRD t o  oversee the  f a b r i c a t i o n  of t h i s  $0 
i n t o  a rod, encased i n  aluminum f o r  a t e s t  sample. These tes ts  a r e  expected 
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t o  take place i n  mid-November. 

NFB Ellock Tes t  

The, expected fabr ica t ion  y i e ld  of reac tor  grade 1.95s d r ive r  fuel f o r  t he  
N-Reactor 1.95% Block Test i s  21 t o  28 fu l l  N-Rreactor columns. 
and Metallurgy requi res  as many as four of these columns, t o  be removed one 
at a time at  various s tages  of exposure. 
requi re  approximately f i v e  f u l l  columns f o r  conversion r a t i o  determinations.  
A 21-tube block load ( a  5 x 5 a r ray  with t h e  four  corner tubes removed) has 
been proposed as a means of f u l f i l l i n g  these  requirements. The r eac t iv i ty ,  
f l u x  f l a t t en ing ,  and neutron spec t ra l  conditions i n  8 block of t h i s  s ize ,  
placed i n  t h e  center  of N-Reactor, are being evaluated. Techniques being 
employed a r e  those of the two-group d i f fus ion  model used i n  e a r l i e r  s tud ies  
of f l u x  f l a t t e n i n g  i n  the  spike loading s tudies .  
more complicated, however, because of t h e  neutronical ly  black t a r g e t  element, 
which i s  d i f f i c u l t  t o  analyze i n  t h e  d i f fus ion  approximation. 
theory code (TIIERMOS) i s  being employed i n  an attempt t o  obtain an accept- 
able solut ion.  
question of f l u x  peaking i n  the 1.95 block, and t o  show that a 21-tube 
block i s  su f f i c i en t  t o  meet neutron spec t ra l  requirements. 

NRD Chemistry 

NRD Reactor Physics i n t e r e s t s  

Present work i s  somewhat 

Transport 

The r e s u l t s  of these analyses a r e  expected t o  c l a r i f y  the  

Coaroduct Exneriments f o r  NPR 

Experiments a r e  s t a r t i n g  i n  the PCTR t o  measure t h e  i n f i n i t e  medium multi- 
p l i c a t i o n  f a c t o r  & and conversion r a t i o s  of both d r ive r  tube and t a r g e t  roil 
f o r  the coproduct l a t t i c e ,  All components have been fabr ica ted  and loaded 
i n t o  the  PCTR, and the first c r i t i c a l  approach i s  s t a r t i n g .  

U t i l i za t ion  of Plutonium libel 

Multi-group canputations completed f o r  I&E Pu-A1 production reac tor  elements 
now include a s e t  containing a grea te r  degree of space and energy d e t a i l  
than i n  previous ca lcu la t ions .  The in t eg ra l  t ranspor t  code THEBMOS was 
used t o  obtain cross  sec t ions  f o r  f i s s i o n  an3 absorption i n  t h e  Pu-240 
resonance energy group and the thermal group. These data were obtained 
f o r  cel ls  whose fuel contains 1.0, 1.8, and 2.2 w/o high exposure plutonium. 
The computations were repeated with H20 regions voided t o  obtain void 
coe f f i c i en t s .  Four-group cross  sec t ions  were generated f o r  these  cases 
using GAM and "EST i n  ZODIAC, which a l s o  produced HF'N so lu t ions  of fluxes 
and k, i n  t h e  heterogeneous m o d e l .  Canparison ( i n  a zero-dimensional model) 
was made between modified GAM-TEMPEST r e s u l t s ,  and a four-group cell-averaged 
cross  sec t ion  set incorporating THERMOS results. Fluxes were then cmputed 
using a f e w  group ( i n f i n i t e ,  hamogeneous) d i f fus ion  model and so lu t ions  f o r  
k, were obtained. These d i f f e r e n t  methods give gross ly  d i f f e r e n t  k, r e s u l t s .  

UNCLASSIFIED 

1 2 3 5 0 1 1  



UNCWSIFIED B-3 hW-84474 

However, t h e  ca lcu la ted  void c o e f f i c i e n t s  a r e  not g r e a t l y  d i f f e r e n t  f o r  t h e  
three cases.  

Subc r i t i ca l  Ekperiments with Enriched N-Fuels f o r  Nuclear Safety Guidance 

&ponential and neutron mul t ip l i ca t ion  experiments were continued with 
enriched N f u e l s  i n  l i g h t  water t h a t  provide d a t a  f o r  nuclear  s a f e t y  
guidance. 
i n  each of two l a t t i c e s .  
tube (2.4 in .  o.d., 1.8 i n .  i . d . ) ,  and t h e  tube-in-tube assembly cons is t ing  
of t h e  outer  tube and an 0.9$ enriched inner  tube (1.25 i n .  o.d., 0.44 i n .  
i . d .  >. 
cy l ind r i ca l  a r rays  were 52 i n .  i n  height  with each f u e l  column being cm-  
pr i sed  of two f u e l  elements. 
t h e  l a t t i c e s ,  f o r  which case t h e  l a t t i c e  c e l l  i s  an e q u i l a t e r a l  t r i a n g l e  
with equal separat ion between adjacent  rods.  Results of t h e  measurements 
cmple t ed  during t h e  month are presented below. 

Measurements have now been completed with two f u e l  assemblies 
The f u e l  assemblies are t h e  l.25$ enriched outer 

The length  of t h e  zirconium clad f u e l  elements i s  26 i n .  The 

A hexagonal loading p a t t e r n  was used f o r  

Tube- in-Tube Assembly 
(1.25 w t $  outer  tube,  0.95 w t $  inner t u b e )  

Computed C r i t i c a l  
Computed Cri t ical  No. f o r  26 i n .  

L a t t i c e  H2 o/u C r i t i c a l  No. of 52 i n .  Assem- Assemblies i n  
Spacing Volume Rat io  Buckling b l i e s  frm Buckling Cyl indr ica l  Array 

2.8 in .  1 .30 3244 pB 101.2 173.7 (-9710 l b  U >  
3 . 1  i n .  1.86 3884 PB 67.4 105.5 (-5894 l b  U )  

2.8 in.* 2.53 4620 pB 62.0 88 (-2870 l b  U) 
3.1 i n .  3.36 3789 )LB 67.9 106.5 (-4036 l b  U )  

* Results f o r  2.8 i n .  l a t t i c e  were given i n  previous month. 

Further d a t a  are required t o  determine t h e  maximum buckling i n  e i t h e r  case 
and t h e  minimum number of 26 i n .  f u e l  elements ( o r  assemblies)  t h a t  can be 
made c r i t i c a l  i n  water. Preliminary results suggest the c r i t i c a l  number 
of tube-in-tube assemblies may not d i f f e r  t o o  s i g n i f i c a n t l y  frm those  of 
t h e  outer  tube only. 
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Instrumentat ion 

Two more hybrid preamplif iers  were completed f o r  use with t h e  regular 
f i s s i o n  de tec to r s  of t he  N Reactor s u b c r i t i c a l  neutron flux monitoring 
system. 
t i o n a l  counters.  
formance with t h e  f i s s i o n  de tec to r s .  

These u n i t s  p lus  a similar one completed e a r l i e r  replace propor- 
The preampl i f ie rs  were required t o  achieve proper per- 

De s 
ing 
and 

ign  and development e f f o r t  w a s  i n i t i a t e d  on a system f o r  measuring cool- 
age of irradiated reac to r  f u e l .  
appropriate  purchase spec i f i ca t ions  are being prepared. 

C i rcu i t  configurat ions were es tab l i shed  
The system 

w i l l  be assembled i n .  a manner t o  permit easy t r anspor t  frcan one r eac to r  
area t o  another f o r  t h e  measurement work. 
with a l l  s o l i d  s t a t e  c i r c u i t s ,  w i l l  be t h e  measurement technique. 

S c i n t i l l a t i o n  gamma spectrometry, 

Neutron flux monitoring techniques and heat generat ion rates i n  cadmium were 
discussed with members of I r r a d i a t i o n  Testing, IPD. 

System Studies  

N Reac tor ' s  p re s su r i ze r  spray cont ro l  system. was studied i n  d e t a i l  t o  
determine t h e  cause of malfunctions which gave r i s e  t o  excessive pressure 
t r a n s i e n t s  i n  t h e  primary coolant  system during r eac to r  scrams. It was 
found tha t  the improper l i m i t i n g  of t h e  proport ional-plus-der ivat ive con- 
t r o l l e r  u n i t  caused sa tu r&t ion  of t h e  system. The add i t ion  of limiters 
t o  t h e  c o n t r o l l e r  corrected t h e  d i f f i c u l t y .  

Equations f o r  an N Reactor three-surge-tank analog model were derived 
and programming w a s  s t a r t e d .  

SEPARATIONS 

C r i t i c a l  Experiments with Plutonium Solut ions 

A s e r i e s  of c r i t i c a l i t y  experiments were cmple t ed  with plutonium n i t r a t e  
so lu t ions  i n  a 15.2 i n .  diameter stainless s t e e l  sphere (30.2 e volume). 
The d a t a  obtained from these experiments have provided c r i t i c a l  mass values  
f o r  Pu so lu t ions  i n  t h e  vesse l  bare,  and with r e f l e c t o r s  of water and con- 
c r e t e .  Plutonium concentrat ions i n  t h e  n i t r a t e  so lu t ions  have ranged from 
24 to 170 g Pu/B. 
provide the  following information on c r i t i c a l i t y  i n  t h e  f u l l  sphere with 
high ac id  molar i ty .  

The most recent  experiments (water r e f l e c t e d  sphere)  
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C r i t i c a l  
Mass 

C r i t i c a l  Acid Tota l  H / h  
Jh Conc. Molarity Ni t r a t e  A t m i c  Rat io  

7.70 520 g/J 556 1.17 kg h 38.7 g/J 

Neutron flux measurements were a l s o  made f o r  determining t h e  c r i t i c a l  
buckling of t h e  so lu t ion .  
n i t r a t e ,  type and ex ten t  of r e f l e c t o r ,  e t c . )  are needed f o r  nuclear  s a fe ty  
guidance and &so f o r  t h e  development of reliable t h e o r e t i c  methods f o r  
ccgnputing c r i t i c a l i t y .  

The va r i ab le s  a f f e c t i n g  c r i t i c a l i t y  (such as t h e  

Neutron Mul t ip l ica t ion  Measurements on l a r g e  Arrays of F i s s i l e  Material 

Exis t ing nuclear s a f e t y  spec i f i ca t ions  i n  CPD r e s t r i c t  t h e  number of 
SN and PR cans of Pu so lu t ion  t h a t  may be s tored  toge ther  t o  15. 
of these  cans cu r ren t ly  i n  use poses problems i n  ava i l ab le  s torage areas. 
A series of s u b c r i t i c a l  neutron mul t ip l i ca t ion  measurements were performed 
on arrays of S N  and PR cans f i l l e d  with plutonium n i t r a t e  so lu t ions  t o  
determine i f  t h e  nuclear sa fe ty  l i m i t  could be increased.  The p r i n c i p a l  
d i f fe rence  between t h e  PR and SN cans i s  t h a t  t h e  inner  c y l i n d r i c a l  con- 
t a i n e r  (5.8 i n .  i .d .  with 10 J volume) of t h e  PR can i s  surrounded by a 
lead-cadmium. a l l o y  about 1/2 in .  t h i ck ,  while t h e  S N  can does not  contain 
t h i s  sh ie ld ing .  Sixty-four SN cans containing 109 kg of Pu so lu t ion  were 
posi t ioned i n  c lose  contact  in a planar  a r r a y  at  t h e  C r i t i c a l  Mass Labora- 
to ry .  The number f o r  c r i t i c a l i t y  was estimated t o  be > 350 cans, and t h e  
shape of t h e  mul t ip l i ca t ion  curves ind ica ted  an i n f i n i z e  number would pro- 
bably be s u b c r i t i c a l .  The stme cans were then stacked i n  a double t i e r  
p lanar  a r ray .  The results showed t h e  c r i t i c a l  number t o  be > 230 i n  t h i s  
gemet ry .  Layers of plywood were placed on t o p  of t h e  array-and on the 
t h r e e  s ides  away from the w a l l  t o  simulate add i t iona l  r e f l e c t i o n  of proxi- 
mate roam w a l l s ;  t h e  results d i d  not  s i g n i f i c a n t l y  a f f e c t  s u b c r i t i c a l i t y .  
The e f f e c t  of p lac ing  materials i n  t h e  space between cans of t h e  array was 
a l s o  inves t iga ted  and found t o  be s m a l l .  
i n  t h e  array indica ted  t h e  lat ter t o  be s l i g h t l y  more reac t ive ;  t h e  l ead  
sh ie ld ing  i n  t h e  PR cans a c t s  as a r e f l e c t o r  r e s u l t i n g  i n  a higher 
f o r  each can. 

Although same f u r t h e r  experimental checks are indicated,  prel iminary results 
of the  a r r a y  s tud ie s  show t h a t  SN and PR cans may be s a f e l y  handled i n  
much great.er numbers than  previously permit ted.  

The number 

Exchanging 15 SN cans f o r  F'R cans 

c 

Theory and Analysis 

1. Minimum C r i t i c a l  Volume of Plutonium Nitrate Solu t ions  

For a hypothe t ica l  homogeneous mixture of Pu atcgns i n  water, t h e  c r i t i c a l  
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volume continues t o  decrease with Pu concentrat ion reaching a minimum 
value f o r  PU metal (19.6 g/cc)  of 0.3 d .  However, analyses  of c r i t i c a l  
experiments wi th  PU(N9)4 so lu t ions  ind ica t e  that a minimwn volume of 
about 7.2 i w i l l  be obtained with n i t r a t e  so lu t ions  i n  sphe r i ca l  geometry 
a t  a Pu concentrat ion of 175 g h/t .  
f o r  zero ac id  molarity,  wi th  the volume and mass both being l a r g e r  f o r  
higher concentrat ions of PU i n  the form of Pu(N4)4  i n  water. 
information i s  of p r a c t i c a l  i n t e r e s t  f o r  nuclear  s a f e t y  guidance i n  
handling Pu( N 9  )4 solutj.ons. 

This r ep resen t s  the  l i m i t i n g  case 

The latter 

2. Comparison Between Measured and Calculated C r i t i c a l i t y  f o r  PuO;,-Poly- 
s tyrene Campacts 

Favorable comparisons have r ecen t ly  been obtained between cmputed and 
measured c r i t i c a l i t y  of PuQ-polystyrene compacts. 
ca lcu la ted  f o r  these compacts (H-to-Pu atomic r a t i o  of 15 and 1.12 g 
Pu/cm3 dens i ty )  by both multi-group d i f f u s i o n  (HFN) and SN t r a n s p o r t  
(DTF’) methods. The multi-group parameters were computed by the GAMTEC 
code u t i l i z i n g  the Sher normalized thermal group data. In the  SN ca l -  
cu la t ions ,  neutron s c a t t e r i n g  was approximated by a sphe r i ca l  harmonic 
approximation through the Pl term. 
gave values  of 16.0 and 6.0 cm as t h e  c r i t i c a l  th icknesses  f o r  the 
bare  and Plex ig las  r e f l e c t e d  infinite slabs, r e spec t ive ly .  These 
correspond t o  t h e  experimental values  of 15.9 2 0.4 and 6.0 +, 0.4 cm. 
A c r i t i c a l  slab th ickness  of 15.71 cm was ca lcu la ted  by the  DTF code for  
the  bare slab which a l s o  agrees  w i t h  experiment within the e r r o r  of 
measurement. 
completed. 
l i f e t i m e  of 1.67 p sec which compares favorably wi th  t h e  measured value 
of 1.38 t 0.017 p sec f rm pulsed neutron source experiments. 

Estimated C r i t i c a l  Mass f o r  h 2 3 8  Metal 

Pu238 i s  cu r ren t ly  being produced at Savannah River f o r  use i n  radio-  
i so top ic  heat sources.  
shipped from Hanford. 
an unexpectedly high fast f i s s i o n  c ros s  sec t ion  f o r  Pu238, t h e r e  has 
been some concern about t he  c r i t i c a l i t y  of t h i s  i so tope .  
ca l cu la t ion  has been made (based on somewhat uncer ta in  c ros s  sec t ions )  
which i n d i c a t e s  t h e  c r i t i c a l  mass of a bare sphere of pU238 metal may 
be as low as r\/ 5 kg a t  a dens i ty  of 19.6 g/cc ( t h i s  i s  half  the value 
f o r  h239 metal which i s  10 kg). 
i s  l e s s  than  t h e  amount t o  be used i n  some of the r ad io i so top ic  heat 
sources under considerat ion which shows the concern about c r i t i c a l i t y  
of Pu238 i s  wel l  j u s t i f i e d .  

C r i t i c a l i t y  has been 

The d i f f u s i o n  theory ca l cu la t ions  

The SN ca lcu la t ion  f o r  t h e  r e f l e c t e d  s l a b  has not  been 
A time-dependent ca l cu la t ion  with DTF gave a m e a n  neutron 

3. 

This Pu i s  made frm i r r a d i a t i o n  of Npeg7 
I n  view of c ros s  sec t ion  measurements which show 

A Monte Carlo 

The estimated c r i t i c a l  mass of A1238 
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C r i t i c a l  Mass Laboratory Instrumentation 

I n s t a l l a t i o n  and checkout of an on-line r eac to r  no ise  analysis system f o r  
t h e  Critical Mass Laboratory i s  e s s e n t i a l l y  complete. 
ously monitors t h e  f l u c t u a t i n g  s igna l  from a neutron de tec to r .  After  t h e  
s igna l  i s  passed through ac t ive  f i l t e r  and r e c t i f y i n g  c i r c u i t s ,  t h e  result- 
ing frequency spectrum i s  displayed, p lo t t ed  or  d i g i t a l l y  recorded. 
analyzer covers a frequency range from 0.1 cps t o  3.16 kc/sec. The system 
i s  ready f o r  operat ional  t e s t s  with noise  of a known spectrum. An ana lys i s  
of r eac to r  noise  provides information on t h e  neutron lifetime and r e a c t i v i t y  
of the system under study. 

The system continu- 

The 

Consulting Services on Nuclear Safe ty- -Cr i t ica l i ty  Hazards 

Nuclear Safe ty  i n  EL 

Spec i f ica t ion  K-1, which covers PuQ-U(& Mark I f u e l  elements, was 
revised f o r  PRTR. 

Nuclear Safety i n  NFU 

Temporary spec i f i ca t ion  No. 3-64, covering t h e  processing of a "scrap 
ingot"  was reviewed and approved f o r  N Reactor Fuels Engineering. 

Nuclear Safety i n  Shipment of Fiss ionable  Materials 

Shipments of 5 kg of plutonium metal and 602 kg of 3 wt$.enriched Uo;! 
were reviewed and approved. 

Drop tests were performed on two of t h e  Class I &designed shipping 
conta iners  f o r  f i s s i l e  materials. The maximum tes t  t o  simulate acc i -  
dent  condi t ions w a s  a drop from 30 feet onto a concrete  surface.  
a puncture t es t  was made by dropping t h e  conta iners  f r a n  a he ight  of 40" 
onto t h e  end of a 6" diameter steel post .  The conta iners  survived 
these  and other  less s t r i n g e n t  tests i n  fair  order .  
con ta ine r ' s  r e s i s t ance  t o  f i r e  following an "accident," one of t h e  
conta iners  will now be subjected t o  a standard one-hour f ire test by 
Underwriter Laboratories.  The inner  container  of a Class I shipping 
container  i s  surrcunded by materials which i s o l a t e  t h e  f i s s i le  material 
contained t h e r e i n  and prevent neutron in t e rac t ion .  

Also, 

A s  a tes t  of a 

Xuclear Safety Training and muca t ion  

A course has been organized i n  nuclear  s a f e t y  f o r  personnel i n  N-Fuels, 
NRD. Course emphssis i s  being placed on c r i t i c a l i t y  of s l i g h t l y  
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enriched uranium. 
operations i n  the  333 Building w i l l  be s p e c i f i c a l l y  covered. 
w i l l  be about seven sessions.  
persons i n  attendance. 

Nuclear sa fe ty  of the  f u e l  element f ab r i ca t ion  
There 

Classes began October 20 with 15 

Another s e r i e s  of l e c t u r e s  i n  nuclear s a fe ty  i s  cur ren t ly  being given 
t o  personnel of CPD. 
c a l l y  oriented personnel t o  the  technica l  bases and computational 
methods used t o  prevent c r i t i c a l i t y  accidents .  
s a fe ty  i s  presented i n  s ixteen l-&hour l ec tu re s .  
September 1 4  with 25 persons at tending.  

These l e c t u r e s  a r e  designed t o  introduce techni- 

The mater ia l  on nuclear 
Lectures began 

Separations Instrumentation and System Studies  

Invest igat ions were i n i t i a t e d  t o  incorporate an Am241 de tec to r  and 
associated e l ec t ron ic s  i n t o  the  Pu239 l i q u i d  sample counting system which 
measures fu239 concentration by the  de tec t ion  of t h e  17 keV X-rays. The 
added Am2 1 detec t ion  w i l l  be used t o  subt rac t  the  minor, ye t  troublesome, 
contr ibut ion t o  readout from the  The subt rac t ion  technique, i f  
successful on the  l i q u i d  sample counter, w i l l  be appl ied t o  some in - l ine  
monitoring problems. 

Discussions were held t o  ou t l ine  another problem regarding t h e  measurement 
of Am241 d i s t r i b u t i o n  i n  a separat ions column. 
s c i n t i l l a t i o n  de tec tors  and spectrometry techniques can be u t i l i z e d  t o  
solve the problem. 

It appears tha t  mult iple  

MEZAUURGY - Nonde s t r u c t  ive Testing 

N Fuels Tes t ing  

1. Clad Thinning Test 

Development i s  continuing on an u l t r a son ic  test  t o  de t ec t  c lad  th inning  
over t he  brazed regions of N Reactor f u e l s  (dog-bone t e s t ) .  
laboratory s tud ie s  of c r i t i c a l  angle response t o  c lad  thickness  changes, 
a prototype probe assembly was fabr ica ted .  
d i r e c t i n g  the  ultrasound a t  an incident  angle approximately equal t o  
t he  Rayleigh angle i n  order t o  generate boundary waves. Changes i n  
t h e  metal  c h a r a c t e r i s t i c s  r e s u l t  i n  beam displacements which can be 
detected by proper loca t ion  of t he  receiving t ransducer .  
depth of pene t ra t ion  can be conveniently cont ro l led  b y - s e l e c t i o n  of 
t he  ultrasound frequency. 
B a T i q  t ransducers;  preliminary r e s u l t s  were encouraging. 
t e s t  on production f u e l s  w i l l  next be performed. 

Following 

The technique cons i s t s  of 

The e f f e c t i v e  

A prototype probe was constructed us ing  2 Mc 
A cont ro l led  
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2. Ehd Cap Thickness Test 

The prototype end cap thickness  t e s t e r  i s  i n  continued use as a moni- 
t o r  of manufacturing process.  
t r u c t i o n  of a production model i s  being delayed pending t h e  de l ive ry  
of necessary labora tory  equipment 

A proposal f o r  t h e  design and cons- 

3.  Bond T e s t  - Lithium-Aluminum Target Elements 

A prototype u l t r a son ic  tester f o r  de t ec t ing  t h e  bond q u a l i t y  of 
lithium-aluminum t a r g e t  elements has been returned t o  t h e  labora tory  
f o r  minor c i r c u i t  rev is ions .  Upon c m p l e t i o n  of t h i s  work, t h e  u n i t  
w i l l  be set up i n  t h e  306 Building f o r  use by Physical Test ing per- 
sonnel during i n i t i a l  f u e l  production runs. 

4. Braze Contamination Tes t  

An i n i t i a l  evaluat ion of t h e  X-ray f luorescence tester, designed t o  
de t ec t  uranium contamination i n  t h e  end cap braze closure,  has been 
cmple t ed ,  Analysis of ava i l ab le  da t a  ind ica t e s  that t h e  test i s  
incapable of production t e s t i n g  i n  t h e  range of 0 t o  3s  contamination. 
Additional labora tory  work w i l l  be required t o  improve t h e  performance 
c h a r a c t e r i s t i c s  of t h i s  system. Modifications under considerat ion 
include: ( a )  Changes i n  the gecmetry of t h e  pickup aperture ,  (b) re- 
placing t h e  X-ray unit with an isotope source, ( c )  c lose r  source t o  
t a r g e t  coupling, and ( d )  increased de tec to r  s i z e .  

5 .  Surface Contamination T e s t  

An improved system. t o  de t ec t  uranium contamination on f i n i s h e d  f u e l  
sur faces  has been designed. 
begun and i s  about 54 c m p l e t e .  The e l e c t r o n i c  por t ions  of t h i s  uni t  
have been designed, fabr ica ted ,  and p a r t i a l l y  checked out i n  t h e  lab- 
oratory.  The remainder of the checkout w i l l  be cmple t ed  as soon as . 

t h e  mechanical por t ions  are ava i l ab le .  

Fabr ica t ion  of t h e  mechanical po r t ion  has 

6 .  Ebrichment T e s t  

A Hanford-developed tester which monitors t h e  percentage enrichment 
of as-received uranium. b i l l e t s  has been i n  use f o r  sane time by N 
Fuels Quality Control.  The operat ing and maintenance manual i s  being 
w r i t t e n  and a spare t e s t  head i s  being f ab r i ca t ed  on si te.  The s i n g l e  
channel analyzer i s  being modified by t h e  add i t ion  of a switch and 
two reference c i r c u i t s  t.o s implify i t s  operat ion.  
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7. Irradiated Fuel Test  

Design of t he  mechanical por t ions  of the remotely operated,  irradiated 
f u e l ,  t e s t i n g  s t a t i o n  (UT-1OB) f o r  use i n  the  105-N f u e l  examination 
bas in  has been completed and f a b r i c a t i o n  of t h i s  u n i t  has  begun. In- 
compa t ib i l i t i e s  between t h e  basin s t r u c t u r a l  design and t h e  support 
requirements of the underwater f u e l  handling system were brought t o  
the a t t e n t i o n  of NRD Pro jec t s  personnel, and necessary s t r u c t u r a l  design 
changes a re  being made t o  resolve t h i s  problem. 
t r o n i c  equipment, t o  be t r ans fe r r ed  from lO5-m t o  105-N as p a r t  of 
t h i s  p ro jec t ,  i s  about 75$ complete. 

Destructive examination of N I T  f u e l  #lO93-= i n  Radimeta l lurgy  con- 
firmed the presence of c r a c k s d e t e c t e d  u l t r a s o n i c a l l y  i n  t h e  lO5-m 
fuel examination f a c i l i t y .  
W a l l  th ickness  was observed alongw2th severa l  o thers  which extended 
through about one-third of the  w a l l  th ickness .  
emanated from the ins ide  surface i n  a radial d i r e c t i o n .  One circum- 
f e r e n t i a l l y  or iented crack was a l s o  noted. 
i s  unknown at  t h i s  time. 

Upgrading of t h e  elec-  

One radial crack extending through t h e  e n t i r e  

The l a t t e r  d e f e c t s  

The cause of t hese  cracks 

IPD h e l s  - Tester Development 

1. 

2. 

3 .  

Improved Bond T e s t  

Preliminary development work has been c m p l e t e d  on a prototype bond 
tester t o  monitor the i n t e r n a l  bond q u a l i t y  of AlSi f u e l s  frun the 
outer  surface.  If successfu l ly  appl ied on t h e  production l i n e ,  t h i s  
approach could el iminate  the t roublesane i n t e r n a l  probe. A prototype 
u n i t  i s  being developed, and production l i n e  eva lua t ion  tests are 
scheduled t o  commence on Apr i l  1, 1965. 

Thorium Element - Surface Contamination T e s t  

An alpha counting system t o  monitor surface contamination on a spec ia l  
thorium t a r g e t  f u e l  was discussed w i t h  severa l  IPD personnel.  
bas ic  requirements of t h i s  system are qui te  similar t o  those  of the 
present  contamination monitoring system being used rou t ine ly  by N 
Fuels .  Design of t h e  new u n i t  i s  scheduled t o  begin during January, 
196 5 

The 

WUD Corre la t ion  Test 

The SCRT tester, used t o  measure t h e  mechanical v i b r a t i o n  resonance 
of AlSi f u e l s  f o r  c o r r e l a t i o n  with warp data, has been upgraded and 
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t h e  e l ec t ron ic  por t ion  repackaged. 
i s  ready f o r  de l ivery  t o  AlSi Fuels. 
manual has been prepared. 

The unit has been checked out and 
An operat ing and maintenance 

NEUTRON CROSS SECTION PROGRAM - 02/04 PRCGRAM 

Triple-Axis Spectrometer 

"he study of systematic e f f e c t s  i n  t h e  determination of absolute  d i f f e ren -  
t i a l - s c a t t e r i n g  cross  sec t ions  has been continued. 
a de ta i l ed  determination of t h e  r e so lu t ion  elements of t h e  monochrmating 
and analyzing spectrometers.  
made of the dependence of t h e  analyzing spectrometer on t h e  s p a t i a l  d i s t r i -  
but ion of neutrons inc ident  on a s c a t t e r i n g  sample. A t h e o r e t i c a l  ana lys i s  
of t hese  e f f e c t s  i s  i n  progress.  Experiments are being continued t o  def ine  
the absolute  s c a t t e r i n g  c ross  sec t ion  of neutrons from H20. 

This study has included 

Ekperimental determinations have a l s o  been 

Time- of - Fl ight  Spectroscopy f o r  S1 ow Neutrons 

The TOF spectrometer has been reassembled with a copper c r y s t a l  f o r  t h e  
ro t a t ing -c rys t a l  monochromator. Fkperiments were made t o  determine t h e  
r e so lu t ion  elements of t h e  spectrometer using t h e  Cu 122g r e f l e c t i o n s .  
The measured r e so lu t ion  elements a r e  more favorable  than  those obtained 
with t h e  aluminum monochromator used i n  t h e  f i rs t  test  runs. The phased 
mechanical-chopper with a newly-designed s l i t  system has now been reassem- 
bled and i n s t a l l e d .  Measurements were completed t o  determine t h e  r e l a t i v e  
e f f i c i e n c i e s  of the scat tered-neutron de tec to r s .  

Fast-Neutron Cross Sect ions 

The results of t h e  3- t o  l5-MeV t o t a l  cross-sect ion measurements m a d e  
during September were analyzed. This ana lys i s  revealed that the d a t a  
obtained i n  t h e  energy region of about 8- t o  10-MeV were not v a l i d  due 
t o  a malfunction i n  t h e  TOF analyzer .  
i n  a measurement series during t h e  month. 
i nd ica t e s  that t h e  anomalous e f f ec t  was reduced but  s t i l l  present .  
sample of Tc99 was obtained and prepared f o r  f u t u r e  measurement. 

These measurements were repeated 
Analysis of t hese  results 

A 

REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM RECYCLE: PROGRAM 

PRTR Burnup Experiments 

The r eca l cu la t ion  of plutonium cross  sec t ion  r a t i o s  i s  continuing 
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241 241 

239 ~7,239 
a 

J - , and i n  an  e f f o r t  t o  exhaust all poss ib le  

methods of ca lcu la t ion .  The 1 a t e s t m e t h o d i s  based on 
in t eg ra t ion  of polynomials which are constructed as least square f i t s  of 
the  experimental da t a .  The po1g2W%-&1 N-2k N-239 f o r  N-240, N-241, N-242, -, -, and -. 

N-239 N-239 N-239 
The results a r e  t o  be included i n  a formal r epor t  now being prepared t o  
be submitted t o  Nuclear Science & Ehgineering. 

ve been f i  as func t ions  of 

Experimental data are now being received from the d i s s o l u t i o n  of element 
5213, a 1 w/o Q - U O ; !  f u e l  element. 

PuQ-UCQ Graphite La t t i ce  S tudies  

The i n i t i a l  experiment using 0.5" diameter zirconium-clad PuQ-UCQ rods 
has been completed i n  the PCTR. The f u e l  contained 0.9 w/o Pu% with a 
Pu-240 content of 7.2 a/o, and was arranged i n  19-rod c l u s t e r s .  
ments were taken on a 3 x 3 c e l l  a r r a y  i n  t h e  PCTR w i t h  an 8-3/8" square 
p i t c h  l a t t i c e .  

Measure- 

The goals  of t h e  experiment were t o  determine t h e  mass of copper required 
t o  poison a u n i t  c e l l  i n  an i n f i n i t e  l a t t i c e  such that the neutron m u l t i -  
p l i c a t i o n  f a c t o r  of t h e  c e l l  i s  uni ty ,  and t o  c o l l e c t  s u f f i c i e n t  flux data 
f o r  both the poisoned and unpoisoned i n f i n i t e  l a t t i c e s  t o  determine t h e  
average absorpt ion rates i n  al l  c e l l  ccmponents, and t o  determine the 
cadmium r a t i o  (Rcd) i n  all c e l l  components. 

Flux spectrum adjustments t o  obta in  a flux match, i.e., equivalent  (Red) 
a t  corresponding c e l l  pos i t i ons  throughout the l a t t i c e  were made using 
combinations of Pu-Al and n a t u r a l  uranium rods outs ide  the 3 x 3 t e s t  a r ray .  
Reac t iv i ty  measurements taken during the flux matching process  ind ica t e  that 
the mass of copper required f o r  u n i t y  mul t ip l i ca t ion  is  i n s e n s i t i v e  t o  
the cadmium r a t i o  i n  t h e  t e s t  c e l l .  The mass of copper requi red  f o r  the 
tes t  c e l l  i n  t h e  i n f i n i t e  l a t t i c e  was measured t o  be 1148 grams. 

Four i r r a d i a t i o n s  were performed t o  obta in  bare  and cadmium covered f o i l  
a c t i v a t i o n  d a t a  fo r  the poisoned and unpoisoned i n f i n i t e  lattices. 
t o r  materials used were Cu, Au, Pu, and U-235. Radial  t r a v e r s e s  were taken 
i n  both poisoned and unpoisoned l a t t i c e s  through the f u e l  and graphi te .  
A three-dimensional t r a v e r s e  of the f l u x  i n  t he  poison was taken using 
0.443 inch square copper f o i l s  i n  the poisoned i n f i n i t e  l a t t i c e .  
f o i l  a c t i v a t i o n  measurements have been completed using s c i n t i l l a t i o n  
counting techniques,  and t h e  a c t i v i t i e s  a r e  cu r ren t ly  being analyzed us ing  
the APDAC I computer code. 

Detec- 

A l l  t h e  
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PRCF - 1.8% Pu-A1 Fuel, 0.80" La t t i ce  

A tape  recording of r eac to r  noise  w a s  made f o r  30 minutes at  a power l e v e l  
of 40 watts. 
posit ioned near t h e  edge of t h e  core on t h e  top  template.  

The recorded s igna l s  were obtained f r a  a B q  ion  chamber 

The drop method was used t o  measure t h e  worth of s a fe ty  and cont ro l  
elements. 
w a s  held f o r  s u f f i c i e n t  time t o  allow t h e  delayed neutrons t o  reach 
equilibrium. The changes of neutron f l u x  were recorded by a d i g i t a l  
voltmeter at f i v e  second i n t e r v a l s .  Reac t iv i ty  worths obtained are: 

All drops were made from a nominal 40 w a t t  l e v e l .  This l e v e l  

Control ROCI #3 = 15.2 mk 

Safety Sheet #1 = 4.46 mk 
3 C.R. toge ther  = 57.1 mk 

3 S.S. toge ther  = 15.0 m k  
3 C.R. and 3 S.S. toge ther  = 76 +, 3 mk 

Control R o d  #3 was ca l ib ra t ed  accura te ly  i n  t h e  region from loo$ t o  728 
out by r eac to r  period measurements. 
and added t o  give the  required excess r e a c t i v i t y .  
t h i s  range i s  1.147 m k .  

Three f u e l  rod worths were measured 
The measured worth over 

Preparat ions were cmple t ed  f o r  neutron spectrum measurements using 
lu te t ium . 
R a d i a l  t r ave r ses  of film void and tube void were made f r o m t h e  center  of 
t h e  core t o  beyond t h e  edge of t h e  f u e l .  These voids  extended from a 
poin t  a t  t h e  bottom of t h e  f u e l  elements t o  beyond t h e  t o p  l e v e l  of t h e  
moderator. The film void consis ted of an annular r i n g  of air, 0.030" 
th i ck ,  with t h e  in s ide  edge formed by t h e  f u e l  element cladding. The 
outer  edge w a s  formed by a l u c i t e  thimble with a w a l l  th ickness  of 1/16". 
"he tube void was the same as t h e  f i l m  void with the fuel element removed. 
This formed a void 5/8" i n  diameter.  
same i n  t h e  center  of t h e  core (-0.071 mk). 
approached zero as it was moved along t h e  r ad ius .  
void increased (negat ive ly)  t o  a maximum of -0.22 mk a t  a poin t  70$ of 
the  rad ius  from the cen te r .  
was moved beyond t h e  f u e l  elements. 

The worth of t hese  voids  were the 
The worth of t h e  film void 

The worth of the tube 

The worth then  approached zero as t h e  void 

A t r a v e r s e  of t h e  worth of a f u e l  element rep lac ing  QO and another with 
0.030" void around t h e  f u e l  element were made. 
Pu-240 was used in t hese  t r ave r ses .  
more (-1%) when loaded i n  a void tube than  when it displaced €I20 i n  t h e  
center  of t h e  l a t t i c e .  

A f u e l  element with 6qb 
This fuel element was worth s l i g h t l y  

However, a t  a point ,  845 of t h e  core r ad ius  from 
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t h e  center ,  the f u e l  element i n  t h e  void i s  worth 2.8 times w h a t  it i s  
worth when displaced by $0. 

This experiment i s  now approximately one-half f i n i shed .  
f u e l  ava i l ab le  t o  reduce t h e  moderator l e v e l  t o  below t h e  t o p  template.  
It i s  not c e r t a i n  t h a t  t h i s  i s  enough t o  allow the moderator t o  be lowered 
t o  the authorized l i m i t  derived from sa fe ty  considerat ions (15 mk). 

Two rods of Eo;! i n  aluminum, containing 0.54 g / c d ,  and 1.08 g / c d  of 
€If%, have been fabr ica ted .  
ab le  v a r i a t i o n  of dens i ty  along t h e  length  of t h e  rods.  
urements of samples taken from t h e  ends of t h e  rods ind ica t e  t h a t  t h e  con- 
cen t r a t ion  of hafnium i s  uniform throughout t h e  rods t o  within 0.5%. 

There is  enough 

Radiographical inspec t ion  r evea l s  no not ice-  
Reac t iv i ty  meas- 

PRCF Spectrum Measurements 

Measuremefits of the  departure  of the epithermal spectrum frm t h e  

has been measured f o r  t h e  EBWR core i n  t h e  PRCF. The measurements were 
made using gold and palladium f o i l s  at  t h e  center  of t h e  core,  10-1/4" 

1 form 

R - h '  above t h e  center .  Assuming the epithermal spectrum has t h e  form 

values  of equal t o  0.018, 0.017, and 0.010, respec t ive ly ,  were measured. 
A rough draft of a r epor t  has been prepared t o  descr ibe  t h i s  measurement. 

Data obtained from lu te t ium f o i l s  i r r a d i a t e d  i n  t h e  EBWR core of t h e  PRCF 
have been analyzed. 
Lu-177 have begun. 
t h e  s p e c t r a l  index measurements f o r  a deple t ion  of neutrons with energ ies  
near t h e  Pu-239 resonance. 

Calculat ions of resonance i n t e g r a l s  f o r  Lu-17.5 and 
The r e s u l t s  of t h e  ca l cu la t ions  w i l l  be used t o  co r rec t  

Kine t ics  of Plutonium- Fueled Cores 

The r eac to r  noise  from t h e  fourth measurement on the EBWR - H20 core, and 
a 1.8 w/o Pu-A1 core i n  t h e  PRCF have been ex t r ac t ed  from a t ape  recording 
of t h e  power noise  f o r  each core.  The d a t a  at  t h i s  s tage  of t h e  ana lys i s  
are t h e  time averages of t h e  s igna l  power analyzed a t  given frequencies .  
The average,power vs .  t h e  corresponding frequency i s  t h e  locus of a t r a n s f e r  
func t ion .  
w i l l  provide a value of @/I, f o r  t h e  r e a c t o r  loading. 

The b e s t  f i t  of t h e  a n a l y t i c a l  t r a n s f e r  func t ion  t o  these  d a t a  

A boron arrow was i n se r t ed  i n t o  a 1.8 w/o Pu-Al loading i n  t h e  PRCF t o  
determine t h e  r a t i o  e/& f rm a s t e p  change i n  r e a c t i v i t y .  Data which de- 
s c r i b e s  t h e  r e s u l t i n g  f l u x  t r a n s i e n t  have been recorded f o r  t h e  first two 
seconds a f t e r  t h e  i n s e r t i o n .  The parameters of a series of two exponential6 
which b e s t  f i t  t h e  d a t a  have been determined using a subroutine w r i t t e n  
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f o r  program GLEX. 
i s  being made t o  determine whether a sum of t h r e e  or  four  exponentials w i l l  
b e t t e r  f i t  t h e  da ta .  

These parameters w i l l  y i e l d  t h e  r a t i o  p / l .  An attempt 

Code Development 

1. m o o  
A u s e r ' s  repor t  that  HFNTOO "true" power dens i ty  d i f f e r e d  frm t h a t  
canputed by the  o ld  HFN decks i n  use f o r  severa l  years  t r i gge red  an 
inves t iga t ion  of the r e l a t i o n s h i p  between t h e  old binary deck and t h e  
only ava i lab le  symbolics, from which HFNTOO was compiled. F'rm com- 
par ison of core dumps frm t h e  two vers ions,  it was determined t h a t  
d i f fe rences  between symbolic and binary decks ex i s t ed  i n  four  subroutines.  
Perusal of t h e  symbolic l i s t i n g s  led t o  t h e  discovery of a l o g i c a l  
e r r o r  i n  one of the symbolic rout ines ,  introduced at t h e  time t h e  power 
option was added. 
problem. 
dens i ty  option i s  a c t u a l l y  non-existent i n  t h e  HFN binary decks which 
have been i n  use f o r  severa l  years .  
influence exerted by t h e  t h r e e  o ther  non-corresponding routines, none of 
which have had any e f f e c t  i n  tes t  cases thus  far run. 

Correction of t h i s  e r r o r  e l iminated the o r i g i n a l  
Further study l e d  t o  t h e  observation that t h e  " t rue" power 

S t i l l  pending i s  t h e  question of t h e  

2 .  ZODIAC2 

The CMBOZ option, which u t i l i z e s  LISTIN input  f o r  TEWFST and GAM, i s  
now operat ive.  With the inc lus ion  of t h i s  f e a t u r e  and t h e  latest HFN 
changes, t h e  ZODIAC2 tape  i s  pronounced ready f o r  general  use.  
minor pol ishing,  which w i l l  not  a f f e c t  t h e  working of t h e  code, i s  
s t i l l  scheduled. 

Some 

A f i n a l  ZODIAC2 desc r ip t ive  document has been re leased ,  superseding all 
previous documentation. "his r epor t  gives  a more adequate desc r ip t ion  
of t h e  cha in ' s  operat ion and provides comprehensive input  i n s t r u c t i o n s  
f o r  all codes on the  chain, including those elsewhere descr ibed.  

3 .  ZODIAC3 

The advent of Fortran I V  w i l l  n eces s i t a t e  r ev i s ion  of nea r ly  all u t i l i t y  
rou t ines  now i n  use.  Since these  must be ava i l ab le  f o r  f u t u r e  codes 
whether or  not  ZODIAC i s  rewr i t ten ,  preliminary work i s  being done i n  
t h i s  area while approval i s  pending on t h e  ZCDIAC3 proposal.  
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4. 

5. 

Two- Dimens i onal Mult i - Energy Transport C ode 

The LASL two-dimensional t r anspor t  code, DDK, has been given f u r t h e r  
tests.  
x ,y  (slab) and r , z  ( c y l i n d e r )  opt ions.  
y e t  t o  be run successfu l ly .  

So far t h e  package seems t o  be r e l i a b l e  i n  regards  t o  i t s  
The ( r , e )  cy l inder  option has 

Composite Library Tape 

Revisions have been made t o  t h e  TEMPEST and SIGMA-3 l i b r a r i e s  t o  
u t i l i z e  cur ren t ly  ava i l ab le  c ros s  sec t ion  da ta .  
been placed on a CLT and a r e  ava i l ab le  f o r  PHYSICS CHAIN and ZODIAC 
CHAIN runs.  
I D  number 380, as t h e  TEMFEST isotope Unit M, i n s t ead  of the old ID 
number 300. 

These l i b r a r i e s  have 

It should be noted t h a t  t hese  two l i b r a r i e s  recognize 

Modified 710 Reactor Study 

Reactor physics s tud ie s  concerning t h e  use of PU-239 or U-233 i n  t h e  710 
Reactor are under way. 

Two t r anspor t  theory codes, t h e  S-N code and LASL’s DDK code, have been 
successfu l ly  run on tes t  problems. 
used f o r  most of the  burnup and r e a c t i v i t y  c o e f f i c i e n t  ca l cu la t ion .  
two-dimensional DDK code w i l l  only be used f o r  spec ia l  problems. 

The one-dimensional S-N code w i l l  be 
The 

In  add i t ion  t o  the s t a t i c s  ca lcu la t ions ,  prel iminary k i n e t i c s  ca l cu la t ions  
(accident  a n a l y s i s )  were also s t a r t e d .  Comparison of U-235, U-233, and 
Pu-239-fueled r e a c t o r s  were made. 

For l a r g e  r e a c t i v i t y  ramps, and f o r  very l a r g e  r e a c t i v i t y  s teps ,  the 
energy r e l ease  i s  roughly independent of t h e  delayed neutron f r a c t i o n .  
A l a r g e  delay f r a c t i o n  i s  of most value from t h e  viewpoint of making 
p r m p t  c r i t i c a l i t y  more d i f f i c u l t  t o  achieve.  This i s  t o  say, a given 
r e a c t i v i t y  s t ep  could cause prompt c r i t i c a l i t y  i n  a plutonium reac to r ,  
bu t  only a delayed c r i t i c a l  t r a n s i e n t  i n  a U-235 r eac to r .  
f o r  a r e a c t i v i t y  ramp, a l a r g e  delayed neutron f r a c t i o n  al lows the con t ro l  
system more time t o  a c t  before  t h e  systems become p r m p t  c r i t i c a l .  How- 
ever ,  once t h e  r e a c t i v i t y  i s  appreciably over one d o l l a r ,  t h e  value of B 
is  of l i t t l e  s ign i f icance .  

Similar ly ,  

Shutdown Charac te r i s t i c s  of U-233, U-235, and Pu-239 Propulsion Reactors 

To minimize post-  shutdown cool ing problems i n  nuclear  rocket  r eac to r s ,  
it i s  advantageous t o  be ab le  t o  reduce t h e  r eac to r  power as r a p i d l y  as 
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poss ib le .  
i n  U-233, U-235, and Pu-239 r eac to r s  f o r  spec i f ied  r e a c t i v i t y  va r i a t ions .  

A br i e f  i nves t iga t ion  was ca r r i ed  out t o  cmpare  shutdown rates 

All k i n e t i c  ca l cu la t ions  were performed using a lumped parameter neutronics  
model with six groups of delayed neutrons.  
considered ( 0  < t o  - < 60 sec . ) ,  hence, t he  e f f e c t  of f i s s i o n  product heat-  
ing was neglected.  

Only shor t  term shutdown was 

The power dens i ty  as a funct ion of time during shutdown was computed f o r  
representa t ive  U-233, U-235, and Pu-239-fueled r eac to r s .  Several  r e a c t i -  
v i t y  v a r i a t i o n s  were considered. For a two-second shutdown with a m a x i -  
mum r e a c t i v i t y  decrement of 0.02, f o r  example, the power decreases  r ap id ly  
during t h e  first two seconds, then slowly decays i n  an exponential  manner. 
The shutdown power dens i ty  i n  t h e  Pu-239 r eac to r  i s  roughly a f a c t o r  of 
t h ree  less than that i n  t h e  U-235 r eac to r  because t h e  delayed neutron 
f r a c t i o n  of Pu i s  on ly  one-third t h a t  of U-235. It i s  i n t e r e s t i n g  t o  note 
t h a t  even though U-233 and F'u-239 have approximately t h e  same t o t a l  delayed 
neutron f r ac t ion ,  the group d i s t r i b u t i o n s  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  
The ne t  result i s  t h a t  t h e  exponential  power decay i n  a U-233 r eac to r  i s  
not  as fast as t h a t  i n  a Pu-239 r eac to r .  

f icm t h e  viewpoint of shutdown cooling, t h e  energy release, E, i s  of more 
importance than t h e  power dens i ty .  
energy r e l e a s e  

Tables I and I1 give t h e  normalized 

+ 
E = ' P ( t ' ) d t '  m o  

f o r  two and f i v e  seconds shutdown, respec t ive ly .  The i n t e g r a l  i s : t aken  
over t h e  first s i x t y  seconds after t h e  i n i t i a t i o n  of shutdown. "he most 
important po i  t t o  note from these  t a b l e s  i s  t h a t  t h e  f r a c t i o n a l  energy 
saving, @5- E%J , i s  approximately independent of both shutdown time and 

E25 
shutdown magnitude. 
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Table I 

P 

- .01 
- .02 - .Ob 

P 

- .01 
- .02 - .04 

Normalized Energy Release f o r  a Two Second Shutdown 

‘ COL(4) 
U-235 U-233 Pu-239 C0l.(l)-COl.(3) Col. 1 Saving 100 -7 

6.955 4.077 2.987 3.968 

2.099 1.2% 0.947 1.152 
3.823 2.248 1.670 2 0153 

57 -0 
56 *3 
54 -9 

Table I1 

Normalized Energy Release f o r  a Five Second Shutdown 

$ Saving 
Saving Col . ( 4 ) - U-235 U-233 AI-239 Col . ( l)-Col. ( 3 ) loo C ? j  

7.867 4.786 3.629 4.238 
4.548 2.771 2.132 2.416 
2.633 1.616 1.268 1.365 

53 *9 
53 -1 
51.8 

Plutonium reac to r s  appear t o  requi re  s i g n i f i c a n t l y  l e s s  propel lan t  f o r  
a f te r -cool ing  than U-235 r eac to r s .  Whether t h i s  propel lan t  savings i s  
of any p r a c t i c a l  s ignif icance,  depends s t rongly  upon t h e  mission. For 
missions involving many s t a r tups ,  such as s a t e l l i t e  inspect ion or  i n t e r -  
ception, it appears t ha t  the  propel lant  savings would be appreciable .  

I so topic  Analysis of PRTR Samples 

Isotopic  analyses were performed on 17 plutonium samples of PRTR-irrad- 
i a t e d  f u e l  elements. of these,  1 5  were macrodri l l  samples from A l - N i - P u  
f u e l  element number 5103, and 2 were burnup samples from PuQ-UQ f u e l  
element number 5187. 

Instrumentation and Svstem Studies  

Development work was i n i t i a t e d  on a r eac to r  time-to-power instrument, 
which w i l l  cmbine  neutron f l u x  and reac to r  period data i n t o  a s ingle  
meter reading t o  continuously and instantaneously ind ica t e  t h e  proper 
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cont ro l  ac t ion  t o  be taken by t h e  r eac to r  operator .  
could a l so  be used f o r  t h e  automatic cont ro l  of r eac to r  s t a r t u p .  
experimental c i r c u i t  was designed t o  include t h e  use of analog mul t ip l i e r s ,  
arld tests of several  m u l t i p l i e r s  w i l l  be i n i t i a t e d  when they a r e  obtained. 
It appears t h e  most d i f f i c u l t  segmellt of the experimental work w i l l  be 
that of obtaining compatible period and log-N s igna l  information from t h e  
r eac to r  instrumentation. 

The r e s u l t i n g  s i g n a l  
An 

Experiments were conducted on t h e  PRTR underwater gamma scanner, which i s  
used t o  measure r e l a t i v e  f u e l  burnup along f u e l  rods and t o  measure rela- 
t i v e  a c t i v i t y  along irradiated wires i n  t h e  development of r eac to r  f u e l s .  
The experiments determined t h a t  t h e  loss of instrument s t a b i l i t y  was caused 
by inadequate regula t ion  of the power suppl ies .  Modifications were incor- 
porated and t h e  system d r i f t s  f e l l  i n t o  acceptable  limits after a one-hour 
system warmup. Further tests on t h e  de t ec to r  were out l 'ned .  In  add i t ion  
t h e  de t ec to r  sh ie ld ing  was modified t o  permit use of CokO, Cs137, and Am241 
c a l i b r a t i o n  sources i n  an accurate  and reproducible fashion.  Fabricat ion 
was i n i t i a t e d  on a sign61 blocking mechanism which w i l l  c lose  t h e  aper ture  
i n  t h e  lower col l imator  sh ie ld ing .  This w i l l  permit determination of t h e  
shield-  s ca t t e r ed  photons. 

A meeting with members of T e s t  Reactor and Aux i l i a r i e s  Operation, HL, 
firmed d e t a i l s  f o r  t h e  for thcaning tes t  on t h e  PRTR automatic c o n t r o l l e r  
i n  t h e  period and s t a r t u p  modes of operat ion.  The tes t  will incorporate  
one of t h e  l a r g e  analog c m p u t e r s  i n  the 3707-C Building t o  con t ro l  t h e  
moderator l e v e l  cont ro l  system a t  t h e  r eac to r  through telephone l i n e s .  
new pressure t ransducer  f o r  moderator l e v e l  i nd ica t ion  was i n s t a l l e d  f o r  
use i n  t h e  tes t .  
pressure and w i l l  provide a s igna l  input  proport ional  t o  t h e  moderator 
l e v e l .  

A 

The t ransducer  i s  connected t o  a l i n e  with 3-15 p s i  

An u l t r a son ic  t e s t  has been developed t o  determine t h e  l o c a t i o n  of transi- 
t i o n  regions between as-extruded and annealed g ra in  s t r u c t u r e s  along t h e  
l eng th  of PRTR process tubes .  This app l i ca t ion  c o n s i s t s  of d i r e c t i n g  5 Me 
u l t r a son ic  shear waves along t h e  longi tudina l  axis of t h e  tube.  Since the 
tes t  i s  intended f o r  use on process tubes i n  t h e  PRTR basin,  a fol lower 
type t ransducer  assembly was designed. 
results have been documented. 

T e s t  technique and prel iminary 

PHOENIX r n L  PROGRAM 

One of t h e  poss ib le  disadvantages of t h e  MTR as a t e s t  bed f o r  a Phoenix 
experiment i s  i t s  low operat ing temperature. Frau a physics  poin t  of view, 
t h i s  low temperature may not necessar i ly  be a shortcoming, s ince  t h e  re- 
a c t i v i t y  time curves ("hot"  and "cold") do not d i f f e r  markedly f o r  t h e  MTR 

UNCLASSIFIED 



UNCLASSIFIED E-20 m-84474 

geometry. The 
proper account 

"hot" and "coid" cores studied are highly idea l ized .  If 
of p l a t e  thickness  i s  taken, t he  r e a c t i v i t y  swings a r e  

xuch more pronounced. 

A survey of e x i s t i n g  methods f o r  t r e a t i n g  neutron absorpt ion i n  materials 
wi th  granular s t ruc tu re  (&%-Be0 systems, f o r  example) has been cmp- 
le ted.  RecmTendations f o r  fu tu re  work on t h i s  problem have been made. 

Analysis of t he  recent  U-&/polyethylene experiment i s  e s s e n t i a l l y  camp- 
i e t e ;  s, r q c r t  on %he zxperimcct w i l l  appear i n  t h e  ne:it Physics Research 
Quarterly Report. The c r i t i c a l  system (&  = 1 ) contained t h e  following: 

Isotope or  _-- Elesent - Concentration ( ato;n/barn-cm) 

4 2.36 x 10- 
1.61 x 1 0 - 5  
5 . 0 5  x io -2  
2.80 x 10-5 
1.1j x 
1.08 x 10-f 
2.52 x  LO-^ 

C 3 d m i u m  r c t , i o s  f o r  0 . 0 ~ 1 5 ' '  Au and 0.0W" Mn were 1.69 and 5.36, respec- 
t- ively.  The determination of t h e  c r i t i c a l  boron concentration was found 
t o  be r e l a t i v e l y  in sens i t i ve  t o  v a r i a t i o n s  i n  the neutron spectrum; an 
E& reduction i n  t h e  boron concentration p r o d x e d  a 7$ increase i n  cadmium 
r a t i o ,  but  only a. 0.9% change i n  t h e  predicted c r i t i c a l  borcn concentra- 
t i o n .  

C 2  c L L s t i _ c n s  Isjn;; thc-  ,;.~it. ce7-L r:o:ie i hi'?:; c i :  n x . - . m _ c  ~ : I C  :.kcma1 ceatrm 
:.LL:.. SisxL*i.lx1.t.i=:: t o  be se>~rhbI . t?  i n  ~?a?:' ._':A~! ene?r_:v h ~ v e  bee2 insde f o r  
tile TfiiZ- fiizled a~yro~c~~-.:o-;:-lzi~al i a t , t i c . z s .  The calcuinted l a t t i c e  
p r c s x t e r s  x i f i g  t h i s  model w;-,r3 i;hcrl coxpared t o  t h e  values  ca lcu la ted  
u s k g  TEiEF3IC5. For the space-energy seperable model, t he  energy v a n &  ioc  
of the thermal f l u x  was ca lcu lz ted  using the Wigner-Wilkins spectrum i n  
TEMPEST. Averase one-group cross  sec t ions  taken from the s p e c t r a l  c a l c d a -  
t i o n  worc' L t I l i z e d  i n  a one-dimensional Sk c a l c u l a t i o n  t o  determine t h e  
s p a t i a l  v n i a t i o n .  
@clad/$cpil, @fLel /@cel l )  were then  used as dens i ty  weighting f a c t o r s  i n  
t h e  s r e c t r a l  ca lcu la t ion .  The process was continued i n  an i t e r a t i v e  

- -  

The S4 derived f l u x  depression f a c t o r s  ( 
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manner u n t i l  t he  flux depression f a c t o r s  did not change from t h e  previous 
case ( i .e. , converged). 
with THERMOS ca lcu la ted  thermal parameters ';if shows t h e  S4-WW 5 ' s  and f ' s  
both t o  be higher than t h e  THERMOS values .  The S4-WW calcu la ted  yf 's  range 
from 0.35$ t o  1.355 higher than TKERMOS values  going from t i g h t  t o  loose 
l a t t i c e s  (0.55 t o  0.93 inches, r e spec t ive ly ) .  Average one-group cross  sec- 
t i o n s  from THERMOS were a l s o  u t i l i z e d  i n  an S4 ca lcu la t ion ,  and t h e  result- 
ing thermal u t i l i z a t i o n s  d i f f e red  by a t  most O . l 5 $  ( h ighe r )  when compared 
t o  the  THERMOS multi-group values .  
group ca lcu la t ions  y i e ld  near i d e n t i c a l  so lu t ions  t o  the t r anspor t  equation. 
This cor rec t ion  due t o  mathematical d i f fe rences  i n  solving t h e  t r anspor t  
equation when appl ied t o  t h e  above ca l cu la t ions  of f ,  l eaves  t h e  S4-WW 
values  higher by 0.2 t o  0.45. This i s  cont ra ry  t o  uranium-fueled systems, 
where t h e  ca l cu la t ion  of fi does not a f f e c t  f ,  because of t h e  l / v  c ross  
sec t ion  va r i a t ion ,  t he  accurate  computation of t h e  thermal u t i l i z a t i o n  f o r  
plutonium systems i s  dependent on t h e  accurate  computation of t h e  energy 
v a r i a t i o n  of t h e  thermal neutron f lux .  

A comparison of t h e  S4-Wigner-Wilkins (S4-WW) 

Hence, THERMOS multi-group and S4 one- 

HIGH TEMPERATURE REACTOR PHYSICS PROGRAM 

The i n i t i a l  run wi th  the  HTLTR mockup has been s t a r t e d .  The system con- 
t a i n s  four  graphi te  heat ing elements mounted i n  a graphi te  s t ack  t h a t  i s  
surrounded by in su la t ion  and an ex te rna l  gas  envelope. The insu la t ion ,  
s tack,  and hea ters  a r e  i n  an arrangement similar t o  t h a t  planned f o r  t h e  
HTLTR. Before r a i s i n g  t h e  system t o  high temperature it i s  being cleaned 
of most of t h e  gaseous contaminants held i n  t h e  graphi te  and in su la t ion .  
This i s  being done by a cmbina t ion  of evacuation, gas c i r cu la t ion ,  and 
hea t ing  up t o  500°F. Throughout t h i s  process t h e  ccanposition of t h e  e f f l u e n t  
from t h e  system i s  being measured pe r iod ica l ly .  
of value as a check on t h e  method t h a t  has a l ready  been used f o r  p red ic t ing  
gas  contaminant l e v e l s  t o  be expected i n  the HTLTR. Samples of graphi te  
and other  materials have been placed at  var ious loca t ions  i n  t h e  s tack.  
A device f o r  i n s e r t i n g  and removing samples of ceramic and m e t a l l i c  materials 
has been constructed.  It w i l l  be mounted on the  mockup p r i o r  t o  t h e  start 
of high temperature operat ion.  

This information w i l l  be 

The component p a r t s  of t h e  prototype cont ro l  rod have been constructed and 
assembled. 
UQ-graphite matr ix  f u e l  cyl inders .  The f u e l  cy l inders  w i l l  be i n s t a l l e d  
when they  become ava i l ab le  i n  November. The cont ro l  rod i s  being coupled 
t o  the rod ac tua to r  system i n  prepara t ion  f o r  room temperature opera t iona l  
tests. 

Graphite cy l inders  are a t  present  being used i n  place of t h e  

A p a i r  of U@-graphite matr ix  cy l inders ,  of t h e  dimensions required f o r  t he  
IpTLTR cont ro l  rods, have been f ab r i ca t ed .  The dens i ty  of contained U@ is  
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3.0 g cm-3- 
of t h e  matr ix  material ind ica t e  t h e  s t rength  at  lOOOOC t o  be about t h a t  
of graphi te  (6000 p s i ) .  
from the most recer-t ly prepared matrix mater ia l .  Off-s i te  preparat ions 
have ind ica ted  t h a t  s t r eng ths  2 t o  3 times t h a t  of graphi te  can be achieved. 

"he compressive s t rengths  of samples cu t  from earl ier  batches 

Samples f o r  f u r t h e r  s t r eng th  tes ts  have been cut 

FUEL CYCLE ANALYSIS PROGRAM 

Plutonium Value Studies  

A t  request  of Washington-AEC, a study t o  determine plutonium values  under 
p r i v a t e  ownership condi t ions i s  under way t o  be completed e a r l y  i n  
November 1964. 
be examined, 

Four r eac to r  types and a broad set of condi t ions are t o  
About 60 hours of 7090 computer time are involved. 

The four  r eac to r  types t o  be used a r e  s imulat ions of t h e  b o i l i n g  water 
r eac to r ,  pressurized water reac tor ,  heavy water r eac to r ,  and sodium. 
graphi te  r eac to r s ,  The condi t ions t o  be examined are shown i n  Table I, 

In t h e  self-produced recycle  scheme, only t h e  plutonium produced i n  t h e  
f u e l  i s  recycled, and i n  t h e  50 percent  self-produced recyc le  scheme, 
50 percent of t h e  plutonium produced i n  t h e  f u e l  i s  recycled,  (The 
balance i s  so ld . )  Unlimited plutonium recycle  r e f e r s  t o  recyc le  of self- 
produced plutonium i n  na tu ra l  uranium enriched with any amount of plu- 
tonium required.  Meeting t h e  e a r l y  de l ivery  da te  required f o r  t h i s  study 
r equ i r e s  by-passing use of severa l  advanced a n a l y t i c a l  methods and exami- 
na t ion  of more optimum fue l ing  systems t h a t  were t o  be developed during 
t h i s  f i s c a l  year. An e f f o r t  i s  being made t o  estimate t h e  impact of t h e  
following m.odifications when they a r e  applied: optimum l a t t i c e  spacing; 
f u e l  dens i ty  se l ec t ion ;  and advanced ana lys i s  using RBU, THERMOS, and 
o ther  codes, 

A Comparison of Bred Fuel i n  a Pressurized Water Reactor With Optimized 
L a t t i c e s  

For every f u e l i n g  system (such as plutonium i n  n a t u r a l  uranium, U233 i n  
thorium), t h e r e  ex is t s  a degree of moderation f o r  minimum fuel c o s t ,  
degree of moderation i s  determined by t h e  nuclear c h a r a c t e r i s t i c s  of t h e  
f u e l  and t h e  economic s i t u a t i o n  which includes f u e l  p r i ce ,  i n t e r e s t  rate, 
f a b r i c a t i o n  cos t ,  separa t ion  cost ,  and other  items. Since f o r  any given 
l a t t i c e  spacing t h e r e  is an optimum i n i t i a l  f i s s i le  enrichment which w i l l  
produce a minimum f u e l  c o s t ,  s e l e c t i o n  of an optimum l a t t i c e  requi res :  
(1) Choosing a number of l a t t i c e  spacings, ( 2 )  determining t h e  minimum 
f u e l  cos t  enrichment for each, and ( 3 )  s e l e c t i n g  t h e  l a t t i c e  spacing with 
t h e  least f u e l  cos t  

This 
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Figure 1 shows the  r e s u l t  of ana lys i s  f o r  four  d i f f e r e n t  fue l ing  systems 
u t i l i z i n g  bred f u e l s  and a s l i g h t l y  enriched uranium case f o r  reference.  
The reac tor  simulation used i n  t h i s  study has 3/8-inch OD, zirconium clad 
rods with varying amounts of water which change the  degree of moderation. 

Table I1 shows the  s e n s i t i v i t y  of t he  moderator index t o  the  amount of 
surrounding water. 

MODEXATOR INDEXES FOR VARIOUS AMOUNTS OF WYER 

Moderat or Index Radius of Water Region Volume Water/Volume Fuel 

1 .o 
2.0 
3 -0 

0.65 
0.84 
0.93 

0.75 
1.50 
2.25 

From the  da t a  shown i n  Figure 1, it appears t h a t ,  under these economic 
conditions,  the  following conclusions can be drawn: 

1. 

2. 

39 

4. 

N a t u r a l  uranium which contains some f i s s ionab le  mater ia l  i s  a 
b e t t e r  f e r t i l e  f u e l  than thorium when used i n  fue l ing  systems with 
e i t h e r  plutonium or  U233 enrichment. 

The na tu ra l  uranium fue l ing  systems a r e  more sens i t i ve  t o  t h e  
moderator index. 
hardening causing an increase i n  t h e  alpha of Pu239, although t h i s  
e f f e c t  may be somewhat overstated by t h e  present  computing system 
which usual ly  y i e l d s  higher alpha values than other  ccmputing systems 
(RBU) when the  moderator index (SDPV) i s  less than about 1.5. 

Although t h e  Pu239 alpha e f f e c t  e x i s t s ,  systems using $38 i n  a 
f e r t i l e  f u e l  tend t o  optimize wi th  less moderation than with the  
thorium system due t o  the  fast e f f e c t  ava i lab le  i n  the  uranium 
system. 
index. 

This i s  mainly due t o  t he  e f f e c t  of s p e c t r a l  

Table I11 shows the  $38 fast e f f e c t  ( e )  versus moderator 

Plutonium (765 Pu239, 184 Pu240, 546 Pu241, and 146 Pu2k2) pr iced at 
$10 gram f o r  Pu239 and Pu241 i s  a less cos t ly  f u e l  than a comparable 
$3< sequence 476% U233, 18s @34, 54 $35, and 14 $36) pr iced a t  
$14/gram of U2 3 and $12/gram @35. 

UNCLASSIFIED 



5 
4 
k 
0 
..c 
-9 

r: 
4 

M 
M 
R’ 
3 

I 

I 

I 
i 

I 
i 
i 

(u 0 

cu CY 

5 

s 
.r( c a 

n 

Q 
rl 

i 
I 

i 
.. 

Q) M cu 
J13 

rl 

k 
k 

8 
I_ 

X 
a, a 

k 
0 

0 
rl 

0 
03 

0 

UNCLASSIFIED 

FIGUFIE 1 



UNCLASSIFIED 13-26 HW- 84474 

TABLE I11 

FAST EFFECT VERSUS MODERATOR INDEX 

Moderat or  Index Fast  E f fec t  
( SDPV ) ( 4  

1.0 
1 . 5  
2 .o 
3 .o 

1.068 
1.053 
1.044 
1.032 

5 .  Uranium-233 i s  much less s e n s i t i v e  than  i s  plutonium t o  moderator 
index wnich allows the u233 i n  na tu ra l  uranium t o  take  spec ia l  advant- 
age of t h e  $38 f a s t  e f f e c t .  

MELEAGER Cal ibra t ion  

Monte Carlo ca l cu la t ions  i n  t h e  RBU code have been used t o  ca l cu la t e  
e f f e c t i v e  c ross  sec t ions  of Pu239 as a func t ion  of concentrat ion and 
geometry. 
compared i n  two configurat ions.  I n  one case t h e  €bo;! was uniformly dis- 
persed i n  the U O i  while i n  t h e  second case it was i n  an annulus equal t o  
1.3$ or 5.2% of t h e  t o t a l  f u e l  volume. 
t i o n  was 60% Pu239, 18% Pu240, 17% B-1241, and 54 1 242. 
was 0.354-inch OD on 0.456-inch-square p i t ch .  
t a ined  a mixture of i r o n  at 0.93 gram/cc and water at  0.75 gram/cc. 
1imir.ary r e s u l t s  a r e  presented i n  Table I V  represent ing  30 minutes each 
of 7090 green l ight  time i n  Monte Carlo. Convergence was poor and each 
case has been given an add i t iona l  30 minutes of 7094 green l igh t  time, but 
the  results have not y e t  been analyzed. Comparable ca l cu la t ions  have been 
made i n  TIWME and JASON. These values  and the r e s u l t a n t  va lues  fran 
MELEELGER, based 02 normal JASON input ,  a r e  a l s o  included i n  Table I V .  
Further comparisons w i t h  o ther  codes and experimental d a t a  w i l l  be attempted 
i n  order  t o  determine the proper cor rec t ions  f o r  MELEAGER s ince  MEWEB 
appears t o  be far t o o  pess imis t ic .  

Enrichments of 1 percent and 4 percent i n  na tu ra l  uranium were 

The plutonium i so top ic  composi- 
The f u e l  element 

Pre- 
The moderator region con- 
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TABLE TV 

ESTIMATES OF ETA FOR PLuTorxu1.W IN KUD SPECTRA 

Computer 
4% kmLilus --._--- 4% Uniform Code 1% Uniform * --- Annulus I-- 

R BU 1 926 
TI I rnOS i .343 
bELEAGER 3. *e3? 

1.880 1303 
1.923 
i ,753 

1.896 
i .910 

Cross Section Likrar ,{  

Cross sec';ion da ta  have txt?n derived from a recent  vers ion of t h e  RBU 
Bzsic Librery using the  GAHDS program t o  make up th ree  c ross  sec t ion  data 
t a p e s  f o r  verious tenperzture  ranges f o r  use i n  t h e  PELEAGER Economics 
Chain system. 
nent t o  r e a c t o r s  opzrating a% higher temperatures than was previously 
poss ib le .  
i s  the  deviat ion i n  t h e  tnemal-group cross  sec t ion  as used by MELEAGER 
from t h a t  regresected by t h e  d a t a  on t h e  RBTJ t ape .  
t he  deviat ion of t h e  i n f i n i t e  d i l u t i o n  resonance i n t e g r a l  as used by 
MELELIG3~  from tiiat rc;?iY!sented by t h e  d a t a  on t h e  RBU tzpe .  The t a b l e  i s  
f o r  i i l u s c a t i v e  gu-rgases only because,, in MEUAGER, the  resonance i r t e g r a l  
cutoff  energy is a f u r x t i c n  of t h c  x-JLron t m p z r a t u r e  which, i n  tu rn ,  i s  
dependent ( mwng otner things ) upon f u e l  co1,centrations which change 
throughox?. t l - e  b-irii up,  

The two higher temperature t a p e s  permit ca lcu la t ions  p e r t i -  

A sumnary of t h e  da ta  i s  presented i n  Table V. ?'he e r r o r  ir. G 

The e r r o r  i n  S + bG i s  

FOBV C;;ti2 --- I OE; 

A catcio;: (de::igne.te:l FO,'\5') oi' reac tor  ftlel c o c t s  and fue l  cos t  curves 
i s  beinz conipi;.ed f x  XEC-Washington. 
cos ts  and 3.00:) curves , covers ;IS pr i ce  sci ieddes and vclrious f ab r i ca t ion ,  
sepa:-ar;ionj mid i n t e r e s t  chai*ges for. i'ivi. sim.uI.3tnd r e a c t o r  types .  Plot-  
t in:  :out ines  k v e  be2n ciebugged mil tne  program i s  i n  production. 

'IZie cuta lcg  containing 6400 fuel  
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i n t e r v a l s ,  and t h i s  spec i f i c  time period was fixed i n t e r n a l l y  i n  the 
code. 
t i o n s  t o  simulate p r iva t e  ownership of nuclear f u e l .  
from t h e  normal 6-month period between accounting ca l cu la t ions  i s  
desired, t h e  pos i t i on  on the  input  card designated as the accounting 
time period may be l e f t  blank. 

Now, one can e n t e r  any s p e c i f i c  time between accounting calcula-  
If no change 

Provision has been made t o  permit t h e  adjustment of the amount of 
r eac to r  cont ro l  necessary t o  account f o r  non-interact ion of the  
neutrons between old and new f u e l  on the graded f u e l  cycle  by m u l t i -  
p lying the i n t e r n a l l y  ca lcu la ted  con t ro l  requirement by a f a c t o r .  
A t  t h e  present  time, the f a c t o r  i s  set equal t o  1, which assumes no 
in t e rac t ion .  A t  some l a t e r  time, the ALTHPLEA code w i l l  be used t o  
determine f a c t o r s  t o  account f o r  t h e  degree of i n t e r a c t i o n  of the  
neutrons i n  t h e  f u e l .  

2. VESTA, Fuel U t i l i z a t i o n  Code 

A spec ia l  data set f o r  the f i n a l  debugging of t h e  VESTA code has been 
devised and i s  being run. 
advanced converter r e a c t o r s  operat ing on f r a c t i o n a l  plutonium recycle  
s t a t u s  i s  near ly  complete f o r  t h e  pressurized and heavy water r eac to r s .  
Work i s  i n  progress  f o r  t h e  sodium graphi te  and gas cooled r eac to r s .  
Two fast r eac to r s  a r e  a l s o  being simulated: 
fueled and has a 7-year doubling time, the  o ther  i s  plutonium oxide 
fueled and has a 15-year doubling time. Both are sodium cooled. 
These s imulat ions are being used with the VESTA code f o r  var ious  
pro jec t ions  of economic growth and r eac to r  development rates. 

Simulation of l a r g e  thermal r e a c t o r s  and 

One i s  plutonium carbide 

NEUTRON FLUX MONITOR PROGRAM 

The two uranium regenerat ing neutron f l u  de tec tors ,  which employ ioniza-  
t i o n  chamber coat ings of approximately 90% U-234 and lo$ U-235, were 
i n s t a l l e d  i n  a tes t  f a c i l i t y  of the KW Reactor. 
one chamber was c a r e f u l l y  radiographed t o  determine the chamber construc- 
t i o n .  Measurements of chamber background cur ren t ,  due t o  alpha p a r t i c l e s  
frcxn t h e  uranium coating, ind ica ted  one chamber had about three times 
more coat ing material than d id  the o ther  u n i t .  In addi t ion ,  gamma sensi- 
t i v i t y  w a s  measured t o  be about 70% grea te r  than had been predic ted .  
the chambers were j u s t  i n s t a l l e d  i n  the f a c i l i t y ,  time is  now being spent  
i n  assembling t h e  instrumentat ion f o r  recording t h e  da ta .  

P r i o r  t o  i n s t a l l a t i o n ,  

Since 

The boron-11 chamber and a number of test coaxial  cab les  were prepared i n  
an assembly and taken t o  KW Reactor i n  prepara t ion  f o r  i r r a d i a t i o n .  Con- 
s ide rab le  radiographic t e s t i n g  of the severa l  d i f f e r e n t  cab les  was con- 
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ducted, and t h e  t e s t s  indicated tha t  a number of the cables  had been in- 
co r rec t ly  labeled as t o  the  center wire s i z e ,  One of t he  metal-sheathed 
cables was opened and i s  being pumped down i n  an attempt t o  improve the  
cable leakage res i s tance ,  since such leakage can cause loss of signal 
and added f a l s e  current  due t o  the  o f f s e t  ( i n p u t )  vol tage of t h e  associated 
amplif ier .  Gamma i r r a d i a t i o n s  were conducted on several  cables  and on the  
boron-11 chamber t o  e s t a b l i s h  the  r e l a t i v e  merit  of the cables  and t o  aid 
i n  p r e d i c t i  background cur ren ts  during the  planned r eac to r  t e s t s .  For 
a gamma (Cog8) exposure r a t e  of 7 x ldc R / h r ,  the cable cur ren ts  could not 
be measured but were estimated t o  be l e s s  than 1 PA. The boron-11 chamber 
current ,  at  the  same exposure r a t e ,  provided about 1 t o  2 pA cur ren t .  

Progress was achieved on the  microwave method of measuring r eac to r  in-core 
neutron flux with the  design cmple t ed  on two more gas c a v i t i e s .  Fabrica- 
t i o n  w a s  p a r t l y  cmple ted  on the  cav i t i e s .  
determination of the  mode of the s igna l  being studied, and it i s  hoped 
t h a t  observation of the s h i f t  of one mode can be achieved, as has  been 
successfully demonstrated wi th  a gas discharge tube i n  the  laboratory.  
fu r the r  r eac to r  t e s t s  were undertaken. 

These units should permit t he  

No 

NONDESTRUCTIVE TESTING RESEARCH PROGRAM 

Electromagnetic Testing 

Earlier methods of displaying eddy current  t e s t  data super-imposed on 
a cross  sec t ion  view of tubing under t e s t  w a s  replaced by a technique 
which uses a radar type pos i t i on  ind ica tor  w i t h  a l i n e a r  radial sweep. 
As  before, t he  sweep r o t a t e s  i n  synchronism with the pos i t i on  of t he  t e s t  
probe. I n  t he  newer method, t he  r o t a t i n g  sweep provides a " f ie ld"  upon 
which the  pe r t inen t  tubing thickness  and f l a w  l oca t ion  information w i l l  be 
imposed. Data a r e  presented by blanking and unblanking the  cathode ray 
beam at the  appropriate time by using a video signal derived fran t h e  eddy 
current  test c o i l  output.  Although a l l  d e t a i l s  of t he  new method have not 
ye t  been worked out, t he  c i r c u i t  has been assembled i n  a breadboard manner 
and a f ab r i ca t ed  defect  on t h e  inner surface of a process tube sample has 
been successful ly  displayed. 

A "double b a i l e r "  heat ing container f o r  mel t ing Wood's metal has been 
fabr ica ted .  
design and the  e f f e c t  of f i e l d  geometry on t e s t  r e s u l t s .  
arrangement w i t h  a one-inch s t roke has been incorporated t o  t r a n s l a t e  t he  
t e s t  c o i l s  through the  bath.  A potentiometer a l s o  was added t o  give hori-  
zontal  sweep voltage f o r  use i n  displaying t h e  eddy current  t e s t i n g  device 
output s igna l s  on a cathode ray osci l loscope.  

This metal ba th  i s  used t o  study optimum eddy t e s t  c o i l  
A t r ave r s ing  
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Several eddy cur ren t  tes t  c o i l s  have been f ab r i ca t ed  f o r  use i n  t h i s  t es t  
assembly. 
sec t ion  of tubing was designed and i s  now being f ab r i ca t ed .  
t o  evaluat ing general  tubing tests, t h e  Wood's m e t a l  ba th  f a c i l i t y  w i l l  
a l s o  be used t o  f u r t h e r  analyze t h e  multiparameter tester and t h e  r ecen t ly  
developed dynamic d isp lay  u n i t  for viewing tubing c ross  sec t ions .  

A mold t o  hold a r i n g  of molten Wood's metal t o  simulate a 
In addi t ion  

H e a t  Transfer Testing 

The surface thermal impedance of one material i n  contact  with a semi- 
i n f i n i t e  l aye r  of a second material has  been a n a l y t i c a l l y  determined as a 
funct ion of t h e  thermal p rope r t i e s  of t h e  l aye r s ,  t h e  thermal contact 
conductance between them, and t h e  frequency of t h e  appl ied s inusoida l  
thermal wave. 
of s p e c i f i c  mater ia l s ,  frequencies,  thicknesses ,  and contact  conductances. 

The a n a l y t i c a l  general  so lu t ion  w a s  evaluated f o r  a range 

Graphic presenta t ion  of t h e  computed surface impedance of a 0.1 inch  t h i c k  
l a y e r  of inconel i n  va r i ab le  resistive contact  with var ious  second l a y e r  
materials has been completed. 
quency of 1 cycle per  5.9 minutes was used. 
ance between t h e  two l aye r s  caused t h e  f i rs t  l a y e r  surface impedances t o  
vary along s t r a i g h t  l i n e  l o c i .  
HL, t o  reduce t h e  a n a l y t i c a l  general  so lu t ion  t o  t h e  form of a s t r a i g h t  
l i n e  using v a r i a t i o n s  i n  t h e  contact  conductance as t h e  independent 
var iab le .  However, t h i s  d id  not appear f e a s i b l e  i n  view of t h e  l a r g e  
number of teras, and t h e  p o s s i b i l i t y  of small valued high order terms 
i n  t h e  equation. 
presenta t ions  of the  values  tha t  have been obtained f o r  a number of t h e  
o ther  s p e c i f i c  cases  t o  g e t  an ind ica t ion  of how genera l ly  t h e  straight 
l i n e  r e l a t i o n s h i p  holds.  

For t h i s  experiment, a thermal tes t  fre- 
Variat ions i n  contact  conduct- 

An attempt was made by Applied Mathematics, 

Thus, it w i l l  be necessary t o  c m p l e t e  t h e  graphica l  

P r a c t i c a l  methods of implementing the thermal wave t e s t i n g  method a r e  
being developed. A thermoelectr ic  hea t  pump has been obtained, and 
equipment i s  being designed f o r  the  i n i t i a l  experimental work. 

Fundamental Ultrasonic  S tudies  

The a n a l y t i c a l  and numerical s tud ie s  on wave propagation at i n t e r f a c e s  
between acous t i ca l ly  d i s s imi l a r ,  a t t enua t ing  media are complete except 
f o r  minor modif icat ions.  
matics Operation, HL. A wave model has  been developed which appears t o  
adequately expla in  the  changes i n  shape of broad-frequency-band pulses  
propagating i n  media having a nonl inear  r e l a t i o n s h i p  between a t t enua t ion  
and frequency. The model assumes a l i n e a r  d i f f e r e n t i a l  equat ion of 
motion and l i n e a r  boundary condi t ions which permits  t h e  use of t h e  super- 

This work i s  being conducted by Applied Mathe- 
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pos i t i on  p r inc ip l e  i n  obtaining a so lu t ion .  

The problem of nonlinear a t t enua t ion  of multifrequency pulses  i s  solved 
by numerically in t eg ra t ing  over t h e  frequency spectrum by use of a ccwputer 
program. Pulse shape changes can be predicted t o  t h e  accuracy of measure- 
ments, provided t h e  material constants  a r e  known. 
t e s t e d  with representa t ive  pulses  and a t t enua t ion  c o e f f i c i e n t s  and appears 
t o  behave properly.  

The program has been 

Oblique angle shear-wave a t t enua t ion  measurements on 304-L stainless steel 
are complete except f o r  t h e  reduct ion of da t a .  
prepared samples of aluminum and Zircaloy-2 showed l a r g e  v a r i a t i o n s  i n  
shear-wave propagation, e spec ia l ly  i n  t h e  as-worked samples. It i s  expected 
t h a t  heat  t r e a t i n g  w i l l  provide adequate s tandards t o  ob ta in  t h e  measure- 
ments necessary f o r  t h e  t h e o r e t i c a l  s tud ie s .  

The tests on some of t h e  

F a t i m e  Detection 

The eddy current  e l ec t ron ic  equipment has been modified t o  optimize t h e  
signals obtained from t h r e e  aluminum a l l o y s .  Specimens of each alloy are 
being measured by conventional techniques f o r  t h e i r  respec t ive  conductivi-  
t ies .  The samples w i l l  then  be used t o  c a l i b r a t e  t h e  eddy cur ren t  tester 
f o r  v a r i a t i o n s  i n  conduct ivi ty .  The usual  technique of monitoring t h e  tem- 
.pera ture  grad ien t  t o  make these  measurements proved d i f f i c u l t  t o  apply t o  
copper and aluminum because of t h e i r  high thermal d i f f u s i v i t i e s .  

Further eddy cur ren t  t e s t s  have been conducted on samples which had been 
fa t igued  i n  e a r l i e r  work. These tes ts  subs t an t i a t e  t h a t  t h e  eddy cur ren t  
t e s t  i s  most s e n s i t i v e  t o  f a t i g u e  i n  s t e e l  and steel  alloys. Some repro- 
duc ib le  f a t i g u e  s i g n a l s  were observed i n  stainless steel but these were 
much less i n  amplitude than those obtained f o r  s t e e l .  

To determine t h e  mechanism of f a t i g u e  de tec t ion  by eddy cu r ren t s  i n  A-212 B 
steel  samples, t h e  specimens were t e s t e d ,  demagnetized and r e t e s t e d  a 
t o t a l  of f i v e  t imes.  Each time a decrease i n  t h e  f a t i g u e  s igna l  was noted 
with t h e  f i n a l  s igna l  amplitude being about 8 6  of t h e  o r i g i n a l  value.  
This information ind ica t e s  t h a t  some of t h e  f a t i g u e  s igna l  i n  steels may 
be due t o  t h e  formation of permanent magnetization. 

The mechanical manipulating system f o r  t h e  u l t r a s o n i c  f a t i g u e  de tec t ion  
work has been assembled and al igned.  
ment have shown t h a t  t h e  mechanical movements a r e  s u f f i c i e n t l y  repro- 
ducible  f o r  f a t i g u e  s tud ie s .  Although t h e  mechanical system proved t o  be 
s a t i s f a c t o r y ,  t ransducer  v a r i a b l e s  were a problem. 
ducers  purchased f o r  use i n - f a t i g u e  s tud ie s  were evaluated and only four  

I n i t i a l  experiments with t h i s  equip- 

A group of twelve t r ans -  
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t o  be usable f o r  t h i s  work. 
a t  Hanford show q u a l i t i e s  t h a t  a r e  superior  t o  those ava i l ab le  i n  t r ans -  
ducers purchased o f f s i t e .  
t o  spec ia l ly  f a b r i c a t e  t ransducers  t o  meet the s t r ingen t  requirements of 
t h e  cur ren t  t e s t s .  

Evaluation of severa l  t ransducers  f ab r i ca t ed  

These da t a  ind ica t e  that  it might be necessary 

Current u l t r a son ic  c r i t i c a l  angle t e s t s  have subs tan t ia ted  earlier indica- 
t i o n s  t h a t  t h e r e  were d i f f e rences  i n  the  r e f l e c t e d  beam n u l l  s igna l s  p r i o r  
t o  f a t igue .  
The n u l l  s igna l  p r o f i l e  of t he  samples has been recorded f o r  use i n  compar- 
ing n u l l  s igna l  va r i a t ions  after fatigue appl ica t ion .  

These were most pronounced i n  the 304L stainless steel samples. 

Since f a t igue  i s  believed t o  i n i t i a t e  a t  t h e  sample surfaces ,  it was of 
i n t e r e s t  t o  determine if conventional surface wave (Rayleigh wave) techniques 
may a l so  be usefu l  f o r  fatigue de tec t ion .  The usual  procedure involves 
a contact  tes t  r a t h e r  than immersion techniques.  
num specimens were s tudied using a 5 Mc/sec Rayleigh t ransducer .  

Fatigue des t ruc ted  alumi- 

Although var ious types of couplant, t ransducer  pressure and coupling spread- 
ing were used, t he  t es t  was not successful  i n  de t ec t ing  f a t igue .  Further 
work i s  planned t o  evaluate  t h e  a p p l i c a b i l i t y  of sur face  waves t o  t h i s  
problem. 

Ultrasonic  Transducer Development 

A mechanical system, metal t e s t  rods, and d i e l e c t r i c s  (mica) were prepared 
f o r  t h e  evaluat ion of capac i tor  c h a r a c t e r i s t i c s  f o r  generat ing and de tec t -  
ing u l t r a son ic  pulses .  This device cons i s t s  of mica d i e l e c t r i c s  held 
aga ins t  each end of t h e  rod by metal e lec t rodes .  
appl ied t o  one capaci tor ,  t h e  deformation i n  t h e  d i e l e c t r i c  sends an. 
u l t r a son ic  wave propagating i n  t h e  t es t  rod. 
end, t h e  pulse  again deforms t h e  d i e l e c t r i c  of t h e  second charged capac i tor .  
This r e s u l t s  i n  a net  change i n  charge s tored  which i s  recorded as an output 
vol tage s igna l .  

A s  a vol tage pulse  i s  

Upon reading the opposi te  

Improvements have been made i n  t h e  mechanical system and d i e l e c t r i c  pre- 
para t ion  such t h a t  t h e  s igna l  from detected pulses  i s  w e l l  above the  noise  
l e v e l  of t h e  e l ec t ron ic s .  Test  rods of aluminum, copper, brass and s t a in -  
l e s s  s t e e l  were examined by th i s  method. Since u l t r a s o n i c  pulses  are 
generated a t  t h e  end of t h e  sample, t h e  u l t r a son ic  energy t r a v e l s  e n t i r e l y  
within t h e  t es t  rod which makes the t e s t  independent of t ransducer  charac- 
t e r i s t i c s .  Detected pulse  shapes were repea tab le  and were shown t o  be 
c h a r a c t e r i s t i c  of t h e  metal composition of t h e  t e s t  rod. Thereby, proper- 
t ies  such as t e n s i l e  s t rength  of metal  may be exanined by t h i s  method with- 
out i n t e r f e rence  of other  va r i ab le s .  One s i g n i f i c a n t  advantage of t h i s  
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system i s  i t s  a b i l i t y  t o  funct ion at high temperatures. 
cha rac t e r i s t i c ,  p roper t ies  of the  metal rods may be examined a t  high 
temperatures . 

Because of t h i s  

Imaging Ultrasound 

Alternate  methods f o r  imaging ultr8SOund .were inves t iga ted  i n  the  con- 
t i n u a t i o n  of t h i s  p ro jec t .  This e f f o r t  has  been pr imari ly  t h e o r e t i c a l  
t o  da t e  due t o  the  time delay i n  material procurement. Some experimental 
work has been completed using electroluminescent phosphor i n  an e f f o r t  t o  
obtain some fami l ia r iza t ion  with t h e i r  p roper t ies .  It i s  an t ic ipa ted  t h a t  
these  phosphors will eventual ly  provide a v i s u a l  readout f o r  an u l t r a s o n i c  
imaging system. 

The d i f f i c u l t y  i n  applying the  previously mentioned thermoplastic recording 
technique t o  imaging ultrasound arises from the  i n a b i l i t y  t o  convert t h e  
o s c i l l a t i n g  charge p a t t e r n  of the  c r y s t a l  t o  a uni-direct ional  force  on 
the  f i l m .  
l i m i t a t i o n  i s  t o  coat the  r e a r  face  of a p i e z o e l e c t r i c  c r y s t a l  with a 
photo-electr ic  emitter, e .g., caesium-antimonide. By b r i g h t l y  i l luminat-  
ing t h i s  surface an abundmce of e l e c t r o n s  i s  created.  With a c l o s e l y  
placed control  gr id ,  the  necessary diode a c t i o n  may be achieved. A t  each 
cycle, some charge w i l l  overcome the  g r id  "bias" and be deposited on t h e  
f i lm placed behind t h e  gr id .  I n  t h i s  manner, charge w i l l  continue t o  
accumulate on the  film over a number of cycles  which w i l l  increase the 
s e n s i t i v i t y  of t h e  device. 

One method cur ren t ly  being considered which might overcome t h i s  

Semiconductor Ultrasonic Transducers 

Experiments on p i e z o e l e c t r i c  semiconducting junct ion t ransducers  were con- 
t inued.  Work t o  da te  has centered on the  more common p i e z o e l e c t r i c  i n s u -  
l a t i n g  materials s ince  s ing le  c r y s t a l s  of t he  11-VI Group canpounds have 
not ye t  been received from commercial sources. Lithium sulfate monohydrate, 
which i s  cur ren t ly  being used, I s  a good insu la to r  (wide forbidden band 
gap). However, t o  produce seniconductor junct ion t ransducers ,  t h i s  materid 
must be rnade i n t o  n o r  p l i k e  semiconductors while s t i l l  r e t a i n i n g  i t s  
p i e z o e l e c t r i c  proper t ies .  

Attempts t o  produce t h i s  condition i n  l i th ium sulfate monohydrate are 
being car r ied  out along two approaches: 

1. Lithium su l f a t e  monohydrate i s  water soluble and can be grown 
from aqueous solut ion.  Attempts w i l l  be made t o  grow t h e s e  
c r y s t a l s  and add var ious dopants t o  produce the des i red  e f f e c t s .  
To da te ,  ''seed" c r p t a l s  approximately 1/8 x 1/8 x 1/4 inch have 
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been grown i n  t h i s  e f f o r t .  

Various defect  cen ters  caused by r a d i a t i o n  damage may produce 
the des i red  e f f e c t .  To inves t iga t e  t h i s  problem, wo s ing le  
c r y s t a l s  of LiSqC - H20 have been i r r a d i a t e d  by Co 
receiving t o t a l  doses of approximately 5 x lo7 and 5 x 10 
The production of defec t  cen te r s  w i l l  be revealed by add i t iona l  
bands occurring i n  the o p t i c a l  absorpt ion spectrum of these  c r y s t a l s .  

2 .  

t 0  

R.  

Single c r y s t a l  LiS04-H20 and %Ti? have been received from cammercial 
sources and a r e  being inves t iga ted  f o r  t h e i r  p i ezoe lec t r i c ,  e l e c t r i c a l  
and op t i ca l  absorption proper t ies .  

Nondestructive Testing of Isotope Heat Sources 

Further evaluat ion of u l t r a son ic  inspect ion f o r  measuring w a l l  th ickness  
revealed t h a t  both t h e  cladding and core material r ap id ly  a t t enua te  ultra- 
sound. Since t h e  a t t enua t ion  increases  as t h e  frequency increases ,  a 
lower frequency s igna l  must be used t o  adequately pene t r a t e  t h e  cladding. 

Since commercially ava i l ab le  t ransducers  are not  s u f f i c i e n t l y  damped a t  t h e  
frequency required f o r  these  tests, severa l  u l t r a son ic  t ransducers  have 
been f ab r i ca t ed  t o  evaluate  methods of achieving highly damped t ransducers .  
Using var ious amounts of ttmgsten i n  t h e  backing member, d i f f e r e n t  damping 
f a c t o r s  were obtained. To determine t h e  a p p l i c a b i l i t y  of these t ransducers  
t o  heat source inspect ion,  these  t ransducers  w i l l  both be evaluated f o r  
t h e i r  u l t r a son ic  p rope r t i e s  and w i l l  be placed i n  an i r r a d i a t i o n  zone t o  
determine t h e  e f f e c t  of r ad ia t ion .  

Recent thermal s tud ie s  have revealed t h e  importance of de t ec t ing  cracks 
present  i n  t h e  compacted core material. In order t o  pene t ra te  t h e  core 
material with u l t r a s o n i c  waves, t ransducers  and equipment capable of 
generat ing and de tec t ing  100 kc ultrasound are being developed. 
developed, t h i s  t e s t  w i l l  a l s o  y i e l d  information as t o  t h e  core t o  clad- 
ding bond and t h e  l i q u i d  or  s o l i d  s t a t e  of t h e  core center .  

Once 

The surface thermal impedance of an Inconel l a y e r  i n  contact  with a 
semi- inf in i te  S r T i 9  l a y e r  has been a n a l y t i c a l l y  determined as a general  
func t ion  of thickness  of t h e  Inconel, frequency, contact  conductance, and 
thermal p rope r t i e s  of t h e  SrTiqj .  Cmputer eva lua t ion  of t h e  a n a l y t i c a l  
results has provided values  that  are being graphica l ly  presented t o  obtain 
general  conclusions about t h e  surface thermal impedance c h a r a c t e r i s t i c s .  
These conclusions a r e  being used as guide l i n e s  i n  the development of a 
thermal t e s t i n g  method f o r  isotope heat  sources. 
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BIOLOGY AND MEDICINE - 06 PROGRAM 

Atmospheric Physics 

Analyses were made of two atmospheric d i f f u s i o n  experiments i n  which 
f luoresce in  and zinc s u l f i d e  t r a c e r s  were emitted frcw a common source. 
A technique of discr iminat ion of these  two t r a c e r s  had previously been 
demonstrated. 
t i o n  of f luoresce in  p a r t i c l e s  which have aerodynamic p rope r t i e s  s imi l a r  
t o  those of the zinc su l f ide .  Because f luo resce in  i s  soluble  i n  water, 
t h e  s i z e  of the p a r t i c u l a t e  can be varied through con t ro l l i ng  the concen- 
t r a t i o n  of t h e  source so lu t ion  or  by changing t h e  s i z e  of t h e  slurry 
drople t  which i s  generated. 
used t o  determine the s l u r r y  concentrat ion and drop s i z e  s e t t i n g  necessary 
t o  produce f luoresce in  p a r t i c l e s  of t h e  same s i z e  as zinc su l f ide .  

The objec t ive  of these experiments was t o  achieve genera- 

The results obtained i n  previous tes ts  were 

Cmparisons of t h e  masses of t h e  t r a c e r s  co l lec ted  near  the ground at  
200 meters, 800, 1600 and 3200 meters downwind are favorable .  I n  t h e  mean, 
the r a t i o  of t he  f luo resce in  mass t o  t h e  zinc s u l f i d e  mass was 1.07. The 
average value f o r  a given a r c  d is tance  ranged fran 0.88 t o  1.19. For 
ind iv idua l  f i l t e r s ,  the f luo resce in  t o  zinc s u l f i d e  mass r a t i o  var ied  
from 0.52 t o  2.01. The i n i t i a l  at tempt t o  pre-se lec t  f l uo resce in  p a r t i c l e  
s i z e  i s  indeed encouraging. Further improvement may be poss ib le  with 
f i n e r  adjustments of generat ion procedures. 

The first quan t i t a t ive  v e r i f i c a t i o n  of t h e  c a l i b r a t i o n  of t h e  real time 
sampler has been made. The sampler was operated i n  the f i e l d  de tec t ing  
pu f f s  of zinc su l f ide .  The da ta  co l lec ted  by t h e  real time sampler Were 
compared wi th  those of t he  bulk f i l t e r  system. These f i l t e r s  were exposed 
adjacent  t o  t h e  real  time sampler intake.  The computed concentrat ion was 
within the standard e r r o r  range of t h e  RTS c a l i b r a t i o n  i n  six of t h e  seven 
trials. Comparisons of t h e  concentrat ions determined frm RTS da ta  and 
those of the bulk f i l t e r  system follow: 

A B 

Concentration (gns/m3 ) 
determined from f i l t e r  

Concentration ( g m s / d  ) 
determined f rm RTS response 

4.78 x 
6.44 
10.5 
20 -7 
43.9 
56 -7 
106 .o 

6 5.05 x 10' 
7 -25 
10.6 
13.7 
36 .o 
45.5 
84 .O 

0.95 

0.99 
1.51 
1.22 
1.24 
1.26 

0.89 
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One elevated source d i f fus ion  experiment was successfu l ly  ccanpleted i n  
unstable condi t ions t h i s  month. 
out t o  one m i l e  from the  source. The r e a l  time sampler w a s  a l so  used 
t o  measure concentrat ions 300 meters from t h e  source. 
system and the new por tab le  mast system were opera t iona l  f o r  t h i s  t es t .  

In A i r  Force work, Atmospheric Physics w i l l  receive $75,000 f o r  a 12-month 
period beginning Apri l  1, 1965, f o r  t r a c e r  development and s tud ie s  of t h e  
d i f fus ion  i n  t h e  atmosphere from instantaneous releases. 
that  t h i s  support w i l l  be continued f o r  t h ree  t o  f i v e  years .  

Exposures were measured near the ground 

The t r i - l e v e l  wind 

It is expected 

Radiological Physics 

Another isotope has been discovered i n  the Alaskam caribou. Analysis 
of a blood sample from a caribou produced an X-ray peak at  5.9 keV due 
t o  Fe55. This isotope i s  not a f i s s i o n  product, so it must have been 
produced by neutron ac t iva t ion .  

Whole body burdens of Cs13? f o r  12 Eskimos a t  Anaktuvuk Pass are lower 
than  t h e  body burdens measured last  month. 
from these  12  Eskimos a r e  being taken and analyzed monthly. 

This w a s  expected. H a i r  samples 

A summary of t h e  data obtained from the  Alaskan u r i n a l y s i s  study at  
two v i l l a g e s  shows t h e  potassium content i s  not a good index of urinary 
excret ion.  
the months of Apri l  and May. The cause of t h i s  reduct ion is not  known, but  
may be due t o  a change i n  d i e t  or  physical  a c t i v i t y .  The average p o t a s s i m  
concentrat ion of monthly ur ine  samples at Richland, Washington, f o r  t h e  
pas t  year  has been constant at 2.34 g / l i t e r  L 7%. Using t h e  volume of t h e  
u r ine  sample r a t h e r  than  t h e  potassium content as an excre t ion  index gives  
an average body burden est imate  f o r  t h e  Eskimos that agrees  with t h e  whole 
body counting measurements made at  t h e  same time. 

The average potassium content decreased by 30 percent  during 

A Victoreen r-meter from the U of W spermatogenesis labora tory  was cm-  
pared with Hanford's standard r-meter. They agreed very w e l l .  A minor 
e r r o r  i n  read-out procedure was uncovered and t h e  U of W personnel have 
been informed so  the  e r r o r  can be corrected.  

A dog phantom was used t o  obta in  c a l i b r a t i o n  information f o r  measuring 
plutonium body burdens i n  dogs. Several  cases  of i n t e r e s t  were i n v e s t i -  
gated.  The standard case was one i n  which t h e  dog phantom res t ed  on i t s  
back and t h e  plutonium source was d i s t r i b u t e d  a t  the per iphery of t he  
lungs. 
and r e s t i n g  on i t s  sternum; ( 2 )  dog weight increased by 2 kg of t i s s u e ;  
( 3 )  dog weight increased by 2 kg of fat;  ( 4 )  t h e  de t ec to r s  moved 2 cen t i -  

The standard case was compared t o  (1) dog phantom r o t a t e d  1800 
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meters away from t h e  
c e n t r a l l y  loca ted  i n  
t h e  above f i v e  cases 

standard counting pos i t i on j  and ( 5 )  plutonium source 
the lungs.  
was -64, -334, -374, -144, and -29$, respec t ive ly .  

The change i n  counting e f f i c i ency  for 

The pos i t i ve  ion acce le ra to r  performed s a t i s f a c t o r i l y  during the month. 

3 The He neutron spectraneter  was successfu l ly  tested using t h e  an t i -  
coincidence c i r c u i t .  This c i r c u i t  r e j e c t s  pu lses  from neutrons which do 
not l o se  all of t he i r  energy in s ide  t h e  s e n s i t i v e  volume of t h e  counter. 
The e f f i c i ency  of the counter f o r  0.35 MeV neutrons was measured as 
3 x 10-4 counts per neutron per cm2. 

A pulse  r ise time discr iminator  b u i l t  f o r  use wi th  proport ional  counters 
was successful ly  tested. 
t i o n  Over a dynamic range of about 50. 

The c i r c u i t  i s  capable of r i se  time discrimina- 

The unexplained v a r i a t i o n  i n  t h e  output of the thermopile between t h e  
two c e l l s  of t h e  small calor imeter  has been t raced  t o  the galvanometer 
ampl i f ie r .  This ampl i f ie r  appears t o  be s e n s i t i v e  t o  room temperature 
changes, although t h e  rocan temperature i s  cont ro l led  t o  ?; 1' centr igrade.  
A temperature cont ro l led  box i s  being f ab r i ca t ed  t o  hold the c r i t i c a l  
parts of the system. 

A bas ic  problem when using thermis tors  f o r  s e n s i t i v e  temperature measure- 
ments i s  t h e  heat  due t o  the  energy which must be added t o  t h e  system when 
t h e  thermistor  i s  read. To reduce t h i s  hea t ,  a pulsed read-out system w a s  
designed and bui l t .  
increase i n  s e n s i t i v i t y  can be achieved by refinement of t h i s  idea. 

Preliminary results ind ica t e  an order of magnitude 

Instrumentation and System Studies  

Successful operat ion was achieved on the i n s t a l l e d  s l i d i n g  valve mechanism 
used i n  Biology i nha la t ion  s tud ie s .  
the  c y l i n d r i c a l  valve and thermistor  t ransducers  are employed f o r  cont ro l .  
Two more valves  w i l l  be assembled f o r  f u t u r e  s tud ie s .  In  addi t ion ,  f i e l d  
t e s t i n g  was continued on the improved dog masks used i n  smoke inha la t ion  
s tud ie s .  

A l i n e a r  ac tua to r  i s  used t o  d r i v e  

Larger thermis tors  are being used t o  secure a more rugged system. 

The organic s c i n t i l l a t i o n  de tec to r ,  used i n  the measurement of gamma dose 
rates t o  f i s h  at a Biology f a c i l i t y ,  was increased i n  s i z e  t o  imprave t h e  
system s e n s i t i v i t y .  Cal ibra t ion  tes ts  a r e  being conducted. 

Discussions were held with Biology personnel regarding the d e v e l o p e n  

uptake i n  a lgae cu l tu re s  under cont ro l led  condi t ions.  
an instrumentat ion method which w i l l  permit measurement of P32 and Zn E 5 Of 
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The Biology f i e l d  analyzer and monitor, t o  be used i n  f i e l d  and labora tory  
radionuclide measurements w i t h  experimental animals, w a s  completed, t e s t e d ,  
and del ivered t o  t h e  Biology Laboratory. 
successful .  

Operation appears t o  be f u l l y  

Experimental s o l i d  s t a t e  c i r c u i t r y  development was continued on t h e  animal 
physiological  funct ion and radionucl ide uptake measurement and te lemetry 
system and a number of necessary ccanponents were received. In addi t ion,  
the techniques es tab l i shed  f o r  temperature measurement and da ta  t ransmissioc 
a r e  being considered f o r  app l i ca t ion  t o  humans working under r e l a t i v e l y  
high temperature condi t ions at  Hanford. From t h e  conducted experiments 
i n  a r eac to r  heat  exchanger, it appears t h a t  a modified system w i l l  provide 
the  des i red  temperature measurement i n  add i t ion  t o  poss ib ly  supplying human 
pulse  rate information. The measured d a t a  w i l l  be telemetered t o  a c e n t r a l  
rece iver  and recorder .  

C i r cu i t  modifications were incorporated i n  t h e  ion  chamber peak pulse  
reading instrument which w i l l  be employed i n  r a d i a t i o n  dosimetry s tudies .  
The modifications now permit reading accurac ies  t o  k I$. 

The ind ica to r  lamp l o g i c  and d r i v e r  c i r c u i t s  and a modified pulse  generator  
t e s t e r  were completed. The instrument i s  e s s e n t i a l l y  cmple t ed  and i s  
being used i n  dosimetry s tud ie s  on a t e s t  bas i s .  A high-current power 
supply, f o r  use with t h e  instrument, has been designed and w i l l  be f a b r i -  
c a t  ed . 

0 

Circu i t  development work w a s  continued regarding a single e l ec t ron  counter 
which i s  t o  be used i n  r a d i a t i o n  dosimetry s tud ie s .  D i f f i c u l t i e s  with t h e  
fast tunnel  diode d iscr imina tor  are s t i l l  apparent as t h e  pulse  amplitude 
continues t o  vary with t h e  pulse  rate. An attempt w i l l  be made t o  develop 
a fast avalanche t r a n s i s t o r  c i r c u i t  t o  circumvent t h e  problem. 

Progress was achieved on t h e  development of a low noise ,  charge s e n s i t i v e  
preampl i f ie r  using f i e l d  e f f e c t  t r a n s i s t o r s .  Such units w i l l  b e . p a r t i -  
c u l a r l y  useful with s o l i d  state diode r a d i a t i o n  de tec to r s .  Fabr ica t ion  
was i n i t i a t e d  on severa l  promising designs using both a s ing le  f i e l d  
e f f e c t  u n i t  and two cascode-connected f i e l d  e f f e c t  t r a n s i s t o r s  i n  t h e  
input  c i r c u i t .  Detai led t e s t s  regarding temperature e f f e c t s ,  gain,  and 
frequency response w i l l  be conducted on t h e  preampl i f ie rs  when f a b r i c a t i o n  
i s  completed. 

CElibrat ion information was provided by Atmospheric Physics Operation t o  
update t h e  coordinate t ransformation da ta  f o r  t h e  wind turbulence analog 
computations. An add i t iona l  func t ion  generator  w a s  added t o  t h e  s imulat ion 
with assoc ia ted  c i r c u i t s  t o  increase t h e  usefulness  of t h e  simulation. The 
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analog c i r c u i t  was checked out and found t o  be operating c o r r e c t l y  and i s  
now ready t o  accept d a t a  f o r  transformation. 

Analog computer runs were completed which defined the  d i s t r i b u t i o n  and time 
t r a n s i e n t s  of 1131 i n  various p a r t s  of a human body after ingest ion.  The 
p a r t s  of the  body include t h e  lungs, s t m a c h ,  s m a l l  i n t e s t ines ,  upper and 
lower l a rge  in t e s t ines ,  skin,  blood, kidneys, thyroid,  bone, muscle, and 
other  organs. 
of 1131 and a f t e r  t h e  ingest ion of mult iple  doses once a day and twice a 
day f r o n  a decaying source. 
found t h a t  whec a b io logica l  decay constant of four  hours i s  used f o r  1131 
i n  the  blood, t h e  analog conputation matches experimental results. 
simulation was improved by adding a logarithmic char t  readout c a p a b i l i t y  
which causes pure exponentials t o  be displayed as straight l i n e s .  The 
s imulat ioc i s  capa5le of handling parent and daughter radioisotopes i n  
animals as well  as i n  man. 

I 

The t r a n s i e n t s  were observed a f t e r  inges t ion  of a s ing le  dose 

In  addi t ion  t o  def ining the  t r ans i en t s ,  it was 

The 

Isotopic  analyses were provide6 on yog:m saq le s  during t h e  month i n  
accordrnce wi th  current  schedules. 

Testing of t he  new ceramic vacum-loclr sanpie changer f o r  t he  mass spec- 
t r a n e t e r  has continued. 
the  problem of‘ seizure due t o  thermal expcnsion caused by t h e  hezted f i la-  
ments. 
at high vol tages .  

Reworking the  mechanical components has  eliminated 

The e l e c t r i c a l  contact system i s  being modified p r i o r  t o  t e s t i n g  

EXPENMENTAL REACTOR PHYSICS FACILITIES 

PCTR Operation 

Operation of t h e  PCTR continued rout ine ly  during t h e  nonth. 
unscheduled shutdowns. 
t r i b u t i o n  f o r  t h e  19-element P u Q - U O ~  c l u s t e r  i n  an 8-3/8 inch graphi te  
l a t t i c e  was completed during t h e  month. 

There were no 
The experiment t o  measure & and neutron f l u  d i s -  

TTR Operation 

The TTR was operated on an i n t e r m i t t e n t  basis during t h e  month. 
one unscheduled shutdown due t o  an e l e c t r o n i c  failure. One set of f o i l s  
w a s  i r r a d i a t e d  f o r  the  Mater ia ls  Test ing Operetion, and one set of f o i l s  
w a s  i r r a d i a t e d  f o r  the  Radiological Development Operation. 

There was 

The TTR was 
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operated on a one-night-a-week b z s i s  for t he  Universi ty  of Washington 
Graduate Center. 

C r i t i c a l  Approach F a c i l i t y  

The c r i t i c a l  approach f a c i l i t y  w a s  not operated during the  month. 

PRCF Operation 

Experiments on t h e  PUAl core were continued. 
R d  #3 was completed. 
t he  sa fe ty  mechanisms. 
a l l  Rods, all Sheets, and t h e  t o t a l  system. 
was found t o  have no r e a c t i v i t y  e f f e c t  i n  t h e  r e f l e c t o r .  

Cal ibra t ion  of 756 worth of 
Drop t e s t s  were performed t o  determine t h e  worth of 

A t o t a l  of f i v e  drops were made; R o d  #3, Sheet #2, 
A +O type ( s h u t t e r )  sh in  rod 

Reactor k i n e t i c  tes ts  were completed successfu l ly .  
and th ree  Boron Arrow f i r i n g s  were made af a r eac to r  power of 43 watts. 

Two noise  recordings 

Worth measurements were made as a func t ion  of r ad ius  f o r  f u e l  elements, 
"tube" voids and "film" voids.  "Tube" voids and " f i l m "  voids were simu- 
l a t e d  by using a p l ex ig l a s s  thimble, f i rs t  voided and then  with a f u e l  
element i n s ide  t h e  thimble.  The same f u e l  element was used a t  each rad ius  
t o  e l iminate  f u e l  element r e l a t i v e  worth discrepancies .  Measurements were 
a l s o  i n i t i a t e d  on f u e l  elements containing var ious percentages of ~ 1 2 4 0 .  

Moderator s e n s i t i v i t y  and worth measurements a r e  i n  progress .  

COMPUTm FACILITIES 

The General E l e c t r i c  412 process cont ro l  camputer was received and wired 
i n t o  the 321 Building solvent  ex t r ac t ion  process.  System check-out went 
smoothly, and computer programs are now being loaded and checked out .  

The analog computer u t i l i z a t i o n  was as follows: 

EASE 1132 EASE 2133 

170 156 Hours Up Time 
0 16 Hours Scheduled Down Time 
6 4 Hours Unscheduled Down Time - - 

176 176 Hours Total 
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Problems considered during t h e  month were: 

1. Columbia River f lood  rout ing .  
2. Pot ca l c ine r .  
3 .  Meteorology study. 
4 .  Biological d i s t r i b u t i o n  of radioisotopes.  
5 .  Crack propagation. 

Detailed descr ip t ions  of analog computer app l i ca t ions  have been prepared 
and documented i n  HW-84448-10. This i s  the first of a series of r e p o r t s  
designed t o  give more background and d e t a i l s  on var ious  analog ccanputer 
appl ica t ions  a t  Hanford. 

Troubles wi th  t h e  IDACAS i t e r a t i v e  cont ro l  u n i t s  i n  t h e  new analog computer 
have necess i ta ted  t h e  ordering of replacement u n i t s .  

Five of t h e  t e n  evening sess ions  of t h e  analog computer course were c m -  
p le ted .  
cmpu te r s  along with t h e  fundamentals of analog computer programming. 
Twelve of t h e  f i f t e e n  s tudents  a l s o  have solved simple problems on t h e  
Dormer 3500 computer. 

Course material included a comparison of analog and d i g i t a l  

Continued inves t iga t ion  of automatic parameter opt imizat ion i n  dynamic 
systems produced good r e s u l t s .  The bases f o r  a general ized approach t o  
problems of parameter opt imizat ion have been defined. 
required t o  develop general  methods of measuring parameter s e n s i t i v i t y .  
The approaches used i n  automatic optimization are expected t o  be use fu l  
i n  design as w e l l  as model f i t t i n g  s tud ie s .  

Further s tud ie s  are 

CUSTOMER WORK 

Weather Forecastinn and Meteorological Services  

Meteorological and c l imato logica l  s e rv i ces  included: 
Radiological Chemistry on f a l l o u t  sampling during a i r c r a f t  f l i g h t s ,  
2 )  t ransmission of c l imato logica l  d a t a  t o  AEC f o r  use by p o t e n t i a l  bidder ,  
3 )  ca lcu la t ions  t o  Biology Sect ion on cooling rates of water d r o p l e t s  i n  
i r r i g a t i o n  sp r ink le r  systems, and 4 )  f o r  Research and Engineering, IPD, 
an eva lua t ion  of t h e  p o t e n t i a l  consequence of a s t ack  r e l e a s e  of radio- 
a c t i v e  materials. 

1) Advisories t o  
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Weather Surmnary 

Type oi' Forecast Number Made 

8-Hour Production 93 
2 4 - H m r  General 62 
Spec ia l  114 

R e l i a b i l i t y  

83.8 
84.7 
92.1 

Temperatures duriEg October averaged near norma;. 
inch was m l y  one-third t h e  normal amount. 

P r e c i p i t a t i o n  of 0.28 

Mass Spectrometry 

Isotopic  analyses were provided dur in  
O f  these,  6 were i n  support of HAP0 U 33-?roduction s tudies ,  and 2 were 
i n  support of the  Phcenix fue l  program. 

t h e  month on 8 uranium samples. E 

I n s t r m e n t a t i o n  and Svstzm Studies  

To assist Keaith and Safety, HI,, i n i t i a l  measurements were completed t o  
determine the  conductivity of "Hi-X" f ire-smothering foam. The conduc- 
t i v i t y  instrument w i l l  be used t o  measure fcarn l e v e l  i n  tes ts  t o  be 
performed a t  a later da te .  

For Waste S o l i d i f i c a t i o n  Engineering, HL,, developmental work w a s  i n i t i a t e d  
on a l i q u i d  l e v e l  de tec tor  f o r  use i n  the g la s s  waste s o l i d i f i c a t i o n  
process. 
propagated down a traazmission l i n e  w i t h  a sampling osci l loscope measuring 
the  time required t o  r e f l e c t  t he  pulse from an impedance d iscont inui ty .  
Experiments were conducted with both s t a i n l e s s  steel snd aluminum probes, 
w i th  good r e s u i t s  obtained with verious probe 1enCths. 
probes, one of 14  inch length  f o r  use i n  a g l a s s  furnace and t h e  other  
of 8 f t .  length  f o r  lar5er vessels ,  =e being f a b r i c a t e c  f o r  d i r e c t  appl i -  
ca t ion .  

The instrumentation uses  a fast pulse ( less  than 1 nsec)  

Two prototype 

General e l e c t r o n i c  c i r c u i t r y  and main chass i s  wiring was near ly  completed 
f o r  t h e  beta-detect ion aszaul-t =ask monitor, which i s  being developed f o r  
use a t  the  Laundry Fac i l i t J -  a t  Hanford. Design of t h e  deal-probe support 
mechanism was i n i t i a t e d .  

Detaiied labora tory  t e s t i n g  was i n i t i a t e d  on a cammercial s c i n t i l l a t i o n  
d e t e c t c r  arid multicLannei s,-stes of Gecchcmical and Geophysicai Researcn, 
I??. The t e s t s  were undertaken t o  determine t h e  cause of mLnor but  
t rcublesone d r i f t  pobierns whicn o-,curred i n  the f i e l d .  
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Fie ld  tests were completed, including seve ra l  a e r i a l  surveys over Hanford, 
on the  developed s c i n t i l l a t i o n  de tec t ion  and s o l i d  state c i r c u i t r y  aerial 
gamma monitor, General operat ion appeared t o  be successful ,  according t o  
Environmental Monitoring, HL. 

Circu i t  modification work was continued on a personnel dasemeter obtained 
frm AECL by Radiological Engineering, IPD. The required commercial. 
cmponents were f i n a l l y  received. 

Two s i l i c o n  cont ro l led  r e c t i f i e r  s tacks  and assoc ia ted  ga t ing  devices  were 
i n s t a l l e d  i n  t h e  lo5 KW Reactor tes t  f a c i l i t y  f o r  the  swel l ing program 
instrumentation. 
remain t o  be completed before an N Reactor t es t  i s  s t a r t e d .  
cont ro l led  r e c t i f i e r  systems replace obsolete  magnetic ampl i f ie r  s a tu rab le  
core r eac to r  units which were used t o  provide a cont ro l led  amount of power 
t o  the  heaters i n  the tes t  swelling 'capsules. 

Final  wiring and t e s t i n g  of t h e  c i r c u i t  on a dummy capsule 
The s i l i c o n  

Development work continued on a method of remotely measuring t h e  displace-  
ment of metal specimens i n  a high temperature oven. Several  tests of an 
o p t i c a l  system indica ted  the need f o r  b e t t e r  o p t i c a l  apparatus  and a 
d i f f e r e n t  o p t i c a l  arrangement t o  obta in  t h e  r e so lu t ion  required.  

Modification and debugging of t h e  creep da ta  logger at  lo5 KW continued 
during t h e  month. The microposi t ioner  probe contact  c i r c u i t  and print/com- 
mand c i r c u i t  were modified t o  permit proper cycl ing.  The manual micro- 
pos i t i one r  cont ro l  and measurement system were removed and brought i n t o  t h e  
lab  t o  be modified f o r  i n s t a l l a t i o n  i n  t h e  PRTR. Manual cont ro l  and d a t a  
acqu i s i t i on  at t h e  KW tes t  f a c i l i t y  w i l l  be accomplished with t h e  creep 
da ta  logger.  The au tana t i c  operat ion of the creep d a t a  logger has been 
under t es t  f o r  approximately a week. Its operat ion was s a t i s f a c t o r y  
with a dummy capsule when programmed f o r  a logging cycle  of every half 
hour. 

Development work on a method of de t ec t ing  t h e  propagation of a crack i n  
a process  tube o r  tubing i n  a containment ves se l  was s t a r t e d .  The method 
u t i l i z e s  accelerometers mounted on t h e  ves se l  a t  d i f f e r e n t  l oca t ions .  As 
pressure increases  i n  t h e  containment ves se l  when a crack propagates,  a 
c h a r a c t e r i s t i c  40 kc s igna l  occurs which i s  sensed by three or  more 
accelercaneters. The output of t h e  a c c e l e r m e t e r s  i s  compared and a tri- 
angulat ion procedure i s  used t o  l o c a t e  exac t ly  t h e  pos i t i on  of t h e  crack 
i n  t h e  vesse l .  The e l e c t r o n i c  equipment and necessary t ransducers  are 
being obtained f o r  preliminary tests on zirconium process tubing.  

A proposal was made t o  s u b s t i t u t e  a d i g i t a l  con t ro l  and i n s t m e n t a t i o n  
system i n  place of a conventional analog con t ro l  and instrumentat ion system 
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i n  t h e  High Temperature La t t i ce  T e s t  Reactor. 
t h e  requirements f o r  a d i g i t a l  system were s t a r t e d  i n  an e f f o r t  t o  have 
recommendations ava i l ab le  at t h e  earliest poss ib le  da te .  
requirements and ava i lab le  d i g i t a l  systems are being s tudied.  

Study and eva lua t ion  of 

Both t h e  r eac to r  

E f fo r t  continued on the computer program f o r  t h e  Columbia River f lood  
routine problem which involves f i t t i n g  of t h r e e  parameters of a mathe- 
mat ica l  model t o  r i v e r  flow da ta .  An automatic s t eepes t  descent method 
was developed f o r  optimizing t h e  parameters so  t h a t  the model f i t s  a c t u a l  
flow da ta .  The method i s  general  and i s  appl icable  t o  any optimization 
problem involving the f i t t i n g  of a mathematical m c d e l  t o  measurement da ta .  
It i s  believed t h a t  t h i s  optimization method i s  a major breakthrough i n  
t h e  use of analog computers. 
d i f f e ren t  sets of r i v e r  flow data f o r  t he  Environmental S tudies  and Eval- 
uat ion  Operation of Hanford Laboratories.  

The method was used with success on six 

Transient so lu t ions  f o r  a mathematical model of a pot  c a l c i n e r  were made 
f o r  t h e  Waste So l id i f i ca t ion  and Ehgineering Operation of Hanford Labora- 
t o r i e s .  Several of t h e  process parameters were var ied and the i r  e f f e c t s  
determined while monitoring the high speed so lu t ions  on t h e  osci l loscope.  

Optics 

During the five-week period covered by t h i s  repor t ,  t h e  following work 
was performed: 

1. 
2. 

3 .  

4. 
5 .  

6 .  
7. 

9 .  
a .  

10. 

The eddy cur ren t  scanning probe was completed. 
Components were f ab r i ca t ed  f o r  an u l t r a son ic  image demonstrator 
u n i t .  The u n i t  was assembled. 
Six u l t r a son ic  s tandards were fab r i ca t ed  f o r  a t t enua t ion  
measurements . 
Two crane periscope heads were repa i red  f o r  Purex. 
A coat ing of CaF2 was appl ied t o  tantalum Van de Graaff 
acce le ra to r  t a r g e t s .  
F i f t y  b e l l  jars were t e s t e d  f o r  window f l a t n e s s .  
A laser rod w a s  s i l ve red  f o r  Ceramic Fuels.  
A crane periscope head w a s  repa i red  f o r  Redox. 
A spo t t ing  scope was modified f o r  use with a camera i n  t ak ing  
p i c t u r e s  i n  t h e  PRTR basin.  
A camera was fab r i ca t ed  f o r  Radimeta l lurgy  f o r  use i n  c r e a t i n g  
l a r g e  mosaic p i c t u r e s .  

F'hysical Test ing 

Sonic de t ec t ion  methods were used t o  l o c a t e  a leak i n  a newly i n s t a l l e d  
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underground water l i n e  a t  the request  of Vi t ro  Engineering. 
l oca t ion  of the leak (wi th in  2 inches)  minimized excavation required f o r  
r e p a i r s .  

Radiography revealed 16 out of 160 f i t t i n g s  were acceptable  f o r  KER Loop 
tes t  use 

Accurate 

Requests f o r  high r e so lu t ion  u l t r a son ic  tests on small diameter o r  t h i n  
walled tubing i s  maintaining a work load requi r ing  two-shif t  operat ion.  
Zircaloy tubing over t h ree  inches i n  diameter w a s  inspected f o r  flaws less 
than  four  mils deep, and a sample of s t a i n l e s s  tub ing  f o r  the  Saxton reac- 
t o r  fue l ,  only a th i rd  of an inch i n  diameter, f o r  flaws less than two m i l s  
deep. 
than one m i l  deep. 

A tes t  w a s  completed on t h i n  walled Zircaloy tubing f o r  f l a w s  less 

A successful  so lu t ion  t o  t h e  poor performance of an induct ion hea te r  i n  
CPD was achieved after the cont ro l  s ec t ion  was rewired, t h e  work c o i l  
redesigned, the load balanced, and the grade of graphi te  changed i n  t h e  
susceptor.  Desired temperature of 23OOOC i s  now achieved. 

A surve i l lance  program, r e s u l t i n g  from a study of t h e  k i n e t i c  behavior of 
aluminum con t ro l  rods, i s  now being pursued by pe r iod ica l ly  measuring the 
hardness along t h e  length  of t h e  hor izonta l  cont ro l  rods i n  t h e  r eac to r s .  
These measurements i nd ica t e  the condi t ion requi r ing  prevent ive maintenance. 

Engineering developmental a s s i s t ance  has been concluded on a new extenso- 
meter system t o  e s t a b l i s h  q u a l i t y  cont ro l  c r i t e r i a  from a t e n s i l e  t es t ,  
The extensometer, load c e l l ,  and recording equipment has been i n s t a l l e d  
and i s  operat ing s a t i s f a c t o r i l y .  

Simulated nuclear  hea t ing  of an  oxide f u e l  element was observed by gamma 
radiography and image i n t e n s i f i c a t i o n .  The sample was heated e l e c t r i c a l l y  
and t h e  r e s u l t a n t  molten area was magnified on t h e  t e l e v i s i o n  monitor 
screen. A movie camera recorded t h e  image. 

Voids i n  oxide f u e l  elements, simulated with var ious s ized  polyethylene 
balls, we.re successfu l ly  de tec ted  by gamma ray  photometry. The maximum 
scanning rate and assembly l i n e  setup have y e t  t o  be determined. 

INSTR-T EVALUATION 

Further c i r c u i t  modif icat ions were incorporated i n  one developed, and 
o f f s i t e  f ab r i ca t ed ,  s c i n t i l l a t i o n  de tec t ion  and s o l i d  state cmbined alpha- 
beta-gamma hand and shoe monitor. This un i t  w a s  one of three fab r i ca t ed  
o f f s i t e  on one purchase order by Radiat ion Protect ion,  HL. Seven o ther  
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monitors, fabr ica ted  o f f s i t e  on a p r i o r  order, are i n  service a t  Hanford. 
Drawing t r a c i n g s  a r e  now being revised t o  r e f l e c t  t he  various modifica- 
t i o n s  incorporated during the  extensive evaluat ion and acceptance t e s t i n g .  

Ins t ruc t iona l  t r a i n i n g  was given t o  personnel of Radiation Monitoring, HL, 
regarding the  use and c a l i b r a t i o n  of the combined alpha-beta-gamma hand 
and shoe monitors. 

Drawing t rac ings  were reviewed and corrected on t h e  l a t e s t  model hand and 
shoe monitors, which represent  improved c i r c u i t r y  over the u n i t s  mentioned 
above. Eight of these l a t e s t  monitors are now being fabr ica ted  o f f s i t e .  

F i f teen  of 25 purchased Juno portable  r a d i a t i o n  survey instruments have 
now passed de ta i led  acceptance tests. 

Engineering ass i s tance  and c a l i b r a t i o n  tes ts  were completed on a developed 
s c i n t i l l a t i o n  and so l id  state c i r c u i t r y  dr inking water monitor which w a s  
designed f o r  use by Radiation Protection, HL. 

RS PauJ-:mcs 

Manager 
WYSICS AND INSTRUMENTS LABORATORY 
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CHEMICAL LABORATORY 

RESEARCH AND ENGIBEERING 

FISSIONABLE MAT ERIALS - 03 PROGRAM 

IRRADIATION PROCESSES 

P la t ing  of Nickel on Uranium by Vapor Deposition 
1 

It has been reported 
t o  350 C i n  t h e  presence of b i s (  hexafluoroacetylacetone) n icke l (  11) vapor 
and hydrogen a t  one atmosphere pressure.  
t h e  g l a s s ,  i s  d u c t i l e ,  b r igh t  and pure. 
films have been produced on copper and uranium. 
s o f t ,  adherent and shiny. The f i l m  on uranium w a s  adherent ,  bu t  badly 
blistered by underlying oxide ( o r  hydride)  depos i t s  Thicknesses were 
estimated t o  be 0,1 t o  1 micron. This  system may have considerable  merit 
for a v a r i e t y  of appl ica t ions  and deserves more d e t a i l e d  inves t iga t ion ,  

t h a t  a n i cke l  coa t ing  is  deposited on g l a s s  heated 

The f i lm ,  when s t r ipped  from 
Using similar techniques n i cke l  

The film on copper was 

Overheated N-Reactor Fuel Study 

An un i r r ad ia t ed  N-Reactor co-product element was heated wi th in  an 
inductively-heated s t e e l  tube represent ing  t h e  “dr iver”  f u e l  element. 
After  about one minute of hea t ing  at 1100 C ,  t h e  Zircaloy cladding of 
t he  t a r g e t  element f a i l e d  at a point  allowing t h e  t a r g e t  material t o  
flow t o  t h e  w a l l  of t h e  hot steel  tube,  An exothermic r eac t ion  ensutd 
between the  two mater ia l s ,  This r e s u l t  was unexpected; further elements 
w i l l  be tested ( e , g o ,  with a Vycor l i n e r  in t h e  s teel  tube)  before  
proceeding t o  the  i r r a d i a t e d  t a r g e t .  

SEPARATIONS PROCESSES 

Disposal t o  Ground 

Piezometer tubes  f o r  depth sampling and head measurement were i n s t a l l e d  
i n  t h e  f i v e  wel l s  monitoring t h e  1301-N c r i b  at 100-B Area, 
d i f f e rence  of t e n  f e e t  noted i n  one we l l  i nd ica t e s  t h a t  t h e r e  may be 
confining s t ra ta  i n  the  l o c a l  flow system, Further  sampling and head 
measurements have been scheduled t o  obta in  a more accurate  eva lua t ion  
of t h e  flow p a t t e r n s ,  

A head 

1. Lyle B, Spendlove, Thesis ,  School of Engineering, A i r  
of Technology, Wright-Patterson A i r  Force Base, Ohio, 

Force I n s t i t u t e  
GNE/Phys /63-16 0 
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Polonium V o l a t i l i t y  Studies  

The v o l a t i l i t y  of  polonium from bismuth oxide has been examined i n  t h e  
temperature range 585 t o  727 C using a modified t r a n s p i r a t i o n  method. 
Examination of t h e  t r anspor t  r a t e  of  polonium as a funct ion of c a r r i e r  
gas flow r a t e  showed a l i n e a r  dependence, i nd ica t ing  t h a t  equi l ibr ium 
between gas and s o l i d  w a s  a t t a i n e d .  

The temperature dependence of t h e  v o l a t i l i t y  i s  approximated by 

where t h e  v o l a t i l i t y ,  T ,  is  defined as t h e  p a r t i a l  p ressure  of polonium 
found i n  t h e  gas phase divided by t h e  mole f r a c t i o n  of polonium i n  t h e  
bismuth oxide, The range of condi t ions under which equation (1) w a s  
determined are as follows: 
1.92 x low6, temperature from 585 t o  727 C ,  removal of polonium from 
s o l i d  from lo"* t o  1 5  percent ,  
magnesium perchlora te  column w a s  used as  t h e  gas w i t h  flow r a t e s  between 
24 and 118 ml/min. 

mole f r a c t i o n  polonium from 1,6 x t o  

Tank argon d r i e d  by passage through a 

The vapor pressure  of polonium over t h e  m e t a l  has  been reported t o  be 

I n  comparing t h e  vapor pressure  of polonium as ca lcu la t ed  from t h e  
above equat ions,  one f inds  t h a t  t h e  r a t i o  

ll Po( Bi20g) /P Po( metal)  

increases  by almost a f a c t o r  of 100 as t h e  temperature i s  increased 
from 585 t o  727 C, 
d i f fus ion  of polonium from t h e  oxide p a r t i c l e s  

This is perhaps due t o  t h e  increas ing  rate of 

Polonium Chemistry 

The v o l a t i l i t y  of polonium from so lu t ions  containing diphenylcarbazide . 
(DPC)  was s tudied  by measuring t h e  amount of polonium found i n  1 4  m i l l i -  
l i t e r s  of d i s t i l l a t e  recovered from 25 m i l l i l i t e r  samples of a c i d i f i e d  
bismuth n i t r a t e  containing t r a c e  q u a n t i t i e s  of polonium, This series of 
experiments w a s  done i n  improved equipment and material balances f o r  
polonium were exce l l en t ,  Conclusions a r e  as follows: 

p. I , '  .. ' .-...*q . 
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1. I n  t h e  absence of bismuth and at a c i d i t i e s  ranging from 0,25 t o  12 
HN03, over 99 percent of t h e  polonium d i s t i l l e d ,  

With O,25 E B i ,  0,25 E 1 0  
polonium d i s t i l l e d ,  
of p rec ip i t a t ed  bismuthyl n i t r a t e  which c a r r i e s  polonium. A red  
color  i nd ica t e s  t h e  formation of a Bi-DPC complex which may a l s o  
suppress polonium v o l a t i l i t y ,  

2 ,  and 1 g / l  DPC, about 80 percent  of t h e  
The d w e r  recovery is  probably due t o  t h e  e f f e c t  

3. V o l a t i l i t y  of polonium was s t rongly  suppressed at an a c i d i t y  of 2 g 
HN03 as only t h r e e  percent  of t h e  polonium d i s t i l l e d ,  
experiments sulfamic ac id  w a s  used t o  suppress n i t r i t e  formation and 
prevent oxidation of t h e  DPC. 

I n  one experiment s t a r t i n g  with 0.5 E HN03 and 0,5 
oxidat ion of t he  DPC occurred j u s t  before  t h e  d i s t i l l a t i o n  w a s  
c omple t e d 

I n  t h e s e  

4, Bi+3  r a p i d  

I n  o the r  experiments it w a s  confirmed t h a t  polonium i s  almost quan t i t a t ive ly  
c a r r i e d  on bismuthyl n i t r a t e ,  a phenomenon now being examined as a poss ib le  
process s t e p o  

U-233 Support S tudies  

A short-cooled, IPD-irradiated t h o r i a  t a r g e t  element w a s  d issolved i n  
t h e  B-Cell one-slug d i s so lve r  t o  provide feed  s o l u t i o n  f o r  f u l l - l e v e l  
evaluat ion of Mn02 scavenging of Pa-233. Dissolut ion w a s  uneventful;  
t h e  r a t e  w a s  about as experienced f o r  nonradioactive Tho2 and t h e r e  
was no i nd ica t ion  of "blue tho r i a "  formation. 

Using t h e  above so lu t ion ,  which contains  more Pa than  expected Purex 
thorium feed,  s eve ra l  scavenging runs were made. The proposed flow 
shee t  (based on t r ace r - l eve l  s tud ie s  and Purex p l an t  equipment and 
operat ing l i m i t a t i o n s )  involves  p r e c i p i t a t i o n  of 0,04 
of manganous n i t r a t e ,  followed by permanganate, t o  a so lu t ion  1 i n  
both Th(N03)4 and HNO a 

"hot ter"  than  Purex w?ll r ece ive )  = p r e c i p i t a t e  w a s  formed and, 
t he re fo re ,  no protact inium scavenging r e su l t ed ,  A second s t r i k e  yielded 
some p r e c i p i t a t e ,  but two-thirds of t h e  protact inium had re turned  t o  
so lu t ion  a f t e r  f i v e  hours,  Two similar experiments were run with radio- 
l y s i s  i n h i b i t o r s  (sulfamic ac id  o r  u rea )  added, 
ac id  o r  0,1 
hours,  a length  of t i m e  considerably longer  than  expected p l a n t  t i m e  
cycles  
feed when pro tec ted  with 0,l M sulfamic ac id ,  
ance accordingly appears assuFed with respec t  t o  t h i s  f a c t o r ,  

Mn02 by addi t ion  

With f u l l - l e v e l  feed ( a c t u a l l y  about two-fold 

E i t h e r  O a l E  sulfamic 
u rea  pro tec ted  t h e  p r e c i p i t a t e  f o r  per iods of over 20 

Adequate Pa  scavenging was a l s o  obtained with ten-fold "hot ter"  
Successful  p l a n t  perform= 
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S,everal reagents have been evaluated for r ed i s so lu t fon  of t h e  Pa-bearing 
Mn02 f o r  load-out i n t o  a s torage cask, 
s a t i s f a c t o r y ,  
t h e  equation 

Sucrose was found t o  be very 
Stoichiometry of t h e  r eac t ion  apparently corresponds t o  

++ 
1 2  Mn02 + C12H22011 -P 12 Mn + 12 C02 + 11 H20. 

The d i s so lu t ion  w a s  c a r r i e d  out i n  0.5 
so lu t ion  su i tab le  f o r  anion exchange recovery and p u r i f i c a t i o n  of t h e  
daughter U-233. 

H2SOb and r e s u l t e d  i n  a sulfate 

Thoria Dissolution 

It has been reported (SRL) t h a t  t h e  d i s so lu t ion  of t h o r i a  i n  n i t r i c  acid- 
hydrofluoric ac id  so lu t ions  i s  accelerated by having m e t a l l i c  aluminum 
present and undergoing d i s so lu t ion  simultaneously with t h e  t h o r i a .  
Inves t iga t ion  of t h i s  procedure has produced no evidence f o r  any c a t a l y t i c  
e f f e c t  of dissolving aluminum on t h e  d i s so lu t ion  rate of t h o r i a ,  
increase i n  t h o r i a  d i s so lu t ion  rate appears t o  be due t o  increased 
a g i t a t i o n  caused by t h e  off-gases produced by dissolving aluminum. 

Any 

Extract ion of Thorium w i t h  1.5-Dimethoxypentane 

Di s t r ibu t ion  r a t i o s  (E:) f o r  t h e  e x t r a c t i o n  of thorium by 1.5-dirnethoxy- 
pentane from 12 HN03 - 1.5 M Al(N0 )3  and 0,2 M HNO 
decreased markedly with decrzasing Zhorium concFntra2ion i n  t h e  aqueous 
phase. When ex t r ac t ing  thorium from 2 HN03, d i s t r i b u t i o n  r a t i o s  were 
e s s e n t i a l l y  independent of aqueous phase thorium concentration. Aqueous 
phase s o l u b i l i t y  of 1,5-dimethoxypentane increased markedly with 
increasing HNO 
and 1,5-dimethaxypentane were completely miscible  

- 0.5 - M Al(NO3I3 

concentration i n  t h e  aqueous; equal volumes o f  3 EHBNO3 

Thorium Solvent Extract ion 

Miniature mixer se t t le r  runs testing a study flow shee t  employing 5 pe r  
cent TBP-Soltrol f o r  Purex p l an t  recovery and p u r i f i c a t i o n  o f  thorium 
were continued, Thorium loss t o  t h e  1CW was 2.7 percent i n  a run (12 
mini s t a g e s )  s imulat ing t h e  proposed s t r i p  column (1C) condi t ions,  This 
w a s  reduced t o  1,l percent by decreasing t h e  aqueous t o  organic flow 
r a t i o  from 0.7 t o  0 ,5  and t h e  1CX n i t r i c  ac id  concentration from 0,2 t o  
0.01 M. - 
Bismuth D i s  s o l u t  i on Studies  

A p o t e n t i a l  method f o r  l a r g e  s c a l e  processing of i r r a d i a t e d  bismuth w i l l  
involve n i t r i c  acid d i s so lu t ion  followed by solvent  e x t r a c t i o n  of 
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polonium-210 with d ibuty l  c a r b i t o l .  
t a r g e t  s lugs  were c a r r i e d  out  t o  provide feed s tock f o r  subsequent 
solvent  ex t r ac t ion  s tud ie s  and t o  provide d i s so lu t ion  experience,  
f irst  of these, 96 percent of t h e  bismuth charged w a s  d issolved i n  four  
hours w i t h  a t o t a l  n i t r i c  ac id  t o  bismuth mole r a t i o  of 5 t o  1, N i t r i c  
ac id  w a s  added incrementally t o  maintain t he  a c i d i t y  constant  a t  4 2 1 p2. 
I n  t h e  second run, a f r e s h  charge of bismuth w a s  completely dissolved i n  
f i v e  hours. 
i n / h r  and w a s  t h e  same both r a d i a l l y  and a x i a l l y ,  
from both runs contained 1.9 E bismuth and an est imated 3 0 8  
o v e r a l l  n i t r i c  ac id  consumption using a downdraft r e f l u x  condenser w a s  
about 3 0 3  moles/mole bismuth dissolved,  
smoothly and d i d  not appear t o  be exothermic, 
foam w a s  observed i n  t h e  second run, 

Two batch d i s so lu t ions  of  bismuth 

I n  t h e  

The average penet ra t ion  r a t e  i n  both runs w a s  about 0,13 
The f i n a l  product 

HN03, The 

The r eac t ion  proceeded very 
About one t o  two f e e t  of 

Ion Exchange Process Hazards S tudies  

S tudies  of t he  c r i t i c a l  temperatures at which runaway chemical r eac t ions  
can occur i n  ion exchange processes  systems have been discussed i n  
e a r l i e r  r epor t s .  
mechanisms by which these  temperatures can be reached, As an example, 
4-inch diameter f ixed  bed experiments with anion ion exchange r e s i n  
p a r t i a l l y  loaded w i t h  dichromate, have shown t h a t  a s t e p  increase  i n  
temperature of a 7 gHN03 feed stream r e s u l t s  i n  a moving r eac t ion  zone 
with r ap id  increases  i n  bed cen te r l ine  temperatures as t h e  zone moves 
through the  bed, I n  one experiment a s t e p  increase  i n  feed temperature 
from 24 t o  80 C r e s u l t e d  i n  bed c e n t e r l i n e  temperatures of 88, 97 and 
107 C at 1, 2 and 3 f e e t  downstream of feed i n l e t  as t h e  temperature 
f r o n t  moved through t h e  bed, Work i s  cont inuing with ca lor imet r ic  
s tud ie s  and preparat ion of a computer program l i n k i n g  r eac t ion  k i n e t i c s ,  
thermodynamics and flow condi t ions with expected temperature rises, 

More r ecen t ly ,  s tud ie s  have been devoted t o  determining 

In-Tank Concentration of Wastes 

I n  support  of t h e  program on in-tank concentrat ion of wastes using 
immersion hea te r s ,  vapor pressure versus temperature and concentrat ion 
da ta  were obtained f o r  t h r e e  waste compositions, 
were e s s e n t i a l l y  sodium hydroxide-sodium aluminate-sodium nitrate-sodium 
n i t r i t e  ; t h e  t h i r d  was sodium carbonate-sodium nitrate-sodium n i t r i t e  
For all cases ,  except t h e  t h i r d  composition highly concentrated,  curves 
showing log  vapor pressure  versus  temperature were p a r a l l e l  over t h e  
pressure  range s tud ied  (E, 300 - 750 mm Hg), For t h e  sodium hydroxide 
containing so lu t ions ,  t h e  r a t i o  of l a t e n t  heat of vapor iza t ion  of t h e  
so lu t ion  t o  t h a t  of water at t h e  same temperature w a s  near  un i ty  f o r  
t h e  unconcentrated so lu t ions  and increased t o  about l , 2 5  at t h e  maximum 
concentrat ion s tud ied ,  T h i s  r a t i o  w a s  about one f o r  all concentrat ions 
of t h e  sodium carbonate-sodium nitrate-sodium n i t r i t e  so lu t ion ,  

Two of t h e  compositions 
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Strontium Semiworks Solvent S tudies  

Experiments t o  compare t h e  e f f e c t s  of i r r a d i a t i o n  and chemical degradation 
on C e ( 1 V )  ex t r ac t ion  by D2EHPA-TBP-Soltrol 170 and D2EXPA-TBP-normal 
pa ra f f in  hydrocarbon so lvents  were continued, During 10  ex t rac t ion-  
s t r i p  cycles  (s imulated s o l u t i o n s )  i n  which t h e  so lu t ions  received about 
27 watt-hours of CO-60 gamma rad ia t ion  per  l i t e r  pe r  cycle  C e ( 1 V )  Ez's 
f o r  both solvents  decreased from g r e a t e r  than 2000 t o  about 70.  
add i t iona l  f i v e  cycles  d id  not f u r t h e r  decrease t h e  Ce(1V) E: f o r  t h e  
solvent  containing normal pa ra f f in  hydrocarbon, 
solvent  containing S o l t r o l  170 a r e  forthcoming, 

An 

Simi lar  d a t a  f o r  

I n  separa te  s tud ie s  it w a s  found t h a t  caus t i c  washing of so lvent  prepared 
from chemically degraded S o l t r o l  170 appears t o  markedly decrease 
ex t r ac t ion  of Ce(1V) i n  present  Strontium Semiworks procedures,  

WASTE MANAGEMENT AND FISSION PRODUCT RECOVERY 

Pur i f i ca t ion  of S t r o n t i  um-90 from Magnesium 

Although it has been suspected t h a t  p u r i f i c a t i o n  from magnesium is  not 
obtained i n  t h e  D2EHPA (Semiworks) s t ront ium p u r i f i c a t i o n  process ,  t h i s  
has not been a matter  of concern i n  t h e  pas t  f o r  two reasons: (1) 
magnesium i s  probably removed i n  t h e  l e a d  s u l f a t e  p r e c i p i t a t i o n  process 
(magnesium s u l f a t e  i s  highly s o l u b l e ) ,  and ( 2 )  t h e r e  i s  very l i t t l e  
magnesium i n  t h e  uranium metal o r  o the r  e s s e n t i a l  materials cu r ren t ly  
used, Both s i t u a t i o n s  are expected t o  change, The l e a d  c a r r i e r  process 
w i l l  not  be used i n  t h e  Waste Management program and a l t e r a t i o n s  i n  t h e  
me ta l lu rg ica l  processes  used by the  uranium supp l i e r s  w i l l  probably 
r e su l t  i n  t h e  in t roduct ion  of  s i g n i f i c a n t  q u a n t i t i e s  of magnesium, 

The D2EXPA solvent  ex t r ac t ion  behavior of magnesium w a s  measured and 
found t o  be i d e n t i c a l  t o  t h a t  of s t ront ium, Addition of complexing 
agents (such as DTPA) a l s o  failed t o  r e s u l t  i n  a s i g n i f i c a n t  change i n  
t h e  r e l a t i v e  e x t r a c t a b i l i t i e s  of t h e  two, apparent ly  precluding magnesium 
separa t ion  by t h i s  scheme, A p r e c i p i t a t i o n  process ,  u t i l i z i n g  t h e  
low s o l u b i l i t y  of  magnesium hydroxide, w a s  much more success fu l ,  Less 
than 5 percent  of t h e  magnesium i n i t i a l l y  present  remained i n  so lu t ion  
at pH 10  and l e s s  than 2 percent of t h e  i n i t i a l  s t ront ium was l o s t  below 
a pH of  11, Strontium los ses  increased t o  1 5  percent  at  pH 13. Con- 
d i t i o n s  used f o r  magnesium hydroxide p r e c i p i t a t i o n  included hea t ing  t o  
80 - 100 C ,  addi t ion  of N a O H  t o  t h e  des i red  pH, d iges t ion  and cen t r i -  
fuga t ion ,  The p r e c i p i t a t e  occupies a volume less than 8 percent  t h a t  
of t h e  o r i g i n a l  so lu t ion  and i s  somewhat ge la t inous ,  bu t  cen t r i fuges  
we l l  , 
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CSREX Process Chemistry 

The r eac t ion  of 0,37 
NaN02 w a s  examined. 
at pH 6,5 w a s  s t i r r e d  overnight ,  
t h e  a c i d i t y  t o  pH 305, r eac t ion  occurred w i t h  evolut ion of brown fumes 
(NOz) . ,  
with water, Spectrophotometric ana lys i s  d i sc losed  a s t rong  peak a t  
371 mu i nd ica t ive  of n i t r a t i o n  ( o r  n i t r o s a t i o n ) ,  
50 percent of t h e  BAMBP w a s  apparently destroyed and t h e  ex t r ac t ion  
coe f f i c i en t  f o r  cesium had dropped from 1,8 t o  0,4, 
cyclohexane was exposed t o  0,2 N a N 0 2  adjusted t o  pH 1 with a c e t i c  
ac id ,  r a t h e r  than n i t r i c  a c i d ,  t h e  same vigorous r eac t ion  w a s  observed 
thus demonstrating t h a t  t h e  chemical a t t a c k  w a s  a c t u a l l y  by n i t r o u s  
acid.  The ease of n i t r a t i o n  ( o r  n i t r o s a t i o n )  i s  not s u r p r i s i n g  because 
of t h e  ac t iva t ing  ac t ion  of t h e  phenolic group from or tho  and para  r i n g  
pos i t i ons ,  

BAMBP i n  cyclohexane with n i t r i c  a c i d i f i e d  0,2 
Essen t i a l ly  no r eac t ion  occurred when t h e  system 

When n i t r i c  ac id  w a s  added t o  b r ing  

After  t h r e e  minutes t h e  organic l a y e r  w a s  removed and washed 

A l i t t l e  more than 

When BAMBP- 

EQUIPMENT AND MATERIALS 

Non-Metallic Mater ia ls  

Three six-inches square pieces  of Corning No, 8362 sh ie ld ing  window 
g la s s  ( 6 ,  2-3/4, and 2 inches t h i c k )  have received a t o t a l  ce-60 gamma 
dose ( inc iden t  on one f ace )  of 7 x lo7 r at a r a t e  of 7 x 10 r pe r  
hour. No spontaneous discharge has occurred and co lor  development has 
not been marked, 
s ec t ions  of t h e  windows i n  t h e  324 Building high-level c e l l s .  

This type g l a s s  h a s  been spec i f i ed  f o r  ce l l - s ide  

S lag  and Crucible Dissolver 

Following t h e  successfu l  completion of g l a s s  mockup d i s s o l u t i o n  s t u d i e s ,  
design and f a b r i c a t i o n  of t h e  f u l l  s c a l e  p l a s t i c - l i ned  slag and c ruc ib l e  
d i s so lve r  were completed, Shakedown operat ion of t h e  d i s so lve r  w a s  
performed on a round-the-clock basis, I n i t i a l  tests were d i r e c t e d  
toward determination of optimum ac id  concentrat ion and en t ry  po in t ;  
next ,  t h e  a b i l i t y  of t h e  d i s so lve r  t o  maintain c i r c u l a t i o n  under con- 
d i t i o n s  of high so lu t ion  feed r a t e s  w a s  s a t i s f a c t o r i l y  demonstrated, 
Subsequent operat ion has cons is ted  of t h e  addi t ion  of 190 cans of 
simulated slag and c ruc ib l e  ma te r i a l  a t  t h e  r a t e  of two cans p e r  hour,  
Performance has been genera l ly  s a t i s f a c t o r y ;  t h e  operat ing problems 
t h a t  arose were r ead i ly  surmounted. A t  month's end t h e  system w a s  shut  
down f o r  inspec t ion  and t o  determine t h e  composition and loca t ion  of 
s o l i d s  depos i t s  

i 2 3 5 0 1 . 9  
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PROCESS CONTROL DEVELOPMERT 

Control System f o r  E lec t ro re f in ing  Process 

A cont ro l  system f o r  use i n  plutonium e l e c t r o r e f i n i n g  process s tud ie s  
has been designed, f ab r i ca t ed ,  t e s t e d  and de l ivered  t o  CPD, 
cont ro ls  e i t h e r  e l e c t r o l y s i s  vol tage o r  cu r ren t ,  i n  t h e  ranges 0-1, 3, 
5 and 10 v o l t s ,  and 0-100 amps, r e spec t ive ly ,  Se lec t ab le  high and low 
limits a re  provided t o  terminate  t h e  process i n  t h e  event pre-set  
vol tage o r  current  condi t ions are not  met, 

The system 

In-Line Plutonium Detection 

Performance of t h e  r ecen t ly  i n s t a l l e d  s c i n t i l l a t i n g  g l a s s  and X-ray 
plutonium de tec to r s  i n  Purex has been very s a t i s f a c t o r y .  The improved 
response time compared t o  t h e  alpha p r i n t e r  ( 9 0  seconds versus  15  minutes) 
p lus  t h e  s impl i c i ty  of t h e  new de tec to r s  has resulted i n  a dec is ion  t o  
remove t h e  alpha p r i n t e r  from se rv ice ,  
of varying Pu-240 content on plutonium d e t e c t o r  performance are under 
inves t iga t ion ,  Act iv i ty  measurements, using neutron, a lpha and X-ray 
de tec to r s ,  were made of samples containing plutonium with 6 percent  and 
10 percent Pu-240 content.  
were obtained with t h e  various de t ec to r s ,  
experimental and ca lcu la ted  r e s u l t s  i s  now i n  progress ,  

I n  a r e l a t e d  s tudy,  t h e  e f f e c t s  

S i g n i f i c a n t  d i f f e rences  i n  measured a c t i v i t y  
Comparison and ana lys i s  of 

Computer Process Control Study 

A GE-412 process computer w a s  de i ivered  f o r  use i n  t h e  development of 
advanced process con t ro l  and d a t a  handling technology. An extensive 
s e r i e s  of acceptance tests w a s  completed s a t i s f a c t o r i l y .  Connection Of 
input /output  s i g n a l  cables  between t h e  computer and t h e  experimental  
pu lse  column has a l s o  been completed, A prel iminary check v e r i f i e d  t h e  
cont inui ty  of t h e  input  s i g n a l s  t o  t h e  computer and revealed an encourag- 
ing ly  low noise  l e v e l  on these  s igna l s .  The a b i l i t y  of t h e  d i g i t a l  
output converter  system t o  successfu l ly  convert  t h e  computer output  
information i n t o  equipment s t a r t i n g  and s topping func t ions ,  graphic  
panel alarm disp lay  func t ions ,  and con t ro l  opt ion func t ions  was 
v e r i f i e d ,  Previously prepared programs, assembled on EDPO's GE-225 
computer, a r e  now being debugged on t h e  412, 
completed process con t ro l  programs have been debugged, 

To date, 7 of t h e  16 
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PLUTONIUM RECYCLE PROGRAM 

-0, Prec ip i t a t ion  i n  t h e  S a l t  Cycle Process 
L 

Essen t i a l ly  complete (9g07  percent)  recovery of plutonium from a S a l t  
Cycle sal t  melt was achieved by a two-step p r e c i p i t a t i o n  process ,  
KC1-2,5 L i C l  melt was f i r s t  sparged with an oxygen-chlorine stream at  
575 C ,  p r e c i p i t a t i n g  95 percent of  t h e  plutonium as Pu02, then with a 
hydrogen-argon stream, p r e c i p i t a t i n g  t h e  balance of t h e  plutonium along 
with about f i v e  percent of t h e  uranium as U02. 

Electrochemistry of Noble Metal and Rare Earth Ions i n  Molten Chloride 
salts 

An inves t iga t ion  has been started on t h e  electrochemistry of t h e  noble 
metal and r a r e  e a r t h  ions under S a l t  Cycle condi t ions,  
i n  t h e  work on noble metals, a t tempts  were made t o  develop a micro- 
e lec t rode  more noble than platinum, 
i n  seve ra l  ways all showed about t h e  same c h a r a c t e r i s t i c s  - c h a r a c t e r i s t i c s  
which, unfortunately,  were not much improved over those  f o r  platinum 
at anodic p o t e n t i a l s  and were much worse a t  cathodic p o t e n t i a l s ,  The 
d i f fe rences  noted i n  t h e  current-voltage curves for platinum and gold 
e lec t rodes  i n  LiC1-KC1 melts were extremely i n t e r e s t i n g  and are con- 
s idered  t o  have an important bear ing on double l a y e r  s t r u c t u r e  at s o l i d  
e lec t rodes  i n  melts, . I t  w a s  a l s o  of i n t e r e s t  t o  note t h a t  t h e  over- 
vol tage f o r  U02 e lec t rodepos i t ion  w a s  about 0,2 v o l t  g r e a t e r  on gold 
than on platinum a t  a po la r i za t ion  r a t e  of 5 mv/second. 

The 

- 
As a first s t e p  

Micro-electrodes of gold prepared 

Electrode p o t e n t i a l  data were obtained with nonporous g raph i t e  e l ec t rodes  
f o r  5 x 10-3 molar ruthenium, rhodium and palladium so lu t ions ,  
decomposition and r e s t  p o t e n t i a l s  measured i n  t h i s  s tudy show, as expected, 
t h a t  these  metals w i l l  codeposit with U 0 2  i n  t h e  U02 e lec t rodepos i t i on  
s t e p s  of t h e  S a l t  Cycle process. They a l s o  i n d i c a t e  l i t t l e  chance of 
achieving a separa t ion  from uranium by e lec t rodepos i t ion  of t h e  noble 
metals i n  a pre-U02-deposition s t e p ,  

The 

The electrochemical  s tud ie s  bore unexpected f ru i t ,  however, i n  observat ions 
of chemical behavior of t h e  noble metals which may prove he lp fu l  i n  
devis ing uranium-noble m e t a l  separa t ion  schemes, It w a s  found, f o r  
example, t h a t  at temperatures above 700 C,  ruthenium, rhodium and 
palladium p r e c i p i t a t e d  at a s i g n i f i c a n t  rate from chlor ide  sal t  melts 
containing t h e i r  ions ,  P r e c i p i t a t e s  were a l s o  formed from t h e s e  so lu t ions  
at lower temperatures with exposure t o  oxygen or upon t h e  add i t ion  of 
Li2C03. 
as t h e  metal  a t  700 C ,  

The only p r e c i p i t a t e  charac te r ized  was rhodium which deposi ted 

i 2 3 5 0 7 1  
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Studies  of r a r e  e a r t h  e lectrochemistry were a l s o  complicated by e lec t rode  
d i f f i c u l t i e s .  For reasons not understood, platinum and g raph i t e  e l ec t rodes  
d id  not show metal  deposi t ion waves, but  a gold e l ec t rode  d id  (perhaps 
because of a l l o y  formation between t h e  rare e a r t h  m e t a l  and t h e  gold) .  
Three reduct ion waves were found f o r  samarium ( 5  x 10.3 
t h e  reduct ion of Sm(II1) at E = -1.01 v;  a metal deposi t ion wave at 
-1.40 v; and a t h i r d  wave (pe?h$ps due t o  t h e  m e l t )  at -1.43 V. 

one reduction.wave w a s  seen f o r  5 x 10-3 
t h e  metal deposi t ion wave at -1.22 v. 

i n  1:l KC1-LiC1):  

Only 
neodymium(II1) i n  1:l KC1-LiC1 ,  

I n  the course of t h i s  work it w a s  noted t h a t  addi t ion  of carbonate causes 
immediate p r e c i p i t a t i o n  of Nd2O3 and Sm20 

by e l e c t r o l y s i s  of a Sm(II1) s o l u t i o n )  oxidized t h e  Sm(I1) t o  Sm(II1) 
and p r e c i p i t a t e d  S%03. Sparging with H C 1  quickly d isso lved  t h e  pre- 
c i p i t a t e s .  Sparging these so lu t ions  with a i r  o r  oxygen caused a slow 
p r e c i p i t a t i o n  and considerable changes i n  t h e  current-vol tage curves. 

from Nd(II1)  and Sm(II1) melts. 
Addition of carbonate t o  Sm(I1) ( i n  a dar  1 red-violet  s o l u t i o n  prepared 

Spectrophotometry of Plutonium i n  Chloride Melts 

E q u i l i b r i a  involving plutonium ions i n  t h e  K C 1  - 3 L i C l  melt system have 
been s tud ied  spectrophotometr ical ly .  As expected, t h i s  melt e x h i b i t s  
l e s s  complexing s t r eng th  than  those  previously s tud ied  (KC1-1.4 LiC1,  
LiC1-KC1,  and CsC1-1 .4  L i C l ) ,  
p lutonium(II1)  i n  t h e  C12-saturated m e l t  w a s  found t o  be about four- 
t e n t h s  t h a t  i n  L i C 1 - K C 1  and only about one-tenth t h a t  i n  CsC1-1.4 L i C l  
( a t  a given temperature) ,  The data f o r  KC1-3 L i C l  at  500 t o  700 C can 
be expressed as: 

The r a t i o  (R) of plutonium(1V) t o  

l o g  R = ( 2 6 6 0 / ~ )  - 3.77 

Thus, about 32 percent  of t h e  plutonium i s  present  as plutonium(1V) at 
500 C and about 8 percent at 700 C. 

The r a t i o  of plutonyl(V1) t o  plutonyl(V) i n  KC1-3 L i C l  sparged wi th  
02-C12 was also found t o  be lower than  i n  t h e  melt systems s tud ied  
previously;  i n  fact . ,  p lu tonyl (  V) i s  t h e  predominant p lu tonyl  species 
i n  t h i s  m e l t .  The equi l ibr ium 

Pu02 + 1 /2  c12 = PUO2C1 

was s tud ied  t o  l e a r n  how low a plutonium concentrat ion can be a t t a i n e d  
by p r e c i p i t a t i o n  of Pu02 by O2-Cl2 spargiag,  The results at 600 C can 
be expressed as: 

W/O pu = 0.028 xcl '*' or h& 0.0018 X c i  0 5  
2 2 

1 2 3 5 0 1 2  
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where %,, i s  t h e  f r a c t i o n  of chlor ine i n  t h e  
was approached from both d i r ec t ions  t o  assure  
The e f f e c t  of temperature on t h i s  equilibrium 

sparge gas ,  Equilibrium 
v a l i d i t y  of t h e  r e s u l t s ,  
has not y e t  been determined. 

The attainment of equilibrium by p r e c i p i t a t i o n  of Pu02 during t h e  
02-C12 sparge i s  not a very r ap id  process,  
after a l l  t h e  plutonium(II1-IV) had been oxidized and p r e c i p i t a t i o n  had 
begun, t h e  plutonium concentration had decreased only about 90 percent 
of t h e  way t o  t h e  equilibrium concentration, 
required for equilibrium t o  be obtained, 

For example, t h r e e  hours 

About f i v e  hours were 

The r e s u l t s  obtained here a r e  i n  good agreement with Benedictqs r e s u l t s  
on p r e c i p i t a t i o n  of Pu02 from KCl-2,5 LiCl containing 20 w / o  U and 0 ,2  
w/o Pu. Using 50 percent O2 - 50 percent C12 at 575 C ,  he p r e c i p i t a t e d  
90 percent of t h e  plutonium. 
at 600 C ,  with an i n i t i a l  Pu concentration of 0,2 w/o and Xc1 = 0,5, 
10 percent of t h e  plutonium would be l e f t  i n  t h e  m e l t  at equifibrium. 

From t h e  above equation f o r  KC1-3 L i C l  

S a l t  Cycle Process Engineering Development 

I n  August it w a s  reported t h a t  sparging t h e  molten salt bath with pure 
O2 r e s u l t e d  i n  t h e  p r e c i p i t a t i o n  of 92 percent of t h e  plutonium i n i t i a l l y  
i n  so lu t ion ,  Recently received radiochemical analyses revealed t h a t  
t h e  Ce-144, Y-91, Pm-147 and Eu-154 were p r e c i p i t a t e d  t o  t h e  ex ten t  of 
92, 18, 5 and 2 percent,  r e spec t ive ly ,  

Non-Metallic Materials 

A c e l l u l o s e  g raph i t e  c ruc ib l e  produced by t h e  Hirst Research Center of 
t h e  General E l e c t r i c  Company, L td , ,  has been exposed for 96 hours t o  a 
N a C 1 - K C 1  melt a t  900 C under an argon atmosphere, There has been no 
apparent damage t o  t h e  c ruc ib l e ;  none of t h e  m e l t  has percolated through 
t h e  c r u c i b l e ,  

Dissolut ion of PRTR UO -PuO Fuels -2 

Conversion of uranium t o  UF w a s  less  than two percent  during Z i r f l e x  
decladding of irradiated PRhR UO -pUO 
so lu t ion  composition w a s  2 M NH ? -O. l ?  M NH NO 

d i s s o l u t i o n  t o  0,842 uranium w a s  w e l l  under 0,l zc 
a p r a c t i c a l  approach t o  processing t h e  UO -PuO 
s t a i n l e s s  s t e e l  equipment 

f u e l  when t h e  i n i t i a l  decladding 
and te rmina l  zirconium 

This  may represent  
concentration was 0 .1  go Fiuorlde 4 conc;ntrkti& during subsequent core 

f u e l s  i n  t h e  Redox 2 2  

1 2 5 5 0 1 3  
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RADIOACTIVE RESIDUE PROCESSING DEVELOPMENT 

Spray Calciner 

Experiments were made t o  determine t h e  e f f e c t s  of a d r a f t  tube and 
colemanite addi t ion  on the  drying capaci ty  of the  14-inch diameter 
ca l c ine r  with simulated 1WW feed. The drying capaci ty  i s  somewhat 
a r b i t r a r i l y  def ined as t h e  feed rate a t  which t h e  c e n t e r l i n e  tempera- 
t u r e  i n s i d e  t h e  c d c i n e r  and 30 inches below the nozzle i s  j u s t  250 C. 

The addi t ion of colemanite had no de tec tab le  e f f e c t ,  whereas t h e  
addi t ion  of a draft  tube considerably increased drying capaci ty:  10.5 
gph compared w i t h  6.5 gph at t h e  same atomizing steam r a t e  and furnace 
temperature (700 C ) .  

Spray Calciner-Melter 

Three coupled 14-inch spray calciner-melter runs without a draft tube  
were made with simulated 80 ga l / t on  U Purex waste. Resul ts  were: 

1. 

2. 

3. 

4. 

Simulated 1WW w i t h  a borax concentrat ion of 85 g rams / l i t e r  w a s  
calcined and melted w i t h  no d i f f i c u l t y  during a three-hour run. 

Feed f o r  one run contained s u l f a t e  p lus  colemanite. Excess i r o n  
was added t o  a simulated Purex waste containing s u l f a t e  t o  suppress 
s u l f a t e  corrosion of t h e  310 s t a i n l e s s  s t e e l  mel ter .  Visual  
corrosion was not evident .  

Operating capaci ty  f o r  t h e  prototype s c a l e  spray calciner-melter  
i s  between s i x  and seven ga l lons  p e r  hour of an 80 ga l / t on  U Purex 
waste w i t h  added colemanite This rate represents  s o l i d i f i c a t i o n  
of waste generated by processing from 1.8 t o  2.1 tons  of uranium pe r  
day, The capaci ty  w a s  determined with t h e  c a l c i n e r  walltempera- 
ture  at 700 C ,  no draf t  t ube ,  and using a Spraying Systems Company 
set-up No. 5 atomizing nozzle w i t h  a 7/32-inch air o r i f i c e ,  
mel ter  w a l l  temperatures were maintained from 950 t o  1000 C .  

The 

A t  t e n  ga l lons  pe r  hour,  t h e  c a l c i n e r  could not  completely dry the  
feed. Increasing t h e  c a l c i n e r  w a l l  temperature t o  750 C s t a r t e d  
melt ing of powder on t h e  w a l l .  The c a l c i n e r  and melter capac i ty  
are w e l l  matched s ince  t h e  melter  progress ive ly  f i l l e d  with powder 
at t he  1 0  gph rate,  

An e l e c t r i c a l  conduct ivi ty  probe f o r  de tec t ion  of l i q u i d  l e v e l  i n  
t h e  mel te r  proved s a t i s f a c t o r y  f o r  t h e s e  runs. 
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Melter Materials 

Corrosion r a t e s  f o r  coupons of 50 Cr-50 N i  a l l o y ,  35 cr-65 N i  (Corronel 
230) and 25 Cr-20 N i  (310 SS) during 90 hours' exposure t o  a Purex 
waste with added colemanite melt at 900 C were 0.4, 1.2 and 36 mils/mo, 
respec t ive ly .  
i n  t h i s  melt was not successfu l ,  

An attempt t o  ca thodica l ly  p ro tec t  310 s t a i n l e s s  steel  

Continuous Phosphate Glass Experiment 

The f i r s t  fu l l - l eve l  run i n  t h e  equipment i n s t a l l e d  i n  A - C e l l  of t h e  
High Level Radiochemistry F a c i l i t y  f o r  t e s t i n g  t h e  Brookhaven continuous 
phosphate g l a s s  process was descr ibed last  month; however, t h e  m e l t  pot 
had not been sect ioned at  t h a t  t i m e  nor w a s  any a n a l y t i c a l  data ava i l -  
ab le  
it w a s  found t h a t  a grossly c r y s t a l l i n e ,  r a t h e r  than  g lassy ,  product w a s  
produced. 
condensate and off-gas samples r e s u l t i n g  i n  acqu i s i t i on  of l i t t l e  or 
no v a l i d  da t a  on f i s s i o n  product behavior.  

When the  pot was sect ioned ( i n  t h e  Radiometallurgy Laboratory) 

In addi t ion ,  a boil-over during t h e  run contaminated t h e  

A second and much more successful  run has now be+:n made. The run w a s  
much smoother, t h e  quant i ty  of phosphoric ac id  added w a s  b e t t e r  con- 
t r o l l e d  ( r a t i o  of P205 t o  metal oxides is  q u i t e  c r i t i c a l  i n  determining 
whether a stable g l a s s  i s  produced), and t h e  melter was  operated at a 
somewhat higher  e f f e c t i v e  temperature (by f i l l i n g  t h e  pot less f u l l ,  
and by turn ing  o f f  i n l e t  l i n e  cooling and continuing furnace hea t ing  
after cessa t ion  of feed add i t ion ) ,  Result  w a s  a uniform, obsidian- 
l i k e  g l a s s  which showed no t r a c e  of c r y s t a l l i n e  s t r u c t u r e  under 

Most su rp r i s ing  f ind ing  of t h e  run w a s  
t h a t  apparent ly  l i t t l e  or no ruthenium ( o r  any o the r  i so tope )  w a s  
evolved t o  t h e  off-gas or condensate streams, and t h a t  e s s e n t i a l l y  a l l  
of t h e  f i s s i o n  product a c t i v i t y  was re t a ined  i n  t h e  g l a s s .  I f  v e r i f i e d  
by add i t iona l  runs, t h i s  r e t en t ion  of ruthenium would be a s i g n i f i c a n t  
advantage f o r  t h e  Brookhaven process,  Samples of t h e  glass a r e  being 
r e t a ined  f o r  long-term observation. Leaching r a t e  measurements a l s o  
have been i n i t i a t e d ,  

metallographic" examination, I1 

Laboratory s t u d i e s  of t h e  e f f e c t  of composition on p rope r t i e s  of phos- 
phate  g l a s ses  showed t h a t  g l a s ses  prepared by melt ing at 1200 C exh ib i t  
much lower aqueous s o l u b i l i t y ,  d e v i t r i f y  less e a s i l y ,  and a r e  less 
a f fec t ed  by t h e  P 0 / 
pera tu res ,  It i s  252 hypo hesized t h a t  t hese  e f f e c t s  may be due, i n  p a r t  
at least, t o  loss of s u l f a t e  a t  t h e  higher  temperature,  This theory  is 
being t e s t e d  by chemical ana lys i s  of t h e  g l a s s  samples and by prepara t ion  
of g lasses  from su l f a t e - f r ee  syn the t i c  waste, 

0 r a t i o  than are g l a s ses  prepared a t  lower tem- 
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I n  an t i c ipa t ion  of f u t u r e  hot c e l l  g l a s s  runs i n  which massive f i s s i o n  
product sp ikes  w i l l  be added t o  b e t t e r  s imulate  t h e  s p e c i f i c  a c t i v i t y  
of high-burnup power r eac to r  wastes, ISOGEN computer code ca l cu la t ions  
have been made of t h e  i so top ic  content of a t y p i c a l  power r eac to r  f u e l  
(Dresden). 
output da t a  and t o  include summation i n  terms of  atoms, grams, c u r i e s ,  
b e t a  w a t t s ,  and gamma watts f o r  each element and each time i n t e r v a l  
of i n t e r e s t  

The code w a s  modified somewhat t o  s impl i fy  handling of 

Waste S o l i d i f i c a t i o n  Engineering Prototypes 

Test ing of prototype equipment w a s  i n i t i a t e d  t o  confirm design values 
and check ope rab i l i t y  of t h e  system p r i o r  t o  i n s t a l l a t i o n  i n  t h e  
Radiochemical Engineering Cells of t h e  Fuels Recycle P i l o t  P lan t .  
ca l c ina t ion  i s  t h e  f i r s t  process being t e s t e d .  

Pot 
I n i t i a l  r e s u l t s  i nd ica t e :  

1. The s i x  zone induct ion heated furnace system operates  at 50 percent 
e f f i c i ency  (power input  versus  water vaporized) .  

2. Operation of t h e  8-inch diameter pot c a l c i n e r  with a Darex type 
feed ( t y p i c a l  of Purex type without s u l f a t e )  e s s e n t i a l l y  reproduces 
t h e  r e s u l t s  experienced a t  ORNL. Overal l  average capac i ty  w a s  10 
l i t e r s  per  hour f o r  t he  62-hour run using a constant  ne t  power 
s e t t i n g  of 18  kw throughout t he  run. 
we l l  throughout t he  run. 

The equipment performed q u i t e  

3. Water boil-up rates can be increased t o  60 l i t e r s  p e r  hour without 
d i f f i c u l t y .  

Intermediate  Level Waste Treatment 

Laboratory experiments were conducted with a t h i n  bed of  100-230 mesh 
c l i n o p t i l o l i t e ,  t o  measure t h e  d i f f e r e n t i a l  p ressures  and cesium decon- 
tamination f a c t o r s  across  t h e  bed f o r  recent  steam-stripped Purex Tank 
Farm condensate. The t r a n s f e r  t ank  containing t h e  condensate had 
previously been treated with hypochlor i te  t o  in su re  a low b a c t e r i a  
count. 
1 p s i  t o  3 p s i  a f t e r  8300 bed volumes a t  5 gallons per  minute per 
square foo t  flow r a t e .  The run was terminated a f t e r  9300 bed volumes 
when t h e  pressure  increased t o  10 p s i  due t o  a d i f f e r e n t  batch of 
condensate t h a t  had been fouled by r e s idua l  material i n  a Storage tank.  
The cesium decontamination f a c t o r s  var ied  from 100 t o  200 throughout 
t h e  runo  These r e s u l t s  compare favorably with previous r e s u l t s  with 
t h i n  precoat  ion  exchange beds p r i o r  t o  t h e  recent  d i f f i c u l t y  with 
s o l i d s  i n  t h e  condensate, 

The d i f f e r e n t i a l  p ressure  across  t h e  1,8 cm bed increased  from 



CONTAINMENT SYSTEMS EXPERIMENT 

Major F a c i l i t i e s  and Equipment 

The foot ing was poured and anchor b o l t s  were i n s t a l l e d  f o r  t h e  contain- 
ment ves se l  i n  T-Plant t o  complete preparat ions f o r  e r e c t i o n  work by 
t h e  vendor, now scheduled t o  begin i n  mid-November, 
t h e  r eac to r  simulator vessel were completed end f i n a l  con t r ac t  approval 
i s  expected within two weeks. 

Negotiations f o r  

Fiss ion Product Simulation 

The Aerosol Development F a c i l i t y  i n  Building 271-CR has been provided 
t o  develop s u i t a b l e  aerosols  and t h e  necessary aerosol  generat ing and 
sampling equipment f o r  t h e  CSE program, 

One run w a s  made t o  demonstrate t h e  adequacy o f  t h e  f a c i l i t y  for  t es t  
purposes. 
t h e  tank through a heated 18-foot long, 1-inch diameter p ipe ,  
atmosphere i n  t h e  r ece ive r  was a i r  a t  ambient temperature and p res su rea  
The iodine w a s  generated i n  e s s e n t i a l l y  pure elemental form, bu t  
apparently reacted r ap id ly  with organic vapors i n  t h e  tank t o  a form 
which penetrated s i lve r -p l a t ed  screens and  absolute  f i l t e rs  but which 
w a s  adsorbable on one l a y e r  of charcoal-impregnated f i l t e r  paper, 
F i f t een  minutes after del ivery t o  t h e  tank,  70 percent of t h e  iodine 
was i n  t h i s  penetrat ing form; after fou r  hours 90 percent of t h e  air- 
borne iodine w a s  i n  t h i s  form, The t ime-integrated deposi t ion ve loc i ty  
constant f o r  iodine deposited on copper w a s  0.012 cm/sec, 
o f  SS 304 and epoxy pa in t  had deposit ion v e l o c i t i e s  of 0,002 cm/sec, 

About 0,06 ug of ca r r i e r - f r ee  iodine-131 w a s  t ransmi t ted  t o  
The 

Surfaces 

An attempt t o  heat U02 induct ively using a frequency o f  380 KC was  
unsuccessful,  even when t h e  U02 w a s  preheated t o  1800 C. 
i n  induct ively coupling t o  U02 with 4 MC frequency has been experienced, 
A tungsten boat with 60 m i l  w a l l s  w a s  penetrated by molten s t a i n l e s s  
s tee l  i n  about f i v e  minutes a t  about 1600 C ,  showing t h a t  tungsten 
w i l l  not be a s u i t a b l e  c ruc ib l e  material f o r  c lad U02 heat ing i n  
oxidizing atmosphere 

No d i f f i c u l t y  

Program Planning 

The system of equations r e l a t i n g  s imulator  ves se l  p re s su re ,  rate of 
flow from a rupture ,  and durat ion of blowdown w a s  solved by an analog 
computer program, These r e su l t s  w i l l  e i t h e r  be used as input  data 
f o r  t h e  o v e r a l l  so lu t ion  t o  t h e  pressure t r a n s i e n t  problems, o r  t h e  
computer program w i l l  be made an i n t e g r a l  p a r t  of t h e  general  program, 
depending on t h e  number of computer components required f o r  t h e  
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general  program. A s impl i f ied  case of a containment system involving 
water spray pressure suppression, and a i r  r e c i r c u l a t i o n  and cooling i n  
a s i n g l e  containment ves se l  (as opposed t o  vapor suppression i n  a wet 
well-dry we l l )  i s  being prepared f o r  computer so lu t ion  next .  

The CSE program document has been submitted t o  Technical Publ ica t ions  
f o r  formal i ssue .  An informal memo w a s  prepared t o  o u t l i n e  a program 
f o r  development of simulants f o r  CSE, by comparing t h e  t r a n s p o r t  behavior 
and c h a r a c t e r i s t i c s  of simulant aerosols  and those  of t h e  f i s s i o n  product 
aerosols  re leased from l a r g e  samples of highly i r r a d i a t e d  U02 i n  s e v e r a l  
d i f f e ren t  conditions a f f e c t i n g  t r anspor t .  

OFF-GAS DISPOSAL TO GROUND 

The "Steady-State Flow i n  Soi l s"  computer program f o r  analyzing l i q u i d  
flow through porous media has  been rev ised  t o  form a new program which 
w i l l  c a l cu la t e  gas flow through s o i l s .  
p r e s s i b l e  gas condi t ions i n  s o i l s  with r e l a t i v e l y  low moisture contents .  
The f u l l  capaci ty  of t h e  o r i g i n a l  program (8000 g r i d  p o i n t s )  is s t i l l  
ava i l ab le  t o  ca l cu la t e  i n  one, two or three-dimensional,  or axisymmetrical 
systems. 

The program w i l l  handle com- 

SHIPPING HAZARDS 

The i n i t i a l  e f f o r t  on t h i s  new program i s  t o  i d e n t i f y  those  highly 
rad ioac t ive  material shipment accident  s i t u a t i o n s  f o r  which a better 
understanding of  a i rborne r e l e a s e  phenomena would l ead  t o  more r e a l i s t i c  
determination of accident  consequences. Emphasis i n  t h i s  program w i l l  
be placed on gaining an understanding of t h e  behavior and d i spos i t i on  
of t h e  shipped rad ioac t ive  materials i n  very se r ious  accidents  which 
breech t h e  primary container .  Subsequent release and t r anspor t  of 
gases and p a r t i c l e s  due t o  high temperatures,  a i r  cu r ren t s ,  or o the r  
energy sources w i l l  be s tud ied .  
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,BIOLOGY AND MEDICINE - 06 PROGRAM 

TERRESTRIAL ECOLOGY - EARTH SCIENCES 

Hydrology and Geology 

The s t a t i s t i c a l  analysis  of numerical e r r o r s  i n  t h e  permeabili ty calcu- 
l a t i o n  methods w a s  completed, 
Computer Program" were compared with t h e  known pe rmeab i l i t i e s  solved i n  
mathematically closed form from t h e  tes t  model system, 
found showed t h a t  t h e  numerical methods were f a r  more accurate  than had 
been expected, 
t h e  p o t e n t i a l  i n t e g r a l  was << 1 percent of t h e  t r u e  permeabili ty,  
Additional analyses showed t h a t  t h e  e r r o r  i s  e s s e n t i a l l y  independent 
of t h e  length of t h e  streamline generated, 
accurate r e s u l t s  can be expected i n  using t h e  Stream Program t o  analyze 
ground water flow systems. 
under way on obtaining accurate  funct ional  f i t t i n g  o f  t a b u l a r  d a t a  
which are inputs  t o  t h e  streamline-generating program, 

The ca l cu la t ed  values from t h e  "Stream 

The e r r o r s  

The average e r r o r  i n  permeabili ty due t o  evaluat ion of 

Accordingly, remarkably 

This adds add i t iona l  emphasis t o  t h e  work 

It w a s  found t h a t  t h e  extension of P h i l i p ' s  numerical methods t o  t r ans -  
i e n t ,  pa r t i a l ly - sa tu ra t ed ,  radial flow does not give a unique s o l u t i o n ,  
This i s  because of a s i n g u l a r i t y  at r = 0;  i a e o ,  t h e  po in t  source,  With 
P h i l i p ' s  methods, t h e  point source must be used t o  apply Boltzmann's 
transformation whichreduced the  p a r t i a l  d i f f e r e n t i a l  equation t o  an 
ordinary d i f f e r e n t i a l  equation, The transformation cannot be used 
f o r  a source of f i n i t e  r ad ius ,  A b e t t e r  boundary value problem can 
be w r i t t e n  by not r equ i r ing  a point  sourceo That i s ,  a c t u a l  physical  
leaks from tanks probably def ine a source of f i n i t e  r ad ius ,  Solut ions 
of t h e s e  boundary value problems w i l l  be pursued, 

S o i l  Chemistry 

Equilibrium d i s t r i b u t i o n  c o e f f i c i e n t s  ( K d )  were determined f o r  phosphate 
adsorption on a Hanford s o i l ,  
traced d i s t i l l e d  H 0 t o  1.3 ml/g f o r  adsorption from a 100 pprn P so lu t ion ,  
Results i n d i c a t e  t2at  t h e  r e l a t i o n s h i p  between phosphate adsorbed and 
equilibrium so lu t ion  concentration f i t  t h e  Langmuir adsorption isotherm 
a t  concentrations below 50 ppm Po A Kd of 11 ml/g was determined f o r  
P-32 adsorption from t r a c e d  t a p  water, 

Values range from 4,8 ml/g for  P=32 

S o i l  d i spe r s ion  t reatments  which w i l l  a i d  i n  t h e  sepa ra t ion  and iden t i -  
f i c a t i o n  of t h e  d i f f e r e n t  mineral series i n  Hanford s o i l s  have been 
determined, Dispersion i s  accomplished by removing exchangeable d iva l en t  
ca t ions  and f r e e  carbonates with a s l i g h t l y  a c i d  sodium acetate b u f f e r ,  
S o i l  organic cementing matter i s  removed with hydrogen peroxide., 

I 2 3 5 0 7 9  
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Chemical cements, such as c o l l o i d a l  s i l i c a  and alumina, are removed with 
2 percent Na2C03, 
Mineral concentration was achieved by p a r t i c l e  s i z e  f r ac t iona t ion ,  
Montmorillonite, mica and a ch lo r i t e - l i ke  mineral  have been i d e n t i f i e d  
i n  t h e  clay f r a c t i o n  of a Hanford s o i l .  
by X-ray d i f f r a c t i o n ,  using both random powder and p a r a l l e l  o r i en ted  

F ina l  d i spers ion  i s  i n  d i l u t e  sodium carbonate so lu t ion .  

The minerals were i d e n t i f i e d  

specimens. 

RADIOLOGICAL AND HEALTH CHEMISTRY 

Counting Methods 

Gamma spectrometric ana lys i s  u t i l i z i n g  a l i th ium-dr i f ted  germanium 
de tec tor  has been demonstrated t o  be s u i t e d  for high l e v e l  work where 
good energy reso lu t ion  i s  important,  and i n  the X-ray region of 20-100 
kev where high e f f i c i ency  i s  obtained toge ther  with exce l l en t  reso lu t ion .  
Good germanium de tec tors  have reso lu t ions  a f a c t o r  of 10 b e t t e r  than  
sodium iodide de t ec to r s ,  This makes analyses poss ib l e  f o r  gamma emitters 
i n  mixtures which have energy peaks t o o  similar t o  be s u f f i c i e n t l y  
resolved using sodium iodide  de tec tors .  For example, a f i s s i o n  product 
mixture whose gamma spectrum showed only Cs-137 and Zr-Nb-95 peaks in- 
completely resolved w i t h  t h e  sodium iodide  de t ec to r ,  showed seven d i s t i n c t  
peaks from Zr-Nb-95, RU-106, Cs-134, Cs-137 and Ce-144 with t h e  germanium 
de tec t  o r ,  

Radiation Chemistry 

Evidence w a s  obtained t h i s  month t o  confirm t h e  mechanism by which e r io-  
glaucine i s  decomposed i n  i r r a d i a t e d  aqueous so lu t ions  containing 
dissolved oxygen, The u t i l i t y  of e r iog lauc ine  as a tes t  material for 
studying r ad ia t ion  e f f e c t s  i n  b io log ica l  systems l ies  not only i n  i ts  
l ack  of t o x i c i t y  but  a lso  i n  i t s  response t o  only one primary i r r a d i a t i o n  
produce formed from water, namely hydroxyl r a d i c a l ,  
during t h e  pas t  years  have shown t h a t  e r iog lauc ine  does not r e a c t  w i t h  
molecular hydrogen, oxygen or hydrogen peroxide.  While it does r e a c t  
with hydrated e l e c t r o n s ,  t hese  reagents  a re  i n  s h o r t  supply i n  aerated 
systems due t o  t h e i r  rap id  r eac t ion  with 02. 
as poss ib l e  causes f o r  bleaching of t h e  dye, hydroxyl and perhydroxyl 
r ad ica l s .  I t  has been shown t h a t  2 ,  5-dichlorohydroquinone does not 
r eac t  w i t h  perhydroxyl r a d i c a l s  bu t  does r e a c t  w i t h  hydroxyl r a d i c a l s  . 
I r r a d i a t i o n  of e r iog lauc ine  i n  t h e  presence of  an excess of t h i s  reagent 
gave an e f f e c t i v e  measure of t h e  reac t ion  rate of e r iog lauc ine  with 
perhydroxyl r a d i c a l s ,  The r a t e  w a s  found t o  be t o o  s m a l l  t o  be s ign i f -  
i c a n t  i n  t h e  r e l a t i v e  r a t e  constant  s t u d i e s  made t o  date .  

Di rec t  measurements 

This leaves  two r e a c t a n t s  

p-Nitrobenzoate 
s e v e r a l  minutes 

ion was found t o  form a r a d i c a l  with a h a l f - l i f e  of 
i n  aqueous so lu t ion  a t  pH 1 2  when i r r a d i a t e d  i n  t h e  
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gamma c e l l  flow system, 
t h e  pi-electron s t r u c t u r e  of the  s o l u t e  as ind ica t ed  by t h e  s t rong  
t r i p l e t  s p l i t t i n g  i n  the  spectrum, 
ion i s  not known, but  t h e  hyperfine s t r u c t u r e  within t h e  t r i p l e t  band 
envelopes does not correspond t o  t h a t  from e l e c t r o l y t i c a l l y  reduced 
p-nitrobenzoate o r  p-nitrobenzaldehyde, 
i s  suspected which may prove i n t e r e s t i n g  i n  point ing out t h e  d i f f e rence  
berween e l e c t r o l y t i c  and r a d i o l y t i c  reduction, 

Again t h e  hydrated e l e c t r o n  appears t o  add t o  

The exact s t r u c t u r e  of t h e  radical-  

Some more complicated s t r u c t u r e  

I n  order  t o  de t ec t  organic r a d i c a l s  formed by r eac t ion  of s o l u t e s  with 
hydroxyl r a d i c a l s  i n  t h e  gamma irradiated flow system, N20 w a s  bubbled 
through a r e s e r v o i r  i n  t h e  l i q u i d  stream t o  convert a l l  hydrated e l ec t rons  
t o  hydroxyl r a d i c a l s ,  
not give r ise  t o  an ESR s i g n a l  at pH 5 ;  however, a t  pH 1 2  a s i n g l e t  
absorption peak w a s  obtained, Due t o  t h e  l ack  of hyperfine s t r u c t u r e  i n  
t h e  spectrum t h e  chemical s t r u c t u r e  of t h e  r a d i c a l  i s  unknown. 
tryptophan i t s e l f  does not decompose i n  bas i c  so lu t ion  it seems probable 
t h a t  t h e  r a d i c a l  observed i n  t h e  i r radiated stream i s  a radiation-produced 
radical of tryptophan which i s  e i t h e r  s t a b i l i z e d  i n  base o r  decomposed 
f u r t h e r  i n  base t o  give a more s t a b l e  r a d i c a l .  

A so lu t ion  of tryptophan treated i n  t h i s  way did 

Since 

ATMOSPHERIC RADIOACTIVITY AND FALLOUT 

Aerosol Sampling Studies  

The f i l t e r  r e t a i n i n g  r i n g  of t h e  f i l t e r  supports used extensively i n  
meterological trace dispers ion s t u d i e s  and washout measurements was 
shown t o  account f o r  as much as 40 percent of t h e  t o t a l  co l l ec t ed  ZnS 
p a r t i c l e s .  This e r r o r  w i l l  be p a r t i c u l a r l y  no t i ceab le  at low sampling 
v e l o c i t i e s  with high windspeeds, This c o l l e c t i o n  by impaction on t h e  
f i l t e r  support r i n g  may w e l l  represent  a major source of nonreproduci- 
b i l i t y  i n  sample evaluat ion,  Further i nves t iga t ion  i s  planned, 

Nonuniformity o f  p a r t i c l e  concentrations at po in t s  of sampling and t h e  
somewhat random e r r o r s  introduced by f i l t e r  support geometry con t r ibu te  
t o  t h e  uncertainty i n  t h e  f a c t o r  by which a sub-isokinetic sample should 
be co r rec t ed ,  
f o r  a r e p o r t ,  

Data obtained t o  date are being evaluated and organized 

Aerosol Generation and Character izat ion 

Further study of t h e  e l e c t r i c a l  charge c a r r i e d  by p a r t i c l e s  from t h e  
spinning d i s c  aerosol  generator showed t h a t  v i r t u a l l y  every p a r t i c l e  w a s  
p o s i t i v e l y  charged, The apparent prominence o f  negat ively charged 
p a r t i c l e s  s ta ted i n  las t  monthOs r epor t  w a s  a t t r i b u t e d  t o  inadvertent  
r e v e r s a l  of c o l l e c t o r  p o l a r i t y ,  F i l t e r i n g  t h e  sheath a i r  t o  t h e  charge 

I Z m O  I 
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spectrometer confirmed t h e  presence of p o s i t i v e  charges on t h e  generated 
p a r t i c l e s  by excluding extraneous charged p a r t i c l e s ,  

Improved flow pa t t e rns  were achieved by providing mul t ip l e  o u t l e t s  f o r  
a ho r i zon ta l  s e t t l i n g  chamber f o r  separat ing polydisperse p a r t i c l e s  i n t o  
s i z e  f r a c t i o n s ,  Small temperature d i f f e rences  between i n l e t  water and 
t h e  bulk s e t t l i n g  chamber water, however, were found t o  create nonuniform 
ve loc i ty  p r o f i l e s  which m u s t  be r e c t i f i e d  f o r  optimum performance. 

ISOTOPES DEVELOPMENT - 08 PROGRAM 

Promethium I so top ic  Composition 

Work continued on t h e  determination of t h e  i s o t o p i c  content (Pm-146/Pm-147 
r a t i o )  of VBWR and Yankee f u e l  materials, Preliminary analyses were 
obtained on two samples from t h e  first Yankee core,  discharged May 18, 
1962, 
assembly, exposed t o  13,200 Mwd/metric t on  w i t h  a fast-to-thermal 
neutron f l u x  r a t i o  o f  301, 
r a t i o  of 5.2 x 10’ 6 a 

f u e l  element assembly, exposed t o  17,200 Mwd/metric t on  with a fast-to- 
thermal neutron f l u x  r a t i o  of 1,8. 
a c t i v i t y  r a t i o  of 4,7 x l om6 ,  
t h a t  t h e s e  values agree w e l l  wi th  t h e  5 e 9  mil l iba rn  (n,2n) cross  s e c t i o n  
f o r  Pm-14 
1.2 x loo8 previously used i n  Hanford work, 

One sample w a s  from t h e  cen te r  of a c e n t r a l l y  loca t ed  f u e l  element 

This contained a Pm-146 t o  Pm-147 a c t i v i t y  
The second sample w a s  from the edge of t h e  same 

This contained a Pm-146 t o  Pm-147 
Preliminary ca l cu la t ions  demonstrated 

f o r  f i s s i o n  spectrum neutrons,  and f i s s i o n  y i e l d  value of 

As t h e  exposure increases  at t h e  same fast-to-thermal f l u x  r a t i o ,  t h e  
Pm-146 t o  Pm-147 r a t i o  i s  expected t o  increase approximately l i n e a r l y  
with exposure, For a more thermal f lux,  such as t h e  Dresden b o i l i n g  
water r e a c t o r ,  less Pm-146 is expected, Hanford-produced promethium 
w i l l  continue t o  have an a c t i v i t y  r a t i o  of about 5 x 10-7. 

The VBWR and second Yankee core samples r equ i r e  a d d i t i o n a l  t i m e  f o r  
Pm-148 decay before  conclusive r e s u l t s  can be obtained, 

PromethLm Re-Entry Burnup Studies  

Debugging of t h e  i s o t o p i c  heat  source atmospheric re-entry burnup code 
continued, r e s u l t s  of t h e  f irst  runs of t h e  code on t h e  computer 
i nd ica t ing  c e r t a i n  needed changes i n  t h e  mathematical model used, I n  
t h e  meantime, c o l l e c t i o n  of experimental data f o r  use i n  t h e  ca l cu la t ions  
continued, 
promethium metal) has been ca l cu la t ed  from t h e  dynamic behavior (measured 
from high speed motion p i c t u r e s )  of drops and f i laments  produced i n  t h e  
plasma j e t  experiments (descr ibed last month), Calculated r e s u l t s  were 

The su r face  tension of molten neodymium (stand-in f o r  



c-21 

i n  t h e  range 49 t o  70 dynes/cm, i n  good agreement with t h e  t h e o r e t i c a l  
Zadumkin formula (which relates su r face  tension t o  c r y s t a l  s t r u c t u r e ,  
heat of sublimation, temperature, c o e f f i c i e n t  of l i n e a r  expansion, and  
c h a r a c t e r i s t i c  Debye temperature),  
experimental determination, t h e  ca l cu la t ed  value from t h e  Zadumkin 
r e l a t i o n s h i p  i s  probably t h e  more re l iab le  
of neodymium oxide, needed both f o r  ab la t ion  ca l cu la t ions  and f o r  
generator design purposes, has been measured a t  low temperature with 
a hot w i r e  technique and i s  being measured ( i n  Graphite Research and 
Development Operation) a t  higher temperatures by a hea t  pulse  d i f f u s i v i t y  
method. 

Because of u n c e r t a i n t i e s  i n  t h e  

The thermal conductivity 

Pneumatic Impaction 

Use of radiant-heat spray drying f o r  t h e  preparat ion of s t ront ium t i t a n a t e  
powders s u i t a b l e  f o r  pneumatic impaction was inves t iga t ed  with t h e  
laboratory spray dryer. 
t i tanium n i t r a t e  i n  Sr /Ti  r a t i o s  of 1:1, 2:1, 3 : l  and 4 : l  were processed 
at temperatures of 600 t o  1200 C. Resultant powders are being examined 
by X-ray d i f f r a c t i o n  t o  determine whether SrTiO , Sr2Ti04, e t c . ,  were 
indeed produced, 
w i l l  be prepared f o r  t r i a l  impaction, 

Solut ions prepared from strontium n i t r a t e  and 

I f  favorable r e s u l t s  a r e  obta?ned, l a r g e r  q u a n t i t i e s  

Americium-241 Shielding Requirements 

Shielding requirements of Am-241 were calculated t o  determine whether 
americium could be handled i n  t h e  l ight ly-shielded promethium glove 
boxes. Shielding requirements were found t o  be l i k e  those  of Pu-238 on 
t h e  basis of l i t e r a t u r e  data, A r ecen t ly  p u r i f i e d  sample o f  Am-241 w a s  
examined, however, and two unreported gammas found a t  0.6 and 0.64 MeV, 
These are i n  about equal abundance with t h e  0,33 and 0,37 Mev gammas, 
That t h e s e  a r e  indeed d i s c r e t e  gammas and not coincidences of lower 
energy gammas w a s  shown by counting through a lead absorber,  which 
reduced t h e  0,33 and 0,37 Mev gammas appreciably but had only a s l i g h t  
e f f e c t  on t h e  higher  energy gammas, Examination of americium from t h e  
leading and t r a i l i n g  f r a c t i o n s  of a recent  ion exchange p u r i f i c a t i o n  
run showed t h e  same r e l a t i v e  abundance of t h e s e  gammas i n  a l l  f r a c t i o n s ,  
s t rongly suggesting t h a t  they are indeed from americium, Additional 
experiments w i l l  be required t o  determine whether t hey  are from Am-241 
o r  Am-243, 
f o r  americium somewhat, e s p e c i a l l y  f o r  l a r g e  sources.  The sh ie ld ing  
w i l l  be comparable t o  t h a t  required by promethium containing 0,5 ppm 
Pm-146. 

The new gammas w i l l  increase t h e  s h i e l d i n g  requirements 
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EngineerinR Program 

Fabrication of t h e  1220F Dynapak machine was completed i n  vendor shops 
and performance tests successful ly  completed. The machine w a s  shipped 
October 26. 
ment i n i t i a t e d .  

Design of punch and d i e  t o o l i n g  w a s  completed and procure- 

The chemical processes f o r  t h e  production of s o l i d  materials s u i t a b l e  
f o r  high energy impaction of t h e  various candidate strontium, promethium, 
cerium and cesium compounds have been in t eg ra t ed  t o  a s impl i f i ed  
p r e c i p i t a t i o n - f i l t r a t i o n  process ., 
designed and i s  cu r ren t ly  being constructed,  
equipment needs f o r  i n s t a l l a t i o n  i n  t h e  Fuels Recycle P i l o t  Plant  w a s  
completed. 

The process equipment has been 
A complete compilation of 

anager 
Laboratory 

M" Walling: cf  
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B1C)LOGY TLA RORAT3RY 

A .  ORGANIZATION A N D  PIRSOrFTS 

L. R. Richardson, Biological A n a l y s t ,  t r a n s f e r r e d  from C,P.3. t o  Metabolism 

J. L. Dilley, Btological S c i e n t i s t ,  jo ined t h e  I n h a l a t i o n  Toxicologg 

P. C. Lee, Secretaqr,  t r ans fe r r ed  from C%A Operation t o  Aquatic Biology 

J. C. Pekas, Biological  S c i e n t i s t ,  joined t h e  Experimental Animal Farm 

P. H. Ray, Bioloqical Analyst, was temporar i ly  removed from t h e  pay ro l l  

Operation on October 5. 

Operaticn on gctcber 1 2  as a new employee. 

Opwation on October 19. 

Operation on October 26 as a new employee. 

due t o  i l l n e s s  absence ( i n j u r i e s  sustained i n  an  automobile accident) .  

B TECY'TICAL A C T I T T  ITS 

Sera from 40 a d u l t  white f i s h ,  captured a t  pr ies t  Rapids B m ,  a l l  t e s t e d  
negative fc r  columnaris antibody, but  15 c f  t h e  20 scrap f i s h  (& suckers,  
5 squaw f i s h ,  and 1 carp) were posi t ive.  
s c rap  f i s h  have an immune response t o  columnaris. 

Adult chinook salmon (20 f i s h )  exposed by t h e  con tac t  method f o r  90 
minutes t c  a v i r u l e n t  s t r a i n  of Chondroccccus columnaris died three 
davs post  exDosure, To our knowledge, this i s  t h e  first l a b c r a t o v  
demonstration o f  acute death of a d u l t  salmon from columnaris i n fec t ion .  
Previous labora tory  work w a s  with juven i l e  salmon. 

These r e s u l t s  suggest t h a t  

METAROLISM, TOXICITY A"JD TFtANSITR 3F RADIOACTIVE W T " W  ZS 

Zinc 

Autoradiograms of t h e  G I  t ract  of a rainbow t r o u t  with a body burden of 
5.7 m C i  zn65 ind ica t ed  Z n 6  deposi t ion p r i n c i p a l l y  i n  t h e  fundic  glands, 
the  mucosal e p i t h e l i o i d  cells  ( e s p e c i a l l y  t h e  bas i la r  port ions)  
and t h e  smooth muscle of t h e  mucosa. There was no t i s s u e  damage i n  t h e  
stomach and p y l o r i c  caeca, however, t h e  hind-gut showed an  increased 
numbFr o f  goblet  c e l l s  i n  t h e  surface epi thel ium and a l o o s e  vacuolated 
appearance i n  t h e  laminar propria.  

- 

Strontium 

A 24-year-old female miniature pie, i n  t h e  125 pCi/day group became 
acutely ill, and hscause of  h e r  d e t e r i o r a t i n g  condi t ion was k i l l e d  
f ive davs l a t e r ,  The body burden a t  death was 1000-1250 pCi 'and the 

1 2 3 5 0 8 5  
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accumulated r a d i a t i o n  dose t o  t h e  skeleton w a s ~ 1 s , O O O  rads.  A t  first 
observation t h e  leukocyte count w a s  e levated and the  erf lhrocvte  count 
s l i g h t l y  depressed. 
t o  over 200,000 leukoc,vtes/mm3 and er,vthrocvtes decreased t o  a packed red 
c e l l  volume of 17%. 
mm3 and t h e  normal packed red c e l l  volume is -bo%.) 
leukocytes was due pr imar i ly  t o  a n  inc rease  i n  neu t r cph i l s  including many 
very immature ( "b las t t1)  forms. 

During succeeding days, t he  leukocfle count increased 

(The normal leukocyte count a t  t h i s  age is  -10,000 cel ls /  
The inc rease  i n  

The spleen was approximately f i v e  t imes normal s ize ,  apparent ly  due t o  
neop las t i c  involvement. 
lymph nodes were markedly enlarged. 
t i s s u e  were &served i n  t h e  l i v e r .  
gross  pathologic findings,  t h e  condi-tion was t e n t a t i v e l y  diagnosed as 
"acute myelogenous leukemia". 
microscopic examination o f  t h e  t i s s u e s .  

The hepat ic  lvmph nodes as w e l l  as o t h e r  r eg iona l  
Numerous f o c i  of apparent ly  neop las t i c  

On t h e  ?a s i s  of t h e  hematologic and 

A f i n a l  diagnosis w i l l  be made based on 

This i s  our f i f t h  observation of neoplasia o f  t h e  hematopoietic t i s s u e  
i n  miniature swine ing2st ing Sr9O. The fou r  previous cases  included 
t h r e e  cases of tflymphosarcomall i n  animals i nges t ing  125 pCi  Srg0/day 
and one case of myelogenous leukemia i n  an animal i nges t ing  25 pCi Srm/day. 
We have not observed any similar cases  i n  con t ro l  animals o r  animals 
i nges t ing  1 o r  5 pCi SrSO/day. 
o the r  l a b o r a t o r i e s  i n  dogs with chronic feeding o r  i n j e c t i o n  of Sr90. 
I n  a l l  t h e s e  cases Sr90 adminis t ra t ion s ta r ted  ear ly  i n  l i f e .  
miniature swine given s i n g l e  doses of Sr90 have shown no neoplasia 
of hematopoietic t i s s u e ,  b u t  have, i n  con t r a s t ,  shown an  increased 
incidence of bone neoplasms. 

neoplasms have been seen i n  dogs ch ron ica l ly  ingest ing Sr9O. 
suggested r e l a t i o n s h i p  between type of effect  observed and t h e  mode of 
Sr90 exposure w i l l  be evaluated f u r t h e r  as t h e s e  continuing s t u d i e s  progress,  

S i x  similar cases  have been observed i n  

Dogs o r  

No bone neo lasms have ye t  been observed i n  
miniature  swine ch ron ica l ly  inges t ing  S r 9  8 , and only two cases  of bone 

The 

Plutcnium 

3a r t i a l ly  hepatectomized ra ts  were i n j e c t e d  with Fu239 one day o r  t e n  days 
following t h e  s u r g i c a l  procedure. B p o s i t i o n  of plutonium i n  t h e  l i v e r  
was reduced t o  cne-fourth normal l e v e l s  i n  t h e  animals i n j e c t e d  one day 
a f te r  p a r t i a l  hemtectomy and was reduced t o  two-thirds normal levels i n  
t h e  animals i n j e c t e d  t e n  davs a f t e r  p a r t i a l  hepatectomy. 
l a r g e r  and lon e r - l a s t i n g  effect  than noted i n  previous similar s t u d i e s  
with Cel44- Pr184. 

This was a 

G a s t r o i n t e s t i n a l  Radiation I n j u r y  

An e z f o r t  was made t o  measure d i r e c t l y  t h e  f a t e  of C14-labeled b i l e  s a l t s  
i n j e c t e d  intravenously t h r e e  days a f t e r  1500 r abdominal X-irradiation. 
These were prel iminary s t u d i e s  involving considerable a n a l y t i c a l  d i f f i c u l t y  - 
material balances were not good. However, t h e r e  was a c l e a r  i n d i c a t i o n  
t h a t  about twice as  much o f  t h e  b i l e  sa l ts  reached t h e  l a r g e  i n t e s t i n e  i n  

I235025 U'JCLA SS IFIED 
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t h e  i r r a d i a t e d  animals as compared t o  un i r r ad ia t ed  controls .  
a l s o  a many-fold higher  ccncentrat ion o f  b i l e  sal ts  i n  t h e  small 
i n t e s t i n e  cf c o n t r o l  animals a t  2h hcurs post- inject ion.  
provide d i r e c t  q u a l i t a t i v e  support  f o r  earlier, more p rec i se  bu t  less 
d i r e c t  i nd ica t ions  of a de fec t  i n  b i l e  s a l t  reabsorpt ion i n  t h e  
i r r a d i a t e d  small i n t e s t i n e .  

There was 

These da t a  

Inha la t ion  Studies  

Results of analyses f o r  $3b, U238, and Th230 i n  rat lungs after mul t ip l e  
(two tines weekly f o r  e i g h t  weeks) exposurasto uranium o r e  dust show a 
progressive accumulation of  thorium, reaching levels 5 or 6 times t h a t  of 
uranium a t  two months post-exposure. 
twice as much thorium as uranium. These r e s u l t s  ccnfirm those obtained 
i n  ear l ie r  s i n g l e  emosure  studies.  

Two types of 3-way r e s p i r a t o r y  valves (a l i n e a r  and a r o t a r y  a c t i o n  valve) 
have be-n designed and constructed f o r  use i n  a e r o s c l  i n h a l a t i o n  
experiments. The valves, actua+ad by xessiire transdiicers, allow I 

c o l l e c t i o n  of exhaled aercsols .  The e l e c t r o n i c s  w9re designed by t h e  
Instrument Rssearch and Developmnnt Laboratory, HL. h e  cf the  valves 
has been t e s t e d  success fu l ly  i n  t h e  measurement of deposit ion and 
pulmonary clearance of CrSl oxide ae roso l s  i n  dogs. 

Bronchial lymph nodes a l sozcumula te  

S tud ie s  on t h e  biosynthesis  of fa t ty  a c i d s  by lung t i s s u e  are being 
extended t o  determine more p r e c i s e l y  t h e  experimental conditions 
f o r  optimum i n  v i t r o  syn thes i s  and t o  ob ta in  f u r t h e r  evidence f o r  
t h e  syn the t i c  pathway. 

-- 

Dimethyl sulfoxide (DV30) and Tri ton (a wet t 'ng agent)  were t e s t e d  f o r  
t h e i r  e f f ec t iveness  i n  removing inhaled Rulob02 from rats.  m 0  
reduced t h e  Rd06 lung burdens about 10% and w i l l  be t e s t e d  fur ther .  

Plant  Nu t r i t i on  

The effect  cf concurrent add i t ion  cf chloroamphenicol (CAP) and iod ide  
upon rubidium and iod ine  t r a n s p o r t  i n  beans was t e s t ed .  
( a )  CAP had no effect  upon t r a n s p i r a t i o n ,  (b) reduced Rb absorption, 
and ( c )  enhanced iodide absorption. 
t r a n s p i r a t i o n )  is of major importance i n  governing s a l t  absorpt ion by 
t h e  p l an t s ;  t he  d i f f e rence  i n  response of I and Rb t o  CAP, as w e l l  as 
o the r  observations,  i n d i c a t e s  d i f f e r e n t  t<ypes o f  mechanisms r egu la t e  
t h e i r  absorpt ion and these  mechanisms are s e n s i t i v e  t o  other  kinds 
of i nh ib i t i on .  

Resul ts  showed: 

This i n d i c a t e s  t r a n s p o r t  (no t  

1 2 3 5 0 2 1  
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Microbiology 

E f f o r t s  t o  i s o l a t e  indolepyruvic a c i d  from f i l t ra tes  of Neurospora were 
only p a r t l y  successful.  
compound f o r  unknown reasons, although the  s p e c i f i c  ac t iv i ty  of t h e  
transaminating swtem i n  20 C c e l l s  was a t  least  as  high as t h a t  obs-med 
i n  c e l l s  grown a t  30 C. 

Mycelia grown a t  2 O C  f a i l e d  t o  accumulate t h e  

Radiation Effects on I n s e c t s  

I n i t i a l  tests were performed with DDT t o  determine experimental l e v e l s  
a t  which t o  stress f l o u r  b e e t l e  pcpulations under condi t ions of both 
i n s e c t i c i d e  and r ad ia t ion .  R e s u l t s  indicated : ( a )  wild types had 
cmparable  s e n s i t i v i t i e s  t o  DT; (b) sooty mutants w e r e  about t e n  t imes 
more s e n s i t i v e  t o  DDT than were wild types; and ( c )  o lde r  larvae 
placed on 0.02z DDT r a t i o n s  had a higher  survival  r a t e  than did 
younger larvae. 

Columbia 3iver Limnology 

Concentrations of P3* and Zn6S averaged b2 and 69 nc/g organic matter, 
respect ively.  This i s  a th ree fo ld  inc rease  from August values i n  both 
cases. 
f a c t o r  during t h 3  period. 

Concentration f a c t o r s  f o r  P32 and Zn65 i n  plankton were about 83,000 
and 19,000, respect ively.  Compared t o  l a s t  month's values, t h e s e  
re r e s e n t  a th ree fo ld  i n c r e a s e  f o r  P32, bu t  an i d e n t i c a l  s i t u a t i o n  f o r  

\ 

Organic matter pe r  cubic meter o f  water decreased by t h e  same 

Zn fj7 5.  

Terrestrial Ecology 

Barley seedl ings grown i n  soils from beneath hopsage canopies without 
s o i l  moisture stress contained 72-100 mg/g d r y  weight as compared to 
values  of 52-60 mg/g f o r  bar ley  grown i n  s o i l  taken from ad jacen t  
i n t e r sh rub  areas. 

Alfalfa seeded i n t o  Sr9O p l o t s  during la te  summer of 1963 was harvested 
s ix  times during t h e  1964 growing season. 
increased s l i g h t l y  during t h e  season, with no apparent effect  of p l a n t  
matur i ty  upon t h e  concentration. 
t o  those found during 1958. 

Strontium concentrat ions 

Current values  are n e a r l y  i d e n t i c a l  

Alaskan S tud ie s  

Preliminary c a l c u l a t i o n s  of b i o l o g i c a l  h a l f - l i f e  of Cs137 i n  Anaktuvuk 
Pass a d u l t  Eskimos were made u s i  

information. 
b u t  gene ra l ly  ind ica t ed  a half-t ime s u b s t a n t i a l l y  s h o r t e r  t han  t h e  
100-150 days reported i n  the  l i t e r a t u r e .  

whole-body burdens determined by 

S u b s t a n t i a l  v a r i a t i o n  was found i n  t h e  values  derived, 
t h e  shadow-shield counter and C& Y i n t a k e  ca l cu la t ed  from d i e t a r y  
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,hole-body counts of 12  Anaktiivuk Pass a d u l t  men were obtained by 
Radiclogical Physics Opsration on 13 October, u t i l i z i n g  t h e  three-inch 
crystal. 
those m3asured cn September 9-10. 

Cesium-137 bodv burdens were found t o  be about '20,; lower than 

Fa l lou t  Studies  

Col lect ion of p l a n t  and animal samples continued. 
c o l l e c t i o n s  i n  seve ra l  l oca t ions  showed: (1) no reduct ion of f a l l o u t  
radionuclide concentrations w i t h  time; ( 2 )  an e f f e c t  o f  seasonal pa t t e rns  
of p rec ip i t a t ion ;  and (3) a s t r i k i n g  change i n  radionuclide concentrations 
i n  animal samples associated w i t h  a seasonal s h i f t  t o  new p lan t  growth 
i n  the  animals' d i e t .  

P a r t i a l  swmaries of past 

Ii. C .  Thompson 
BIOL%Y LAR3WT3RY 

RCT : es 



I. Spseches Presented 

a. Papers Presented a t  Society Meetings and Symposia 

Society fo r  Zx?=rimental Biology and iledicine (TJortowest Sect ion 
Annual lleeting) - S 3 a t t l e  - Qctober 2b, 19611: 

,J. 9. Ber l in  anJ C .  C .  Bowen - F l a - e l l a r  i n i t i a t i o n  ;Ind c e n t r i o l e s  
-~ 
i n  -Albugo. 

J . J . C .  Ysieh - The mechanism of iodine gas absc rp t i cn  57. leaves. 

'?!. I!. I.:atchett - U t i l i z a t i c n  0:- tryptophan by -?urcs?ora. 

!I. P. ,Fujihara - lhe  ef'ects of  r a d i a t i o n  2nd D20 cn c i c h l i d  f i s h .  

n -,. F.I. :J. Liu and 3. J .  Clarke - S i t e s  of z inc  deposi t ion i n  t h e  gastro- 
i n t e s t i n a l  t r a c t  of  t r o u t .  

3.  J .  ikclanahan - The zinc-cadaium F n t e r r e k t i o n s h i p s .  

V. Y. Smith - Cooperative a c t i o n  of desferrfoxamine-9 with diethylene- 
triamine-Dentaacetic acid i n  remoTral o f  plutonium from r a t s .  

b .  Seminars (Off-s i te  and Local) 

L. K. Rustad and n. 0. iicClellan. sadicnucl ide t o x i c i t y  i n  domestic 
animals. 
Pullman, Yash. k t c b o r  30, 196L. 

Ccllege of Veterinary Eledicine, Uashington S t a t e  'Jniversi ty, 

Radiation P ro tec t ion  Course - Richland, bJashington: 

B. 0. S t u a r t  - Zffects of r a d i a t i o n  on l i v i n g  t i s s u e .  
J. 3'. Park - UAPO Prcgrams i n  Radiobiology. seview of  Inha la t ion  

October 28, 1954. 
R. c. Thompson - Culrent Resea-ch i n  t h e  ?letabolism Operation. 

October 21, 1964. 

Toxicology prcgrams . 
Oct. 28.  

c. Se-qinars ( B i o l o g )  

I ' E P  D e l l  S t i enha rd t ,  Department o f  Genetics, [ Jn ivers i ty  of '4ashington - 
An i nqu i ry  i n t o  t h e  mechanism of information t r a n s f e r  from DYA t o  
messenger RIIA. 3ctober 5 ,  1964. 

C.  E. Cushing - Product ivi ty  and radionucl ide accumulation by pey5phyton. 
9ctober  l J c .  

J. R. JlcKenney - Transport of Ca and ? i n  t h e  Isclated b t  I n t e s t i n e .  Oct. 20. 
E. 2. Srdman - 30s- % t i 0  cf  2rr) kvp X-ravs and L.6 mev fast  .?eutrons 

for induct ion  of 5q$ dcminant l e t h a l s .  October 28. 
1 2 3 5 o ; : o  !!UCLASS IVIED 



UTJCLASS IFIBD D- 7 

d. :Tiscellanecu s Lectures 

None 

11. Articlss %dished  

e .  ??en L i t e r a t u r e  

Palmer, R. F. and 3. C. Thompson. Strcntium-calcium i n t e r r e l a t i o n s h i p s  
i n  the growing rat .  American J. Phvsicl .  207: 5'61-5% (19614). 

pa i r ,  1'. J. "7ePtLng - Inhaled r a? ioac t ive  p a r t i c l e s  and gases. 
Science 146: 440-h44 (1964). 

!Joyan, A .  kJater abscrpt ion from t h e  i n t e s t i n e  via p o r t a l  and 
lymphatic pathways i n  rats. 
317-320 (1964) 

Proc. SOC. Exptl .  R i d .  Med. 1-17': 

b. Documents 

None 

III. Visits and TJ i s i to r s  

a. \!isits t o  Hanford 

Marv E e l 1  Steinhardt ,  Pent. of IGenetics, Universi ty  of lilashington, 
S e a t t l e ,  tciired Riclogg f a c i l i t i e s  and presented a seminar. 

Seven members of t he  I r r i g a t i o n  Txnerimsnt S t a t i o n ,  Prosser ,  toured 

The Pio-lledical Program Directors Meeting was held i n  t h e  300 Area on 

l O / 5 / %  

f a c i l i t i e s  and at tended t h e  swninar. 

Qctober 1 2  and 13. 
fo l lowinp  t h e  maeting t o  review r e s i a r c h  3romams with var ious 
i n v e s t i g a t o r s .  

F i s h e r i e s  and Fcod - !Jnited Yingdom, dismissed food and a g r i c u l t u r e  
problems of c i i i l  der'ense and effect  of r a d i a t i o n  on farm animals 
with the  s t a f f  of t h e  %??rirnental Animal Farm and o the r s  i n  
Biology. 10/21/64 

nr. G .  FT. Orians (bssoc. Professor  of Zoology), 1Jilliam House and 
I-Ienry S. Horn (Graduate Students) ,  of t h e  Univers i ty  of Vashington 
discussed mutual rN?ssarch with members of  Fladicecolom. lQ/21/%. 

D r .  and firs. ?. Biddulph, kpa r tmen t  of Botany, 7Jashinatcn jt,ate 
TJniversity, Pullman, discussed mutual research with F. P. Hungate 
and R. L. IJhler.  10/23/54. 

Puvpl.lup, 'dashington toured t h e  Biology f a c i l i t i e s  on October 26. 

l0/5/54. 

Several a t t endees  v i s i t e d  Biology on d a w  

b. x. T. 5. Iieal, fitcmic E n e r g  f3ranch, " i n i s t r y  of Agricul ture ,  

About 25 members of t he  Western dashington Experimental S t a t ion ,  

U?JCT.,ASS TFTRD 
1 2 3 5 0 9 1  
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O f f  - s it e 

I V .  

V. 

VI. 

b. Visits 

10/1-3 - Y. A.  Kornberg and R. ‘J. Thompson 
Propulsion l‘leeting a t  !JS:JFIDL i n  

a t tended a Space 
San Francisco. 

10/3-12 - v.  smith at tended a Smposium a t  i ia t ional  I n s t i t u t e  of 
Health, Bethesda, Vd. and discussed che la t ing  agents with 
Y. Kro l l  a t  Eltex Ccrporation i n  Providence, Rhode I s l and  
and the  S,’JAP program with !*/ittenberg and Powers a t  
vonsanto Research Corporation, liiamisburg, Chio. 

lO/3-5 - L. K. h s t a d  v i s i t e d  Cornell  University a t  Ithaca, New York 
a t  toe r-quest of t h e  AEC t o  review proqram i n  progress.  

10/13 
Iiermist on , 3re gon . 

10/16 
ieach2rs Sonference i n  Chensp, :Jashi-ngton. 

lO/23-25’ - L. K. %stad  performed l i b r a r y  work and attended t h e  IIeeting 
of t h e  SOC. f o r  Expt l .  R i o l .  and Med. i n  S e a t t l e .  

10/23-25 - The following personnel frcm Ric1oe;y a t tended t h e  S igh th  
Annual Ileeting of t’le SOC. f o r  Experinental  Biology and 
’iedicine ( Jcrthwest Sect ion)  i n  S p a t t l e :  (papers presented 
are a s t e r i sked)  - 
P. A. Kornberg, 
R. J.  !‘cClanahan+*, D. H. Id Liu+t, 17. 17. Smith-%, J. D. R p r l i n i + ,  
J. L. ‘alotay, F. ?. Hungate. 

- 17, G. LTorstrnan insDected feed a t  Pendleton h a i n  Growers, 

- L. I:. %stad presented a t a l k  t o  the  Ilas’lington Science 
r-, 

‘. P. Fu.jihara+’-, ‘”J. r3. -latchetts:-, J.J.C. Ysieh*, 

1(>/21-2b - R. C. Thomoson vis i ted Ames Laboratory, Floffet t  Field,  Calif. 
t o  discuss  S’IAP program with D. Koc3endorfer and 
USTIRDL, S m  7rancisco f c r  t h e  same purpose. 

1:. C. Hanson attended a Fa l lou t  ileeting i n  Washington, D.C. 
and t h e  In_t’om.ation PIeeting of t h e  H-.alth Phvsics E v i s i o n  
i n  3ak Ridge, Tennessee. 

10/26-30 - 

10/26 - F. P. Hungate a:,tended a F a l l c u t  :Teeting i n  Washington, D.C. 
10/26-31 - J. 2. IkKenney attended the  Health Physics Division Review 

Meeting i n  3ak Tidge, Tennessee and discussed r a d i a t i o n  
s t u d i e s  wi th  B. Fish. 

Ileeting i n  3ak Ridge, Tnnnessee arid t5e ‘oainatinp: Committee 
lneeting of  t he  Health Physics Society.  

i n  t h e  course i n  Toxicology a t  t he  College of Vet3rinary 
lkd ic ine ,  Ijashington S t a t e  U n i w r s i t v ,  Pullman. 

10/27-30 - ‘LJ. J. Bair at1,ended t h e  I-Iealth Physics Division R e v i e w  

10/30-31 - L. K. Bust,ad and 3. 3. 1kClel lan presented annual l e c t u r e s  

A chievemen t s 

None 

Honors and Recomi t ions  

Capt. Robert Shannon (USAF), assigned t o  t h e  Biology Laboratory, received 
t h e  A i r  Force Commendation Medal f o r  “ supe r io r  profess iona l  a b i l i t y ,  
leadership,  and devotion t o  h i s  profession . . I t  i n  provi?ing t h e  %is 
A i r  Force Rase with an  Iloutstanding v e t e r i n a r y  medicine program“. 

Professional  Group o r  Organization Assignments 
None 1 2 3 5 c q z  
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APPLIED MATREMATICS OPERATION 

MONTHLY REPORT * - OCTOBER, 1964 

ORGANIZATION AND PERSONNEL 

No change, 

ACTIVITIES FOR OTHER HAP0 COMPOHENTS 

Contract and Accountinq 

A sampling plan was devised f o r  obtaining 8n est imate 'with p re spec i f i ed  p rec i s ion  
of t h e  "percent u t i l i z a t i o n "  of f i l e  cabinets  within HL as of December 15 ,  1964, 

Chemical Processing Department 

Attempts t o  construct  more r e a l i s t i c  y e t  solvable  mathematical models f o r  t h e  
proposed counter-current c r y s t a l l i z a t i o n  process f o r  recovery of aluminum 
n i t r a t e  from Redox ac id  w a s t e s  continues,  

I r r a d i a t i o n  Processing Department 

During t h e  i n s t a l l a t i o n  of o r o j e c t  cc1-966, Safe ty  Ci rcu i t  Trip I d e n t i f i c a t i o n  
System, problems involving the  i n t e r a c t i o n  of row and column ground de tec to r s  
were resolved through the  study of a model assembled a t  the c e n t r a l  maintenance 
shop in 100-H, 
on October 30 following adlustment of t h e  ground de tec to r  according t o  the in s t ruc -  

Project  acceptance t e s t s  were successfu l ly  canpleted a t  D r e a c t o r  

t i o n s  of "Invariance oh P i e l l i t  Ground Detection Functions Under a Change of 
a l e t t e r  from R. L, Richardson t o  t h e  p 'roject  engineer ,  dated 

A procedure w a s  developed f o r  determining optimal numbers of process  tubes , t o  be 
measured i n  t h e  continuing Alternate  Tube-Corrosion Monitor Program, 

An extens ive  set of power curves was developed t o  assist i n  t he  design of an 
acceptable  run-to-rupture experiment t o  compare t h e  HDS and AlSi f u e l  processes ,  

An analys is  of  da ta  w a s  c a r r i e d  out t o  compare two fuel-end bonding processes., 

Work w a s  continued on t he  r e l i a b i l i t y  study of  r eac to r  pressure  monitoring 
systems 

N-Reactor Department 

The de tec t ion  c a p a b i l i t y  of a prototype X - r a y  f luorescent  tes t  was eva lua ted  
r e l a t i v e  t o  uranium contamination i n  f u e l  end-closures, 

UNCLASSIFIED 
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E-Reactor Department (continued) 

A screening study w a s  ca r r i ed  out t o  e l iminate  o u t l i e r s  frau t h e  i r e - i r r a d i a t i o n  
f u e l  measurements which are t o  be used i n  a study of  in-reactor  fuel swelling. 

Work was ccmpleted m a model and assoc ia ted  procedures appropriate  t o  copparing 
pre-extrusion lub r i ca t ing  treatments of uranium b i l l e t s .  

A procedure (with examples) appropriate t o  the construct ian,  maintenance, and 
in t e rp re t a t ion  of process control char t s  f o r  f r ac t ions  defect ive r e l a t i v e  t o  
severa l  fuel  cha rac t e r i s t i c s  w a s  formulated. 

ACTIVITIES W I T H I N  HANFORD LABORATORIES 

2000 Program 

Flaw System Models 

The double prec is ion  versicm of t h e  "shoe-box" program used i n  s o i l  permeabili ty 
studies has been modified t o  obtain the  same information as previous vers ionso 
This add i t iona l  information can be used in examining computational e r r o r s  incur red  
i n  the  various ca lcu la t ions  performed by these programs. 

GColumn Computer Control 
\ 

I n s t a l l a t i o n  of t h e  GE 412 process con t ro l  canputer i n  t h e  Hanford van next t o  t h e  
321 Building w a s  completed. 
of func t iona l  programs i s  i n  progress. 
diagnost ic  (equipment failure and per iphera l  failure rout ines)  program. 

The computer is now opera t iona l ,  and machine debugging 
Work continues on the coding of t h e  genera l  

Work continued on the statistical ana lys i s  of data from t h e  c a l i b r a t i o n  experiment 
f o r  the organic photometer t o  be used t o  monitor organic uranium stream concentra- 
tions i n  the A-column test  f a c i l i t y .  S t a t i s t i c a l  ana lys i s  was ccmpleted of t h e  
ca l ib ra t ion  experiment f o r  the new set of gamma absorp t iape ter  sample c e l l s  f o r  
aqueous uranium stream concentration est imat ion i n  connection with the operation 
of t h e  Gcolumn. 

4000 Program 

Radiation damage t o  f i ss ionable  materials 

Several  meetings were he ld  with personnel of Physical  Metallurgy t o  consider t h e  
best wey of implementing t h e  use of newly developed quan t i t a t ive  metallographic 
method8 of analyzing e l ec t ron  microscopy photographs. The problem of characteri- 
za t ion  of heterogeneous d i s t r ibu t ions  i n  a matrix i s  also being considered. 
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Analyt i c a1 Laboratories 

The i n i t i a l  m a s s  spectrometer simulation s t u m  of t h e  propogation o f  measurement 
e r r o r s  w a s  concluded, 
i n i t i a t ed ,  

A more comprehensive s tudy w a s  requested and has been 

Sonic Transmission i n  Visco-elastic Materials 

The first draft of t h e  mathematical ana lys i s  of the  d i f f e r e n t i a l  equation of 
p a r t i c l e  motion i n  media having a t tenuat ion  lo s ses  has been canpleted,  This 
model has been employed as t h e  basis f o r  an EDPM program f o r  numerically deter= 
mining the  s p e c t r a l  d i s t r i b u t i o n  o f  rebounding pulses  caused by an i n i t i a l  pulse  
impinging on the  plane boundary separat ing d i s s imi l a r  media, Continuing e f f o r t s  
w i l l  be d i r ec t ed  toward v e r i f i c a t i o n  of t h e  ana lys i s  and t h e  EDPM program w i t h  
experiment a1 datao 

P a r t i c l e  Packing Studies  

R, L, Richardson, Mathematics Operation, w a s  co-author of "Pr inc ipa l  Variables i n  
Vibra t iona l  Compaction ," a paper presented a t  t h e  U.S,-Japan I n t e r n a t i o n a l  Exchange 
Meeting on Ceramic Nuclear Fuels, 

The genera l  so lu t ion  t o  a mathematical model descr ibing theory used i n  thermal 
neutron detect ion using electro-magnetic wave guides has been obtained f o r  a 
s p e c i f i c  geometry, General izat ions of  t h e  problem 8re now being inves t iga t ed ,  

HW-84388, "Finding Precis ion La t t i ce  Constants of Hexagonal Crys ta l s  by Using a 
Computer," has been i ssued  as p a r t i a l  documentation of work done on Pu 0 

5000 Program 

c r y s t a l s ,  
2 3  

Materials Research and Service 

A s t a t i s t i c a l  study related t o  t h e  consistency of samples of  g raph i t e  w a s  i n i t i a t e d ,  

Computation and S t a t i s t i c a l  Analysis 

A Fortran 4 program w a s  wr i t t en  t o  perform double p rec i s ion  ca l cu la t ion  of the 
c r i t i c a l  po in t s  of  the  s t a t i s t i c a l  t e s t  t o  determine whether o r  not the wai t ing  
t i m e  d i s t r i b u t i o n  between successive counts arises from a decaying radionucl ide o r  
from pure background, A o r t r a n  program w a s  a l s o  w r i t t e n  and used t o  ca l cu la t e  the 
expected values  of t h e  I order  s t a t i s t i c s  f o r  samples of s i z e  n from a noma1  
d i s t r i b u t i o n ,  The BLU system i s  nearing completion, and debugging e f f o r t s  have 
increased,  Data f o r  t he  f i n a l  system arebeing prepared and checked out.  S t a t i s t i c a l  
ana lys i s  of program data w&s done i n  prepara t ion  f o r  the  results presented  a t  a 
program meeting here a t  Hanford during t h e  month. 

tx  
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A new I R A  program t o  p l o t  decay curves w a s  spec i f i ed  during the  month, 
will provide addi t iona l  information i n  analyzing sanples  and s i g n i f i c a n t l y  reduce 
t h e  work af hand plo-ting these curves, 

This program 

Several  modifications were made to t h e  GEM progrem, 
w a s  improved with the result t h a t  fewer cases w i l l  be r e j e c t e d  and fewer input cards 
W i l l  be needed, The second modificaUon provides f o r  punching the r e s u l t s  onto cards 
f o r  entry i n  t h e  IRA f i l e ,  

The e d i t  of r a w  s p e c t r a  cards 

Ef fo r t s  continued t o  develop mathematical models explaining t h e  d i f fus i an  of m e t a l s  
i n t o  metals, 

6000 ProRram 

Ecological Models 

Revisions and addi t ions t o  t h e  EDPM atmosphere d i f fus ion  program are i n  progress, 

Biology 

The analys is  of t h e  data from t h e  DNA study of mouse l i v e r s  of radiation chimeras 
was completed, 

An EDPM program w a s  wr i t ten  t o  perform ca lcu la t ions  on swine plasma data r e l a t i v e  
t o  the SR90 t a x i c i t y  s tudy,  

Manager 
Applied Mathematics 

CA Bennett :RYD:lg 
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RADIATION PROTECTION OPERATI ON 
REPORT FOR THE MINTH OF OCTOBER 1964 

A. ORGANIZATION AND PERSONNEL 

R e  W, Meisinger t r ans fe r r ed  from ES&EO t o  Technical Administration ef- 
f e c t i v e  October 1, 
e f f e c t i v e  October S a  R ,  W, Clark and G, T, Hewitt t r ans fe r r ed  from 
RMO t o  IPD e f f e c t i v e  October 26, C o  Bruinekool and K O  E, Hinrich trans- 
f e r r e d  from IPD t o  RMO a l s o  e f f e c t i v e  October 26, C ,  A, Grosclaude 
terminated from RMO e f f e c t i v e  October 230 J, J, Jech t r ans fe r r ed  from 
RMO t o  ES&EO e f f e c t i v e  October 1. L, W, Brackenbush accepted a rota- 
t i o n a l  assignment i n  RDCO e f f e c t i v e  October 1, J, N o  P a g l i e r i  began a 
r o t a t i o n a l  assignment i n  Nuclear Health & Safe ty  October 12, 

J, No Morgan accepted permanent assignment i n  RM3 

E. ACTIVITIES 

Occupational Exposure Experience 

There was one new plutonium deposi t ion case confirmed by evaluat ion of 
bioassay da ta  during the  month. The evaluat ion of add i t iona l  u r i n a l y s i s  
da ta  r e s u l t e d  i n  fourteen employees and one p a s t  employee being r ec l a s -  
s i f i e d  as nondeposition caseso The to t a l  number of i nd iv idua l s  who have 
received i n t e r n a l  deposi t ions of plutonium at  Hanford was consequently 
reduced from 347 t o  333, of which 233 a r e  cur ren t ly  employed a t  Hanford. 

There were n ine  inc idents  involving 12  employees which required s p e c i a l  
bioassay sampling f o r  plutonium analys is ;  however, t he  resu l t s  of  t hese  
analyses a r e  not  y e t  ava i l ab le  f o r  evaluat ion,  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 n t  i nc iden t s  ." 

A CPD employee received a puncture wound a t  t h e  base of t h e  
small f i n g e r ,  r i g h t  hand, while working at t h e  Plutonium 
Inc ine ra to r  Building (232-2) The employee was Changing an 
exhaust f i l t e r  i n  a hood when the  metal edge of the f i l t e r  
penetrated t h e  glove and sk in  of h i s  f i nge r ,  An examination 
of t he  wound, using t h e  plutonium wound counter ,  i nd ica t ed  
0,03 uc plutonium a t  the  wound s i t e ,  A recount ,  following 
s u r g i c a l  excis ion a t  GE F i r s t  Aid, i nd ica t ed  less than t h e  
de tec t ion  l i m i t  of 1 x pc plutonium, 

A CPD employee cut h i s  l e f t  thumb on a p iece  of broken glass 
while  working i n  the  Plutonium P u r i f i c a t i o n  and Fabr ica t ion  
F a c i l i t y  (234-5) 
work on plutonium chlor ide.  The contamination i n  the  thumb 
w a s  reduced from 400,000 d/m t o  =10,000 d/m and t h e  employee 
s e n t  t o  t h e  Whole Body Counting F a c i l i t y ,  An examination 

The employee w a s  performing a n a l y t i c a l  
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using the  plutonium wound counter,  de tec ted  3.5 x 
plutonium at  the wound s i te .  
g i c a l  excis ion a t  Kadlec F i r s t  A i d ,  ind ica ted  1,5 x 
plutonium. The wound w a s  f lushed i n  DTPA so lu t ion .  

pc 
Re-examination, following sur- 

pc 

A CPD employee received a puncture wound on h i s  r i g h t  index 
f inge r  as a result of work i n  the  Plutonium P u r i f i c a t i o n  and 
Fabricat ion F a c i l i t y  (234-5). 
i n  h i s  f i nge r  as h i s  gloved hand brushed aga ins t  a p iece  of  
w i r e  mesh screening. 
duced t o  500 d/m and the  employee s e n t  t o  the  Whole Body 
Counting Fac i l i t y .  
counter, ind ica ted  6 x 

The employee f e l t  a slight pain 

Skin contamination of 1000 d/m w a s  re- 

An examination, using the plutonium wound 
pc plutonium. 

Two CPD operators  were exposed t o  air-borne concentrations of 
plutonium while working i n  the  Plutonium Pur i f i ca t ion  and 
Fabricat ion F a c i l i t y  (234-5). 
and too l s  i n t o  a hood by w a y  of a hood glove. A personnel 
survey at the  end of the job ind ica ted  extensive sk in  con- 
tamination up t o  10,000 d/m and n a s a l  contamination of 13,500 
d/m, smearable on t h i s  employee. 
=lo0 d/m w a s  received by t h e  second employee working nearby. 

One employee sea led  equipment 

Nasal contamination of 

Two CPD employees were exposed t o  air-borne concentrations of 
plutonium while  working i n  the  Plutonium P u r i f i c a t i a n  and 
Fabricat ion F a c i l i t y  (234-5). The seal on a p l a s t i c  bag con- 
t a i n i n g  plutonium a i d e  f a i l e d ,  r e s u l t i n g  i n  skin contamina- 
t i o n  of 1,000 d/m and nasa l  contamination of 2,000 d/m and 
350 d/m, smearable, 

There were th ree  plutonium contaminated i n j u r i e s  t h i s  month, all three 
requ i r ing  excision. These cases b r ing  t h e  t o t a l  number of plutonium 
contaminated i n j u r i e s  f o r  t h e  year  t o  12, w i t h  10 r equ i r ing  excision. 
During t h e  corresponding period i n  1963 t he re  were 20 plutonium con- 
taminated i n  juries w i t h  1 4  requi r ing  excision. 

I n  addi t ion  t o  the inc idents  involving plutonium, there w a s  one in- 
c ident  involving four  persons tha t  required evaluat ion f o r  poss ib le  
in take  of o the r  rad io iso topes ,  Four HL employees were exposed t o  
air-borne concentrations of graphi te  dus t  whi le  decontaminating a 
cask i n  the  Radiometallurgy F a c i l i t y  (327 Building) e Nasal contami- 
nat ion of 10,000 t o  35,000 c/m w a s  de tec ted  by n a s a l  smears of the  
employees involved. Examinations, using t h e  Whole Body Counter, de- 
t e c t e d  t r a c e  amounts, much less than l% of t h e  m a x i m u m  permissible  
body burden of 30 uc Cs 137. 

There were t h r e e  inc idents  r equ i r ing  s p e c i a l  evaluat ion of personnel 
exposures. Two of these  involved loca l i zed  exposures r e s u l t i n g  from 
wearing contaminated clothing.  The t h i r d  inc iden t  involved dose 
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r a t e s  up t o  70 R/hr ,  observed i n  the  High Level Radochemistry F a c i l i t y  
(325A) when 9 l i t e rs  of highly r ad ioac t ive  thorium n i t r a t e  entered a 
vacuum l i n e  leading out of t h e  c e l l ,  The vacuum l i n e  was flushed, re- 
ducing dose rates from the  l i n e  t o  45 mR/hr; however, t h e  dose r a t e  at 
t h e  shielded basement t r a p  increased t o  200 R/hr, Personnel exposures 
o f  t h e  four persons involved were a l l  l e s s  than 150 mR, 

Environmental Experience 

Work on t h e  Gable Mountain Swamp t o  c o n t r o l  contamination t h a t  entered 
t h e  swamp on June 12 w a s  e s s e n t i a l l y  completed, 
edges of t he  swamp buried t h e  contamination i n  the near shore area and 
r e s u l t e d  i n  a r i s e  i n  water l e v e l  of about one foo t ,  
duced r a d i a t i o n  levels t o  a f e w  mR per  hour, 
emitters i n  the  swamp water had previously decl ined t o  about 10’’ pc/cc, 
Food p lan t s  f o r  water fowl were e i t h e r  buried or  burned, 
during t h e  l a t t e r  p a r t  of t he  month had e x t e r n a l  contamination of less 
than 1000 c/m and CsI3 ’  concentrations i n  t h e i r  f l e s h  of about 
The bottom of the  swamp i s  s t i l l  highly contaminated, however, and w i l l  
l i k e l y  remain so f o r  a year o r  two, 

Backf i l l i ng  of t h e  

This ac t ion  re- 
The concentration of b e t a  

k e k s  sampled 

pc//sm, 

The concentration of f a l l o u t  materials i n  t h e  a i r  of t he  Hanford en- 
virons w a s  about 0,3 - 0 , b  pc B/m3 during t h e  e a r l y  p a r t  of the month, 
bu t  rose t o  a peak of 4 pc f3/m3 on October 22-23, following t h e  atomic 
tes t  c a r r i e d  out by the  Chinese on October 16, The leve l  had decl ined 
t o  about 1 pc/rn3 by t h e  end of t h e  month, No s i g n i f i c a n t  increase i n  
t h e  I l 3  ’ concentration i n  l o c a l  a i r  o r  m i l k  w a s  evident by t h e  end’ of 
t h e  month. 

Nuclear Safety 

Safeguards s tud ie s  of PRTR operation a t  power levels up t o  120 Mw are 
e s s e n t i a l l y  complete, 
l a ted  on t h e  analog computer, These s t u d i e s  demonstrated t h a t  nuclear  
excursions during r e a c t o r  operation a t  120 Mw should no t  i nc rease  t h e  
hazard t o  t h e  publ ic  above t h e  p re sen t  l e v e l ,  
t h e  energy r e l e a s e  i n  excursions was g rea t e r  with s a f e t y  c i r c u i t  t r i p s  
s e t  f o r  120 Mw operation than with t h e  t r i p s  s e t  f o r  70 M w ,  I n  no 
case d id  t h e  ca l cu la t ed  f u e l  element surface temperature approach t h e  
melting point  of the Zircaloy cladding, The only core melt ing predicted 
w a s  near t h e  c e n t e r l i n e  of t he  f u e l  element rods i n  t h e  h ighes t  neutron 
f l u x  region, Centerline melt ing of  t h i s  type would not  lead t o  cladding 
fa i lure  and, t he re fo re ,  should no t  r e s u l t  i n  t h e  release of f i s s i o n  
products from the f u e l  elements, 

Assumed r e a c t o r  nuclear  excursions were simu- 

As would be expected, 

Assis tance w a s  given t h e  Engineering Development Operation i n  the pre- 
parat ion of a study of  t h e  conversion of t h e  PRTR t o  an organic-cooled 
f a c i l i t y ,  This study w a s  prompted by a request  from t h e  Commission, 

\ A preliminary evaluat ion of t h e  e f f e c t  on nuclear  s a f e t y  of  changing \ 
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i 2 3 s  

t o  organic coolant ind ica ted  that  t h i s  could be done safe ly .  
requested later on s a f e t y  aspects of i n s t a l l i n g  an organic-cooled loop 
i n  the PRTR. 

Advice was 

A meeting with personnel of t h e  Research and Development Branch, Divi- 
s ion  of Reactor Development, Oak Ridge National Laboratory, P h i l l i p s  
Petroleum Company, Brookhaven National Laboratory, Argonne National 
Laboratory, and Hanford Laboratories was at tended a t  Germantown on Octo- 
ber 22. 
f i s s i o n  product r e l ease  and t r anspor t ,  t h e  Containment Systems Experi- 
ment, and Loss of Fluid T e s t .  
sented t o  t h e  Research and Development Subcommittee of t h e  Advisory 
Committee on Reactor Safeguards on October 23. 

"he meeting w a s  ca l l ed  f o r  t he  exchange of information on 

A summary of t h i s  information w a s  pre- 

Discussions with personnel of t he  Richland Operations Off ice  of t h e  AEC 
led  t o  agreement on the  content of the Operating Safety L i m i t s  f o r  t h e  
PRCF. 
tonium Recycle C r i t i c a l  F a c i l i t y  :'was forwarded t o  RLOO f o r  approval 
and re-issuance, 

A document, HW-82329 REV,'bpersting Safe ty  L i m i t s  f o r  t h e  Plu- 

A major rev is ion  of t h e  Chemical Processing Department's "Hazards Evalua- 
t i o n  Study", HW-71918, w a s  i n i t i a t e d .  
by Nuclear Health and Safe ty  t o  t h i s  study were completed aud are now 
i n  t h e  process of being reviewed. 
t h i s  s tudy i s  i n  t h e  a rea  of acc iden ta l  processing of short-cooled 
fue l .  The previous study used 30-day cooling, the present  s tudy assumes 
two-day cooling, f o r  similar tonnage. 

A t  month's end all cont r ibu t ions  

The major change i n  t h e  r ev i s ion  of 

A hazards review of the shipment of i r r a d i a t e d  N-reactor fuel elements 
t o  an o f f s i t e  processor was i n i t i a t e d .  A hazards review i s  in progress 
on the  in-tank s o l i d i f i c a t i o n  and the s torage  of chemical processing 
wastes. 

Consult a t  ions 

Assistance w a s  provided t o  labora tory  groups i n  t h e  preparat ion of 
Building Emergency Plans f o r  t h e  308, 328, 3702 and 3705 Buildings. 

Personnel exposure data were reviewed with management members of Occu- 
pa t iona l  Health of Relations and Occupational Health Operation, Ceramics 
Research and Development of Hanford Laborator ies ,  and Manufacturing 
Sect ion of I r r a d i a t i o n  Processing Department. 

The dose rate i n  the  cont ro l  room of N-reactor was ca l cu la t ed  at  t h e  
reques t  of Nuclear Health and Safe ty ,  when an adjoining room w a s  f i l l e d  
with a s p e c i f i e d  concentration of f i s s i o n  gases. 

Consult a t  ions 
on beta-gamma 

were held with members 
f i s s i o n  product r a t i o s  

of Non-Destructive Tes t ing  and Methods 
as a funct ion of r eac to r  discharge t i m e .  
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Assis tance was given t o  Biology personnel i n  t h e  use of t h e  thermolumi- 
nescent reader  f o r  readout of TLD's used i n  animal exposures, 

Several  meetings w i t h  IPD design personnel were held concerning a i r  
sampling and s torage  problems i n  the  Tho2 t a r g e t  element hood i n  3732 
Building, 

S tud i  es and Improvements 

E f fo r t s  t o  i d e n t i f y  t h e  source and el iminate  contamination from the  308 
Building air exhaust system a r e  continuing, The f i n a l  bu i ld ing  exhaust 
f i l t e r  w a s  inspected and the  same conditions were found as reported f o r  
t h e  o ther  two f i l t e r s ,  
bu i ld ing  ind ica t e  a concentrat ion of 5 x yc Pu/cc o r  a weekly re- 
l e a s e  of about 0,2 pc PU, The hood exhausts from Rooms 131 and 138 are 
present ly  considered t o  be t h e  source of t h e  contamination, 
concentration measured i n  these  exhaust l i n e s  during the  month was 
3.9 x 10' 
of t h e  a i r  exhausted from the  hoods i n  Rooms 131 and 138, 
median diameter of t he  contamination on t h e  two samples was 0,39 p and 
0,57 p o  Contamination on a f i l t e r  sample taken i n  Apr i l  of 1963 had a 
MMD of O,b6 v o  
5% of a c t i v i t y  of Am241 i n  one sample and 16% by a c t i v i t y  i n  t h e  o the r  
sample, 
theory that  contamination from one source has d i f fused  through t h e  ex- 
haust  system was re j ec t ed ,  

F i l t e r  samples of the  air  exhausted from t h e  

The m a x i m u m  

A p a r t i c l e  s i z e  ana lys i s  w a s  completed on samples pc Pu/cc 
The mass 

An alpha energy ana lys i s  of t h e  recent  samples ind ica t ed  

Since t h e  two samples were d e f i n i t e l y  d i f f e r e n t  i n  source,  t h e  

A number of plutonium samples were used f o r  su r face  dose r a t e  measurements, 
The sam l e s  contained d i f f e r e n t  compositions of plutonium w i t h  t h e  amount 
of PuP4% being stated as 3%, 8%. 9%, 16% and 26%0 Four samples of PuO,-UOz 
were also measured, A l l  measurements were made through 1 2  m i l s  of p l a s t i c ,  

I n  conjunction w i t h  t hese  measurements, a sample of plutonium metal  
(503 gm) was obtained., 
t i c  bag, The 12  m i l s  of p l a s t i c  a t t enua te s  by about 30$, 
correc t ion  f a c t o r  y ie lded  a dose rate of 1,7 rad/hr ,  
agreement w i t h  t h e  ca l cu la t ed  dose r a t e  (1.657 rad/hr) ,  
of metal  i s  t o  be  oxidized and returned f o r  fu r the r  measurement, A 
summary of these  r e s u l t s  i s  given i n  Tbble I ,  "Surface Dose Rates of Some 
Plutonium Mater ia ls ,"  A l l  dose r a t e s  given i n  Table I were cor rec ted  f o r  
t h e  absorpt ion of t h e  12 mils of p l a s t i c ,  

The metal measured 1,3 rad/hr  w i t h  a 1 2  m i l  plas- 
Applying t h i s  

This  is i n  exce l len t  
This same piece  
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TABU I 

Surface Dose Rates of Some Plutonium Materials 

Material 

m 1 - 2 0  w/o 

Puo2 -uo 

Pu 

% PU240 

8 
16 
26 

8 
8 
8 
8 

3 
3 
3 

9 

% PUOp - 
0 
0 
0 

1 
3 
5 
10 

8 
16a 5 
27.3 

0 

Rad/hr 

0.62 
2.0 
30 4 

0.21 
0.26 
0033 
0.42 

0025 
08 33 
0,40 

1.7 

A l l  process r ad ia t ion  monitoring equipment drawings f o r  P ro jec t  CAH-916, 
Fuels Recycle P i l o t  P l an t ,  were reviewed and approved f o r  construct ion.  
While these  a r e  pr imari ly  process con t ro l  instruments,  they w i l l  be  ex- 
tremely use fu l  t o  r ad ia t ion  monitoring personnel p a r t i c u l a r l y  during 
in -ce l l  maintenance and decontamination. RDCO w a s  a l s o  requested t o  
engineer an addi t iona l  I l 3 I  sampling system f o r  i n s t a l l a t i o n  i n  t h e  pro- 
cess off-gas system. 

Two CP’s were exposed t o  high energy gamma ( ~ 6  MeV) generated by the 
p o s i t i v e  ion acce le ra to r  using the F(p,a)O reac t iono  The purpose of t h e  
experiment w a s  t o  determine whether o r  not  the  CP f u l f i l l e d  the Bragg- 
Gray requirements at  these  energies.  To perform t h e  experiment, sleeves 
of phenolic were placed over t h e  CP with readings taken with each 
successive s leeve.  It was  concluded t h a t  t he  CP does f u l f i l l  t h e  s t a t e d  
requirements t o  w i t h i n  t he  +lo, -5 per  cent  ca l ib ra t ion  accuracy, 

The s i n g l e  channel gamma spectrometer w a s  c a l ib ra t ed  us ing  the X-ray 
d i f f r a c t i o n  machine i n  t h e  326 Building. The energies  used were: Cu, 
Kav - 8,05 Kev; Ag, K, - 22 Kev; Mo, Kav - 17.5 Kev, 
w a s  about 402 f o r  f u l l  width ha l f  maximum, The r e so lu t ion  i s  t h e  same 
f o r  energies  from 5 Kev t o  0.50 MeV. There may be a malf’unction i n  t h e  
analyzer  s i n c e  the reso lu t ion  i s  expected t o  i q r w e  as t h e  energy hardens. 

The re so lu t ion  

The K-fluorescent sources i n  Cal ibra t ions  were analyzed and t h e  energies  
now assigned appear t o  be very reasonable and t h e  s t a t e d  energy i s  t h e  

UN CLASSIFIED 



UNCLASSIFIED F-7 HW-84474 

predominant energy i n  each casea 
t o  have some impurity which generates an appreciable  r a d i a t i o n  i n  the 
20-30 Kev energy region i n  addi t ion  t o  t h e  primary emission at 8 Kev, 

Background buildup due t o  radionucl ide contamination of t h e  de tec tor  
w a s  e f f e c t i v e l y  cont ro l led  by continuous addi t ion  of NaEDTA so lu t ion  t o  
t h e  water stream en te r ing  t h e  s c i n t i l l a t o r ,  This i s  accomplished w i t h  
a small o s c i l l a t i n g  pump operat ing a t  a pumping r a t e  of about 1 cc per  
minute 

The Cu K-fluorescent source w a s  found 

The " f i n a l  design" e l ec t ron ic s  f o r  t he  monitor w a s  i n s t a l l e d  a t  the 
Richland Water P lan t ,  and ca l ib ra t ed  ea r ly  i n  t he  month. 
formed s a t i s f a c t o r i l y ,  
more s e n s i t i v e  than t h e  prototype system. 

It has per- 
The i n s t a l l e d  system was found t o  be about 20% 

An improved e lec t ron  beam sweeping device w a s  designed and f a b r i c a t e d  
f o r  t h e  e lec t ron  Van de G r a a f f ,  
5,000 v o l t  beam sweeping p o t e n t i a l s  i s  accomplished through use of 
magnetically closed reed  switches i n  p lace  of t h e  mechanical r e l ays  
previously used. This modification provides b e t t e r  con t ro l  over t h e  
equipment when short b u r s t s  of high i n t e n s i t y  r ad ia t ion  a r e  desired.  

F a s t e r  switching of t h e  p lus  and minus 

P a r t i c l e  s i z e  ana lys i s  w a s  completed on two rou t ine  f i l t e r  samples 
taken a t  t h e  Weapons Fabricat ion F a c i l i t y  (234-5) during an i n t e r n a l  
exposure inc iden t  on October 6 q 0  
be about 10  microns with a number mean diameter of  about 0,2 microns. 
The gross amounts of a c t i v i t y  would no t  permit de t ec t ion  of p a r t i c l e s  
below about 0,2 microns. About 90% of the  a c t i v i t y  w a s  found on par- 
t i c l e s  tha t  were 3 microns o r  larger, 

The m a s s  mean diameter was found t o  

The p o s i t i v e  ion  acce le ra to r  w a s  used f o r  s e v e r a l  low l e v e l  neutron 
exposures t o  thermoluminescent dosimeters,  Mult iple  sets of thermo- 
luminescent dosimeters were exposed t o  0.2, 0 0 4 ,  0,6 and 0.8 rads  of 
fast neutrons of 0.8, 1-0 and 1.4 MeV. The dose w a s  determined from 
t h e  f i r s t  c o l l i s i o n  RBE dose curveo 
neutrons were done w i t h  t h e  tritium (p,n) reac t ion  which has a very 
l o w  gamma y i e l d ,  The exposure t o  lob MeV neutrons w a s  accomplished 
w i t h  the  carbon (d,n) r eac t ion  which has a very high gamma y i e l d ,  

The exposures t o  0.8 and 1.0 MeV 

The results a f t e r  readout of t h e  TLD's w e r e  not  as good as expected, 
Af te r  exposure t o  t h e  PuF, and PuBe neutron sources ,  t he  T u ' s  seemed 
t o  be  more s e n s i t i v e ,  The minimum s e n s i t i v i t y  seemed t o  be about 0 , l  
rads. For t h e  acce le ra to r  exposures, the  minimum s e n s i t i v i t y  appears 
t o  b e  about O,5 r ads ,  us ing  the  present  dosimeter configurat ion,  The 
problem may b e  the  proper separa t ion  of the neutron and gamma responseso 
Resul t s  from t h e  0,2 and 0,4 rad  exposures were no t  p o s i t i v e  for the  
exposures t o  0,8 and 1,O Mev neutrons., 
1,4 Mev neutrons y ie lded  a p o s i t i v e  result. 
0,8 rad exposures y ie lded  pos i t i ve  r e s u l t s  though t h e  magnitude of t h e  
r e s u l t s  were n o t  always i n  the  co r rec t  proport ion,  

An exposure t o  0.4 rads of 
I n  a l l  cases ,  0,6 and 
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The scheduling by job code and s u f f i x  of personnel f o r  examination i n  
the mobile whole body counter w a s  i n s t i g a t e d  during t h e  month. This 
scheduling includes the p r i n t i n g  out  by Data Processing of a punched 
card f o r  each man who i s  t o  be examined i n  a p a r t i c u l a r  manufacturing 
or  laboratory area. The card format includes name, pay ro l l  number, 
s u f f i x ,  job code and da te  t h a t  t h e  employee w i l l  r epo r t  f o r  examination. 
O f  t h e  200 personnel i n  the 100-D Area who were scheduled f o r  examina- 
t i o n  during the  month, 80% were examined as scheduled. 
examinations a r e  planned during t h e  f i rs t  week of November f o r  the  
remaining personnel, 
of FeS9, Co60, and Ar4lo  

The mobile whole body counter w a s  exhibited i n  t he  300 Area f o r  v i s i t -  
i n g  s c i e n t i s t s  a t tending  t h e  meeting of the Bio-Medical Program 
Directors  of the  U. S. Atomic Energy Committee. 

Make-up 

Nine personnel had s m a l l  t r a n s i e n t  deposi t ions 

A l l  equipment was ordered f o r  bu i ld ing  two new f i e l d  wound counting 
systems. Most of t h i s  equipment w a s  de l ivered  with t h e  exception Of 
the  e l ec t ron ic  gear and de tec tors  using 1/4" x 1 mm c r y s t a l s ,  
t e m  f o r  use i n  t h e  TOO Area F i r s t  Aid should be ready f o r  use before 
yea r ' s  end. la rge"  
(1-3/4" x 1 mm) and a small (1/2" x 1 mm) wound counter f o r  low-energy 
X-rays from plutonium or  americium and two small geiger-type probes 
f o r  higher  energy B-y detec t ion  i n  wounds, The smaller crystal- type 
counters (1/4" diameter) w i l l  be added as they a r e  received from the 
vendor 

The sys- 

I1 T h i s  includes a counting system cons is t ing  of a 

Research Studies  

Ef fec t  of Reactor Ef f luent  on the Qua l i ty  of Columbia River Water 

Measurements continued on r i v e r  water temperatures and of meteoro- 
l o g i c a l  parameters t h a t  inf luence them. A s m a l l  barge,  support ing a 
temperature recorder ,  w a s  anchored i n  the r i v e r  j u s t  upstream f'rom 
t h e  300 Area a t  a loca t ion  which previous surveys have shown t o  give 
a temperature r ep resen ta t ive  of t h a t  of t he  cross-section of t he  
r i v e r  a t  t h i s  point., 

Mechanisms of Environmental Exposure 

Eleven volunteers  continued t o  partake of  Columbia River f i s h  i n  a 
cont ro l led  experiment t o  study the  uptake and r e t e n t i o n  of P32 and 

The body burden of P32 has leve led  of f  at approxi- 
mately 170 nc a t  an inges t ion  ra te  of 200 grams of f i s h  per week, 
although t h e r e  a r e  s i g n i f i c a n t  va r i a t ions  among t h e  subjec ts .  

from f i s h ,  

As p a r t  of t h e  Columbia River f i s h  inges t ion  experiment, c r e a t i n e  
analyses were made on t h e  sub jec t s '  u r ine  t o  a sce r t a in  the  u t i l i t y  
of t h i s  substance i n  e s t ab l i sh ing  t h e  metabolic a c t i v i t y  represented 

i 2 3 5  I e 4  
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by a s i n g l e  sample of u r ine ,  
sample from an ind iv idua l  f o r  whom no previous excret ion da ta  are 
ava i l ab le ,  a c r e a t i n e  ana lys i s  is a somewhat more r e l i a b l e  index of 
metabolic a c t i v i t y  than is  sample volume, 

The r e s u l t s  ind ica ted  t h a t ,  f o r  a u r i n e  

Nuclear F a c i l i t y  Monitoring Guide 

Progress on the  monitoring guide w a s  reviewed with o the r  staff members, 
and new suggestions a r e  being incorporated,  
Ef f luents  Technology a re  co l labora t ing  on the preparat ion of a sec t ion  
tha t  deals w i t h  e f f luen t  monitoring, 

Members of Chemical 

C. T R A I N I N G  

A f i e l d  emergency en t ry  and rescue problem w a s  s e t  up f o r  t h e  300 Area 
firemen. 
ments i n  an a c t u a l  gamma f i e l d .  

The t r a i n i n g  included t h e  use and reading of  dose rate instru-  

Four more c l a s ses  were held i n  t h e  course,  "Radiation Pro tec t ion  Train- 
i n g  f o r  Exempt Personnel." 
i n  the  l l - c l a s s  s e r i e s ,  Attendance w a s  exce l l en t ,  Comments of t h e  
a t tendees  were most favorable  

This  makes a t o t a l  of  7 c l a s ses  completed 

I n  the  "Second Radiation Monitoring Operation Refresher Course ," a l l  of 
t h e  sess ions  on "Effects  of Radiation on Living Tissue" were he ld ,  and 
fou r  of  t h e  f i v e  sess ions  on "Elementary Nuclear Physicscl l  

fense," w a s  added t o  the  r e f r e she r  course., 
t o  permit completion of t h e  C i v i l  Defense sess ions  before  the end of 
t h e  year .  

A t  t h e  
' r eques t  of K. R, Heid, an add i t iona l  sub jec t ,  "Radiological C i v i l  De- 

The course was rearranged 

A four-day o r i en ta t ion  program w a s  organized and completed f o r  S, W. 
Por t e r  of t h e  Armed Forces Radiobiological Research I n s t i t u t e ,  Bethesda, 
Maryland. Mr, Por te r  w a s  given t h e  opportuni ty  t o  see as much as pos- 
s i b l e  of  the  r ad ia t ion  pro tec t ion  a c t i v i t i e s  i n  t h e  production depart-  
ments and Hanford Laboratories.  

D. SIGNIFICANT REPORTS 

HW-80892-8, "Radiological S t a tus  of t h e  Hanford Environs f o r  September 
1964," R, F, Foster ,  

HW-84482, "Radiation Monitoring Operation Monthly Report, September 
1964," A ,  J. Stevens,  

AR Keene I 2 3 5 I 0 5 UN CLASS1 FIED 
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FINANCE AND ADMINISTRATION OPERATION 

HW- 84474 

ACCOUNTING 

Cost Accounting 

The Hanford Laboratories' control budget was adjusted during the month as 
follows : 

1. Control budget for the Maintenance and Equipment Engineering 
of Test Reactor and Auxiliaries Operation was increased 
$15,000 to more accurately reflect the level of service being 
provided other components of Hanford Laboratories. 

2 .  The increased funds for the Containment Systems Program 
included in the Financial Plan were reflected as R&D .in 
September. 
in the expense project - $131,000. 

This was changed in October and will be reflected 

3 .  The increase of $100,000 for General R&D - Civilian in the 
Financial Plan was incorrectly included in the Conceptual 
Reactor Design Program in September. This was corrected 
to show the increase in Specific Fuel Cycle Analysis. 

The FY 1965 Midyear Budget Review call letter was received from Contract 
Accounting on October 2 6 .  Schedule provides for budget review to be 
completed and submitted to Contract Accounting by November 2 3 ,  1 9 6 4 .  

Equipment funds allocated to Hanford Laboratories for FY 1965 can be 
summarized as follows: 

02 Program 
General Purpose $400 000 
HL Programs 50 000 

03 Program 
04 Program 
05 Program 
0 6  Program 
08 Program 

105  000 
790 000 
300 000 
275 000 
40 000 

The HL allocation for miscellaneous capital work orders aggregates $ 2 0 0 , 0 0 0 .  

UNCLASSIFIED 

1 2 3 5 1 0 b  



UNCLASSIFIED G- 2 Hw-84474 

New organization codes established during the month were: 

7140 - Purchasing Operation 
7352 - Maintenance Standards & Procedures 

The following 04 Program codes were established during the month: 

.31 - Gaseous Effluent Studies 

.53 - Reactor Safety Analysis & Evaluation 

Special accounting codes for customer work were established during October 
as follows: 

.5K - Saxton Plutonium Fuels $ 70 400 

.5L - Development for Picatinny Arsenal 100 000 

.2V - U02 Compaction for APED 300 

Additional authorizations were received for the following special requests: 

.3P - Cermet Fuel Fabrication $125 000 

.3R - Cermet Joining Studies 25 000 

General Accounting 

Approval letter No. AT-364, AEC Monograph on Plutonium - Its Industrial 
Hygiene Aspects - Dr. R. C. Thompson, is in process. 

OPG 7.9, Control of Secret Documents, Page 17, was revised and OPG 3.1.3, 
General Electric Educational Assistance Program, was canceled. 

Hanford Laboratories' net material investment at October 1, 1964 totaled 
$27.9 million as detailed below: 

(In thousands) 
S S  Material $26 311 
Reactor & Other Special Materials 1 296 
Spare Parts 366 
Exotic Materials 56 
Yttrium 

Sub t o t a1 
26 

28 055 
Reserve: Spare Parts $86 

Y t t r ium - 26 (112) 

Net Inventory Investment $27 943 
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The cumulative value of nuclear ma te r i a l  consumed i n  research by Hanford 
Laboratories during FY 1965 ( a t  October 1, 1964) i s  shown below: 

02 Program $ (1 581) 
03 Program 172 942 
04 Program (327 290) 

To ta l  $(155 929) 

The c r e d i t  i n  the  nuclear mater ia l  consumed i n  research account i s  due 
pr imari ly  t o  r e t u r n  of mater ia l  t o  Redox a t  f u l l  va lue .  

A repor t  of f ind ings  i n  connection with the  qua r t e r ly  inventory of Reactor 
and Other Special  Materials i n  the  custody of 120 Hanford Labora tor ies '  
mater ia l  holders was issued during the  month. This  was a c e r t i f i c a t i o n  
type inventory except f o r  the  holders  of ma te r i a l s  within Chemical Labora- 
t o ry  (7600), which was a witnessed type inventory by HL Financial  personnel. 
The inventory revealed only minor var iances  a t t r i b u t e d  t o  rounding. An 
adjustment was made f o r  quan t i ty  only.  

The s t a t u s  of Hanford Laboratories '  heavy water inventory a t  October 31, 
1964 i s  a s  follows: 

Current Month FY t o  Date 
Pounds Value Pounds Value 

Beginning Balance 59 041 $800 660 32 762 $447 572 
Acquisit ions 27 445 379 015 
Scrap Returns (SROO) 
Consumption - 1) 

PRTR: Loss ( 2  157) (29 816) ( 3  323) (45 940) 
Scrap (7 158) (16 961) 

Ending Balance -2) 56 884 $763 686 56 884 $763 686 

(1- Consumption - Scrap r e f l e c t s  amount charged t o  Cost only. 

(2- Includes 15,398 pounds of heavy water sc rap  valued a t  $190,294. 

Loss amount shown above (2,157 pounds, $29,816) represents  ac tua l  f o r  
September and October based on physical  inventor ies  taken on October 16, 
1964 and October 26, 1964 covering period September 1, 1964 through 
October 26, 1964. Loss amount shown on September 30 repor t  was an 
estimated amount s ince  no inventory was taken on September 30, 1964. 
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Laboratory Storage Pool activity is summarized as follows: 

Cur r en t Month FY to Date 
pant ity Va lue Quantity Value 

1 946 $1 556 640 2 027 $1 493 571 
82 244 167 479 411 036 

Beginning Balance 
Items Received 
Items Reclaimed by Custodians (27) (498 454) (237) (521 333) 
Equipment Transfers (43 1 (28 375) (153) (76 145) 
Items Disposed by PDR (7) ( 5  441) (38) (11 290) 

(97 849) Items Disposed by Excess (22) (70 547) (149) 

Ending Balance 1 929 $1 197 990 1 929 $1 197 990 -1) - 
(1- Includes 149 items valued at $81,025 on loan at October 31, 1964. 

Loans & Transfers in 
Lieu of Purchases 

Loans 
Transfers 

Total 

Operating Costs (9-30-64) 

Current Month 
Quantity Value 

N to Date 
Quantity Value 

17 $ 7 624 62 $ 32 622 
43 28 375 153 76 145 - - 
60 - s 35 999 

$ 1 325 

215 - $ 108 767 

$ 4 296 

Laboratory Storage pool material and equipment at October 31, 1964 totaled 
$2.1 million as detailed below: 

Equipment $1 197 990 
Reactor & Other Special Materials 260 035 
SS Material 154 800 
Other Material 471 127 
Exotic Material 57 506 

Total $2 141 458 

Transfers from Work in Progress accounts to completed Plant accounts totaled 
$347,525 for the month of October. 
transferred from IPD and eleven 614 Monitoring buildings, valued at $33,433, 
were removed from record by means of a PDR. A total of 1,887 input documents 
were prepared and submitted to EDP during October for additions and changes 
to HL Plant and Equipment records. 

Building 3746-D, valued at'$3,481, was 
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The following contracts were processed in October: 

HW-84474 

CA-472 
CA-473 
CA-474 
CA-47 5 
CA-477 
SA-370 
SA-371 
SA-374 

MRO- 80 

Robert W. Albrecht 
Kermit L. Garlid 
Lewis W. Seagondollar 
Selmer W. Peterson 
James G. Knudsen 
Jonas Ahgook 
Pyromet Company . 

PUD No. 1 of Franklin County 
Fisher Scientific Company 

Personnel Accounting 

Suggestion Awards for October, which amounted to $890, were paid to 29 
employees. 

Patent Awards were made to the following: 

W. W. Schulz HWIR 1614 A Process for Dissolving Irradiated Pu-A1 
Alloy Fuel 

H. L. Libby HWIR 1548 Eddy Current Nondestructive Testing Device 
with Graphical Nulling Feature 

H. L. Libby HWIR 1650) An Eddy Current Tubing Tester with Signal 
C. R .  Wandling HWIR 1650) Pattern Display and Graphical Nulling 

Features 

Helen F. Knight and Carl H. Hemphill retired effective November 1, 1964. 

Personnel statistics follow: 

Employee Changes 

Employees at beginning of month 
Additions and transfers in 
Removals and transfers out 

Employees at end of month 

Tot a 1 Exempt Nonexempt 

1 811 790 1 021 
79 17 62  

6 36 42 - 
1 047 - 1 848 801 - - 
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Overtime Payments During Month 

Exempt 
Nonexempt 
Total 

Gross Payroll Paid During Month 

Exempt 
Nonexempt 
Total 

Participation in Employee Benefit 
Plans at Month End 

Pens ion 
Insurance Plan - Personal 
U. S. Savings Bonds 

- Dependent 

Stock Bonus Plan 
Savings Plan 
Savings & Security Plan 

Good Neighbor Fund 

Insurance Claims 
Employee Benefits 
Life Insurance 
Weekly Sickness & Accident 
Comprehensive Medical 

Dependent Benefits 
Comprehensive Medical 

Total 

October 

$ 4 979 
29 442 

S 34 421 

$ 833 657 
601 525 

$1 435 182 

October 
Number 

1 751 
388 

1 451 

161 
71 

1 198 
1 330 

Numb e r 

-0- 
8 

49 

83 

140 

- 
p13p 

Percent 

99.3 

99.6 

33.7 
3.8 
86.9 
71.7 

Amount 

$ 
639 

2 874 

7 437 

$10 940 - 

September 

$ 4 183 
32 152 

$ 36 335 
> 

$ 816 549 
726 187 

$1 542 736 

S e p t emb e r 
Number Percent 

1 706 
3 84 

1 419 

158 
70 

1 185 
1 297 

Numb e r 

1 
10 
45 

90 

146 

- 
II 

99.3 

99.7 

34.5 
3.9 
87.5 
71.5 

Amount 

$15 502 
83 5 

3 486 

8 863 

$28 686 - 
TECHNICAL ADMINISTRATION 

Forty-three nonexempt employment requisitions were filled; 65 remain to be 
filled. 

Suggestion Plan activity: 

Suggestions received 
Suggestions adopted 
Suggestions rejected 
Suggestions in process 

40 
27 
35 
87 

UNCLASSIFIED 
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V i s i t o r s  Center a c t i v i t y :  

October attendance 1 569 
Average attendance per  day open 58 
Cumulative attendance s ince  6-13-62 81 107 
Conducted groups 12  ( t o t a l i n g  227 people) 

P lan t  tour  a c t i v i t y :  
Number T o t a l  People 

General Public Relations Tours 
Special  Tours 

8 124 
3 85 

Overall r e c r u i t i n g  r e s u l t s  f o r  October a r e  as follows: 

Offers  extended 
Offers accepted 
Offers r e j ec t ed  
Added t o  r o l l  

Advanced Degree - Five Ph.D. app l i can t s  v i s i t e d  HAP0 f o r  employment i n t e r -  
views. Five o f f e r s  were extended; t h ree  acceptances and t h r e e  r e j ec t ions  
were received.  Three o f f e r s  a r e  cu r ren t ly  open. 

BS/MS (Direct Placement) - One o f f e r  was extended. There were two accep- 
tances and no r e j ec t ions  received. There a r e  no o f f e r s  cu r 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 
one o f f e r  was r e j ec t ed .  There a r e  no o f f e r s  cu r ren t ly  open. 

Technical Graduate Program - Five Technical Graduates were placed on perma- 
nent assignment. One new member w a s  added t o  the  r o l l  and none terminated. 
Current Program numbers 35. 

The Hanford Nuclear Program w i l l  be divided beginning November 1. Of the  
28 who have not ye t  s e l ec t ed  off-program placement, 18 w i l l  remain under 
the  Laboratory Program and 10 under the  new GE Program operated by NRD. 

The t r a n s f e r  of t h e  GE-AEC business records i s  proceeding aided by t h e  
e f f o r t s  of e igh t  temporary employees. Two-thirds of t h e  t r a n s f e r  i s  now 
completed. 
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FACILITIES ENGINEERING 

A t  month end, F a c i l i t i e s  Engineering Operation was responsible  f o r  13 ac t ive  
p ro jec t s  having t o t a l  authorized funds i n  the  amount of $10,729,000. 
t o t a l  estimated cos t  of these p ro jec t s  i s  $11,880,000. Expenditures through 
September 30, 1964 were $5,066,000. 

The 

The following summarizes pro jec t  a c t i v i t y  i n  October: 

Authorized p ro jec t s  a t  month end . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

New pro jec t s  submitted t o  the  AEC i n  October --------------- 0 

New p ro jec t s  awaiting AEC approval . . . . . . . . . . . . . . . . . . . . . . . . .  2 
CAH-123, Laboratory F i r e  Pro tec t ion  System 
CAH-155, Services f o r  Biology Laboratory F a c i l i t i e s  - 

300 Area 

Pro jec t  proposals being prepared . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Geological and Hydrological Wells - FY 1965 
Power Supply - Mill ion Amp Welder 
PRTR Increased Power Level 
Shielded Creep Test  F a c i l i t y  - 3707-C Building 
Experimental F a c i l i t y  Addition - 309 Building 

The s t a t u s  of a c t i v e  p ro jec t s  follows: 

CAH-100 High Temperature L a t t i c e  Tes t  Reactor 

Detai led design i s  94 percent complete compared t o  a scheduled 100 percent .  
Several  Phase I1 drawings have been reviewed and commented on. Phase I1 
drawings of t he  PMARS package and the  two heat  exchangers were approved. 
The Phase I cons t ruc t ion  cont rac t  was awarded t o  George Grant on October 2 3 .  
The Commission considered a proposal t h a t  t he  Company design and f a b r i c a t e  
a completely computerized instrument system. The Commission decided t h a t  
V i t ro  should perform the  design and a vendor f a b r i c a t e  the  con t ro l  system. 

CAH-116 PRTR Decontamination and D 2 0  Cleanup 

Construction i s  about 1 percent complete. The Commission authorized J. A. 
Jones Construction Company $72,000 f o r  procurement and assembly of t he  D20 
cleanup system. J .  A .  Jones plans t o  f a b r i c a t e  and assemble the  e n t i r e  
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package. 
t he  PRTR decontamination system t o  permit decontamination of the.primary 
hea t  exchanger. 
decontamination por t ion  of t he  p ro jec t .  

The Company requested e a r l y  procurement of some components of 

Construction funds have not  been authorized f o r  t he  PRTR 

CAH-119 PRTR Storage Basin and Experimental F a c i l i t i e s  Modifications 

Construction i s  approximately 16 percent  complete and is  on schedule. 
s t r u c t i o n  work i s  progressing on t h a t  por t ion  of t h e  work f o r  which approved 
design e x i s t s  ( a l l  phases except heat ing and v e n t i l a t i o n ) .  J .  A.  Jones sub- 
mi t ted  a cos t  es t imate  of $267,000 f o r  cons t ruc t ion  of t he  bui ld ing  and 
basin addi t ion  por t ion  of t he  p r o j e c t ,  not including underwater equipment. 

Con- 

The cons t ruc t ion  spec i f i ca t ion  was completed and approved on October 12, 
1964. Comments of t he  e l e c t r i c a l  and heat ing and v e n t i l a t i n g  drawings 
were t ransmit ted t o  the  Commission on October 28. Procurement spec i f ica-  
t i ons  f o r  t he  underwater equipment were prepared by the  Company and a r e  
awaiting Commission approval. Excavation f o r  t he  new s torage  bas in  has 
progressed t o  the  minus nineteen (-19) foot  l eve l .  

CAH-123 Laboratory F i r e  Pro tec t ion  System 

No ac t ion  has been taken by the  Commission. 

CAH-126 Waste Transport  System 

Design i s  87 percent  complete compared t o  a scheduled 90 percent .  Three 
drawings were received f o r  review and comment. 

CAH-136 Service Addition - 327 Building 

Design i s  approximately 95 percent  complete compared t o  a scheduled 100 per- 
cen t .  Eighteen drawings were received f o r  review and comment. Comments 
were t ransmi t ted  t o  the  Conmission. 

CAH-137 Temporary Physical  Sciences Center 

Design i s  about 85 percent complete. The Commission authorized Vi t ro  an 
add i t iona l  $2,000 f o r  a new t o t a l  of $9,500 f o r  performance of design. 

Construction i s  65 percent  complete. Boi le r  room demolit ion and removal 
work i s  complete. The new e l e c t r i c  b o i l e r  and hot  water hea te r  a r e  i n  
place.  N e w  e l e c t r i c a l  and piping se rv ices  a r e  being i n s t a l l e d .  The PABX 
telephone switchboard was received by the  Company. 
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CAH-146 Atmospheric Physics Building 

The Commission approved the design criteria document on October 8 ,  and are 
negotiating a design contract with the engineering firm "Bouillon, 
Christofferson and Shairer." 

CAH-151 

Design is 93 percent complete compared t o  a scheduled 100 percent. 
Company returned its design comments to the Commission. 
tions have not been issued for comment. 

Office Addition to the 308 Building 

The 
The specifica- 

CAH-153 Plutonium Recycle Critical Facility, Irradiated EBWR Fuel Handling 

Detailed design is approximately 40 percent complete and on schedule. Com- 
ment prints were issued on the structural steel and the fuel cask on 
October 28. 

CAW-155 Services to Biology Facilities - 300 Area 

The project proposal is being revised to coincide with changes made in pro- 
jects CAH-977, CAH-982, and this project by the Commission. 

CAH-916 Fuels Recycle Pilot Plant 

Construction is 82 percent complete compared to a scheduled 7 3  percent. 
The upper wall sections of the Metallurgical, High Bay and Mechanical Cells, 
and the ceiling of the Low Bay Cell, are being formed and poured. Shield- 
ing and piping are being placed in the ceiling of the Metallurgical Cell. 
Interior walls in building areas 2 and 3 are being plastered. Building 
cranes have been installed in the Cold Canyon and mock-up area. 

CAH-962 Low Level Radiochemistry Building 

Construction is 32 percent complete compared to a scheduled 36 percent. 
Approximately half of the precast concrete wall panels were ruined when 
they stuck to the casting slabs. 
Basement and outside piping are being installed. Sheet metal ventilation 
ductwork is being installed in the basement and main floor. The exhaust 
stack was erected and metal roof decking installed. Insulation is being 
placed on the roof. Interior concrete block walls are being constructed 
in the basement. The contract was extended 39 days as a result of the 
pipefitters strike. 

Replacement slabs have been poured. 
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CAH-977 F a c i l i t i e s  f o r  Radioactive Inha la t ion  Studies  

A revised design c r i t e r i a  document was submitted t o  the  Commission on 
October 8 f o r  review and approval. The Commission has questioned t h e  
propr ie ty  of se rv ices  being provided by p ro jec t  CAH-155. The p ro jec t  
scope i s  being revised.  

CAH-982 Additional Radionuclide F a c i l i t i e s  

Preparat ion of a revised design c r i t e r i a  document has been deferred pending 
a decis ion by the  Commission on the  scope of t h i s  pro jec t  and p ro jec t s  
CAH-977 and CAH-155. 

Engineering Services and Plan t  Engineering 

Engineering work was performed i n  support of design and cons t ruc t ion  on 
ac t ive  p ro jec t s ,  p ro j ec t  proposals ,  prel iminary planning and design c r i t e r i a  
f o r  new p ro jec t s .  P r inc ipa l  work items included: (1) review of V i t r o ' s  
design on heat ing the  r eac to r ,  the  Phase I1 e l e c t r i c a l  drawings and computer 
design f o r  Pro jec t  CAH-100, High Temperature L a t t i c e  Tes t  Reactor;  ( 2 )  
review of drawings f o r  Pro jec t  CAH-116, PRTR Decontamination and D 2 0  Clean- 
up, Pro jec t  CAH-136, Service Addition - 327 Building, and Pro jec t  CAH 151, 
Off ice  Addition - 308 Building; (3)  completed spec i f i ca t ion  f o r  t h e  pro- 
curement of t he  PRTR f u e l  element underwater c u t t i n g  and examination equip- 
ment f o r  Pro jec t  CAH-119, PRTR Storage Basin and Experimental F a c i l i t i e s  
Modifications,  and reviewed the  heat ing and v e n t i l a t i o n  systems on t h i s  
p r o j e c t ;  ( 4 )  developed a c r i t e r i o n  f o r  t h e  power sources and con t ro l  of 
computer room a i r  condi t ioning f o r  Pro jec t  CAH-137, Temporary Physical  
Sciences Center;  (5) issued f i v e  drawings f o r  comment on the  design f o r  
t he  on - s i t e  shipping cask on P ro jec t  CAH-153, PRCF I r r a d i a t e d  Fuel Handling 
System; (6) prepared a design change t o  modify t h e  bui ld ing  alarm systems 
on Pro jec t  CAH-916, Fuels Recycle P i l o t  P l an t ,  and revised t h e  loca t ions  
of motor con t ro l  cen te r s ,  and reviewed vendor submi t ta l s  f o r  miscellaneous 
mechanical i t e m s  f o r  Pro jec t  CAH-962, Low Level Radiochemistry Building; 
and (7) approved 18 Vi t ro  drawings on t h e  Containment Systems Experiment 
and reviewed 34 Chicago Bridge and I ron  drawings f o r  t h e  containment vessel .  

F a c i l i t y  planning and budget study work included: (1) a d r a f t  of a design 
c r i t e r i o n  f o r  a shielded creep t e s t  f a c i l i t y  a t  3707-C Building has  been 
prepared; and (2) a scope drawing and c r i t e r i o n  have been issued t o  the  
on-s i te  A-E f o r  t h e  design of a maintenance shop add i t ion  t o  t h e  north s i d e  
of t he  314 Building. 

Engineering and consul t ing work was provided t o  research and development 
personnel as requested.  Major work items included: (1) a request  has 
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been received f o r  engineering a s s i s t ance  i n  developing equipment f o r  use i n  
f u e l  element s tud ie s  f o r  t he  Hot Cell  i n  Building 292-T; (2) a drawing has  
been made and o ther  drawings revised t o  show head tank piping f o r  t h e  Waste 
Calcinat ion program i n  FRPP, a l s o  a sample load-out f a c i l i t y  f o r  the  Low Bay 
Ce l l  has been s t a r t e d ;  (3) a t  t he  request  of AEC, add i t iona l  information and 
cos t  es t imates  a r e  being prepared f o r  a l t e r n a t e  i n s t a l l a t i o n s  of a mi l l i on  
amp welder being purchased by Hanford Labora tor ies ;  ( 4 )  design and purchase 
spec i f i ca t ions  f o r  an a i r  receiver and pressure  switches have been completed 
f o r  t he  modif icat ion of t he  141-F breathing a i r  system t o  provide s torage  
capaci ty  i n  the  event of a power f a i l u r e ;  and (5)  a drawing was completed 
f o r  t h e  i n s t a l l a t i o n  of a helium s torage  bal loon i n s t a l l a t i o n  i n  t h e  314 
Building . 

Plant  engineering work during t h e  month included: (1) a review was made 
of methods of improving the  a i r  flow condi t ions i n  the  306 Building P i l o t  
P lan t  a rea .  The hea l th  hazards involved a r e  v a r i a b l e  but could be improved 
by complete i s o l a t i o n  of t he  a rea  i n  quest ion;  (2) t h e  V i t r o  drawing was 
approved for t he  300 Area c l a s s i f i e d  scrap inc ine ra to r .  The spec i f i ca t ions  
were reviewed and minor comments submitted t o  Vi t ro ;  ( 3 )  e l e c t r i c a l  power 
source and cont ro l  scheme were developed f o r  t he  new standby a i r  compressor 
recent ly  i n s t a l l e d  i n  the  340 Building; (4)  t h e  requirements f o r  a publ ic  
address system f o r  314 Building were reviewed. A purchase r e q u i s i t i o n  and 
spec i f i ca t ion  f o r  t h i s  equipment were completed; ( 5 )  proposed modif icat ions 
t o  the  unused 2709-E were scoped and estimated t o  convert  t h i s  bu i ld ing  
i n t o  a maintenance f a c i l i t y ;  (6) t he  laboratory po r t ion  of 189-D Building 
i s  being s tudied with the  i n t e n t  of improving the  arrangement of e x i s t i n g  
equipment and of providing change room, lunch room, and o f f i c e  f a c i l i t i e s ;  
and (7) a scope and es t imate  were prepared f o r  add i t iona l  o f f i c e  space f o r  
t he  3718 Building. 

Consulting se rv ices  f o r  o the r  departments included a s s i s t ance  on: s tud ied  
means of accomplishing c r i b  waste e f f l u e n t  monitoring of FRPP; provided 
design f o r  an e l e c t r i c  motor dr ive  on an e x i s t i n g  overhead door i n  the  306 
Building; f u r t h e r  work was performed on a study t o  provide an  a l t e r n a t e  
source of power for  N-Plant; recommendations were made t o  CPD concerning 
t h e  new Proport ional  Control System f o r  t h e  Hood Dry A i r  Supply System; 
and consul t ing  service is continuing on a study of the  excessive hea t  
problem i n  109-N. 

Pressure Systems 

Three b ids  were received f o r  a High Pressure Furnace Prototype t o  be 
i n s t a l l e d  i n  the 308 Building, and the  b i d s  requi re  f u r t h e r  negot ia t ion  
t o  complete the  purchase. 
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Fabricat ion has s t a r t e d  by J .  A.  Jones on the  Liquid Sodium Loop t o  be 
i n s t a l l e d  i n  the  314 Building. Plant  forces  w i l l  f a b r i c a t e  the  piping 
and instrumentation. The th i rd-par ty  inspector  reviewed the  design of t he  
loop and inspected some of t he  equipment. 

Fabricat ion was a l s o  s t a r t e d  by J .  A. Jones on the  PRTR Corrosion and Film 
Loop t o  be i n s t a l l e d  i n  rrBrl  C e l l .  It i s  10 percent complete. F a c i l i t i e s  
Engineering i s  performing f i e l d  inspect ion and providing welding and f ab r i -  
ca t ion  records f o r  the  documentation of t he  system. 

Containment Systems Experiment 

F ie ld  work i s  on schedule and wi th in  estimated cos t  amount. The canyon 
space is ready and access ib le  t o  the  lump sum cont rac tor  f o r  f i e l d  erec- 
t i o n  of the  containment vesse l .  The lump sum cont rac tor  w i l l  be on s i t e  
during the  l a t t e r  pa r t  of November. 

Design i s  continuing by Vi t ro  f o r  u t i l i t i e s ,  laboratory,  and associated 
equipment used as  a p a r t  of t h i s  experiment. The design e f f o r t  i s  being 
control led t o  bes t  s u i t  f i e l d  o r  procurement requirements. 

Containment vesse l  design and f ab r i ca t ion  i s  progressing with s l i g h t  delays 
incurred by procurement d i f f i c u l t i e s  i n  s tee l  de l ivery ;  however, t h i s  i s  
minor t o  the  ove ra l l  schedule. Design i s  e s s e n t i a l l y  complete and shop 
f ab r i ca t ion  has s t a r t e d .  

Simulator vesse l  negot ia t ions  with Struthers-Wells Corporation have been 
completed t o  the  s a t i s f a c t i o n  of General E l e c t r i c  Company and J .  A. Jones 
Company. The AEC is present ly  reviewing and approving the  formal papers.  
It i s  estimated t h a t  Struthers-Wells Corp. w i l l  be sen t  t he  cont rac t  f o r  
design and f ab r i ca t ion  of the  vesse l  i n  the  near fu tu re .  

Expenditures t o  da t e  appear i n  the  following order  of magnitude: 

Design (Vitro) $ 33 000 
Scope, Administration, Estimating, e t c .  26 000 
Construct ion 231 000 

$289 OOO* 

*Excludes Containment and Simulator Vessels. 

F a c i l i t i e s  Operation 

Costs f o r  the  month of September were $179,698, which i s  102 percent  of t he  
forecas t  f o r  t he  month. The cos t s  f o r  the  f i r s t  qua r t e r  of FY 1965 a r e  
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$458,944, which i s  85 percent of t he  predicted year- to-date .  As p a r t  of the  
t r a n s i t i o n  t o  B a t t e l l e  Memorial I n s t i t u t e ,  the  cos t s  and r e n t a l  must balance 
a t  mid-year. 
half-year .  
balance. 
be exceeded. 

The budget was consequently divided i n t o  the  f i r s t  and second 
The r en t s  a r e  being adjusted accordingly t o  assure  a mid-year 

It appears t h a t  t he  budget f o r  the  f i r s t  ha l f  of FY 1965 w i l l  not 

Grounds improvements a re  proceeding. This  includes road patching, grade 
and f i l l  of blow areas ,  and walkways. 

Waste Disposal 

The following t a b l e  sununarizes the Waste Disposal Operation: 

I t e m  August September - 
Concrete waste b a r r e l s  disposed 
t o  300-wye b u r i a l  ground 

Concrete waste b a r r e l s  disposed t o  
200-W b u r i a l  ground 

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 bui ld ing  

Loadluggers of dry waste disposed t o  
300-wye b u r i a l  ground from 325 bldg. 

10 6 

0 12 

47 45 

Loadluggers of dry waste disposed t o  200-W 
b u r i a l  ground from 300 Area s i t e s  6 

7 6 

Containers of high l eve l  dry waste d i s -  
posed t o  300-wye b u r i a l  ground waste tanks 75 

7 

a3 

Crib waste volume, gal lons 245 000 280 000 

None of t he  r e t en t ion  bas ins  exceeded the  Class I1 a c t i v i t y  l e v e l s  during 
the  month. 

Sixteen thousand gal lons of l i qu id  waste were dumped during the  month i n  
the  216 BC t rench.  
270,000 ga l lon  capaci ty  trench. 

To da t e ,  42,000 gal lons  have been disposed t o  the  

Two s i z e s  of core samplers were ordered and have been received f o r  tak ing  
samples from the  bottom of the 15,000 gal lon underground s torage  tanks.  
Maintenance has completed f ab r i ca t ion  of p a r t  of the  equipment. 
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Decontamination of the  i n t e r i o r  of t h e  three  5,000 ga l lon  t r a i l e r s  reduced 
the  dose r a t e s  by 50 percent t o  75  percent .  
$435.00. 

The t o t a l  cos t  was about 

Building Operations 

The instrument a i r  compressors and t h e  alum pumps were overhauled a t  t he  
f i l t e r  p l an t .  
accurate ,  r e l i a b l e  readings.  

Maintenance i s  rev is ing  t u r b i d i t y  s t a t i o n s  t o  give more 

Reheat c o i l s  a r e  on order  f o r  84  supply un i t  i n  308 building.  
of t he  four  a i r  drying towers i n  t h i s  bu i ld ing  i s  being checked t o  maintain 
optimum drying of compressed a i r  f o r  hood u s e .  

The e f f i c i ency  

Revisions of a i r  flows between 306 and 306-A bui ld ings  were made t o  reduce 
object ionably high pres  sure  d i f f e r e n t i a l s  . 
The sump pumps i n  326 bui ld ing  have been troublesome. Increasing flows 
to these pumps have resu l ted  i n  minor f loods when any delay occurred i n  
pump operat ion.  A review of t he  pumps and cont ro ls  i s  being made. 

The shop fan motor i n  328 bui ld ing  f a i l e d  during the  week of October 19. 
This  motor was sen t  t o  t h e  "H" area  shops f o r  r e p a i r  and i s  now back i n  
serv ice .  

The 3760 bui ld ing  fan motors were serviced the  f i r s t  p a r t  of October. The 
bear ings of number one supply motor a r e  being replaced. 

The low pressure annunciator f o r  No. 3 and 4 wel ls  and the  high tank level 
s igna l  f o r  340 bui ld ing  have been removed from the  384 building and re in-  
s t a l l e d  i n  the  equipment room of 325 bui ld ing .  

A i r  balance operators  have been assigned t o  opera tor  t r a i n i n g .  Four new 
operators  were t r ans fe r r ed  t o  HL on October 19 a s  p a r t  of t he  t r a n s i t i o n  
plan.  A i r  balance rout ines  a r e  completed a s  t i m e  permits ,  and e s s e n t i a l  
a i r  balance i s  being done on overtime. 

Draf t ing  

The equivalent  of 107 drawings was produced during t h e  month f o r  an average 
of 35.6 man-hours per  drawing. 

Major designs completed o r  i n  progress  are:  (1) a powder processing glove 
l i n e ;  ( 2 )  a high temperature furnace f o r  t he  NASA program; ( 3 )  FRPP service 
piping and e l e c t r i c a l  work t o  waste s o l i d i f i c a t i o n  equipment; ( 4 )  underwater 
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measuring equipment f o r  c a l i b r a t i n g  e lements  i n  N Area; (5)  l a y o u t  of new 
equipment f o r  scope of i n c r e a s e d  power l e v e l  of  PRTR; ( 6 )  a sodium pump 
tes t  f a c i l i t y  i n  PRTR; (7 )  a c r i t i c a l  mass expansion t a n k  f o r  b u i l d i n g  
209-E; (8) scope f o r  a polonium hood complex; and ( 9 )  a P i c a t i n n y  Arsena l  
Ordnance p r o j e c t i l e  d e s i g n .  

D r a f t i n g  s e r v i c e  i s  a l s o  s u p p l i e d  i n  suppor t  of o t h e r  l a b o r a t o r y  engineer -  
i n g  programs. 

Cons t r u c  t i o n  
Unexpended 

Balance 

Orders  o u t s t a n d i n g  beginning  of month $751 665 
I s s u e d  d u r i n g  month ( i n c l .  s u p p l .  & a d j . )  9 1  718 
J .  A. Jones  e x p e n d i t u r e s  d u r i n g  month 

( i n c l u d e s  CO c o s t )  197 175 
Balance a t  month end 646 208 
Orders  c l o s e d  d u r i n g  month 89 454 

Maintenance Work Orders  a c t i v e  - 7 ,  Face Value - $21,816. 

Major n o n p r o j e c t  j o b s  i n  p r o g r e s s  d u r i n g  t h e  month were: (1) 100 Areas - 
c o n s t r u c t i o n  of a n  e l e c t r o n  microscope i n  b u i l d i n g  108-F, remodel ing of 
men's and women's rest rooms i n  b u i l d i n g  141-M, remodel ing of  dog pens 
and dog runs  and i n s t a l l a t i o n  of a n  in te rcom system i n  b u i l d i n g  144-F, 
r e l o c a t i o n  of s t a i r w a y  and i n s t a l l a t i o n  of  a d d i t i o n a l  e l e c t r i c a l  s e r v i c e s  
i n  b u i l d i n g  189-D, complet ion of f i r e  d e t e c t i o n  systems i n  f i v e  b u i l d i n g s  
i n  100-F Area; (2)  300 Area - i n s t a l l a t i o n  of 4" s t a i n l e s s  s tee l  d r a i n  
l i n e  i n  b u i l d i n g  306, r e c o a t i n g  of e x t e r i o r  of t h e  containment  v e s s e l  h a s  
been completed i n  309, c o n s t r u c t i o n  s t a r t e d  on an  e n c l o s u r e  f o r  a gas  loop 
i n  b u i l d i n g  314, performing e l e c t r i c a l  and p i p e  work i n  t h e  321 b u i l d i n g  
and i n s t a l l e d  a m e t a l  b u i l d i n g  f o r  a n  a i r  c o n d i t i o n e r  f o r  t h e  321 b u i l d i n g ,  
comple t ion  of f i v e  o f f i c e s  and women's lounge i n  325 b u i l d i n g ,  modi f ied  
t h e  e n t r a n c e  and e n l a r g e d  gas  b o t t l e  dock f o r  t h e  329 b u i l d i n g  - a l s o  
i n s t a l l e d  hoods and s e r v i c e s  i n  l a b o r a t o r y  1 1 - B  of t h i s  b u i l d i n g ,  c o n s t r u c t e d  
a p e r s o n n e l  change and survey  b u i l d i n g  n e a r  t h e  340 b u i l d i n g ,  c o n s t r u c t i n g  
p a r t i t i o n s  and change doors  i n  t h e  3717-B b u i l d i n g ,  c o n s t r u c t e d  an  o f f i c e  
and e n l a r g e d  t h e  rest rooms i n  t h e  3718 b u i l d i n g ,  i n s t a l l e d  a m e t a l  p a r t i -  
t i o n  i n  t h e  3718-AX b u i l d i n g ,  c o n s t r u c t e d  an  a d d i t i o n  t o  t h e  3718-C ware- 
house;  and (3)  General  Area - cont inued  work on t h e  cont ingency  maintenance 
i t e m s  f o r  t h e  3201 b u i l d i n g ,  pa tched  m i s c e l l a n e o u s  b l a c k t o p  roadways and 
i n s t a l l e d  guard r a i l s  i n  t h e  300 Area,  and f a b r i c a t e d  r a c k s  for t h e  was te  
s o l i d i f i c a t i o n  e n g i n e e r i n g  p r o t o t y p e .  

UNCLASSIFIED 
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Well D r i l l i n g  Program - FY 1965 

The r e v i s e d  rough d r a f t  of  t h e  p r o j e c t  p r o p o s a l  and a new u n i t  c o s t  summary 
are  be ing  p r e p a r e d .  

GENERAL 

There  were no r e p o r t s  o f  i n v e n t i o n  o r  d i s c o v e r y  d u r i n g  t h e  month. 

DS Pars1ey:RDT:whm 
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REACTOR DEVELOPMENT - 04 PROGRAM 

PLUTONIUM RECYCLE PROGRAM 

Plutonium Recycle Test Reactor 

Operat ion 

Reactor output fo r  October was 1,312 MWD f o r  an experimental time eff ic iency 
of 76% and a plant eff ic iency of 60%. 
during the month, four of which were terminated manually, two were 
terminated by scrams, and one continued through month-end. 
the f u e l  i r rad ia t ion  program as of October 31, 1964, follows: 

There were seven operating periods 

A summary of 

Program a-fi uop P u O ~ - U O ~  Other Totals 
No. MWD NO. MWD NO. No. MWD NO. MWD - -  -- - - - -  - -  

In-Core 0 7 1850.9 78 14128.0 85 15978.9 

In  Basin 7 572.5 26 2769.0 48 5884.3 81 9225.8 
Buried 1 7.3 1 7.3 

103 7431.6 Chem. Process. 68 ,5465.8 2 1965.8 - -  

Maximum 349.7 376 2 
Average 264.4 181.1 

Program Totals 6038.3 68 6585.1 126 20012.3 2 7.3 32641.6 

(Note : MWD/Element x 20 cMWD/TU f o r  U@ and PuO2-UO2. ) 

Estimated heavy water loss and indicated helium loss f o r  the month were 975 
pounds and 131,596 scf.,  respectively. 

Equipment Ekperience 

Only 50 outage hours were charged t o  repa i r  work. 
consti tuted the main repa i r  items. 

Preventive maintenance u t i l i zed  237 manhours, o r  - 5% of the t o t a l  mainten- 
ance e f fo r t .  

Valve and leak repairs  

UNCLASSIFIED 
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Improvement Work Status (Significant Items ) 

Work Completed 

Primary Water Sample Stat ion 
Repair and Recoating of PRTR Containment Vessel Roofing 
Thermistor Probe Ins ta l la t ion  i n  FEEF 
Bypass f o r  LWI Flow Switches 

Work Pa r t i a l ly  Completed 

Corrosion Loop Ins ta l la t ion  
Shim Rod Shroud t o  Top Cap Modification 
Air Lock Door Operators 
Modification t o  PRTR Warehouse 37184 
Vibration Snubbers f o r  Earthquake Protection 
Supplemental Wrgency  Water Addition 
Voltage Off-Normal Detection and Alarm f o r  24-Volt Battery System 
PRTR Steam Uti l izat ion 
Additional Fuel Storage and Examination Fac i l i t y  
&irk I11 Shim Prototype 
Creep Test Fac i l i t y  
Flux Wire Scanning System 
"C" Cell Instrument Tubing Penetration 
Ins t a l l a t ion  of Second Generation Shim Rod 
D20 Cleanup Fac i l i t y  

Design Work Completed 

A l a r m  Annunciator - High Helium Flow t o  RLT-1 
Thermal Barr ier  Seal and Hoist Improvements 
Tube #I354 Flow Test of Short Fuel Element 

&sign Work Pa r t i a l ly  Completed 

Instrument Power Supply 
Decontamination Building 
Pneumatic I r rad ia t ion  Fac i l i t y  
PRTR Experimental and Building Fac i l i t y  Addition 
PRTR Increased Power Level 

Process Engineering and Reactor Physics 

PRTR Test 105, I r rad ia t ion  of a Short U02 - 2 w/o PuO2 Fuel Element, was 
issued and the first short  2$ element was charged on October 26. 
has been operating at  an indicated tube power s l i g h t l y  i n  excess of 1000 KW. 

The element 
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The absolute ac t iv i ty  measurements on samples of the wires activated 
under PRTR Test 89 were completed and absolute thermal f lux values have 
been determined from these ac t iv i t i e s .  The resu l t s  follow: 

Posit ion fiTherma1 

0 4.66 x d2 
3 8.3 

48" 9.25 1 .0~3 

The positions l i s t ed  above re fer  t o  the distance below the bottom of the 
top shield. 

The maximum leak r a t e  experienced during the month from HX-1 was approximately 
4 lbs/day. Average leakage was 112 t o  3 lbs/day. 

PRTR Test Number 98, Einergency Air Cylinder Station Use Rates, w a s  
completed. 
within limits on that  portion of the instrument air  system served by the 
Control Room Backup Station. It was concluded tha t  the use r a t e  f o r  t h i s  
s ta t ion  could not be reduced and the higher storage capacity requirements 
m u s t  remain i n  effect .  

Test data showed tha t  individual instrument use ra tes  were 

Dcperimental Reactor Services 

The s ta tus  of the various t e s t  elements at the end of October 1964, is shown 
below. 
had been permanently discharged for  other reasons pr ior  t o  October 1, 1964, 
have been deleted from t h i s  table.  

Date Date Approximate 
Test Channel Element I n i t i a l  D i s -  Accumulated 

Those elements which had reached t h e i r  assigned goal exposure or 

No. Location Number Description Charge charged MWD - 
14 1956 

14 1758 
48 1156 

54 1554 

14 Basin 

54 1542 

61 Basin 
61 1249 
61 1445 

80 1746 
67 io47 

5097 
5098 
5099 
51.50 
5116 
5118 
$185 
5 186 

4/2/62 
5/8/62 

Moxtyl (4" x pads) 8/1/62 

Moxtyl-Physics 5/ 281 63 

Moxtyl (Repaired Wire ) 10/20/63 
Moxtyl (1% Pu02 Swaged) 11/18/63 

Moxtyl-Swaged 
Moxtyl-Vipac 
Moxt y l  -V ipac 5/8/62 

Moxtyl ( c l i p  on pads) 5/8/62 
Moxtyl ( c l ip  on pads) 5/8/62 

Moxtyl-Phys i c s  5/28/63 
Moxtyl-Physics 6/13/63 

lo/ ;6/ 64 229.2 
340.2 
238.7 
237 7 
252.5 
376 2 
245.7 
251.5 
249.6 
207.9 
209.7 
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85 1855 5230 Moxtyl (1s Pu02, Vipac) 1/30/64 -- 144.9 

37 Basin 1099 U02-Physics 5/12/62 1076/64 206.6 

37 1548 1098 U02-Physics 5/12/62 -- 233.9 
37 1550 log? U02-Pnysics 5/12/62 251.5 

72 l253 5253 Zircaloy Coupons (1s PUO2) 9/1/64 -- 53.2 
105 1255 6000 uo2-2 W/O ho2,  58" 10% 10/26/64 -- 5.2 

Fuel element 5185 was found t o  be a leaker and was discharged from the reactor. 
Subsequently, it was disassembled i n  the basin. 

A t o t a l  of 32 irradiated fuel elements were inspected during the month. 

Fuel1 Element Rupture Testing Fac i l i ty  

Corrections t o  the Rupture Loop during the last outage have made a significant 
improvement i n  vibration level. Following loading of an intentionally defected 
element the loop was placed back in to  service. Some control problems continue 
at the higher temperature which are at t r ibuted t o  the law fuel power generation 
and the oversized trim in  the heater bypass valve. 
fo r  t h i s  valve. 

New trim has been ordered 

U02 f'uel element #1039, which had been tes ted with a 1-1/2 inch longitudinal 
s l i t  during A u g u s t  and September, was inspected and photographed i n  the storage 
basin using a new opt ical  viewing instrument. It was found that the 1-1/2 inch 
s l i t  only penetrated the cladding fo r  a distance of 5/8 inch. 
lengthened t o  3-114 inches for  further testing i n  the loop. 
started up with t h i s  tes t  element on October 27. 
through three startups in which the reactor reached f u l l  power. 
third startup, the reactor stayed at f'ull power through the month's end, f o r  
an accumulated exposure during October of 1.45 MWD D r  23.7 KWD/Ton. The coolant 
act ivi ty ,  as measured by both the delayed neutron snd Gieger Muller instrumenta- 
tion, d i d  not increase &en the s l i t  was lengthened. 

The s l i t  wa8 then 
The reactor was 

The teBt element was cycled 
mer the 

TECHNICAL SHOPS OPERATION 

Total productive tixw f o r  the period was 30,767 hours. 
hours performed i n  the Technical Shops, 7,246 hours assigned t o  J. A. Jones 
Company, and 4,550 hours assigned t o  of f - s i te  vendors. 
18,144 hours, of which 905 is required i n  the current month with the remaining 
hours distributed over: a three-month period. Overtime worked during the month 
totaled 1,289 hours or  5.85 of the t o t a l  available hours. 

This includes 18,971 

Total shop backlog is 
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Distr ibut ion of time was as follows: 

N Reactor Department 
I r rad ia t ion  Processing Department 
Chemical Processing Department 
Hanford Laboratories 

Man Hours $ of Total  

2 933 9.5 
6 137 20.0 

458 1 .5  
2 1  239 69.0 

Nine craftsmen (carpenters,  pa in te rs  and sheetmetal workers) were t r a n s f e r -  
red from IPD t o  Technical Shops. 

LABORATORY MAINTENANCE OPERATION 

Total  productive time w a s  18,100 hours of 20,200 p o t e n t i a l l y  available. 
O f  the t o t a l  productive time, 95$ w a s  expended i n  support of Hanford 
Laboratories components, with the  remaining 55 directed toward providing 
service f o r  other HAP0 organizations.  
w a s  1,200 hours or  5.9% of t o t a l  avai lable  hours. 

Manpower u t i l i z a t i o n  ( i n  hours) f o r  October was as follows: 

C r a f t  overtime worked during October 

A. Shop Work 2 000 
B. Maintenance 6 300 

1 Preventive Yaintenance 1 800 

3. Normal Scheduled Maintenance 3 100 
2. Ehergency o r  Unscheduled Maintenance 1 400 

C. R&D Assistance g 800 

Three standards c e l l s  were hand-carried t o  the National Bureau of Standards 
Jn Rmlrler, Colorado, f o r  c a l i b r a t i o n  and c e r t i f i c a t i o n .  

Manager 
Test Reactor and Auxiliaries 

WD Richmond : JGZ :bk 
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INVENTIONS OR DISCOVERIES 

All persons engaged in work that might reasonably be expected to 
resul t  in inventions o r  discoveries advise that, to the best  of their  knowledge 

and belief, no inventions o r  discoveries w e r e  made in the course of their  
work during the period covered by this  repor t  except as l isted below. Such 
persons further advise that, for the period therein covered by this report ,  
notebook records,  i f  any, kept in the course of their  work have been 
examined for possible inventions o r  discoveries.  

INVENTOR 

F. B. Quinlan 

R. E .  Burns and 
J. F. Phillips 

J .  D. K a s e r  

L. A.  Bray 

TITLE OF INVENTION OR DISCOVERY 

A Process  for Making W i r e  f rom Brit t le 
Metals and Alloys (HWIR- 1765) 
Increase in the Dissolution Rate of 
Thorium Oxide 
U s e  of Colemanite as Fluxing Agent f o r  
Melting Dried Radioactive W a s t e  
Dissolution of MnO2 with Sugar-Protac-  ' 

tinium Recovery P rogram (HW-84468) 

Manager, Hanford Laborator ies  
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