
3 4 4 5 6  

@ 
M-4 9-A . - -  



OR NL-8 

v’ 

? 

I 

OAK R I D G E  NATIONAL LABORATORY 

Oak Ridge, Tennessee 

TECHNICAL D I V I S I O N  

Report f g r  Q u a r t e r  Ending March 1, 1948 

hii, C. Levere t t  

March 5 ,  1948 

Late Recuivcd:  3/17/48 Date I s  sutd : 3/18/48 
i i ccLivLd E igurGs :  3/18/48 

-- 
e- 

3 4 4 5 6  0 3 6 0 2 2 6  0 



ORN L- 8 

14. J. 
15. X.\ 
16. ida 

18. 1:. : 
19, J.  

21. J. . 

23. A. 

25. G. 
26, i , . 

24, 1 ~ .  

2%. 2. 
29. x. 
30,  J. 
31. P. 

34, HLC 
35-42. i c g  
43-46, dro 
47-50, Uni 

53-54. m n  

57-71, i i b r i  

51-52 6 d ~ V V  

55-56, GCA 

75-7%. Los 

pelbeck 

;I Linrary  
Ens  School 
la1 F i l e s  
a1 F i l e s  
a1 F i l e s  
ha1 F i l e s  
-a1 F i l e s  
1 1 L tn d c r  

~ l u  r p h y 
c o  e 
F t l t o n  

.her ington 
3ridgcs 

cox 
bohn son 

s 
s 

Labor a t  o r i e  s 
rk C i r e c  

1 L I L c t r i  

a sh in g t on 
am0 s 
,C;v i s o r  

-$ i r anch ,  1 . 

I 
on L iv i s ion ,  Oak Ridge 

J 



OR!&-8 

t 

c 

Tgchnical Div is ion  Regort f o r  Cuar te r  Ending March 1, 1948 

0. ----I--- Abstract  

The Technical  Div is ion  continued t o  imrk mainly on t h e  high f l u x  
p i l e  and i t s  a s soc ia t ed  chemical and m e t a l l u r g i c a l  problems dur inc  t h e  
q u a r t e r  ended March 1. 
!.ere as f o l l o w s :  

The p r i n c i p a l  developments dur ing  t h i s  per iod 

Extensive t e s t i n g  of t h e  a c t i v e  assembl ies  f o r  t h e  p i l e  shows 
t h a t  t h e y  a r e  e n t i r e l y  s a t i s f a c t o r y  from t h e  p o i n t s  of view of 
mechanical s t a b i l i t y ,  hea t  t r a n s f e r ,  and c v r  osion. 

A f u l l - s i z e d  bery l l ium assembly made of bery l l ium rods  bol ted 
toge the r  was completed - J i t h  i t s  dimensions v e l 1  ivi thin to l e rance .  
Th i s  i s  an important  mi les tone ,  sir?ce it i s  an  a c t u a l  s o l u t i o n  
of ene of t h e  m o s t  d i f f i c u l t  problerls of t h e  p i l e ,  namely t h e  
f a b r i c a t i o n  nf t h e  beryl-lium. 
t3 f u n c t i o n a l  tests.  

It remains t o  s u b j e c t  t h i s  assembly 

"I l e s t i u g  of t h e  cor:rorients gf t h e  p i l e  hes  been e s s e n t i a l l y  corn- 
p l e t e d ,  except  f o r  t es t s  on t h e  r e g u l a t i n g  rods ,  t h e  shim-safety 
r o d s  and t h e  magiiets. i o s t  of t h e  remaining ?iork n i l 1  be dcne 
on the  f u l l - s c q l e  p i l e  mock up nhich  i s  non s t a r t i n g  i n t o  cpn- 
s t r u c t i o n .  

It i s  nov proposed t o  r ep lace  t h e  g r a p h i t e  immediately ad jacent  
t o  t h e  p i l e  t ank  :Jith Be0 pel le ts  i n  nrder t o  save on me ta l l i c  
bery l l ium former ly  requi red  f o r  s l e e v e s  around experimental  
holes .  $\ saving i n  a i r  f loir  T 7 i l l  a l s o  r e s u l t .  

Severa l  s i m p l i f i c a t i o n s  ef t h e  des ign  of t h e  p i l e  a r e  being 
made by t h e  e l imina t ion  of some of t h e  experimental  f a c i l i t i e s ,  
which it is  non f e l t  a r e  not  needed. 

.iork on co r ros ion  and hea t  t r a n s f e r  i n  t h e  p i l e  has  r e s u l t e d  
i n  a change of t h e  des ign  b a s i s  f o r  t h e  c i r c u l a t i n g  n a t e r  
system frrm t h e  requirement t h a t  t h e  purge and makeup be a t  
t h e  ra te  of 5% of t h e  c i r c u l a t i o n  r a t e  t o  a ne',' requirement 
t h a t  t he  purge and makeup be 1 A  of  t h e  c i r c u l a t i o n  r a t e .  
This  v i11  save cons iderably  on deminera l izer  c a p a c i t y  and on 
r e t e n t i o n  b a s i n  cai-acity.  

Operat ipn of t h e  p i l o t  ? l e n t  f o r  t h e  sepa ra t ion  o f  U2j5 from 
f i s s i o n  prvducts  and slumilium vas c a r r i e d  on throughout the  
per iod .  The maximum l e v e l  c.f r a d i o a c t i v i t y  reached sp f a r  i s  
t h a t  corresponding t o  t h e  Cl in ton  p i l e .  Although it i s  not 
poss ib l e  t o  determine e x a c t l y  t h e  decpqtamination f a c t o r s  
achieved w e e r  t h e s e  circumstances,  it i s  c l e a r  t h a t  t h e y  
a r e  i n  excess  of l o4  and it i s  f e l t  s t r o n g l y  t h a t  t hey  a r e  
v e l 1  above t h e  requi red  105 f o r  t n o  e x t r a c t i o n  c y c l e s ,  
uranium l o s s e s  have been ne11 belol,i t h e  1 i r x i . t  of "1% and have 
averaged about 1/5 of t h i s ,  N o  serious d i f f i c u l t i e s  i n  oper- 
a t i o n  of t h e  equipment have been encountered,  a l though c m s i d e r -  
a b l e  vork remains on t h e  f i l t r a t i o n  s t ep .  

The 
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Technical  D i v i s i r n  Repwt f o r  Q u a r t e r  Ending March 1, 1948 

1, General 

The work of t h e  Technical  Div is ion  continued dur ing  t h e  p a s t  

During t h e  qua r t e r  it was announced t h a t  t h i s  work w i l l  

These 

qua r t e r  t o  be p r i m a r i l y  an t h e  problems a s soc ia t ed  wi th  t h e  high 
f l u x  p i l e .  
even tua l ly  be t r a n s f e r r e d  tQ t h e  Argonne Na t iona l  Laboratory,  and as 
a. r e s u l t  c e r t a i n  p a r t s  of t h e  des ign  wwk have been dropped. 
were p r imar i ly  the  work Pn t h e  s i t e  p l an ,  b l a s t i n g  t e s t s ,  work on t h e  
p i l e  buildit15 2nd t h c  vmter system. The p r i n c i p a l  des ign  e f f o r t  has  
beon on t h e  d e t a i l s  cf t h e  p i l e  mock-up, Arrcngcments f c r  cont inuing 
t h e  des ign  of t h e  p i l e  have not y e t  been conplctcd.  

Although t h c  chcnge i n  p l m  i n t c r f e r r c d  s c r i o u s l y  with des ign  
wnrk, experimuntal  work continued wi th  only minor i n t c r r u p t i o n .  

I n  addi t ior i  t o  i t s  nork c\n t h c  high f l u x  p i l c ,  t h c  Tcchnicr l  
Div is ion  cont inued vork i n  hca t  trmsfcr t o  moltcn m c t d s ,  i n  hcrvy 
aggrcgztc  sh i c ld ing ,  t h c  p r c p a r r t i o n  of Rc?-Be sourccs  cnd i n  t h c  test- 
ing  of smrll piimps, It topk on two ncw assignmcnts;  one f o r  dev i s ing  
a mLthd of monitoring t h c  c i r  f lowing through t h e  C l in ton  p i l c  cnd 
t h c  Pthcr €or devcloping ;I standard dcs ign  of hoods f o r  l a b o r a t o r y  vork. 

2.1 Dosian Progress_lJ. R. Huffman) 

C w s i d c r z b l t  t imc iws l o s t  i n  desi.gn due t o  t h e  1::ithdrawal 
of Kc Ilux, th'. c ontLmpl&cd p.ppointmcnt of J rckson  and &iorclc.nd, and 
t h c  Atcmic Encrgy Cmmiss ionts  d c c i s i o n  t o  move t h e  rcsctcr program t o  
Chiccgc),, 
rcm,oining prcblcm:; a s s w i r t e d  wi th  t h e  p i l c  s t r u c t u r c  2nd the  d c t c i l c d  
des ign  of t h c  mwk-up. G!nrk on t h c s c  hcs  prcgrcsscd a t  n s a t i s f c c t o r y  
rp tc  ?,nd i s  dcucribod i n  t h e  f p l l w ~ i n g  parrgrophs.  
mcctings mrc held wi th  t h e  Atomic Energy C w i s s i o n l s  R e c c t w  %.feguc.rd 
Committce, ;!host r e p o r t  i s  not  z!vc.ilsblc a t  t h i s  t ime,  
of improved d t s i g n  r c s u l t e d  from t h c s c  mcctings and ? re  being s tud ied ,  
I n  v i cn  of t h e  chcngc i n  r c a c t n r  prpgrrm, 2. ccns idc rab lc  numbcr of de- 
c i s i o n s  Crc r i y u i r c d  bcforc  dcs ign  ccn  prnccLd ;t f u l l  speed cgcin.  
U n t i l  thcsc  ;Ire forthccming, ::ork n i l 1  c w t i n u e  t o  bc d i r cc t cd  t o v m d  
completing t h e  p i l c  s t r u c t u r c  d2sign a s  bro,odly conceived bcforc Jm- 
ucry 1, 1948. 

On J?.nu:ry 1, 1948 it x . s  dccidcd t o  conccnt rc tc  e f f e r t  on t h e  

On Februcry 8 r,nd 9 

Severa l  idcc.s 

Bt ry l l ium Rof lcc t  o r  Design 

During t h c  l a s t  p m i e d  sevcrp.1 problcms dcvclopcd i n  t h e  

F i r s t , t o  i n su re  t h r t  t h r r m r l  s t r c s s c s  do  n o t  

those  ncxt t c  t h c  n c t i v c  l c t t i c e  t i p  

des ign  of t hc  bcry l l ium r c f l c c t o r .  
f:.irly s ~ t i s f : ~ c t o r i l . y .  
exceed c c r t r i n  l i m i t s ,  it :ns necessary t o  dcs ign  t w o  t y p e s  of beryl- 
l i u m  p i eces  i n  t h c  r c f l c c t o r :  

Theoc problcms h ~ v c  bccn solved 
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have 0.080t1 x 111 s l o t s  c m s t i t u t i n g  9% water by volume and developing 
6G00fr'/aqoin. stress and those  elsewhere i n  t h e  r e f l e c t o r  t n  have 1/8" 
holes  on ltl c e n t c r s o  having 2% water by vc.lume and 3000#/sq.in, max- 
i m u m  s t r e s s ,  Second, t h e  aluminum inden ta t ions  i n  t h e  t a n k  develop 
more hea t  t h a n  p rev ious ly  thought and have been designed with an  annulus  
f ed  by water through enlarged holes  i n  t h c  bcry l l ium above and d i s -  
charging i n t o  similar h o b s  i n  t h e  bery l l ium bclow thcm, 

The gene ra l  f a b f i o a t i o n  scheme i s  shown on Drawings 
TU-390 and TD-391, (These drawings are not included i n  t h i s  r e p o r t , )  
Beryll ium bars ,  assembled by braz ing  s e v e r a l  t x t r u s i o n s  toge the r ,  arc 
p l r ced  i n  t h e  t a n k  wi th  t h e i r  lorig axds v e r t i c a l .  
of one, two, t h r e t  o r  f o u r  i n d i v i d u s l  c x t r u s i o n s ,  brczed t o g e t h e r  a s  
r cqu i r cd  i n  l c n g t h s  of approximately 40 inches ,  t h e  he ight  of t he  r e -  
f l e c t o r .  Ecch e x t r u s i o n  i s  of approximately 1" x 3" c r o s s  s e c t i m  as  
br rzed ,  rnd a n  ou t s ide  l i m i t  of 1-3/81! x 3-5/Gtt hos be tn  assumed ES 
t hc  mo.ximum c r o s s  s e c t i o n  ava i l ab le .  Only i n  ont or  two c a s e s  nre t h e s e  
limits exceeded. The en t i r e  assembly P f  metal i s  suppcrted a t  t h e  
lower g r i d  support  s t r u c t u r e ,  i nc lud ing  t h e t  metal  over beam hole i n -  
d e n t a t i o n s  wherein t h e  load  i s  t ronsmi t t ed  through t h e  inden ta t ion  
i t s e l f  t o  t h e  bery l l ium mctal below, therlce t o  t h e  support  s t ruc ture : .  

Each bar is made up 

O r i e n t a t i o n  of t h e  p i eces  other  thnn  t h e  d i r e c t l y  rcmovcble 
s e c t i o n s  i s  e f f e c t e d  by t h e  USE: of two dowels r t  t h e  lonc r  ends of t h c  
s c c t i o n s  i n t o  t h c  1 o . m  gr id  support  s t r u c t u r e .  Top pos i t i on ing  is  ef- 
f cc t cd  through P s i n g l e  t o p  drwvel i n  each  p iccc  cxtcnding through t h e  
upper g r id  suppe r t ,  cxcept  f o r  t hc  p c r i p h c r a l  p i c c c s  a t  t h c  tank  wall 
which a r c  d o n d e d  a t  t h e i r  uppcr cnds t o  c tnnk t~c.11 f l m g e .  
d i r e c t l y  removrblc s (>c t ipn  i s  o r i t n t c d  c.nd held v c r t i c a l  by 2.n end box 
similnr to t h a t  used on t h e  s tandard f u e l  assembly. It i s  m t i c i p a t e d  
thc) t  thcsc  sc,ctiolis m;y bc rcplcccd by plz.tc type asscmbl ics  of a sub- 
s t i t u t e  mctc.1 vhich  might r c q u i r e  h r g c  volumcs of coo l ing  water,  con- 
scqucnt ly  cl k r g c  l c m r  opening t>lirough thL suppor t ing  s t r u c t u r e  i s  
provid td  bclo:i t h e  s q w r t  type  cnd box, 
i nch  h s s  bcen provided between the  v a r i o u s  s e c t i o n s  of t h e  ref lector  
matrix. 
0,005 inch  and a maximum of 0,029 i n c h  cleFrance.  
a l l  t h e  bery l l ium can  be removed and reploccd wi th  d i f f i c u l t y  except  
t h c t  bt-nmth t h c  bccm hole i n d c n t c t i o n s .  i h i l c  t h i s  mctal  might con- 
ce ivab ly  be rcmaved without  harm t o  t h e  t ank ,  it is doub t fu l  t h o t  it 
could be r t p l c c c d  renotely: .  

Each 

A norninrl c l cz r?nce  of 0.017 

Cumulative t o l e r a n c e s  are ass igned  t o  provide a minimum of 
As now designed,  

I n  accordonce n i t h  t h c  p b n s  f o r  d c t o i l i n g  t h e  p i l e  mock- 
up o t  t h i s  Lrbora tory ,  t h c  job  o f  d e t n i l i n g  t h e  rcff lcctor  has been 
undcr viay cont inuous ly  s ince  Dccenber 1, Major changes were e f f e c t e d  
cs l a t t  a s  JL:nucry 15 ;  honcvcr, as o f  Fcbruary 1 approximately 90% of 
t h e  inforri ir t ion r ,quired f o r  d c t r i l i n g  wcs mode a v a i l r b l e ,  The p resen t  
stc4,us of  t h c  d c t i i l i n g  job  i s  surnnorized g s  f o l l o n s :  
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Approximate number of p i e c e s  

i n  t h e  r e f l e c t o r  

Approximate number of drawings 
r equ i r ed  

D e t a i l  drawings i n  process 

Detai l  drawings completed 
and checked 

Number of p i eces  represented  by 
d e t a i l s  completed 

Act ive Sec t ion  Beryll ium 

Rc i loc to r  Assenibly Dravrings 

C ornpletc 1 

30% Complcte 1 

Estimated s t a t u s  of c n t i r e  j ob  

220 

46 

8 

13 

76 

complete, inc luding  
end,  boxes 

50% complete 

Information f o r  t h e  d e s i g n  of i s o l a t e d  p i eccs  around t h e  
high temperatixrc Lxpcrimcntal  opening and i n  t h e  disch2.rgc holc is 
st  ill requi red .  

Thc des ign ,  while so lv ing  thc  coo l ing  and stress problccs ,  
r equ i r ed  a l a rgc  cmount of cool ing i i a t c r ,  
t h c  sys t cn  i n  ordcr t o  coo l  t h e  shim-safcty r o d s  i s  more than  adcquate  
f o r  p rop t r  f l o i ~  i n  and around t h c  o ther  components i n  t h e  t w k .  Flows 
ore balznced by r c s t x i c t i o n s  r.t t h c  lotrcr  csscmbly g r i d  and i n  t h c  p la te  
under thc beryl l ium. 
gpn, which is  cons iderably  cbovc t h e  15,000 gpm prcv ious ly  chosen f o r  
t h c  dcs ign .  
squarc inch  across t h e  p i l c ,  t nd  30 f t e t  per sccond ticttr v e l o c i t y  
tlir ough t h e  1P. t t ice  :.nd t h c  beryl l ium. 

t o  25 f t / sLc ,  bzlrnccd prcssurc d rop  through t h c  p i l e  ct-n bc: obteined 
R i t h  18 ft/sec v e l o c i t y  i n  t hc  pcrncncnt bery l l ium,  

curs ne2.r t h c  t g p  i n  order  t o  c d j u s t  en t rznce  losses, 
flow t o  16,500 gpn. 
v c l o c i t y  rLquirCs t h a t  thc cler l r rncc b e t m e n  t h e  shim-safety rods  and t h e  
lcvcr  a s senb ly  g r i d  be reduced m d  t h r t  t h r  nnxiiiun n c t c l  tcr ipcrcturc  
i n c r c r s c  by rbou t  7 9 .  

The p r t s s u r e  inposdd upon 

The t o t o 1  f l o n  of coo l ing  7,rotcr amounts t o  19,300 

Th i s  voluc i s  based on a p rc s su rc  drop  of 35 pounds per  

3y c u t t i n g  flw ou t s ide  t h e  csser ib l ics  i n  t h e  c c t i v e  l a t t i c e  

Thcre w i l l  be only 

Th i s  reduces t h e  
m a l l  :mount of c r w s  f l o u  f r o n  t h e  r e f l e c t o r  t o  t h e  l a t t i c e  rrhich oc- 

To reduce t h c  f l c u  outside t h e  a s s e n b l i e s  t o  t h i s  
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By i n t e r l o c k i n g  t h e  bery l l ium p i e c e s  i n  t h e  row adjacent  
t o  t he  a c t i v e  s e c t i o n ,  proper  flow p a t t e r n s  i n  t h e  bery l l ium are  ob- 
t a i n e d  f o r  a v e l o c i t y  of 1 2  f t /sec i n  t h e  beryl l ium. 
c r o s s  f l o w  i s  small and t h e  t o t a l  f low i s  reduced t o  15,400 gpm. 
Decis ion between t h e s e  a l t e r n a t e s  has  no t  been nade. 

The r e s u l t i n g  

Mock-up De s i g  

A l l  des ign  work on t h e  mock-up except  t h e  r e a c t o r  t a n k  
and i t s  con ten t s  have been conpleted by Kcllcx, approved by t h e  
Technical Divis ion  and turned  over t o  J. A. Jones  f o r  cons t ruc t ion .  
Tht Dcsign Sec t ion  has  set  up a group undcr W. R. Gal l  t o  complete t h e  
dcs ign  as r a p i d l y  8s poss ib le .  
1948 2nd is  scheduled t o  provide f i n d  drnnings  on t h e  t a n k  rnd i t s  in- 
p o r t a n t  con ten t s  a t  v c r i o u s  t i n e s  between J,'Iarch 1 and firril 1, 1948. 
Other coc1poiwnts t o  be t e s t e d  i n  t h c  mxk-up xi11 bc scheduled l a t e r .  

Th i s  group s t c r t e d  t o  work on January 15, 

Tht nt tnchcd  ske tch  p i c t u r c s  t h e  t a n k  wi th  i t s  p r i n c i p a l  
dimensions but  d x s  not s h a r  cny i n t c r i o r  mcchanicol d c t r i l s .  
f 3 l lou ing  ;mrngra.phs Lut l inc  irnportrnt  dc t c  i l s  nnd pr oblcns, 

The 

-" S c x t i m s  ------1_ k Tnd B: Drci:ings f o r  t h c s c  s c c t i c n s  of t h c  tonk  
I n s i d e  dinmctcrs  of m csstriti: 112- c ~ m p l c t c d  Fnd rcady  f c r  checking. 

t h c  t t n k  s c c t i m s ,  i n s i d e ,  Tutsidc and b o l t  c i r c l c  d i m c t c r s  c ) f  f l r n g c s  
Fnd E: skc t  d i r l tns i i \ns  c.rc thos t  f o r  t h e  n c t u n l  r i l e  i n  order  t o  t e s t  
c c c e s s i b i l i t y  c nd l l thir  c h c r r c t c r i s t i c s  of  t h c  j q i n t s ,  Thcsc sLc t ions  
1,411 be c m s t r u c t c d  ?f st,cl y k t c  ASThl-H70 f i r e -box  q u d i t y ,  hcving +'' 
r m l l s .  The ti, s c c t i o n s  7 , : i l l  be j s i n e d  by s t r r c t c d  face s t e e l  f l a n g e s  
a g c i n s t  c n  cluriinum i;~s!:ct 1/2" riidc by 1/16!! t h i c k ,  The t o p  plug n i l 1  
be jo ined  by grocvcd f k n g t s  with ndorrcne rubber g r skc t .  
ntctiu.i is  o r L  3611 O.D. pirc I'Lldcd t o  t h c  t r n k  r!all and rrovidcd wi th  36" 
f l cnges .  
irig f lcngc b 

W t c r  con- 

I n  t h c  rn-ck-up thc  l'ipc s i z e  i s  rcduccd t;\ 24fl O.D. by o rcduc- 

----e S c c t i m  C :  The c x p a n s i m  j c i n t  s e c t i q n  is  t o  be suppl ied 
by t h c  Csok Electric Conprny of  Chicaga t o  f i t  t h e  fL l lon ing  s p e c i f i c a t i ? n s ,  

B c l l o ; ~ ~ :  BI:7tcric1, s t r i n l c s s  s t c c l  type  347 
Ins idc  d i c n c t c r ,  50:' 
Outside d i n n c t c r ,  56" 
ihribcr v.f convolu t ions ,  4 
D ~ s i g n  pressure, 75 p s i  
Lsngi tudinnl  f I c x i b i l i t y ,  3/16!' 
Trcnsvcrse f l e x i b i l i t y ,  1/32!' 

End Flcngcs:  niic.tcric.1, crrbon s t e e l  
In s idc  dizr:ctcr,  49-3/411 
Outside dic.meter , 5T-3/4lt 
B d t  C i r c L  d i r n c t e r ,  52k1 
Tiinirium th i ckncss ,  l - l / A t t  
Onc flc?ngc t:. be d r i l l e d  2nd t :y 'cd 

1/8"-9 X.C a ,  44 h l l c s  
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The other  f l a n g e  d r i l l e d  718" 
d i a .  44 h o l e s  

Each f l ange  t o  have a s e r r a t e d  f a c e  
between t h e  b o l t  c i r c l e  and t h e  
out s i d e  diameter  

of f l a n g e s  s o  b o l t s  w i l l  be on 
t h e  i n s i d e  , 

Bellows t o  be jo ined  t o  outs ide  edge 

S e c t i o n  D: This  s e c t i o n ,  made of aluminum 3/4" t h i c k ,  
is  i n  the  f i n a l  s t a g e s  of d e t a i l i n g  and w i l l  be ready f o r  checking i n  
March, Methods have been developed f o r  a t t a c h i n g  t h e  upper and lower 
g r id  suprlort t o  t h i s  s e c t i o n ;  t h e  former by l u g s  and dowels and t h e  
l a t t e r  by an  i n t e r n a l  groove and segmented s l i p  r i n g s ,  
jo incd  by mcaiis of i n t e r n a l  f l a n g e s  2nd a n  aluminum gaske t  using 
fo r ty - fou r  3/4 i nch  b o l t s .  
2.n cluminwn gasket  us ing  f or ty-e ight  1 inch  b o l t s :  

Sect ion C i s  

Sec t ion  E i s  jo ined  by e x t c r n a l  f l a n g e s  and 

S ix  6" I ,De i nden ta t ions  corresponding t o  t h e  h o r i e o n t a l  
experimental  ho le s  i n  t h e  p i l e  a r e  t o  be welded i n t o  t h e  t ank  wall and 
will be determined by the  des ign  now i n  p rogres s  on t h e  bery l l ium 
r e f l e c t o r .  For t h e  mock-up, s i g h t  g l a s s e s  w i l l  be placed at t h e  f a c e s  
of t h c s e  i n d e n t a t i o n s ,  
t ubes  i s  ready f o r  checking, For t h e  1/2"tubes d e s i g n  i s  complete but  
drawings have j u s t  been s t a r t e d .  

A f e a s i b l e  des ign  f o r  t h e  1" h o r i z o n t a l  pneumatic 

The a d v i s a b i l i t y  of i nc lud ing  t h e s e  pncunct ic  t ubes  i n  t h e  
p i k  i s  not  y e t  e s t a b l i s h e d  beyond doubt.  
on t h e  r o s u l t s  o f  t h c  mock-up t e s t s .  

The f i n a l  d c c i s i o n  may depend 

Design o f  thc  g r i d  suppor ts  i s  i n  progrcss .  Methods of 
locking  thc  g r i d s  i n  p lace  are being dcveloped. 

---I__- Sec t ions  E & F: Scc t ion  F i s  i n  t h e  d r a f t i n g  room and 
w i l l  bc rccdy  f o r  checking March 1, 
should bc rcady Dmch 5, 
by Kcllex.  It s imula t e s  t h c  bottom s h i c l d i n g  plug of  t h c  p i l e  excop% 
i n  depth.  S t r e s s  c n l c u l r t i o n s  on t h e  locd and i n p c c t  caused by t h e  
sh in - sa fe ty  rod shock absorbers  are i n  progrcss .  These s c c t i o n s  are 
3f s t e c l  rnd ?.re jo ined  by s e r r a t e d  f l c n g c s  ;nd nn aluminum gnsket.  

S c c t i o n  E i s  bcing l a i d  out m d  
Scc t ion  F i s  c s s c n t i r ^ l l y  t h c  s m c  CIS dcsigncd 

Grr.nhite Ref l ec to r  Design 

Due t o  t h c  s c r i m s  d e t e r i o r a t i o n  of t h c  g r a p h i t e  under f r s t  
neutron bombardmtnt, which n e c e s s i t a t c s  p r o t e c t i v e  bery l l ium s l e e v e s  
around coch of t h e  bcom holes ,  c c n s i d c r n t i o n  has  been given t o  t h e  
p o s s i b i l i t y  of s u b s t i t u t i n g  c one-f oot 2.nnulus o f  b e r y l l i u n  oxide 
pcbblcs  f o r  t h e  g raph i t c  adjp.cent t o  t h e  tank. 
E. s u b s t i t u t i m  arc l i s t e d  2s f d l o n s :  

The advantages of such 
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a )  E l i m i n a t i m  Rf t h e  Veplaceable l t  g raph i t e  
r i n g  

b) El imina t ion  pf t h e  bery l l ium p r c t e c t i v e  
s leeve  s 

c )  Absence of  t h e  Wigner effect  on bery l l ium 
oxide 

d) Marked decrease i n  t h e  a i r  c o d i n g  
requirements  

e)  Ease of i n s t a l l i n g  and removing pebbles  
compared t o  g raph i t e  s l a b s  

The comparative h igh  c o s t  of t h e  bery l l ium oxide pebbles  
w i l l  be compensated by t h e  e l i m i n a t i o n  ef bery l l ium s l e e v e s  and the 
reduced power c o s t  f o r  t h e  a i r  c o d i n g .  The r e s u l t s  of' p re l iminary  
c a l c u l a t i c n s  of t h e  coo l ing  requirements  for pebbles  are given below: 

pebble  DiamotgE Pcbble Temperature Air f1q.w @I S,T,P, pressure DroB 

1/2 inch 50091 F 3100 CFM 39" H2G 

1/2 inch  600' F ' 2500 CFM 26'' H20 

1 inch  500' F 3200 CFM 17.5'' H20 

1 inch  600' F 2600 CFM 1 2  e o ' '  HZO 

Since t h e  hea t  capac i ty  ef t h e  a i r  is  c o n t r o l l i n g ,  t h e  a i r  
flow requircmcnt i s  e s s e n t i a l l y  indepcndent orf pebble diameter .  
p ressure  drop,  however, dec reases  wi th  inc reas ing  size fl pcbbles,  which 
p c i n t s  toward the  use of the  l a r g c s t  s i z e  pf pebbles  c p p s i s t e n t  wi th  t h e  
ccsc of rmovc.1. The p rc s su rc  drop a c r w s  t h c  whole system shBuld be 
kcpt a t  30 - 40 inches  t o  minimize t h e  number cnd s i z e  of cn t rance  duc ts .  

The 

C w s i d c r r t i c n  has  been givcn t e  t h c  prcblcrn of s tcck ing  t h e  
g raph i t e  i n  t h e  s c c t i o n  beymd t h e  bcry l l ium w i d e  cnnd-us.  
d rca ing  has  been prepcred t L i  shew p c  p a s s i b l e  arrangement and t o  a i d  i n  
t h e  d t s i g n  of t h c  g r a p h i t e  cround becm holes ,  c t c ,  The g rcph i t c  i n  t h i s  
s e c t i o n  s o  f z r  remcins unchonged frqln t h e  o r i g i n a l  conccption. 

An i sometr ic  

The q u e s t i w  of h c r t  g e n t r a t i o n  i n  t h e  r e f l c c t o r  has been 
reviewed t o  provide more cccuro te  d e s i g n  d d x  thpn  given i n  MON P-272. 
Vr,lues i n  MON P-272 m c  high  due t r  t h e  c?ssumption of  an i n f i n i t e  s l a b  
s ourue . 
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Design i s  i n  p rogres s  on experimental  hole  l i n e r s  and 
plugs.  
ha.ndling of p lugs  by c o f f i n s ,  s h i e l d i n g  and hea t  rcmoval. Severa l  
concept ions are developing,  bu t  it i s  t o o  ear ly  t n  p re sen t  concrete  
pr  op osals * 

This  involves  e v a l u a t i r n  of t y p e s  of experiments  t@ be d m e ,  

Kcl lex  Cont rac t  

The Kellex Cnrpornt ion has  been prepar ing  S t n t u s  of Uork 
Reports and assembling t h e  Design antes F i l e s ,  
complctcd and w i l l  be inccrpora tcd  i n  t h e s c  r o p o r t s ,  
Kdllcx i s  prcpni-ing a gene ra l  r o p w t  g iv ing  new i d e a s ,  opinions 2nd 
rtxommcndztions, 
w i l l  be d e l i v c r t d  t o  t h o  Tochnicnl  D iv i s ion  p r i w  t c  WIarch I, 1948. 

A l l  drcwings have been 
I n  a d d i t i o n  

Except f cr t h e  l a s t  mentioned r c p v r t ,  t hcsc  docuntn ts  

Cnntact men have f o l l o m d ,  chcckcd and r s s i s t e d  i n  the  
wark of p r c p u i n g  t h e s c  r e p o r t s .  
mendrticns d i s c u s s t d  v i t h  ICcllex pcrsonncl  p r i o r  t o  t h c i r  n i t h d r e n a l  
from t h e  p r o j e c t  havc b i e n  c o l l e c t e d  cnd notcd f o r  f u t u r e  cons idera t ion .  

Ind iv idup l  i d c r s ,  concepts  2nd recpm- 

Enough tdxpcrimcnts havc been cnrnplctcd pnd the  mcchcnics 
of s c t l c  formatiqn -l'c undorstocd w~ll cnpugh t o  mrkc poss ib l e  t h e  con- 
c l u s i o n  of t h e  o r i g i w l  progr:ym of sca.lc formction s t u d i e s  wi th in  t h e  
ncxt  f t n  :-leeks. Scr l c s  r r c  fwmcd by t i - o  rncchcnisms cn cluminum h c r t  
t r r n s f c r  s u r f c c c s  cooled a i t h  dernincrr l izcd w t c r ,  onc being t h c  d e p o s i t i o n  
of cluminum rnd  i r c n  from t h t  7,ic"tLr s t rccm cnd t h c  o thcr  t he  c.dhcrence n f  
co r ros ion  products .  Experiments h m c  bcen run i n  nhich t h e  s c r l c  f orm,o.tion 
r c t c s  vcrc  mpirit::incd n i l 1  bclcu t h e  permiss ib lc  maximum, 

Two s c t s  c,f o p p o r d x s  are used i n  t h c  t e s t s ,  
of c s t c i n l c s s  s t c t l  t c n k  t ?  con ta in  t h e  m t e r ,  2. pump f o r  c i r c u l n t i n g  
thc water,  rluminum qnd s t a i n l e s s  s t c c l  tubu1r.r spccimcns hcatcd by stonrn 
rnd oper-ted i n  p r r n l l c l  ond r f::lling f i l m  c o o l e r  f o r  cool ing  t h e  l i q u i d  
bcfcrc  it i s  r t c i r c u l a t e d .  Rates  of t o t r l  sczle formct ion  rrt dctermincd 
by mcFstuing thc r r t t  o f  chcngc of t h c  o v c r c l l  hca t  t r n n s f c r  e o c f f i c i c n t  
c"s c a l c u l r t t d  from t h e  inc rccsc  i n  mctrl. n c l l  tcrnpcrp.turc rnd the  i n c r c r s c  
i n  s t e m - s i d e  coc , f f ic ien t  ncccss r ry  t o  mpin t r in  P constFnt  h c r t  f lux  of 
500,000 BTU/ft2 hr. 
determined by t h c  chzngc i n  p v t r n l l  hcc t  t r c n s f c r  c o e f f i c i e n t  t h r t  occurs  
F S  t hc  sco lc  i s  rLmovcd from t h e  coolnnt  s i d e  of thL spccimins. Extcn- 
s r m c t t r s  rrL uscd t o  ncrsurc t h e  mctcl  m13. tcmpcrTturcs c s  i nd ica t ed  by 
the  l cng th  of t h L  spccimcn and empi r i cy l ly  dctcrninLd c o r r c l r t i o n s  of 
steam prcssurt:  brop rnd stczm-side c o c f i i c i c n t  permit c 2 l c u l a t i o n  of 
chcngt s i n  t hc  stcE m-sidt c ccff i c i e n t  . 

Both c p n s i s t  

ThL d i s t r i b u t i o n  of scclc a t  t h t  Lnd of cFch run i s  
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Sca le  format ion  r a t e s  a r e  expressed i n  terms of r e -  1 s i s t a n c e  u n i t s  per  day where a r e s i s t a n c e  u n i t  i s  IO6 X Q  - and 
U i s  t h e  hea t  t r a n s f e r  c o e f f i c i e n t  i n  u n i t s  of BTU/(hr) (d2) (OF), .. 

Rates  of s c a l e  formation pf less t h a n  2 uni t s /day  a r e  
The r e l a t ive  impwtance of t he  t w o  c t h s i d e r d  t o  be s a t i s f a c t o r y .  

methods of s c a l c  formation f o r  a p a r t i c u l a r  se t  of cond i t iqns  is 
dctcrmincd by a comparison Df d a t a  f o r  t h c  s ta in less  s t ee l  and aluminum 
spccirncns n p t r r t c d  i n  t h e  same system. 
s t c in l c s ; ;  s t e c l  a t  c measurable r a t e  i s  depos i ted  f r o m  t h e  wnratcr. 

The only s c a l e  t h a t  forms on 

I n  t h e  oluminum 2nd s t a i n l c s s  s t ee l  systems under con- 
s i d e r a t i o n  t h e  co r ros ion  r c t e  of s t a i n l c s s  s t e e l  i n  water i s  s o  small t h r t  
t h e  co r ros ion  r t t c  of t h e  nluminum and t h c  r e s u l t i n g  concentrchion of 
rluminum i n  t h c  wp.tcr dctcrmine t h c  r,n.te of d c y o s i t i o n  *)f scalr;.  Dc"..tft f o r  t h e  
pH r n q p  4#0 t e  7-0  show t h a t  :he rate of depos i t i on  of scale i s  less t h a n  0.5 
un i t s /dcy  ii' t h c  cluminum conccnt rac lon  i s  kcpt bclow 0.1 ppm. 
0.18 t o  0.22 ppm of z luminm prcscnt  i n  t h e  watcr scalcs formcd a t  r n t c s  
of 5 t o  35 units/dr.y. 
t h i c k  cnough i n  s m c  i n s t c n c c s  t o  inc rease  thL pressure  d r o p  i n  t h e  
sys  t c  m. 

d i t h  

Such scr . l t s  orc  g c l a t i n o u s  cnd t w n s p p r c n t  rnd 

l ' i t h  lcss  t h p n  0.1 ppm of rluminum i n  t h e  w t c r  t h e  s c c l c s  
t h a t  r t t a r d  thL t r c n s f c r  of hrc?t -re p r i rn r r i l y  t h t  normal oluminum oxide 
f i l m s  nhich p r o t e c t  t h e  s u r f r c t s  f r o m  cor ros ion .  They f o r m  a t  a r a t e  of 
t h e  order of 5 uni t s /dcy  f o r  t hc  2 i r s t  fw: d r y s  pnd t h c n  c m t i n u e  t o  form 
c t  c r c t c  of 0.1 t o  0,5 units/dp.y f o r  r n  i n d c f i n i t c  l c n g t h  of timc. These 
s c ? l c s  a r c  very  dcnsc cnd lcss t h z n  OoOOl in .  t h i c k  s o  t h e y  hme no e f fec t  
on t h c  pressurL drop i n  t h c  systcm. 

Srnc a o r k  h?.s hccn done i n  coopern t ion  rr i th  Dr. Ne:irmcn of 
t h e  Chemistry Div is ion  i n  ?.n e f f o r t  t o  reducc t h c  r r . t c  of formr'tion of 
t h c  n o r m 1  olminuril oxidc 0xid.c f i l m s  by pre-forming c? t h i n ,  h ighly  
r c s i s t c n t  f i l n .  It h ~ . s  been found t h r t  hc?.t ing ?.luminum i n  a 1/2$ 
sodium dichrorx.tc s o l u t i o n  p L t  125' c .  f o r  pe r iods  F S  l o n g  p.s 30 d,-ys 
r c s u l t s  i n  7. f i l m  0,1 micron i n  t h i c k n e s s  cnd n i t h  chromium a s  t he  
w j o r  metTl l ic  c o n s t l t u o n t ,  - The film rcsists c t t t i ck  by d i l u t e  hydro- 
f l u o r i c  cc id  Cnd i t s  rcsis t t . .ncc t o  f l o r  of h w t  i s  n c g l i g i b l e .  Sca le  
f o r m t i o n  r c t c s  obtr.incd f o r  c tube t r c a t c d  i n  th,-.t manner wcrc 0.2 t o  
0.3 units/d,-.y f o r  r per iod  o f  30 dcys ,  

In plcnning f o r  t h e  coo l ing  of t h c  high flux p i l e  it wcs 
i n i t i p l l y  assuncd t h a t  t hc  purge r a t e  f o r  t h e  system n igh t  be a s  much n s  
5% of  t h c  r ecyc le  rrtcJ. 
denonstr;tcd th r . t  ope r r t i on  n i t h  k s s  purge should bc poss ib le .  
has  bcan coriplctcd under cond i t ions  9.pproximating those  considered rep.son- 
nble f o r  thL p i l i ;  c o o l r n t  sgstcr?. O p - c t i o n  f o r  26 dp.ys rt; F. hcr.t f l u x  of 
500,000 BTU/ft2 h r ,  a n  avcrngc water t c n p c r c t u r c  of 50° C ,  with x . t c r  ?.t 
pH 5.8 cnd con tc in ing  s t eady  stp.tc concent r? . t ions  of 0.005 M H202, 0.05 
ppn of i r o n  2nd 0.08 ppn of r.1uminul.n r c s u l t o d  i n  s c d t  f o r n c t i o n  r o t o s  of 

Hoac;vcr, r e s u l t s  of t h e  ? re sen t  experiments hzvc 
A t c s t  
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l e s s  t han  1 u n i t l d a y ,  The purge vias 1% of  t h e  r ecyc le  r a t e  and t h e  
make-up water contained 0.03 ppm of i r o n  and 0.06 ppm of aluminum, 
It is, t h e r e f o r e ,  now recommended t h a t  t h e  cool ing  system be purged 
a t  1% of t h e  c i r c u l a t i o n  r a t e .  

Laboratory t e s t i n g  of f l o c c u l a t i o n  p r w e d u r e s  aimed a t  
removing a maximum amount of i r o n  and alwriinum from Cl inch  River water 
have been complefued. It was found t h a t  t h e  lowest  r e s i d u a l s  were ob- 
t a incd  by f l o c c u l a t i o n  a t  pH 6.5 t n  7.0. '!ith alum as  t h e  f l o c c u l e n t  
t he  cluminuln r e s i d u a l  vas 0-1 ppm and t h e  i r o n  r e s i d u a l  was 0.02 ppm, 
?!hen llFcrrisulfl ICS used a s  a f l r c c u l c n t ,  t h e  m o u n t  of i r o n  i n  t h e  water 
romcincd r,bout t h c  san t  bu t  t h e  aluminum contcnt  was reduced t o  about  
0,08 ppm. 

d c n i n c r r l i z e r s  t o  determine vhcthcr  t h e y  w i l l  be usable  i n  t h e  demincra l izers  
c s soc ic t ed  u i t h  t h t  h igh  f lux  p i l c .  
s o t i s f c c t o r y .  Thc irm ond r lun inun  cnuitcnt of t h c  imtc r  zrc: reduced t o  
0.02 t o  0.04 ppii.9 thc  s o d i w  contcnt  i s  gtnere . l ly  less t h r n  1.5 p p r  and 
t h c  cvcr;gc s p e c i f i c  r c s i s t i v i t y  of t h c  T-ptcr i s  about 150,000 ohms/cm3, 
Tht c c p r c i t y  of t l ic r (  s i n s  ~pprc . r s  t o  bc norrxil. 

T c s t s  crc being r u n  wi th  IIPcrnutitlt r e s i n s  f r o n  t h e  Honford 

I n d i c e t i o n s  ? r e  t h r t  t hey  w i l l  be 

I n v e s t i p t i o n  of t h e  v i b r c t i o n s  induced i n  t h e  f u e l  c s s c n b l i i  s 
by t h t  h igh  v c l o c i t y  x t e r  strcarz has  becn conpleted TTith t h e  t e s t i n g  of 
a n  18 p l c t c  csstmbly rind(; i i i t h  l1conbs11, o r  spp.cers, brrxcd t o  t h c  c c n t c r s  
of thL l t c d i n g  rnd t r ~ i l i n g  edgcs of t h c  p l r t c s ,  I n s t d l c t i o n  of t h e  
combs mndL c rnrked ri ,duction i n  t h t  ,nmpli-tudc of v i b r a t i o n  not only a t  
t hc  cnds of t h r  p l c tLs  bu$ r l s o  a t  t h c  c c n t c r ,  Ths raxinum anp l i tude  ~ ~ 8 s  
reduced f r o n  5.0 m i l s  t o  0.8 n i l  a t  t h e  l ead ing  edge, frorr, 2.6 m i l s  t o  
1.2 mils a t  t h c  c c n t c r  cnd f r o n  2.0 r-iils t o  1,O n i l  a t  t h e  t r a i l i n g  edge. 
Amplitudes of v i b r r t i o n  of  t h e  s i d e  p l o t t s  rencriincd c s s c n t i r l l y  unchanged 
Vib ra t ion  f r cqucnc ie s  w r e  simikr t o  thosc  observed i n  t h e  abscncc of 
combs 

Fo1lo:iiiig t h e  v i b r p t i o n  nc2surcndnts ,  t h c  r sscnbly  vrcs r u n  

Thcrt  idas no cvidencc of fc"u1ts i n  t h t  dcsign or cons t ruc t ion  
f o r  s l i g h t l y  norc t h r n  900 hours With t h c  v c t c r  vL loc i ty  mtlintcincd e3 
30 f t / s c c .  
of t h c  nssc!:bly, 

ThLrrl: 1 r r p i n g  

Lc borotory  invLs t igc t ion  of t h c  thcrr;,ol :forping of t h c  f u e l  
rsscribliL:s h r s  be in  d i scon t inu rd  f r i t h  t h t  t c s t ine ;  of r n  18 p l n t c  r s s c n b l y  
f cb r i c r tLd  of 2s rlunii iun.  ThL curvcd p l c t e s  of t h e  csscnbly  w r c  heated 
by chroricl  s t r i p  h t c t , . r s  i n sc : l l cd  clonG t h c  cdgLs of t hc  p l a t c s  and h c z t  
6:cs rcnovtd f r o r ,  t h c  c s s m b l y  by sprc!ying mtLr on t h e  s i d e  p l a t e s .  Ten- 
p c r a t u r c s  throughout th( ,  c sso:ibly vcrc rcc? sured v i t h  thcrnocouplcs  c t tnched  
t o  t h c  p l r t c s  tnd  - 4 t h  c" probc rlcdc f r o n  17 hypodernic needle .  l imping  of 
t h L  r.ssei-bly rnd of i n d i v i d u c l  p l r t L s  ws  dctLrri.incd f r o r  t h c  change i n  
p o s i t i o n  of t h c  p o i n t s  on t h t  c"sscrib1y LOS rxrsurud  f r o n  F rc fercncc  stond. 
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' 5 t h  c t c i i p x f t u r c  d i f f e r c n c i  of 35' C betneen t h e  
outer  su r f r ce  of t h e  s i d e  p l r t e s  cnd c2 p o s i t i o n  on t h t  curved p l o t e s  
1.5 cn. f r o n  t h a t  s u r f r c c ,  t h c  curved p l a t c ~  bot1t.d 0.005 i n .  i n  t h e  
d i r e c t i o n  of curvc turc  
those  expected i n  t h e  p i l e .  The observed l o n g i t u d i n a l  expansion was 
0.025 i n .  and agreed well vrith va lues  ca l cu la t ed  from t h e  change i n  t h e  
avcrage t enpe ra tu re  of t h e  assembly. No pernanent change i n  dimensions 
was observec' during t e s t s  which included an 8-day the r r l a l  cycl ing k c s t ,  
involv ing  about 30 cyc le s .  

The c c n d i t i o n s  correspond r ccsonrb ly  s!cll t o  

P l a t c  Buskling i n  mater Stream 

Buckling of t h e  outermost concave p l a t e  occurred i n  t h e  
old 12-p la te  assembl ies  on being t e s t e d  i n  h igh  v e l o c i t y  water s t reams 
because t h e  gag on t h c  concave s i d e  o f  t h e  p l a t e  was g r e a t e r  t han  t h a t  
on t h c  convex s i d e ,  
s u l t i n g  f r o m  t h e  grcoter-than-normal veloci+,y and less-than-normal s t a t i c  
p r t s s u r c  i n  t h e  l o r g c  gap. Although buckl ing  has  n o t  bcen obscrved when 
t e s t i n g  t h e  l a t e s t  des ign  18 p l a t c  assembl ies ,  t h c  magnitude of t h e  pos- 
s i b l e  p r t s s u r c  d i l f c r t n c t s  has  bccn calculated and s t a t i c  l o a d  tcsts ho.vc 
boen perf  ormcd t o  dctcrmint: t h c  p re s su re  d i f f c r e n c c s  r cqu i r ed  t o  buckle 
t h e  cmvcd p l a t t s .  

This buckl ing nas  caused by Bernou l l i  f o r c e s  re- 

Cc l c u l n t i o n s  hnve shown t h a t ,  neg lec t ing  the  p o s s i b i l i t y  
of r chonnel vrith c? s e r l e d  o u t l e t ,  t h e  mcximum poss ib l e  pressure  d i f -  
f erence 
30 I b / i n  i s  16 l b / i n  
c? channel  vhcrc an e n t i r c  r.ssembly ho.s bcen omitted.  For r: more reFson- 
a b l e  
i s  about 8 lb / in3 .  

s i n g l e  p l c t e  f o r  a p re s su re  drop across  t h e  p i l e  of 
2 occurr ing riheii t h e  conccve su r face  of P p l a t e  f o c e s  

b u t  s t i l l  u i l i l r c l y  c z s c ,  t h e  expected maximum pres su re  d i f f e r c n c c  

Mcnsuremtnts of  t hc  s t z t i c  p re s su re  d i f f c r e n c c s  requi red  

Vith assembl ies  of 2s aluminum p l o t e s  it m s  
t o  buckle t h t  p l a t e s  havc b t e n  mede us ing  w t e r  p res su re  i n  asscr ib l ies  
with f lenged end boxzs. 

i n  t he  sa.gitt,o of 0.000, 0.011 and 0,024 i n .  r e spec t ivL ly  ?nd t h o t  t h e  
f i r s t  concavL p l a t c  rcvcrscd  c w v a t u r c  Yvhcn t h e  p re s su rc  rcrchcd 23 t o  25 
1b/in2, 
raachcd a t  t h c  surfncc, of t h c  c e n t e r  of t h c  p l r t c  cihen t h c  prcssurc  i s  
-12 lb/ in2 rnd t h c t  t h e  s t r e s s c s  near  t h e  cdgcs of t h e  p l a t c  a r e  much 
less thon those  ,It t h t  c o n t a .  S imi l a r  t c s t s  i r i t h  an  asscnbly  con tc in ing  
curved p1ctc.s u i t h  urr.nium-rluminum ~ l l o y  c o r c s  2nd 2s duminum c ladding  
gnvc t h t  sanc r e s u l t s .  

found t h F t  prcssurcs of 10, 1 5  and 20 l b / in2  produced permoncnt reductions 

S t r a i n  gage mcnsurcmcnts shoiicd t h r t  r s t r e s s  of 5000 lb / in2  i s  

I n  some of t h b  tLsts c c r c  n r s  tnltcn t o  r e s t r i c t  t h e  n i d t h  
of t h c  rsscmbly by c l r n p i n g  stccl b c r s  ? long  t h c  s i d e s  s o  P S  t o  m?lrc 
poss ib l e  f coriprrison of thL obscrved p l z t e  dcf o r n r t i o n  n i t h  t h e  def  ormr- 
t i o n  c c l c u l r t t d  f o r  t h i s  s p c c i t l  C C S C .  

i n c r e r s e  i n  LJidth of  t h o  csscnbly  - A s  0,005 in .  rnd t h e  c r i t i c a l  p re s su re  
m S  34 lb/iI l  

I n  onc such cxper incnt  t h e  ncximm 

2 2 conpFrLd u i t h  40 l b / i n  c F l c u l r t c d  f o r  no chpngc i n  width. 
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The maximum increase  i n  n i d t h  of a n  assembly wi th  no 
s i d e  support  was 0.012 in .  and t h e  c r i t i c a l  p ressure  vas  24 lb / in2 ,  

Mechanical S t a b i l i t y  of P l a t e s  - Conclusions 

The foregoing tes ts  permit  t h e  conclus ion  t h a t  the a c t i v e  
assemblies  as  no1.v designed and f a b r i c a t e d  are mechanically s t a b l e  t o  a 
sat  isf c c t  ory degree.  

Tes t ing  of Shim-Safety R o d s  

The shim-safety rod f o r  t h e  high f l u x  p i l e  h r s  four  major 
components; t h e  d r i v e  mechanism, t h e  magnetic coupl ing,  t h e  c o n t r o l  
s e c t i o n  x i t h  guides  and t h e  darnper. 
gu ides  2nd damper designed f o r  t h e  o r i g i n a l  1 2 - n l ~ t e  c o n t r o l  nssembly 
Ere i n  progress  now, r s  i s  t e s t i n g  of t h e  k t t s t  des ign  of magnetic 
coupl ing . 

Tes t ing  of t h e  d r i v e  mcchrnism, 

The dr ivc mcch,?nisrn c o n s i s t s  of c. 10 f t .  long,  v e r t i c a l  
tube  through nhlch p c o s ~ ~ s  a 13 3/4 f t .  long s h a f t .  
by ci s p l i n t  and d r iven  by f motor  through 9. v’orrn d r i v e  t o  r n  ~ c m e  th recd  
on thL top  3 f t .  of t h c  s h z f t .  
c h r , r a c t c r i s t i c s  of t h i  d r i v e  mechonism has  bccn conpletcd.  
fo l lowing  : 

Maximun t r a v c l  32 3/4 in.  

The s h a f t  i s  guided 

Ikrsurcmcnt of sonc of t he  importcnt 
anta  show t h e  

Bc c klr. sh  
‘dorm m d  n o m  gccr 

Angu1r.r movenc.nt of mot or s h c f t  
E q u i v d c n t  trave 1 of d r i v c  s h t L f t  

Spl  inc  
Angu1r.r uovcncnt of d r ivc  s h a f t  
Equivr.lent t r c v c l  D f  d r i v c  s h r f t  

T o t n l  
Angul:ir movLncnt o f  motor  s h r f t  
Equivclent  t r o v c l  of d r i v e  s h r f t  

Ovcr t r rvc l  oP d r i v c  s h r f t  n f t c r  c u r r c n t  cut-off  
Upwr d cver t r r v c l  
D c-mw- r d o v ~  r t r F vc 1 

4 1/2O 
0.0002 in .  

1 1/h0 
0.0006 in .  

20” t o  22O 
0.0008 i n .  

0.11 in .  
0.17 i n .  

Nunbcr of  r e v o l u t i o n s  o f  e c t c r  cifttr c u r r c n t  cu t -3f f  
U p x r  d ovc r t r ?.ve 1 9 
D o ~ m i r  rd  mer t r c.ve 1 14 

0.357 in/scc 
0.368 in/sec 
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Time requi red  f o r  t h e  mechanism t o  change d i r e c t i o n  i n  
response t o  a s i g n a l  w i l l  be measured whcn ins t ruments  are re leased  
f r om other  cxper imcnt s e 

The ove r t r ave l  i s  g r e a t e r  t h a n  t h e  0.02 inch  upward and 
0.07 inch  donntoard spec i f i ed  i n  t h e  des ign .  However, t h e  speed of t h e  
t e s t  rod i s  approximately fou r  t imes  t h a t  now planned f o r  t h c  p i l e  , A 
new d r i v c  of one-quarter speed i s  be ing  made up and it i s  bel ieved t h a t  
t he  o v e r t r a v c l  will t h e n  be reduced t o  a s a t i s f a c t o r i l y  low %slue. 
I n  t ho  most r e c e n t  des ign  a worm d r i v e  has  been s p e c i f i e d  which should 
reduce t h e  speed and ove r t r ave l  t o  25% of t h e  va lues  repor ted  here ,  

A horsoshoc m g n c t  with laminatcd polc  c o r c s  and a s o l i d  
armature i s  t h c  l a t c s t  coupl ing design.  
con ta in  a t o t a l  of  7400 t u r n s  o f  #2L+ ga copper n i r c  wi th  a t o t c l  rc ,s is tcncc 
of 200 ohms. dhen made v i t h  SAE 1010, c"nncded s t c c l ,  pole corcs  t h e  
nagnct i s  designed t o  s u p r o r t  c lood of 1100 l b s ,  wi th  c n  c f f c c t i v c  a i r  
gap of 0,015 in.  2nd 200 milliamps of c u r r e n t  f lc t r ing  through thc  c o i l ,  
Thc n9rrnF.l locd n i l 1  bo 570 l b ,  and it i s  rcqui rcd  t h r t  t h c  1oc.d be 
r c l ccscd  wi th in  30 mi l l i seconds  r f t c r  t h c  rc lcrsc  i s  s ignnlcd.  

C o i l s  formed around t c c h  core 

Thc. m: g i i ~  t f c b r i c c t t d  f o r  t c s t i n g  vvs not  made c n t i r c l y  
rccord ing  t o  spccif ic7.f im.s .  L m i n c t  f o r  t h c  ~ o l c  cores viere made of 
SAE 1020 s t cc l ;  d i f f i c u l t i e s  expcri inccd i n  t.iindir,g t h c  coils l i m i t c d  
the  t o t a l  numbLr 3f t u r n s  t o  7010; assembly tcchniqucs  I c rc  n o t  i rc l l  
devcloped cnLugh t o  rcducc th.. i n t c r n n l  c i r  grps bclolii ?.n es t imated  
0.010 in .  Hwcvcr ,  d:ltr shoa t h a t  t h c  suppor t ing  povcr of  t h c  t c s t  magnet 
i s  c"dcqu2te. 

T c s t s  r r c  v:>dc Tyith thc  nngnct b d t c d  t 7 r s t r u c t u r a l  s t c c l  
suppor t ,  Frstcdned t:, t h c  crmturc. .  i s  c" buclcct uhich ccn bc londcd u i t h  
n s  much ;is 400 l b .  CIP l c n d ,  Pddi t ion: l  l o r d i s  providcd 2 s  l i v e  l o r d  by 
c l c v c r  systcrn r t tTchcd  t? t h e  buclrct v i t h  sp r ings  cnd lcp.dcd x i t h  lccd  
vieights. Shims of mico Sci7Prrte t hc  a r n r t u r c  from t h e  ncgnct s i n u l r t i n g  
thenm-nngnct ic  m t e r i d  t h a t v i l l  be used f s : c 7rr x i o n  r e s i s t a n t  coa t -  
ing f ,r t h t  stctl. 
t 2  p rmidt i  cd,quc?te y r c t c c t i c n  rnd rnininurn r c l c T s t  t i n c  s o  s o x  d o t c  hpve 
bc tn  Jb t r incd  f? r  s h i n  th ic l tncss  from 0,C)Gl t o  0.010 inch. A s h i n  t h i c k -  
ness  of 0,003 i n ,  i s  t h x g h t  t o  bc the  ninirnm rcosoncblc  th i ckness  s o  
n3s t  =f t he  dot?  a re  obt r incd  ;:ith 0.003 i n .  shins .  

The th i ckness  cf non-magnetic m a t c r i a l  v i11  be cd jus t ed  

p c r t i n c n t  r c s u l t s  crc r ,  pc r t cd  bt lon:  

Suppxk$n,q Po-x r  v ~ .  Current  f 3r 0.003 i n  Shin 

Current - m i l l i c n ~ s  0 40 80 120 160 

Max. l o ~ . d  - l b .  0 170 5 60 850 1000 

200 

1020 
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s u s o r t i m  Pwer VS. Shim Thic!cne,ss f - r  Current  3f 200 Dilillir.my,s 

Shim Thicknsss - Inches 0.002 0.003 0.005 0.008 O , O l c !  

iirlcxinum Load - Lb. 1050 1020 9 60 870 810 

Rclccsc Current  vso Lor~d f o r  0.003 In .  Shim ond 
----------.------------ I n i t i n l  Current of 200 Mil l icmw 

Locd - Lbs. 850 600 450 300 150 

Eelecse Curren?i - Pdillicmps 75 38 23 1 5  5 

l'!iGF surenent  of release t irnc ~1 nd r c c l i z a t  i o n  of a sat  isf c c t  ory 
r c l c e s t  t i n e  hcvc both  przved t o  be t roublescmc,  
dztcrmiiicd by mcosuriag t h c  i n t c r v c l  bctvrccn t h c  s ign31 t o  rc lcrsc  nnd 
t h c  nnking af f c o n t r c t  c f t c r  t hc  w g n c t  f c l l s  n ncpsurcd d i s t a n c e ,  
u s u c l l y  0.002 t o  0.010 i n ,  
RCA microsecond t i n e r  but t h e  r e s u l t s  proved t o  bc SO c r ro t i c  t h c t  a 
G.E., r icchcnicr l  >sc i l l og rnyh  hps been s u b s t i t u t e d  f o r  t h e  timer. T r rccs  
npdc by l i g h t  r c f l c c t c d  from t w o  go lv rnTrc tc r s  r r c  r c c  irdcd by 2 c o m r c  
t o  s h w  t h c  decry  cf v c l t r g c  o r  c u x c n t  i n  t h e  c i r c u i t  3rd t h c  rc lc rsc  
t i n t  suycririposLd an c" t i n e  t r r c e  from cn  Gsc i l l c to r .  

The re1c:rsc t i n e  i s  

O r i g i n e l l y  t h i s  tirx ~ : e s  ncrsurcd wi th  Tn 

Power i s  s u r p l i c d  t o  the magnot f r o m  cn c l c c t r o n i c  c i r c u i t  
A s tcndy vo l t zgc  of  10 v o l t s  i s  f ed  t o  

A s  t he  
l i k e  t h a t  proposcd f o r  t h e  y i l r .  
t h e  c i r c u i t  t o  s imulntc  thz. signcll from t h e  i o n i z a t i o n  chambers, 
vo l t agc  i n c r c r s c s  t o  21, v o l t s ,  i n d i c c t i n g  r n  incrcc"sc i n  power l e v e l ,  t h e  
c u r r e n t  t o  t h e  mrgiict d c c r c r s e s  f r o m  200 mi l l i rmps  t o  zero.  I n  t h e  first 
tes ts  t h c  incr i ; sc  i n  vol-xgc hFs bcxn ins t rn tpncous  rnd t h e  fo l lowing  
rcsults hc?vL bLen o'otFincd: 

200 Phi l l imps  - 0.003 i n .  Shim - 610 Lb. T o t a l  Load 

Cap?.citance, f a r c d  0 0.25 1 2 10 

Rclcase t ime,  m i l l i s c c  , 43 t o  5 1  37 t o  42 3.4 t o  39 31 t o  38 53to55 

Currcnt  decay t ime,  m i l l i s e c  , 1.5 l o  --- 1-c --e 

P i t h  no parallel ccpec i tence ,  a 0.003 i n ,  shim, 610 l b .  load  
nnd 80 mil l icmpercs  c u r r c n t ,  t h e  rc lccse timc i s  29 mi l l i seconds ,  
p a r a l l c l  capzc i tpnce ,  c 0,GIO i n .  shim, 610 l b ,  load 2nd 140 millipmperes 
c u r r e n t  t h e  rc l saso  t ime i s  8 mi l l i seoonds ,  

' i i t h  no 

Although t h i s  l a s t  r e s u l t  i s  vcry encourpging, dc.t? hcvc bcen 
obteincd f o r  only one such t e s t  s o  t h c  rclcpsc t imc mry bc i n  error.  
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P repa ra t ions  a r e  no’-! being made t o  r e p e a t  some of t h e  
tes ts  using a leminated armature and t o  feed t h e  s imulated s i g n a l  
from t h e  i o n i z a t i o n  cham3er v i t h  pe r iods  vwying  between 10 and 50 
mi l l i seconds  t h u s  providing a c l o s e r  approoch t o  D i l e  c o n d i t i r n s ,  
It i s  expected t h a t  t h e s e  changc+’s m a  poss ib ly  some increase i n .  
shim th i ckness  over  t h e  p resen t  0.003 i n .  w i l l  r e s u l t  i n  a release time 
of l o s s  t h a n  30 mi l l i seconds .  

Tes t ing  of thL shim rod guides  and damper i s  bcing accom- 
p l i shod  using r, 10 in .  pipc column contn in ing  a s t a i n l e s s  s t e e l  mock-up 
of p a r t  of a c o n t r o l  clcment.  

2 gu ides  and i s  stopped by I]. s t rndprd  drmpcr. ‘ a t u  f l o w s  through t h e  
asscmbly n i t h  o prcssurc drop t h ? t  cnn be r cgu lc t ed  b e t m e n  0 2nd 50 l b / i n  , 
The p o s i t i o n  o€ t he  rod a s  a func t ion  of t ime of f a l l  i s  recorded using 
t h e  G.E. osc i l lograph .  Contact  i s  made betiTleen n po in t  on the  rod  and 
s t a t i o n a r y  p o i n t s  a t  meesured d i s t a n c e s  a long t h e  p z t h  and a record o f  
t hose  c o n t a c t s  i s  p ic tu rcd  on t h c  camerc f i lm.  
r o t  i s  mersured and rccordcd using T s t r ,o in  gage pressure trcnsmitter rnd 
c“. Brush r e c o r d a .  

F a l l  of t h e  clcrncnt i s  guided by s t cndr rd  

The pressure  i n  t h e  dash 

A compcrison of des ign  r.nd mc?.sured c h a . r a c t e r i s t i c s  f o r  a 
P r e s s m e  drop of 40 lb / in2  ac ross  t h e  rod  shows the  fol lowing:  

F a l l ,  i n ,  

De s ign  Me a s  w e d  

30 718 30 7/8 

4 4 I n i t i a l  Acce lera t ion ,  g 

niiaximum v e l o c i t y ,  f t / s e c  22 1/2 16 t o  20 

Ve loc i ty  when Plunger Contac ts  
B o t t o m  of Dashpot, f t / s c c  

2 Maxinun Pressure  i n  Dashpot , l b / i n  

2 1/2 3 1/2 

475 

Since t h e  a c c e l e r a t i o n  r equ i r ed  f o r  c o n t r o l  nur”oses  i s  1 g, 

Tho d i f f c r e n c c  r e s u l t s  from f r i c t i o n  i n  t h e  guides ,  f o r c e s  
t h e  d i f f e r e n c t  betncen the  c x p c t c d  and measured maximum v e l o c i t i e s  i s  
unimportant. 
opposing t h e  ‘lassage of t h c  high v e l o c i t y  rod through thc  vratcr f lowing 
a t  low v c l o c i t y  b t l o n  t h t  s h i n  rod and, i n  t h e  e x p r i n c n t d  apparatus ,  t o  
a r educ t ion  i n  yrcssurc above t h c  rod a s  it f a l l s  and F i r  expands t o  f i l l  
t hc  s rcce  vac t t ed  by thL rod. 

The noxinun p r c e s u x  i n  t h c  dash-pot TJPS found t o  be 50% 
l e s s  2nd t h c  k i n e t i c  cn i rgy  t rcnsmi t tcd  t o  t h t  m t c r  20% less  than  VJCS 
c a l c u l a t c d  f ro r :  d c c e l c r c t i o n  d r t c  
s c rap ing  aga ins t  t h e  dash-pot rnd when t h e  a p p r r c t u s  vc.s dismcntled,  
s c r a t c h e s  wtrc found on thc, s i d e  of  t h c  p lun rc r  t o  supyort  t h n t  explannt ion.  
The s c r c t c h c s  nzy hrvc r c s u l t e d  f r o n  9. fiisr.lignnLnt o f  t h c  ncck-up p m t s  
o r  f r o n  movcrncnt of thc: rod dur ing  i t s  f a l l .  
d id  not  appcm t o  hinder  t h c  opcrpt ion o f  t h c  rud,  

T h i s  suggestcd t h a t  t h e  plunger was 

ThL darncgc ncs no t  severe and 
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Examination of t h e  gu ides  revea led  no f a u l t s  o r  t-!ear. 
Their  o r e r a t i o n  aypears  t o  be s a t i s f a c t o r y .  

?. complete shim rod i s  being assembled f o r  t e s t i n g ,  

P i l e  iVock-Ur, 

!Vork on t h e  Mock-up f o r  t e s t i n g  t h e  hydrau l i c s  end t h e  
mechanicel o p e r a b i l ' t y  of t h e  h igh  f lux  p i l e  has  progressed t o  t h e  
e x t e n t  t h a t  t h e  s t r u c t u r a l  des ign  and t h e  d e s i g n  of t h e  water system has  
been coy- l e t ed .  
p r o j e c t  . Materids are now be ing  procured f o r  t h a t  p a r t  of t h e  

Design of t h e  F i l e  tnnks  end i n t e r n a l  elements f o r  t h e  
Mock-uy i s  about, one-third completed. 
be gun. 

Procureeent  of some i t e n s  hcs 

l i i t h  t h c  i s s u i n g  o f  t h i s  reiTort, rncny of t h e  he re to fo re  

O f  t h e s e  the  p i l e  
doubt fu l  f e a t u r e s  sf t h e  p i l e  des ign  hcve been j u s t i f i e d  experimental ly .  
A fen addi t ion ,o l  iteris r enn in  t o  be invus t igc t ed .  
mxk-up, r icnt imed i n  t h c  previous s e c t i o n ,  cnd t h e  r e g u l a t i n g  r e d s  are 
t h e  r i o s t  i r y o r t r n t .  h d d i t i m r l  a o r k  on t h e  rncgnets r l s o  w i l l  be requi red .  

The prphlens  of co r ros ion  connected n i t h  t h e  high f l u x  
p i l e  a r e  solved i n  a l l  t h e i r  c r i t i c a l  a s p e c t s  and t h e  aork  repor ted  
t h i s  qua r t e r  be8r.s mainly on ques-tIons of improving an a l r e a d y  s a t i s -  
f a c t o r y  s i t u a t i o n .  
t o  l e a d  t o  s e r i o u s  c o r r o s i o n  i f  not c a r e f u l l y  c o n t r o l l e d  i s  the  junc t ion  
between t h e  bery l l ium and t h e  s t a i n l e s s  s tee l .  Ser ious  e f f e c t s  here  can 
be avoided by making t h e  bery l l ium massive and by l i m i t i n g  the  number of 
such con tac t s .  
under simulated p i l e  c o n d i t i o n s  (85' C, pH 6.0 - 7.5, and hydrogen peroxide 
,0005 or .005 M ) .  
sodium n i t r a t e  as an i n h i b i t o r .  

The only cond i t ion  i n  t h e  p i l e  a h i c h  i s  expected 

The exper imenta l  work d u r i n g  t h i s  qua r t e r  was c a r r i e d  out 

The p r i n c i p c l  item # i n v e s t i g a t i o n  w8s t h e  use of  

Beryll ium 

The co r ros ion  r e s i s t a n c e  of extruded beryl l ium i s  improvcd 
by t h e  use of 3 - 4 ppm of s o d i w ,  n i t r r t e  T S  ;n i n h i b i t o r .  The penetra . t ion 
r a t e  m d  p i t t i n g  r . t t rck  r r e  bo';h rrost e f f e c t i v e l y  reduced by t h i s  i n h i b i t o r  
p re sen t  i n  t h i s  conc tn t rF t ion .  

T e s t s  of Q Process  bcryl l ium ;rc c r r z t i c  and sodium n i t r a t e  
i s  not  c n  i n h i b i t o r  f o r  t h i s  w t r l  but  sodium dichromzte ?,ppc;ars t o  have 
sornc i n h i b i t i n g  c f f c c t .  
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A bery l l ium cyl inZcr  coctcd wi th  aluminum by dipping i n  
molten metal  showed 2.n p v c r n l l  corrosioi1 r a t e  of 0.06 mil/month wi th  
p i t  frequency of 10 per  sq. i n ,  One 
p i t  a t  t h e  i n t e r f a c e  between aluminurn and beryll ium on a machined end 

Naximum p;t depth was 9,3 m i l s .  

had penet ra ted  along the  i n t e r f a c e  for a depth  of  50 mils. 
aluminum c ladding  was pene t r a t ed ,  t h e  a t t a c k  of t h e  bery l l ium was ac- 
c e l e r a t e d  a 

. hen t h e  

Tes t s  of t h i s  m a t e r i a l  show 3 - 4 ppm of  sodium n i t r a t e  
t o  be optimum i n h i b i t o r  concent ra t ion ,  bu t  t h e  r educ t ion  i n  penetra- 
t i o n  r o t e  i s  only s l i g h t .  

Specimens, c's anodized by Reynolds 14etal Cornpcny, shom 
only n e g l i g i b l e  a t t a c k .  The use pf  such p r o t e c t i o n  depends upon t h e  
f c F s i b i l i t y  c.f nncdizing r f u e l  rod c".sstmbly cnd t h e  c f f e c t  of r a d i c t i o n  
on t h c  cnodized f i l m ,  

T L s t s  conducttd on f u l l  s i z c  2s cluminum p l a t e s ,  i n  t h r e e  
rnd stven p l c t c  csscmjlies shovred neg l ig ib lL  F.t trck cf p l a t e s  or  brczed 
j o i n t s .  

T e s t s  ~f 43 c a s t i n g  r l l n y  show sodium n i t r c t c ,  scdium 
pyrophosphatc rnd sodiwn d i c h o m t c  t o  be i n e f f c c t i v e  i n  i n h i b i t i n g  
t h c  co r ros ion  of t h i s  cnlloy,, 
i n  r e s i s t a c c  vhcn t h t  mcdi-;=l I s  c i r c u l z t c d  a t  P v e l o c i t y  of 15 f t / s ec .  
Under such c o n d i t i o n s  t h e  peLicdtrption ro tc  i s  of t h e  order of 0.07 mil/month. 
A t  h igher  v i l o c i t i c s  (30 f t / s c c . )  it i s  0.15 mil/month c.nd undtr  s t ; t i c  
cond i t ions  0,CbO mil/mo. 

Xsts of 52s c l l o y  show mirkcd i n c r c r s e  

I n  such couplcs  t h e  pluminum i s  r t t r c k c d  p r c f c r c n t i n l l y  
,rind t h c  s t n i n l c s s  i s  c t t r c k e d  only n e g l i g i b l y .  Tho maximum i n h i b i t i n g  
e f f e c t  of sodium n i t r c t c  uppn t h e  rxttack of t h e  1-luminum i s  obtsincd c t  
5 - 10 ppm. Thc p i t t i n g  n t tnck  i s  severe  i n  c l l  cc?scs rnd occurred pre-  
dorninontly c t  t h e  cxposcd sur fpcc  r d j a c c n t  t o  t h c  ou te r  edge of t h e  
r luminum-str inlcss  i n t e r f a c e .  
(4.0 X 
shown r c s u l t s  t h i t  r r (  q u i x  Trvornble.  
rnod icn l ly  c t t r c k e d  but  not  n c ~ ' ~ i . y  s o  s c .wrc ly  r s  nhcn no zinc h . y e r  
wwas 2.pplicd. P t t r c k  of thc st: i t i l c s s  I-!: s s t i l l  n c g l i g i b l e .  F i t  depth  
P J C S  n o t  reducct! but  count  n:s r c d x c d  by c f - c t o r  of ,ohout 10 2 s  Y,IF.S 
p c r c t r r t i o n  r r t e , .  Th i s  i s  s o  f r r  Ihc most success fu l  m t h o d  of pro- 
t e c t i n g  2s rluminum r g r i n s t  co r ros ion  uhcn i n  c o n t r c t  .!ith s t c i n l c s s  
s t e c l .  

Thc q p l i c c t i o n  of P t h i n  l r y e r  of z inc 
t o  cnluminum by t rca tmcnt  i n  c sodium zincc.tc s o l u t i o n  hc?s 

The 2s rluminum 1~2s s t i l l  
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3 .  25 Separa t ions  Process Design and Development 

3.1 

Design tiork i n  t h e  1200 Area reached t h e  pre l iminary  

Ilesign Progress  ( J .  R. Huffman) 

process  des ign  r e p o r t  s t age  dur ing  t h e  p a s t  per iod .  The f i r s t  rough 
d r a f t  of t h e  r e p o r t  has  been prepared and revicaled. A t o t a l  of tncnty-  
nine memoranda t o  t h c  12-1300 Area Design F i l e  and a t o t a l  of f o r t y -  
t h r e e  drzi!ings have been prepared f o r  thc  1200 Area design.  
drcv ings  2nd r c p o r t s  p re sen t  t h e  f irst  o v e r a l l  concept ~4' t h e  f u n c t i o n s  
and scope of t h c  1200 Ari;a. 
i n  order t o  incorporo tc  pertinent d a t a  r c l n t i n g  t o  t h e  chemistry and 
equipmcnt performrncc f o r  t h c  process ,  r c v i s i o n s  t o  many phoses of t h e  
f i r s t  dosign must be mndc bcfore  d e t p i l e d  des ign  by cln outs ide c o n t r a c t o r  
can  bc undertokcn. 

These 

I n  vie1.J of a change of des ign  b a s i s ,  and 

The mcjor ch?nges t o  be mndc i n  t h c  des ign  of t h e  1200 Area 
before  t h t  complction of t h c  proccss  des ign  r c p o r t  ?.re: 

Thc mc.ximum c;-:pF.city of t h e  mr.in proccssirig l i n e  n i l l  be less 
t h c n  609 grr.ms cf 25 per  dny, Tht o r i g i n r l  s p c c i f i c z t i o n  of 0. 
c z p c c i t y  of 630 grc.ms pcr dcy x . s  brscd on t h c  zssumption th2.t 
t he  p l m t  vJould sLrvice 3 p i l e s :  
D,-nicls'  poxcr p i l e  cnd one: other  i:hich, it ncs r .ssmed,  I-lould 
pr  obrbly be b u i l t  soricAcri: i n  t h c  Unitod S t c t c s  r i i th in  the  next 
10 yecrs .  It i s  no:; bclicsvccl thc.t  t h c  dep le t ion  of t he  U235 
con ten t  of t hc  h igh  f lux  pile can be c r r r i c d  t o  1576 instec.d o f  
10% as previous ly  assumcd :-nd t h ? t  t h e  bu i ld ing  of two other  
p i l c s  i n  t h c  ncxt  10 yc,r.rs i s  vury  doubt fu l .  
proper  des ign  c,-p:.city i s  t h u s  c g r i n  thronn open f o r  r e d e c i s i o n  
by t h e  AEC 

For t h e  p rc scn t  t h e  c h c m i c d  f lor rshcc ts  n i l l  be changed t o  r? b?.sis 
of 240 g r a m  pcr  day ( t v o  eighth-p?.ss f u e l  r ssembl ics )  r:ith chcm- 
i c a l  processing s t e p s  and cond i t ions  i n  cccordcncc : l i th  t h e  b e s t  
knovrn chcmis t ry  t o  dntc .  

Thc process  equipmcnt f l o n s h c c t s  ail1 bc r cv i sed  t o  shon r.11 
p e r t i n e n t  cquipmcnt , service, l i n e s ,  2nd f r c i l i t i c s .  

t h c  high f l u x  p i l c ,  t h e  

The qucs t ion  of 

The des ign  s t s t u s  of v a r i o u s  phcscs of t hc  1200 Area as 
prcsentcd i n  t h c  f i r s t  m i t i n g  of t h e  des ign  r e p o r t  is outl ined i n  t h e  
f o1lo:iing paragrFphs. 

r p p r o x i m t c l y  130 dcys bcforc  process ing  i n  t h e  1200 Arc,?, :!here t h r e e  
w e k s  w i l l  be rcqui red  t o  dccon t rc ina t c  rnd  recover  t h c  25 f o r  p rocass ing  
i n  t h c  li+OO Arec, 
cool ing ,  and 2 Fu d e c o n t m i n z t i o n  of 104 nus t  be ?.ccomplished, clone; 1;i th 
P 99.9% recovery  of 25, 
cessed i n  t h c  s~?nc  cquipncnt under idcnt ic r .1  chcr i i s t ry  condi t ions .  

Thc spent  f u c l  z s s c n b l i e s  f o r  tne  p i l c  are  t o  be c o o l e d  f o r  

An overo l l  f i s s i o n  product dccontrminrt ion of 10' a f t e r  

Spent s h i n - s d c t y  rods  contn in ing  25 w i l l  be pro- 
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4 
The s i z e s  and gene ra l  f u n c t i o n  of a l l  p i e c e s  of equip- 

ment f o r  t h r e e  e x t r a c t i o n  c y c l e s  f o r  i r r a 2 i a t e d  25, f o r  so lvent  
t rLatment  and recovery,  and f o r  process jng  cold r e j e c t  assemblies  
f r o m  t h e  1400 Area have been dissvlssed i n  numhrous memoranda t o  f i l e .  
Thc chemistry of t h e  process  i s  ou t l ined  i n  chemical f l onshoc t s  
TU-366 through TD-368; process equipmcnt and main flax diagrams a r e  
shown on TD-362, TD-370, TD-372, TD-381, and TD-364, DravJing TD-421, 
a master f1c:Jshect shoving t h c  e n t i r e  25 process,  t - l i l l  soon be i ssued .  

The c s t i n a t c d  c a t i v i t y  contained i n  one 25 f u e l  nsscmbly 
a f t e r  20-dcy i r r a d i a t i o n  i n  t h e  p i l e  opcratcd a t  10 kn/grcm 25, rnd 
a f t e r  150 dcys coo l ing  is: 

* 

T o t d  c u r i o s  17,000 

T c t a l  g:nmc mtts 57 

The c s t i r x t e d  r c t i v i t y  l eve l s  i n  vcirious process  s t r c a n s  
bnscd on 2 bctch  cbntr'ining 2-1/2 f u c l  n s s e n b l i c s  ( i , e . ,  300 g r a m  of 
25) arc t a b u l a t e d  bclou: 

1st cyc le  d Iss olvcr  product  
1st cyc le  r qur, o m  zf f inn te  
2nd c y c k  columli f c t d  
2nd cyc le  cqiie 311s r r f  f i n :  t e  

500 cur i c  s/gc.l. 
320 1: It 
1 '4  ' 1  I? 

1,1 'I It 

O e l L ,  'I 
0.01 1' 

11 

11 
3rd cyc lc  column fccd  
3rd  cyc le  r q u c m s  rrf i ' in , - tc  
3 r d  cyc lc  s t r i p p i n g  prcduct  3 x 10-3 1' 

P r o l i n i n r r y  s t c 5 y  of t hc p r  qblcrn of  cquipmcnt and c e l l  
dccontominntiXl h r s  bccn m d c  End a c 3 ~ - y 1 2  . 1  .-ng, TD-416, i ssued showing 
s c h e m t i c o l l y  t h e  s y s t c n  for - k n k  rr,d cquipncnt decontanina t ion ,  
c y c l e s  of dccontnnint t i o r .  '.:ex c xisL2crc2, grcded i n  -ccordonce v i t h  cc- 
t i v i t y  1Lvcl. Dec on t rn inc t r an  r z rd  ~ ~ 1 1  be used c oun tc rcu r rcn t ly  through 
t h t  cquipncnt ,  riid thcn  f ed  t,] t h c  ?.ssenbly d i s s o l v c r  unless crud removal 
i s  conp l i ce t cd  t h c r c b j .  
dec ontnnina t ion  a c i d  unncccss?Lryo 

Thrce 

Such c: ?TOccdurc -,iould nrkc urcniurn recovery f r o n  

S r l v t g c  f n c i l i t i L s  f o r  thL rcccvcry  of 25 f r o n  w s t c  n a t c r i < ? l s  
h m e  becn ou t l incd  ?ti t h c  b c s i s  ?f r c t h o r  u n c c r t r i n  c s t i n ? t e s  qf t hc  type 
rnd quon t i ty  of urcniun-bcnring w s t c s .  
b m n  rssigiied t i  srlvFgc o p t r ? t i m s ,  Drr:;ing TD-3P6 s h r s s  equipncnt f o r  
s d v a g c  schc n ? t i c - l l y ,  

Thrcc c e l l s  i n  Fldg. 1205 hcvc 

process  i s  very  uncc r t a in .  
Np rccovcry i n  t h e  p rc scn t  des<.gn Cmccpto  

For t h . 3  rc:son, nn p rov i s ion  hcs  been m d e  f o r  

Thc x s t c  c o l l e c t i o n  r.nd s tcrr .gc systcrn f o r  t h c  1200 Aren hns 
bccn combincd u i t h  t h c s c  D f  %hhc 1l.X 9.nd 1300 Grccs. 
systcrn hF,s bccn dcsigncd t o  prcrvcn'c loss o f  f l s s ion r .b l c  mr,tcrir . ls  fr 'm ?.ny 
nf t h e  process c?rcc.s, t q  providc r.dcqu::tc s t v a . g c  c c . p x i t y  f a r  r?.dioa.ctivc 

The ccnbincd mstc  
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maste s o l u t i o n s ,  and t o  provide f a c i l i t i e s  f o r  t h e  c o n t r o l l e d  d i s p o s a l  
of r a d i o a c t i v e  wastes. 
s i x t e e n  10,000 g a l l m  s t a i n l e s s  s t e e l  cc&J-gcticn t a n k s  where a l l  low 
a c t i v i t y  l e v e l  waste s t reams will be c o l l e c i e d  and analyzed before  
d i s p o s a l  e i t h e r  t o  s t w a g e ,  uranium s a l m g e ,  or t o  t h e  tank  farm n e u t r a l -  
i z e r s  p r i r r  t o  d i s p o s a l  t n  t h e  r e t e n t i o n  pcnd, 
w i l l  c m s i s t  of (1) twenty 30 ,OOO-gallbn, s i x  10,000-gallon, and s ix  
5 ,000-ga l lm type  347 s ta in less  s t e e l  t anks  f ?r r a d i q a c t i v e  wastes;  (2)  
seven 35,000-gal l 'n  concrete-mild s teel  l i n e d  t a n k s  f o r  s to rege  of con- 
cen t r a t ed  wastes  conta in ing  s m o l l  q u a n t i t i e s  of a c t i v i t y ;  and ( 3 )  f ive  
100,000-gnllon mi ld - s t ee l  l i n e d  t m k s  f o r  t h e  some purpose r s  t he  35,000 
ga l lon  tcnks .  Bstimated volumes of w o s t e  strenms dischorged from t h e  
1200 rnd 1300 Arers ? re  shown on drcwings TD-388, TD-L+l€, 2nd TO-419, 

The 1200 and 1300 Areas w i l l  be provided wi th  

The waste s twage system 

The wc ste d j i s ~ o s r l  s~-sJt; w i l l  inc lude  two 7,000-grllon 
n e u t r c l i z e r s  and one evrpora tor  i n  the t nnk  farm, p l u s  two evcpor r to r s  
rnd one n e u t r t l i z e r  t o  be used i n  c : s e  of r n  overlord on t h e  t r n k  frrm 
system 1occ.ted i n  t h e  1200-1300 c o l l e c t i o n  t r n k  F r w .  
c o n s i s t i n g  of s i x  1 , 0 0 ~ , 0 0 0 - g c l l o n  bays,  c o n s t r u c t t d  of concre te  w i l l  be 
pr  ovidild f o r  thL usc of t h c  e n t i r e  1900 p r o j e c t  . The combined w s t e  
system i s  shown schcmr t i z ;~ l ly  on TD-L+20. Thc c r p r c i t i c s  f o r  wrste c o l -  
l c c t i o n  pnd storrge o1;tlined rbove ere  brsed on process ing  600 grrms 25 
pcr  d:y :nd 1 6  kg 'i'h/dry f o r  365 d rys  per y e r r .  

k r e t e n t i o n  pond 

A c t n t r r l  l p b o r r t o r y  w i l l  se rve  thc 1200, 1300, 1400 cnd 
w s t c  d i s p o s r l  3rt;'s. 
i t i c s  n i l 1  bil i n s t n l l L d  €31 g c n t r p l  chcmicr l  rnL"lyscs, r c t i v e  chemicnl 
e n r l y s e s  r e q u i r i n g  s h L l d i n g ,  mr ss  spcctrogrFyhic  dc t c rmin r t ions  on 
urmium, rnd count ing.  Thc q x s t i o n  of t h e  numbu of m:lss spectrographs 
r e q u i r t d  h,ns not bccn dcc ided ,  StuC7,ics of t h c  number of srmplcs t o  be 
prccCssCd, thc nu?bcr o f  pcrscr i r i l  r c  q i l i red,  rnd prc l imin9ry  exhrus t  
hood rLquirc.mmc,nts 1 1 : ~ ~  bccn i x d ~ .  ThL l r b o r r t w y  bu i ld ing  i s  shown on 

A one s t o r y  U-shcpcd bu i ld ing  i s  pl?nncd. FF.n.Ci.1- 

TD-384. 

ThL cr.nrl  f o r  storcgc rnd c m l i n g  of 25 f u e l  csscmblies ,  
shim s r f c t y  rnd c o n t r o l  rods ,  ?nd 23 product ion  rods  h r s  rece ived  only 
b r i e f  cms idc r r t i . cn .  It i s  es t imcted  t h a t  r c r n p l  150 f c c t  long by 10 
f e e t  v ide  and 20 f e e t  deep wi th  approximately 1 6  f e e t  of n a t e r  w i l l  be 
r equ i r ed .  Handling end sawing f e c i l i t i c s  have not been inves t iga t cd ,  

Thr te  canym concepts  f a r  Bui lding 1205 hpve been developed 
Concept 41, shown end r re  shii:In on drawings TD-415, TO-402, and TD-403. 

:)n TD-415, s i m i l o r  t o  Henf ord  canyons, hc.s bcen fnvcred dur ing  prc l iminnry  
d i scuss ions .  
1405, 1706, chcnqc h u s t ,  mcchrnicr l  pnd instrument  sh"ps, rnd c f f i c c s  r r e  
combintd hc.vt been modc; t h e  6r:i i icgs crc, no31 i n  t h e  process of bcing 
checkcd. 
det t rmined,  bu t  t h c  f d l c w i n p  r 1 : 2  th izknc,sscs  hclvc becn c s t imr ted :  

F m r  s t u d i e s  o f  a bu i ld ing  i n  vhich t h e  Buildings 1205, 1305, 

1, t.11 t h i c k n e s s e s  € ,r ski< i d i n &  hdt  c c l l s  hove not  been r c c u r a t c l y  

t?' csi icrote  - Disso?_.rc,rs through f i r s t  cyc le  
e x t r r c t i p n  c c l l s  

5 '  coflcrctc - Sccond c y c l c  c x k r c t i o n ,  h c t  s e c t i o n  
of so lvent  rCcrvI-ry, hc>t srlvcLge o c l l s  
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2 '  ConcrLte - Third cyc lc  c:;trrcti?n, cold 
so lvcnt  d i s t i l l r t i - n  rnd 
st  x x g e  

Normrl w11 - Four th  cycl-e c,uCrrction prec ip-  
t h i c k n c s s  - i t , o t ion  2nd i g n i t i o n  ;Iroc"s 

Gencrnl s i t e  p l r n  2nd s e c u r i t y  requirements  h r m  been con- 
s idered  :>nd hcvc bccn r c v i e v t d  i n  t h e  Fc r s ib i l J sx  Report 2~ Clin ton  High 
Flux P i l t ,  )I-& T-L33, i ssued  cn December 1, 1947. 

Thc v c n t i l p t i r n  r tqu i rcmcnts  tif h c t  c c l l s ,  g e n a r , l  bu i ld ing  
; rc rs ,  md  thi, w s t e  s t c r r g z  cnd d i s p 3 s r l  systcin, h?vc bccn s tudicd.  A 
mcmcrrndum discuss ing  I;l?csc rcquircmc n%s w i l l  s'jcn be i ssued .  The cxhrus t  
r i r  f o n  h<>ust  rnd  stpc'c h r v t  hccn givcn vc ry  l i t t l e  c7ns idcro t i .n .  Vent i -  
h t i o n  o f  v,n,ri;us r r z r s  i s  sunimrrizcd bclo:i: 

Gc n c r z l  r'pLrr t i n g  Tnd :.ff i c e  arca 7 ch?ngt s/hr . 
H , ? t  cells cnd p:?c tun l ic l s  1 5  cbngcs /h r .  

S-rnc l c h  r :ms ni;h hosds 20 - 60 chc.ngcs/hr. 

A t L t r l  ,-If nyprLximetely 329,000 cfm r i r  ; i r i l l  be requi red  f c r  
t h e  combined 1200 rnd 1363 srecs, v i t h  120 ,OCO cfm of t h i s  being dischcrged 
from t h e  st?.ck. 

C ommcn s e r v i c e  h i l d i n g s  :{ill serve  t h e  1200, 1300, 1400, 
and viaste d i s p s s n l  c re rs .  
bu i ld ing  (TD-392), r2 mechcnic.rl cnd  instr-ument sh p (TD-boo), cnd i! chnnge 
h use (TD-401). 

Th i s  grsug I \ i i l l  lnclude n cherniccl s torcge  

All building: lv~LU be s i n g l e  s t z r y ,  f i re -proof  s t r u c t u r e s .  

Hervy 4s jt:;pe prcduct icn ,  25 r ecyc l ing ,  clnd 25 inventzry  i n  
t h e  1200 ?ref. c F n r l  and proccssing i?rci? hcve been revie:sed i n  t h e  Fers i -  
b i l i t y  Repcrt .  

Serv ice  requirements  such F.S s t e m ,  ccmpressed a i r ,  f i l t e r e d  
mttr , deu inc r r l i zcd  c col ing natcr , b u i l d i n g  V T C U U ~ ~  rnd e l e c t r i c c l  p c m r  
requir t rncnts ,  hcvc becn rc:vic.i~od Find summcry r c p o r t s  n r i t t c n  t c  t h e  12-1300 
iircn Design F i l e .  

A 25 r cc rvc ry  p ~ ~ t s s  :Ihicln hos s3 f c r  p r w i d e d  s r t i s f F c t o r y  
f i s s i o n  prcduct  deccjntrmimti-n and urrclum rcc  - w r y  h r s  bccn devclqped i n  
t h e  Labor,otory rnd Scmi--;wks and 1 s  ncn i n  thc, p i l r t  p l r n t  develtpmcnt 
stcrge. 
c?rilcd 145 dr.ys t r :  permit decay of t h c  chemic~i2y- . insepr rcb lc ,  c c t i v c  7-dny 

i so topc ,  cr n s i s t s  cf  d i s so lv ing  t h c  ur:nim-rlurninum c s s c n b l i e s ,  

This  p r r ccs s ,  r h i c h  f c l lwvs  n f t m  t h c  u~ecq p i l e  Tsscrnblics ?re 

$37 
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f i l t e r i n g ,  i f  necessary,  t. remive i n s c l u b l e  ma te r ig l s  f r p m  t h e  d i s -  
so lve r  s o l u t i q n ,  and e x t r a c t i n g  and decontaa inot ing  t h e  uranium i n  t w o  
c o n t i n u m s  hexrine e x t r o c t i o n  c y c l e s ,  i n  which c f i s s im product decon- 
taminLti-m fmt?r (if lo5  i s  r equ i r ed ,  The cquems  phPsc i n  both extraction 
c y c l e s  is  1.3M i n  A1(No3)3, 0.05M d e f i c i e n t  i n  HN03 (pH = 1.8)  2nd ccnt,c.ins 
t hc  r e d u c t m t s ,  hydrazine (0,lM) rnd f e r r v u s  T m m m i w n  su l f r te  (0.05M). 
All c p c r r t i m s  t.: t h i s  p o i n t  must be c c r r i e d  cut behind mrssive s h i c l d i n g  
i n  r "crny.,n.f1 An r d c i t i  n r l  sc lvent  c x t r r c t i z n  cycle is  then  carried 
Ju t  behind t h i n  s h i c l d i n g  fTr f i n 3 1  p u r i f i c c t i m  rnd c o n c e n t r o t i m  01' t h e  
ur rn iun ,  Amsonium d i u r c n a t e  i s  then  p r c c i p i t r t e d ,  and the  pure u r o n i m  
s c l t  i s  c nvLrted t o  U3Og fr)r n c t a l l u r g i c a l  rouse.  

t h e  l a b x r t o r y  rnd semi-wirks, cnd p r x e s s  mcd i f i ca t i cns  cre c m t i n u c l l y  
being ncdc r s  t h t  imprcvcmcnts arc derncnstrrted.  
dcvclLprncnts c f  t h c  1t.st quai ' ter  m e  a s  f c l l cws :  

The i n v e s t i g ; t i  n cf process  v n r i c b l c s  i s  being pursued i n  

S i g n i f i c a n t  p r x c s s  

Lab7rE.tory $11-rk cn s e p c r r t i  >n qf noptuniun, 
t d c s i r a b l c  p rcccss  by-prcduct? sh:n t h r t  it 
can  bc s r t i s f r c t l r i l y  e x t r m t e d  if t h e  aque-us 
pH i s  1,2 ?r lower and i f  t h e  t c t a l  hydrazine 
czncc&?oti?n is  increased  s rnevhat, It is n d  
y e t  krl c ~ l l  n 1 V k  t her f iss i 'n 17r cduc t de c wtamins t  i ?n 
n i l 1  bc s a t i s f a c t c r y  under t h e s c  c n d i t i  ns .  

I n  f i r s t  c y c l c  semi-n rks c x t r a c t i - n ,  chmging  
t h c  c %it i i iu>us phase f r o m  nquc'us t ')rgr^nic 
cnuscd t h e  uJ':niur- 133s t -  i n c r c r s c  f r c m  0.01% 
t o  0.06% ar,d tlicref-,-c t h c  H.I?~.T,s. t ?  i n c r e r s c  
f rLn  l,4 t s  1 , ' 7  Ccct, but  did n c t  p f f c c t  f i s -  
si50 nrcduct  cLz in tcn in r t i cn .  Th i s  c m f i r m s  
p r c v i - u s  scw'cii ig u-rk.  

Scc nd cyc lc  scmi-vJorks d c c m t c n i n c t i  n fDct  'rs 
r rngc  f rm F S  l w  as 20 ?r 30 t 2s  high D S  500, 
being d c p  iidcnt even r t  w x i n u n  SI ni-.r.,.orks' 
r c d i , o t i r n  lLvcls rn t h c  r r l r t i v o l y  191ir a c t i v i t y  
cf t h c  fccd .  They r r c ,  t h c r c f  r c ,  ninimuri vclues  
nhich n r y  bc excccdcd i n  pcrnticin a t  h igher  
lcvels cf r c t i v i t y .  Lcbprc t - ry  e x r c r i r i t n t s  show 
t h c t  t h c  sccqnd cyc lc  d c c L n t ? n i n r t i ? n  riTy be in-  
pr  Ivcd if thc  cquc )US HNO3 c2ncen t r c t i cn  i s  about 
0.1 r 0.2 n lfr, YJhich i s  i n  c o n t r a s t  t o  f i n d i n g s  
f:r t h c  f i r s t  c y c k ,  uhcrc f s l i g h t  de f i c i ency  L f  
HKO3 (-0.05?/I) i s  pptimwn. 

In  thc  ncxt q u c r t i r ,  seni-w,r*ks d e n o n s t r p t i  n p f  ntptunium 
rcccvcry  i ? i l l  be nrde. 
t r i n c d  i n  thu  s ilvcnt e x t r p c t i m  c y c l e s  2nd n t h e  e f f c c t i v c n c s s  -f d i rhcny l  
thi7urtCi i n  -3rsr: t i n e  dcc n t - n i n r t i  n ?f ruthcniuri ,  thL p-st d i f f i c u l t l y  
rcn,v,-iblc f t h i  f i s s i - n  3-rnducts, w i l l  bc f r:hc,\r:ing. I n  thL l r b - r r t i r y ,  
t hc  s t r b i l i t y  r f  t hc  hcxonc s J v c n t  i n  th t  Rcd 'x l-rL ccss undcr r rcJcess  
l e v ~ l  rf r r d i r t i  n  ill be t c s t c d ,  t h c  c c t i v i t y  s ' u rce  bcing c i t h c r  a 

Alss ik- t r  n t h e  y l u t x i u r i  d c c - n t r n i n r . t i m  cb- 



? 

l a b  r r t  r y - d i s s t l v o d  s ? l u t i  n i f  IIanf r d - i r r z d i a t e d  n c t e l  :r srne 
H a n f v d  metel s c l u t i 3 n  f r c n  t h e  p i l o t  ? l e n t  d i s s d v c r ,  
e t  c thcr  c . n d i t i - n s  hvve sh-v;n n.j p r s s  docmT-rs i t i  n a t  such r a d i a t i - n  
l e v e l s ,  bu t ,  a t  t h e  r eques t  z f  t h e  F,ed?x yepplc -f Hrnf r d ,  t h i s  rn-re 
c a r e f u l  s tudy  w i l l  be made undcr a c t u a l  Tr 'cess c l - n d i t i m s ,  

Prcvicus t c s t s  

NG f l o n s h e c t  chcngcs nere  nade i n  t h e  l a s t  q u a r t e r ,  bu t  R 
higher  t - t 2 . 1  hydrazine c m t e n t  i n  t h e  e x t r a c t i x  c y c l e s  ( a t  l e a s t  a sum 
t - t a l  -f Oe2M i n  b t h  phases)  and an  adjustment i n  a q u e x s  a c i d i t y  (fr.;m 
pH -f 1.8 t c  2%. 1,2) a r e  be ing  c :ns idered  t:. make poss ib l e  neptunium 
recovery.  
t c  a f en  t e n t h s  f ree  HJO 
l a b s r a t q r y  t e s t s  shcw t h a t  secsnd cyc le  deemtaminat inn  i s  improved a t  
t h e  higher a c i d i t y .  

A l s c l ,  t h e  a c i d i t y  i n  seccnd cyc le  e x t r e c t i l n  may be ad jus t ed  
r a t h e r  than  t-: a 0.05r.I HN03 def ic iency ,  since 3 

The use c?f :,bare" sc.lvent e x t r a c t i m  c y c l e s ,  t h a t  i s ,  c y c l e s  
c m t a i n i n g  n e i t h e r  Lxidizing,  r educ i sg ,  nzr  c! mplexing agen t s  may prcve 
t o  be adequate;  s ince ,  wi th  n e i t h e r  mcxidizring ncr  reducing condi t ions ,  
complete clean-up of ac , ' t iv i ty  has been obtained i n  semi-vrTks and prel im- 
i n a r y  p i l b t  p l a n t  runs  vri.th Ci in tsn-s lug  a c t i v i t y ,  
reducing agen t s  can  8ni.y be s h a n  i n  t h e  c;:ming p i l o t  p l an t  Hanfrrd-slug 
a c t i v i t y  runs, O f  C L W S B ,  i n  such bare  cyc le  opera t ion  t h e r e  wmld be n c  
g r e a t  neptunium r e c  zve,-y :;r plutonium dec sntaminat i m .  
recovery ma.y n c t  be des i r ed  11 l a r g e r  quai-hit ies are sepa.rated i n  t h e  Fed-x 
prccess ;  i f  t h e y  are n L t ,  ner95unium m y  be obtained i n  t h e  25 prncess  by 
a d d i t i m  of a s u i t a b l e  c:.mp?-exlng ageii'i, 
25 cany:,n e x t r a c t i o n  i s  sf lj:'-.'-? ,.is c ~ n s e q u e c z e ,  s ince  t h e r e  i s  l i t t l e  
plutcnium p resen t  and it r n q  x n d i l y  be rem.?ved i n  t h e  l a b o r a t x y  c lean-  
up s t eps .  
e x t r a c t i o n s  Yiith Hanf'wd m e t i i  t? d l r 9 c t  t he  r e l a t i v e l y  l a r g e  q u a n t i t i e s  
r.;f plutonium i n t o  a s i n g l e  uas te  vrhich i s  t o  be s t - r e d  i n  a s p e c i a l  tank.  

The n e c e s s i t y  fsr such 

H,-,wever neptunium 

?lilt .:nium dec mtamina t i  in i n  t h e  

The reducing c:jndi-l;ioLis may be r equ i r ed  i n  t h e  p i l o t  p l a n t  

Rem , t e  Csntr j1 Lf C oncentratit%. Simple methcis f o r  
empi r i ca l ly  determining A l ( i a O 3  j 
s o l u t i i n  3r hrjt r r x e s s  feed  s d u t i m s  uzing measurements of pH and 
s p e c i f i c  g r a v i t y  have been developed i n  t h e  l abLj r s t c ry .  
J .  B. Chrisney, former ly  If t h e  Chemistry D i v i s i r n ,  wh? f i r s t  determined 
t h e  r e l a t i z n s h i p  pH and s p e c i f i c  g r a v i t ;  t c ,  Sl(lq03)3 and HNO 3 con- 
c e n t r a t i c n s  i n  t h e  system A l ( l c G 3 ) 3  - H20- HN03, has  been extended t o  inc lude  
acid-def i c i e n t  h l ( N 0 , )  s c l u t ;  sfis ccn ta in ing  uranium. N9mographs and 
graphs f o r  t h e  d e t e r m i n a t i  n 
t hese  s - i l u t i m s  have been p;"epared and a r e  avsli lable u y m  reques t .  A 
r e p o r t  Jf t h i s  w r l c  v r i l l  be issued sy?m. 

and HNO c o n c e n t r a t i  'ns i n  t h e  d i s s o l v e r  

The ac rk  of 

1 3  
f t h e  Pl(MC)3)3 and Hi'T03 concentrat ions in 
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-------.- Semi-l,r~rks 3em _"------* m s t r a t i c n  I n s t a l l a t i - , n  )f c cc ld  semi- 
wcrks s ce l e  d i s s c l v e r  t c  gem-nstrete accu ra t e  rem-te  adjustment c?f 
a c i d i t y  an2 A l ( N O 3 ) 3  concen t r a t ion  by pH and s p e c i f i c  g r a v i t y  . 
measurements is  nmv crirnple'ce: A scout ing  run,  made rnaiti!y t o  va in  
f a m i l i a r i t y  Y-iith t h e  spe ra t ion ,  shcaed t h a t  f i n e l  dissoliTer s o l u t i c n s  
lihich are HNOq-deficient a r e  e a s i l y  a t t a i n a b l e .  

2 

3.24 Crud Removal 

The p o s s i b l e  d e p o s i t i o n  of rrcruc?lf (coagulated f i s s i o n  
p rcduc t s ,  d i s s d v e r  co r ros ion  products ,  s i l i c a ,  end o ther  inso luble  
m a t e r i a l s )  i n  e x l r a c t i w  cclnmn packing, t he reby  render ing  t h e  columns 
inTperable ,  has  made necessary  a process  p r w i s i o n  f o r  removal of t h e  
llcrudll by f i l t r a t i o n .  A s  B ccnsequence o f  t h i s  l a h c r a t o r y  work, 
was chnsen a s  a f i l t e r  a i d ,  and i n  subsequent small-scale  semi-rlorks 
t e s t s ,  a procezure us ing  cc-f crmed Mn32, a p a  o s i t y  tlG1r s tainless s t ee l  
f i l t e r  mediuiLi, and a ?reformed P'in02 prccont  l./L+:l i n  depth :7as but l ined  
f o r  p i l o t  p l a n t  -perat'On. 
r a t e s  dropped during i ' i l t r e t i o n  t= excessi-Jely L c v  va lues ,  both wi th  and 
withcut  t h e  use of l'bCJ2 f i i t e r  a i d ,  and made nezessary c leaning  t h e  f i l t e r  
t n i c e  during tbe f i 1 t r : t i o n  s t e p ,  L a b o r a t q '  wrk uas  the re f  ore resumed 
t o  develcp b e t t e r  Conc;L-,i?cs f x  t h e  use cf Tho2 as a f i l t e r  a id ,  e i t h e r  
a s  t h e  co-fcrned c r  p??forned t2rpe. 

HGTJeVeT, i n  n i l c t  p l a n t  opera t ion ,  f i l t r a t i o n  

A s  a r e su l t  o f  t:iis l a h o r a t o r y  Tcrk, t h e  use of commercial 
r.ko2, screenea t o  rer:-ve p ~ i ' - l i c l e s  l e s s  t han  obqut 40 microns i n  s ize ,  
appears  much more at-Lcn3tive :ban the use of IvlnG2 p r e c i p i t a t e d  i n  s o l u t i o n  
under t h e  b e s t  ltnoirn c m d f t i n r s .  Considerrbly f a s t e r  f i l t r a t i o n  ra tes  are 
p o s s i b l e  wi th  the screcne? 
f i l t e r  nedium may he empiqre.1 l-L1.stzed cf t h e  f i n e r  I l G I l  p o r o s i t y  r equ i r ed  
f o r  t he  co-formed MnC2. 
i b l e ,  being 0.16 mg. of uraniun per grzn of hn02 a f t e r  f i v e  n a s t e s  Yiith 
an amount of x'es!? J u s t  suff'1cLsnt t o  cnver  t h e  n recoa t .  Th i s  hcld-up i s  
one twen ty - f i f th  thc'i on cc-forned Pn02 a f te r  mLlch mdre  i-lashil3c;. 
comrnercial Mn02 g r e a t l y  re ta rded  plugying of  f i l t e r  pare,; b;r s i l i c a -  
eluminum suspensoids .  To f u r t h e r  minimize f i l t e r  $uFFing, it i s  recom- 
mended t h a t  a d d i t i o n e l  screened Rin02 be added t o  t he  s o l u t i o n  i n  o r d e r  t o  
b u i l d  up a coke which con to ins  p r o p o r t i o n a l  amounts of ih02  and d i s s o l v e r  
i n s  d u b l e  s . 

LpzpuSe an 1tElI p o r o s i t y  s in t e red  s teel  

Uran;urn i.3ld-Lp 3n t h e  commercial Mn02 i s  negl ig-  

The 

Semi-vi)rl:s coluinn oyemt ion  ',!as slaved doirn i n  t h e  l a s t  
qua r t e r  by ex tens ive  equigr"cr,+ 3 : te ra t ions .  The f i r s t  cyc le  columns 
Lrere rrodified t o  nalie DossibLe 7;7eration i l i t h  e i t h e r  phase continuous,  
and t o  a l lo t ]  t n e  t e s t i n g  of d+;L?nyl tE i3u rea  a s  a s p e c i f i c  ruthenium 
c m p l e x i n g  agcnt  i n  5hhc s t r i p p i n g  column. The tempcrary second cyc le  
columns a r e  nun beiiig rep laced  r i i th  nclT9 r'cre perrnrnent columns. 
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&c_ n tamina t i  7;- and uJ2Eium i e c  >ver:J -1ith t h e  Orpanic 
---..----------- Phase C-nt inums.  
phase cLntinu13us y ie lded  a sli,:htly higher  uranium H.E,.T .S. but e s -  
s e n t i a l l y  t h e  same dec,,titaminati In Irhen c mpared with the  previous 
aqueous phase -pera t ion ,  (H.E.T.S.: 
t . r ,  0.05 vs .  0.1% U lc,ss; camma decLntaminat ion f a c t  r a b m t  2 x 10'). 
The columns may be run with e i t h e r  phase c c n t i n u m s  rr i th  equal  f a c i l i t y ,  
but  a l l  f u t u r e  runs  will aq,:in he made i.rith t h e  aqueous phase r a t h e r  
t han  t h e  organic c ontinucus becouse of i t s  h i & x  e x t r c c t i o n  e f f i c i e n c y .  

F wr f i r s t  cyc le  e x t r a c t i o n  runs  1 5 t h  t h e  sc?lvent 

1.G v s ,  1.4 f e e t ,  correspcndiqg 

I n  tht .  l a s t  run )t" t h e  s e r i e s  l-lith c r p n i c  phase ccnt inucus ,  
e l i m i n a t i n g  t h e  sc rub  feed  but  corresx?otidingljl i n c r e r s i n g  t h e  e x t r a c t i m  
feed  r a t e  t 3  maintain t h e  same aqueous t o  organic r a t i o  i n  t h e  e x t r n c t i r n  
s e c t i c n  reduced d e c x k a m i n a t i r n  by a f a c t o r  3f rollr, the reby  g iv ing  some 
i n d i c a t i o n  of tha  amLwnt 3f Geccntamination e f f e c t e d  by scrub?Jinp;. 

k revie--r o,C repor ted  second cyc le  r e s u l t s  t o  da t e  s h o l s  
l a r g e  v a r i a t i o n s  i n  t h e  gamma decont2rninati.m f a c t o r s  (from a s  lovr as 20 
t o  as high a s  500 even under s i m i l a r  r u n  cond i t ions ) .  These v a r i a t i o n s  
may be explained by t h e  f a c t  t h a t  s ince  e s s e n t i ? l l y  conple te  clean-up 
of a c t i v i t y  i s  be ing  cbtairied i n  t v o  so lvent  e x t r z c t i o n  c y c l e s  using 
C l i n t  on-slug a c t i v i t y ,  t he  ind ica ted  second cyc le  gamma rlec ontamination 
f a c t o r s  a r e  very  dependent on t he  s e n s i t i v i t y  of t h e  d e t e c t i o n  methcd 
employed. For i n s t ance ,  i n  semi-wrks  ope re t i sn ,  dec on taminr t im  f a c t o r s  
have never been nore th sn  a??ou.t 30, based 011 ord inary  courit5ng necsurements. 
However, t h e  f a c t o r s  cn t h e s e  sPme solui,ions hove been shonn t o  be as  high 
a s  500 i f  t h e  a c t i v i t y  i s  cuncent ra ted  40-fold and measured i n  a n  i o n i z a t i o n  
chamber. The pamma f a c t  x s  ncy the re f  ore he even higher  i f  more s e n s i t i v e  
count ing  methods a r e  $eveloped o r  i f  a higher  l e v e l  of a c t i v i t y  i s  employed. 

I n  connect ion 76th  sec rJnd cyc le  deconta.mination, l abo ra to ry  
s t u d i e s  have sholm t h e  be ta  decontamino.tion f e c t o r  t o  increase  f r o m  40 t o  
90 as t h e  a c i d i t y  i s  incmaser! f r o m  a 0.0SM d e f i c i e n c y  of HNO . to  a 0 . 1 ~  
f r e e  HNO3 concen t r a t ion  (aqueoiis phase i s  1.4hI i n  A1(N@3)3, 0.lM i n  N;2Hh, 
and 0.05M i n  Fe'Ff. 
i n d i c a t i v e  of t h e  v a r i a t i o n  i n  the  nore inpor t an t  gamma decoxtominat im,  
bu t  t h e  be t a  measurements were made 
few gamma, counts  a r e  p re sen t  a f t e r  a second cyc le  cxtxo.cti.311 t o  Fje a c c u r r t e l y  
d e t e c t e d ,  Nevertheless ,  on the  ba.sis of t h e s e  experiments,  t he  second 
cycle a .c id i ty  T : j i l l  probably be ad jus t ed  t o  a r o m d  0.114 f r c e  YJ , 1% is 
important t o  nc te  t h a t  t h e s e  loa f a c t o r s  t oge t5e r  .:it11 the  fi::? cyc le  
gamma decontamination f a c t o r  of zbout 2 x lo3  b r ing  t h e  o v e r a l l  tT;!o-cycle 
gamma f a c t  or up t 3 o r  pa.st the  requi red  va lue  o f  l o 5 ,  

3 

This  v a r i a t i o n  i n  the  be t a  decontaminatifin i s  c n l y  

s i n c e  l-iith Cl in ton-s lup  e c t i v i t y  t o o  

P. s e r i e s  of runs  i s  nor: underyvay t o  demonstrate a means f o r  

i n  order  t o  hold t h e  rutl-lenium 
increas ing  ruthenium dec ontamination by c omplexing t h e  ruthenium i n  t h e  
organic e x t r a c t  -rrith s-diphenyl th iourc t  
i n  the organic phase i n  s t r i p n i n g .  Thesc runs a r e  of  a s c m t i n g  na ture  
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and a r e  p a r t  of a program t o  i n v e s t i g a i e  nethods t o  meke poss ib l e  a 
one-cycle e x t r a c t  ion 
decontamination of In , 61so t h i s  complexing procedure,  i f  romisingl 
w i l l  be a v a i l a b l e  f o r  t h e  p re sen t  two-cyc1eXroces.s i f  needeg (ruthenium 
a c t i v i t y  now consTi tu t e s  about 85% of t h e  
second cyc le  f eed )  . 
t h a t  t h e  use of diphenyl  t h iou rea  i n  t h e  s t r i p p i n g  column does not  cause 
excess ive  c rud  formation and t h a t  complete removal o f  t he  uranium can  
s t i l l  be e f f e c t e d  a i t h o x t  d i f f i c u l t y .  
sulfamic a c i d  wil-1 be t r i e d  as  a holding r educ tan t  i n  p lace  of hydrazine 
because it i s  l e s s  hazardous than  hydrazine.  Runs t o  demonstrate neptunium 
sepa ra t ion  and plutonium decontamination will then  be made, 

r ocess xhich  n i l l  y i e l d  the  1 equi red  canyon !? 
\ & a c t i v i t y  p re sen t  i n  t h e  

Laboratory cold column operat  ion  has  a l r eady  shown 

Af te r  t h e s e  r u n s ,  t h e  use of 

During t h e  q u a r t e r  t h e  semi-norks cont inued t o  gather  d a t a  
on hexone l o s s  over t h e  recovery process .  
uashing and d i s t i l l a t i o n  s t e p s  f o r  t h e  l a s t  35 recovery  runs  has been l e s s  
t han  

Thc t o t n l  average l o s s  over both 

The problem of recovering hexone conta in ing  l a r g e  concentra-  
t i o n s  (about  0,1M) 0," hydrazine and diphenyl  tlr.iourea (DPT), and t h e r e f o r e  
ruthenium n c t i v l t y  sir_:.s T:T i s  used as a ruthenium comlslsxing agent ,  i s  
holding up f u r t h e r  hexone recovery.  
s a t i s f a c t o r y  decontaminztion of t h i s  hexone i s  steam d i s t i l l a t i o n  from a 
c a u s t i c  h e e l  (va r ious  washin2 procedures  are  i n e f f c c t i v e )  , but  concentra-  
t i o n  of t h e  a c t i v 5 t y  I,: che s-lill bo5tGms snlces t h i s  method imprac t i ca l  
i n  t h e  present  e q n i p  n t  , 
f a c i l i t i c s  for easy  ~ ~ : i 1 O ~ J ~ l  of ;he h c t  nas tc  is  nov being i n s t z l l e d .  

The o n l y  method: found t o  da t e  f o r  

i L - 2  I sh ie lded  d i s t i l l a t i o n  equipment n i t h  

A b r i e f  s tudy  07 t h e  hexone evavora t ion  loss  f r o m  55-gallon 
s torage  tanks  revca led  th:; 0,2 pound per  h o u r  evaporates v i t h  moderate 
s u c t i o n  011 t h e  t a n k  vents .  

3 2 6 i:a.Jgat o r x - x  orit ami n a t  i on and D is t  r i b u t  i o~ Stud igg  
of Ne p t  un ium Se p w  at&_og - 

It TQS d iscovered t h a t  i n  an oxidized f i r s t  cyc le ,  employing 
dichromate a s  t he  oxid iz ing  agent ,  s e p a r a t i o n  of any neptunium a s  t) r r o c e s s  
b;r-pror uc t  i s  tiot  p o s s i b l c  bezausc, a t  the  lor;. pcid concent ra t ions  necessary  
f o r  adequate decontamination, t h e  dichromate n i l l  not  oxidize L!$p t o  t h e  
e x t r a c t a b l e  Npe6. But t h e  reduced neptunium can be complexed End e x t r a c t e d ,  
f o r  instaiico ,,!it\ hydrpzinc., 7:hfch i s  used elso iis c reducing apent.  HOT-7- 
ever,  i n  t h i s  reyo-t  per iod  i t  has been found t h a t  hydrazine cornplrxing a l s o  
becorres l ess  e f f e z t i v e  ari th Gezrcasing ac id i t - . .  As may he seen i n  F ig .  2 ,  
t h e  pH must be about 1,2 or  k ; s  t o  provide a s a t i s f a c t o r y  neptunium d i s -  
t z i b u t i o n  c c e f f i c i e n t  , The c+'f J:t of hydrazine concen t r a t ion  i , r  such t h a t  
i f  it is  lor.erer!, t h c  VH must ci?so he l o n e r e d  t o  mzintain a s a t i s f e c t o r y  
d i s t r i b u t i o n  cGeff Zcient .  For in s toncc9  i f  the t o t a l  hydrazine concentra-  
t i o n  (sum of t h e  mola - i t i e s  i n  both phascs)  i s  loidered f rom 0.5 t o  0,12M, 
t h e  e x t r a c t i o n  pR must be lovered f r o m  1.2 t o  P.C5 t o  maintain t h e  minimum 
des i r ed  neptunium d i s t r i b u t i o n  c o e f f i c i c n t o f  1. ?bus, it appears  t h a t  t h e  
p rocess  pH u i l l  have t o  be decreased from 1.G t o  around 1.1 i f  some Np 
s c p a r c t i c n  i s  t o  OCCIE-. This  change w i l l  be made only if f i s s i o n  product 
decontamination i s  s a t i s f c c t o r y  a t  t h e  1 o w r  pH. .iork i s  a l s o  underway 

S 
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L7ihenzn.u-l met,hane i s  one oC t b e  va r i -u -  -1ranLurn corm! w i n p  
agen t s  7ihich a r e  b e i n r  investi-ratec4 a s  t k y  hecme  1-nnTTm f o r  t he  rossi-  
b i l i t y  of impr ovinp uranium-"issinn n r  oc'iict serar;r+ i qn .  Umevpr rlibenzw1 
methane i s  not p r o n i s i n r  hecpuse, a l t h w v h  j t  i nc rppscs  t h e  umniiim ?is- 
t r i b u t i w  c o e f ' i c i e n t  (3  t o  about h --nrp./aq.) , it, g l s o  i nc reases  fission 
product extrrct , ior ,  s o  t h a t  t k r e  i s  e ne t  loss i n  iiranium-"issinn n r d u c t  
separ  a t ion. 
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3 )  Varyir-r t h e  f l o l ~  r a t i o  f r o m  0.1 t o  2 (org./aq.) hnd t h e  
e f f c c t  of d e c r m s i n g  t h e  H.L.T.S. i f  t h e  aqueous nas  con- 
t inuous  and inc i eos inv  the H.L .T ,L .  i T  t h e  organic *;!as 
cont inuous,  t h e  maenitucc of t!iesc e f f e c t s  being srncll except 
i n  the  reg ion  o r  f l o v  r a t i o s  l m e r  than  0.5. 

4 )  For f l o ~  r a t i o s  be'c!-!een 0.5 and 2 (org, /aq.)  and r e g a r d l e s s  
of tlie A I . ( I J O ~ ) ~  s a l t i n g  stren;-tIi o r  ciiic1.1 phase i s  continuous,  
t h e  H.E.T.S. increased  l i n e a r l y  by about 0.1 f t .  fo r  every 1 5  
:;al./hr,/sq. f t .  i nc rease  i n  t o t a l  "hro1qhput. 

3.27 

A h b o r a t o r y  so lvent  e x t r a c t i o n  cyc le  ( e i t h e r  batchriise o r  
cont inuous)  i!ill be mPde t o  complete t h e  Dur i f '  t i o n  of uranium f r o m  
t h e  second canyon cyc le .  In  coilnection i l i t h  $45 process  development 
complete clean-up of such urcniur?, s o l u t i o n s  by ba tchdi i sopropyl  e t h e r  
e x t r a c t i o n  has boen accomplished :.!ith ney1iF;ible loss. 

k scoutin?; s tudy of f i s s i o n  Ti'oriuct decontamination of t,he 
aluminum waste s'creams by var ious  adso iy t ion  and. p r e c i p i t a t i o n  i:.!E-t,licis i s  
no.;: being made , Do-iJex 50 res in  ?:!ill decontaminete 0.llii ~ ln i l i l num 1,rasi;es 
by a f a c t o r  of 109 o r  b e t t e r  f o r  Ea pnd t i le rarc  e a - t h s ,  about 10 f o r  Lr, 
2 f o r  Ru, Zr, and Cb, and less t han  2 f o r  Cs. I ron  iiyi'roxide i s  a very  
e f f e c t i v e  c a r r i e r  and ?;!ill decont,eninate f r o n  2 r  and Cb by a facto;- greeter 
than  100, t h e  raze  ca,rt!-ts and. Sr by b e t t e r  t han  50, 1% by ahout 5 ,  but 
none f r o m  Cs. 
give g a m a  f a c t o r s  of 5 t o  10 but hnve 1077 c a p p c i t i e s  and cannot be regener-  
a t e 6  a s  can t h e  ion  exc.b~n;;e resin, 
t h e  a c t i v i t i e s  most  d i f f i c u l t  t o  decontayi iwte 
c i p i t a t e  t h e  A1 a s  Al(c?f!)? 7:;ithcllt carryinp; t h e  Cs, ;;r sncl F.u a c t i v i t i e s ,  
bu t  t h e  problem of c oncenl;rt:'ting a verg  gela-tinous v r e c i p i t a t e  i s  .then 
intr oci:i.ced e C t h e r  al.uninurn p r e c i p i t a t e s  1!:i17 bc :invest:i.gzted a l o n g  !;:ith 
s p e c i f i c  Cs, Sr ,  and f,u decontpmiwt iou  methois.  

Other adsclrberits such a s  bcn ton i t e ,  dminz, and charcoa.1, 

C s ,  ;%, nni: 1 u remoin i n  e.l.1 ca ses  
It i s  yoss ih l e  t o  !;re- 

The develoyment of L? n,?c!cles:; vel-ve f o r  'l25" process  use i s  

:-n a l t e r e 6  Ful ton Sylphon b e l l o m  ~ l v e  
cont inuing  n i t h  t h r e e  c ommcrcial acllue conpanies ,  I I anml -D~hl ,  Fu l ton  
Sylphon, and  i . l oyco  Steel Co. 
h a s  been operater? t1iroui-h 10 ,@GO f lexes  +thoii.t lcalrage o r  bt$lXoas ' f a t l u r e  , 

The 1200 , r e s  Z i l o i ;  :?cn+, reFor tcd  cor,?-leted i n  the 
r e p o r t  , has becn t e s t e ?  ~ i n d  tCrsIn1'ii 1 pr ev ioua ly  bomherded a t  full Cli!;ton 
P i l e  l e v e l  has  been Frocessed,  The t c > s t i e g  "as colqdctF: Yfith on1.y a i L i o r  
modi f ica t ions  i n  L ~ C  eauir i ient  e So f a r  t h e r e  hsve been 5 runs  m d e  i th  
i n a c t i v e  m t d  th rourh  one o r  t h e  o ther  e x t r a c t i o n  czrcles, 6 iuns  I l i th  a c t i v e  
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metal through t h e  f i r s t  cyc le  and 4 through t h e  second cyc le .  The r e s u l t s  
have been gene ra l ly  s a t i s f a c t  ory. Further  d e t a i l s  aqpenr i n  the  f'ollo-ing 
t a b l e s .  The r e s u l t s  are discussed i n  t h e  ba l rnce  of t h i s  s ec t ion .  

The a c t i v e  runs vere made under bare  f l u - s h e e t  condi t ions ,  
nhich c o n s i s t  of 1.3514 oluminum n i t r a t e ,  a t  C . 0 5 N  b a s i c i t y ,  rind an  
organic t o  aqueous flov! r a t i o  of 2 r i t h  no oxidants ,  r educ tan t s ,  o r  
complexants. The d a t a  obtained showed be ta  decontamination f a c t o r s  
i n  t h e  f i rs t  cyc le  of 3 X lo3 and gamma decontamination f a c t o r s  of 
1-6 X lo3 with t o t a l  kncmn urenium l o s s e s  through tiro columns of ex- 
t r a c t i o n  and two of s t r i p p i n s  of 0.02$, i - c t i v i t y  d a t a  from t h e  second 
cyc le  shori t h z t  t h e  a c t i v i t y  l e v e l  of t h e  product stream i s  too  1on  t o  
determine accu ra t e ly  decontamination f e c t o r s  using C l in ton  ma te r i a l ,  bu t  
t h e s e  can  be determined when process ing  of Hanford i r r a d i a t e d  uranium is 
s t a r t e d  i n  t a o  months. 

Ho:;rever, t h e  p re sen t  d a t a  permit t:?e conclus ion  that  a 
ganr.\a decontamination f a c t o r  of 2 x 10 4 t ,o 4 x 10 4 &, l e a s t  i s  be ing  
a t t a i n e 6  i n  t h e  p i l o t  p l a n t .  
above t h i s ,  but  d z f i n i t e  proof  c2niiot be cstPblFshed y e t .  

i nd ica t ed  t h a t  t h e  p r e s c a t  process  i s  e n t i r e l y  s a t i s f a c t o r y  from t h i s  p o i n t  
of view. 

Probzbly t h e  decontamination f a c t o r  i s  r.iell 
Since t e de- 

s i r e d  minimum decon tmi rwt ion  fr?ctor  i n  t h e  f k s t  t w o  cyc le s  i s  10 P , it is 

The soitrcl? of u r m i x m  !OY a l l  t he  runs  has  been d i s so lv ing  
of uranium metal.  For t h e  L h x e  m:..?radAstc3 metal  runs  end t h e  f i r s t  
f o u r  a c t i v e  runs ,  d i s s o l u t i o n  '!PS per"ormed by using t h e  t h e o r e t i c a l  a n w n t  
of a c i d  for t h e  n e t a l  loadd, 
t i o n s  con ta in in r  0.4 - C . 5 3  eYc-3ss e c i d ,  iIhich i n  t u r n  requi red  t h a t  
ammonium hydroxide be added durin: c o ~ u m ~  feed makeup f o r  ncuti  P l i z a i i o n  
t o  t h e  proper b o s i c i t y .  
no t  success fu l  i n  raer'licing &he excess  a c i d i t y  i n  t h e  d i s so lve r .  In t h e  
l e s t  fou r  runs  lOO7h excess  me",l has been kept  i n  the d i s s o l v e r  and the  
r e a c t i o n  extended t o  a s p e c i f i c  g r a v i t y  of 1.83 ins t epd  oE t h e  former 
1.78, 
cverage of O , i 5 N ,  
h i s t o r y  have been i 'abr icatez e l i t i r e l y  of 309s Cb s t a i n l e s s  s tee l  or  
equ iva len t .  
Cb s t a i n l e s s  T;ith 34'7 s t a i n l e s s  d i p  p ipes .  
a f t e r  dissolving7 four batches  of u a n i u m  has sho:m some e t ch ing  of t h e  34'7 
s t a i n l e s s  s t e e l  $ i o  p ipes .  

'This type  of d i s s o l u t i o n  res l i l t ed  i n  solu- 

L o ' i w r  hea t ing  pc r iods  and higher  ternperr tures  "ere 

Using t h i s  techniquz ,  t h e  excess  a c i d i t y  hs s  been rec'uced t o  an 
k l l  p rev ious  d i s s o l v e r s  8nd d i p  t u b e s  mith a co r ros ion  

The ~ i l o t  p k n t  d i s s o l v e r  i s  f a b r i c a t e d  1,:ith a body of 309s 
Inspec t ion  of t h e  d i p  p i p e s  

Feed mrkeup i s  done by adding s tock  s o l u t i o n s  o f  eluminum 
n i t r a t e  s a l t  t o  d isToiver  s o l u t i o n s .  Cevelopment of t h e  technique h a s  
shown t h a t  t h e  most  s u i t a b l e  mcthod of c o n t r o l l i n r  t h i s  f eed  molteup t o  
1.35 ,t 0.05M i n  eluminum end 0.05 4 0.03N i n  free base i s  by accura te  
s p e c i f i c  g r a v i t y  measurements, c lo se  c o n t r o l  of t h e  r c i d  balances,  and the  
use of t h e o r e t i c s 1  omi\unts f o r  b u t t i n g  so lg t ions .  Using bas i c  aluminum 
n i t r a t e  s tock  s o l u t i o n  i n  t h i s  method, t h e  cond i t ions  can  be con t ro l l ed  
s o  t h a t  no base i s  adc!ed t o  t h e  sliield.ed tanks ,  t hus  e l i m i n a t  
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Emnary of Second Cycle Runs 
Flovrsheet C o n z t i o n s  as Rcted i n  A-ccompanying F igure  

co 

t 
1 I n a c t i v e  10% Cl in ton  A c t i v i t y  Full Cl in ton  A c t i v i t y  

4 -  Run 2 D  3D 4D 1x 2x 3x fJ 
g - -  
2, Feed 

1.30 lo25 1.A2 1.54 1.49 1 0 46- 1.35 
( a >  P l l ,  P4 

Free Bass, 1 0.025 - 0.018 
(b)  

0.03 0.056 0.050 0.044 
(b )  

Ext ra  c t  i o n  0005 0.003 0.02 0.0045 0 0006 5 0.0015 0.0007 

S t r i p p i n g  0,009 - 0,005 0,014 0 0083 - 0 b 0042 0.0022 0.0080 
Feed (, 34 g U / 1  

ct s /m i n/ml 

3 3*32X103 4.6xlO 3.06xlO 4 6 
0 

I - c 2 , l ’ i i L O  - r? Beta 

17 16 188 165 Gamma L - - 
Product (-- 50 g U / 1  

c t s /m i n/ml 

Beta 560‘ 

2 ____- 5.2 7 2.7 Gamma - 9.. c 

Notes: 

- 

(a) 

(b)  F ree  ac id .  
( c )  

Recent information i n d i c a t e s  t h e s e  va lues  may be approximately 9% t o o  h igh  because of uranj.um 
i n t e r f e r e n c e  i n  a n a l y t i c a l  method. 

These va lues  t o  be compared v i t h  e x t r a c t e d  u n i r r a d i a t e d  uranium of approximately t h e  same age f o r  
which the beta  r a t e  i s  350-500 cts/min/ml. 
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s ibi . l . i ty  OS aluminum hydr oxi6e p r c c i p i t e t i o n .  Suf f ic ien t ,  time i s  
allo!:!ed for equil.ibrium crinditions t o  be es t ; ,bl ished bef o r €  c.nal.yzing 
and feeding  t h e  s o l u t i o n  t o  t h e  columns. The pI1 of t h e  fecd  sol.:ltims 
requires 24 hours t o  reach. equi .I. ibriurn becruse of s t r o n g  bxf'fei-ing 
ac t ion .  Thc use of pH me:;,surernent a s  a process  c:ii?trol i s  sti1.i  uiic'er 
invcs t ig2 , t ion .  Acid i ty  c r ~ d  c , lka, l ini ty  a r c  determincc! by rlifrcct t i t r r t i o n .  

The f e d .  s o l u t i o n  i s  f i l t c r c i d  ? - r o u g h  a s i n t c r e d  steinless 
s i x e l  d i s c  o f  p o r o s i t y  G hcving an area of 2Lk0 s c 4 . h . .  -pithout f i l t e r  
a i d .  
f i l t r a t i o n  vhich  i s  d i s so lved  t r i c e  dur ing  each run  1 5 t h  5 ga l lon  
vashes of 205; NaOH. 
s o  t h a t  a t  t h e  en? of t h e  6 th  1-w.n .-!hen 1500 ga l lons  of s o l u t i o n  h2.2 
been passed t,hrou,i:h t h e  d i s c ,  nashiny T- i i t i l  t h e  IJai)?! '-.ash d i d  not improve 
f i l t r e t i o n  r a t e s  su.i tably.  
of the  expendable f i l t e r  d i s c  element,  
m r e  made on the  equipment r!ith 1 1/2 pmis of FinC,/1:;t,er c o-prec ip i ta , te  
i n  t h e  column feed so lu t , ion ,  
l o s s e s  caused t h :  s procedure t o  be d iscont inued  temporar i ly .  Additional. 
i n f o r m t i o n  i,/ill be obtained us ine  Uno2 3 s  a f i l t e r  a id  i n  t h e  coming 
pe r i cd  with p a r t i c u l a r  emphasis on opera.bil  i t y  amd decontomination f a c t o r s .  

An accurnulstion ot" s o l . i d s  Iiurilds up on t h c  f i l t e r  d i s c  during 

The NaOH insol.iible m ~ t e i ~ i a l  bu.j.lt up i n  each run  

This  n e c e s s i t a t e d  t:he removrl  and d i s p o s z l  
Diiring i n i i ' i a l  s t c r t u p ,  t e s t s  

d 
S1m.r f i l - t r a t i m  r o t e s  and  high urenium 

EdLzaction ?&-Strinning tJ$~:.,~kcc 

Three 100-hour runs through IFJO c y c l e s  of L:ctroction end 
s t r i p p i n g  columns usint: un i r r ad iF tce  iiranium liere rmde t n  t e s t  t h e  oper- 
a b i l i t y  of t h e  c olucns.  
and a n a l y t i c a l  techniqiic s w r e  t o s t e d  ;,nd impr o w d ,  The d a t a  obt? ined 
during t h e s e  runs shcTJ t'i:,t t h e  f l o ' w  can  be m8intEinec2 by se t t i n t ?  t h e  
c o l m n  feed pumps t o  i s f i t h i n  1; cc t i le c'eqired r c a d i n r  75th mrxi;xir flu7 
v a r i a t i o n  a t  any se t t i f i r>  of 4% all+  PI^ avern,ye d e v i o t i m  of 2$. L l e r g e  
amount of mpnpo'er l2vs expended on t h e  orif ' ice type f lo .7  r eco rde r s  ? r i t h  
t h e  r e s u l t  t h a t  t hey  ar?  r n d e r a t e l y  sa t  i s f r c t  ory i n  r ec  o r?  i n g  but  a s  y e t  
t h e  r ead ings  a r e  not  e n t i r e l y  r c p  oc ':cihle. The e! eiqic ~1 clc,tc obtpined 
dur in i -  t h e s e  runs  sh0.T: t h o t  s a t i s f a c t o r i l y  10:i wanium l o s s e s  can be ob- 
t a i n e d  aii th 1.4M aluniinum n i t r a t e  r . t  .05i.J b a s i c i t y  - 5 t h  L~ flor: r e t i o  of 
orgpnic t o  aqueous of 2. 

I n  t h e w  runs  t h e  f l o ~  me;surement column c o n t r o l ,  

The s i x  subsequent a c t i v e  runs  through t - l o  cyc le s  of columns 
have shmin L h r t  t h e  t [ J t Z l  e x t r a c t i o n  and s t r ipp in i ;  iirclnium l o s s e s  can be 

9 kept belOVJ .02$ th rouf j i  a l l  four columns. Four of t h e s e  runs  vere made 
a t  full l e v e l  Cl in ton  s c t i v i t y  lthicb processed n a t e r i r l  havinp 2.1 x 10 
be ta  counts/min/g U and 4 . 5  x lob p m m  cts/min/g U, 
f a c t o r s  determined by count ing techniques  t h e  f i r s t  cyc le  evrtrFction 
cdurnns were 3 X 10' f o r  b e t a  2nd 1.6 x lo3 f o r  ~ a m o  it t h c  f l o n s h e e t  con- 
d i t i o n s  shovrn i n  FiZe 3 1"lhich h:d no oxiaL?nts, r rduc tFn t s ,  o r  complexiilg 
agents .  
rias 1.7 x lo4 and Fu T';ns 4. 
the  f r c t  t h a t  bcccuse t h e  RLI h c t i v j t y  i n  tlie mctal  processed vas approx- 
irnhtely 4.G and t h e  decontamincitinn f a c t o r  of  only 200 i i ~ s  obtained, t h e  
major po r t ion  3f t h e  a c t i v i t y  corninr. thrwiqh t h e  f i r s t  cyc le  column rlas 

Decontamination 

The Eu decontamit ta t im f n c t o r  under tht-so cond i t ions  I : E S  200, Zr 
S w c i f i c  C i s s i o n  product ccC-lyses subs t an t i a tpd  
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Ru. This  indicetec;  t h a t  t he  t o t a l  betr ,  decontpnin,  t i m  f r c t o r  ~ p ~ \ e . , - j  s 
t o  depend a l s o s t  completely o n  t he  Fu decontaminstion f a c t o r  c s  previous ly  
concludei  from semi-T-iorks set l e  ex!:erirnents. 
t h a t  t h e r e  i s  E s m L 1 l  t r end  t v  ctr.d hi;her decontrminntion G S  the  s c l t  con- 
cen t rF t ion  i s  loirered f r o m  1.41 t o  1.36. This  a l s o  i!ould hFve been pre-  
d i c t e d  from t h e  e c r l i e r  seil i-  orlrs exnerience.  

Deccntumination da ta  silo.- 

The decontamination f a c t m s  i n  t h e  f i r s t  cyc le  s t z ipp ing  
column ranged betTleen 1.2 t o  1.7, sEbs ten t i c t  i n 7  r ,rcvious d a t a  t h a t  
e s s e n t i z l l y  a l l  a c t i v i t y  i s  removed f r o m  t,hc he-cone c t  t h i s  s tage.  
The lclsscs i n  t h e  s t r i p p i n [  column for f o u r  runs  avcrali;ec7 0.0011% 1.lhen 
0.1N n i t r i c  cc id  ':ips used T o r  striripjn;.,  nh c h  incr i  zised t o  average 
O . O l $  f e r  t h r e e  runs  --lien t h e  c c i 6  T I E S  red.icecl t o  C,C1:;. This r educ t ion  
i n  n i t r i c  ac id  concen t r a t ion  t o  t h e  f i r s t  cyc lc  striyii-r co1w.n %s 
necessury t o  e l iminEte t h e  t iddit ion of  ~rnixoriium hydroxide during t h e  
second cyc le  feed malieup. L t r i r n i n e  st a concen t r c t ion  of .03N n i t r i c  
a c i d  . ill be t ?de dur ing  the  cor?in:l; per iod t o  d e t e m i m  losscs o t  i n t e r -  
mediate condi t ions .  

Crud Formation i n  C o l s g  

The opera t ion  of t h e  columns has been q u i t e  s e t l s f r c t o r y  
with no evidence of crud forrnntion. P t  t h e  cnd of t h e  inec t ive  runs ,  
all columns had 350 hour-periods of opera t ion  End '-'ere d im:n t l ed  f c r  
c a r e f u l  i n spec t ion  of t h e  Tmc'4ng. There "2s no  s i y n  of r lucni  
o r  d e p o s i t s  of any sort  tm t h e  nacking. It appeprrjr' t o  bc I S  shin27 r's 
when f i r s t  put i n t o  t he  columns. The columns hzve opcrai.d i t L t a l  of 
700 hours  processiny a c t i v e  f e d  end n o  cvidence of c h ;  nilelit r o r  r l i igging 
has appeared. This tihsence c-rud i n  t h e  columns, i t ,  i s  f 'e l t ,  i s  dve 
t o  t h e  extreme cere 1 it!: . hicli <ill process  s o l u t i o r ~ s  :xe hcndled; ~ 3 1  s r e  
f i l t e r e d  b t f o r e  e n t w  i i  '- t h c  cGltv??[?s. 1.3 ?ti :ddec? p r e c r u t i m ,  -chc so lven t  
i s  contclcted :1ith sc 
before  e c t e r i n r  t h c  c e s s .  T l i ~  :1ccumulttion cf' crvc! i n  t h i s  column i s  
apprec iab le ,  requi r in ;  c lesni i ig  o b o v t  ever;: /+ - 6 1 
operated s p e c i f i c  g r a v i t y  c o n t r o l l e r  coniiriued t o  :-i~ic e-xei lent  remote 
c o n t r o l  of t he  c o l u m  i n t c r f c c c s .  

i l l  a co3uiiln r C c l ; d  . i i t h  3/16'! -'enske r i n y s  j u s t  

, The pneumatically 

The second cyc le  feed i s  nnde up by b u t t i n g  t h e  concent rs te  
of t h e  e n t i r e  f i r s t  c y c l . ~  1.roduct s t r e a p .  This s t e p  'cs gre ; . t l y  improved by 
t h e  reduct ion  i n  t h e  n i t r i c  ecid coz ten t  of t hc  s t r i p  i n  tl?: f i r s t  c;;cle. 
Uranium lossc?s f i r s t  ceusumd w r e  0.055 dur ing  t h e  conccnt rc t ion  and !.ere 
reduced t o  0.038 by thc  i n s t T l 1 m r ; n t  of b a f f l c s  i n  the vopor l i n e .  
s m l l  losses c:.n be reduced i n  t h e  3.200 : 'rea by riore s u i t a b l e  design of t h e  
p l m t  equipment There i s  some evidence t h a t  7. s l i g h t  decontamination 
f c c t o r  i s  obtained dur ing  the  concent re t ion  opeyztion, but a s  yet t h e  
a c t i v i t y  d i f f e r e n t i a l  i s  s o  lo r !  t h a t  t h e  evicicncs i s  only a trend. 

These 
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se c I: ncl C :r c l e  Kxt r a c t i on- p s g . t s  

The be ta  s c t i v i t y  i n  the second cycle  product  i r .  belay-7 
c. 

uranium backpround by a f a c t o r  of 10 because of t h e  sep2ra t ion  c.f t he  
uranium cecay daughters  Erom the  pa ren t s  by t h e  e x t r a c t i o n  process .  
Inasmuch as t h e  s o l u t i o n  ssmples a r e  crunted about 4 days a f t e r  leav ing  
t h e  cc\lumn, a 1 - rge ,  but  a s  y e t  unknown, f r a c t i o n  nf t he  cnunts  i s  due 
t o  t h e  uranium background vhich makes c a l c u l a t i n n  pf t h e  seccnd cyc le  
decmtaminat ion  f a c t o r s  u n r e l i a b l e .  It i s  es t imated ,  ho-lever, t h a t  t h e  
b e t a  decontamination f p c t o r  i s  a t  l e a s t  100, The gamm decontamination 
f a c t o r s  cannnt be measured a c c l r a t e l y  74th  e x i s t i n g  equi77ment due t o  t h e  
very l w  l e v e l  of a c t i v i t y  of 5-10 cts/min/ml i n  t h e  proc'uct stream. 
L'nre infcrmation on t h e  second cycle  decnntomination f a c t o r s  can be ob- 
t a i n e d  1lhen Hailford i r r a d i a t e d  uranium i s  t o  be processed i n  an est imated 
t h r e e  months. 

A t es t  has  been made of f eed in f  t h e  cnlumns by the  l ise of 

The rum pave 
a l i q u i d  p i s t o n  pumc i n  ii'hich t h e  check va lves  w r e  t h e  on3:- lior!:iny 
p o r t i o n s  of t h e  pump exposed t o  t h e  process s n l u t i o n s .  
only p a r t i a l  s a t i s f a c t i o n  innsnuch a s  t h e  J.eak p o r t i o n  of t3e pump, 
t h e  check va lves ,  are s t i l l  i n  con tac t  i i i t h  t he  a c t i v e  s o l u t i o p s  rnd  t h e  
improvemerk i n  maintenance 1-[as m l y  n i n o r ,  
of a c t i v e  s n l u t i o n s  cont inues  t o  be a problem. 

:'he rlieterinr. of t h e  f l  ov 

2x t roc t ion  HLTS va l - i c s  have been ca l cu la t ed  f o r  bo th  t h e  
2'1 and 3" columns packed v i t h  l./411 x 3/81! Easchiy r i n c s .  
shmi t h a t  t h e  H;TS value is 2.46 fec.t; w i th  a probable error af @,14 f e e t .  
Th i s  HETS value dines not  vary  apprec i ab ly  i n  successive runs  i n  t h e  same 
cnlwnn x bet1.leen t h e  2" an? 3'1 columns, 

The c a l c u l a t i o n s  

The v a s t e s  f r o m  the  columns a r e  dispnsed af by n e u t r a l i z i n g  
t h e  e x t r a c t  r a f f i n a t e s  conta in ing  p r i n c i p a l l y  aluminum n i t r a t e ,  f i s s i n n  
products ,  and a small ameunt o r  hexone by addinp s u f f i c i e n t  c a u s t i c  t n  
g ive  a bas i c  s o l u t i o n .  rPhe uranium i s  d isppsed  nf through t h e  sttindord 
medium of conplexing ; d t h  snda ash.  iJc t r o u b l e  has  been experienced v i t h  
any of t h e s e  s t e p s  a s  long a s  a n  excess  of c a u s t i c  o r  soda a sh  i s  main- 
t a ined .  

Solvent Treatment and Recovery .I---I-IY.P.C-.C1---̂  

Pre - t r e?  tment of comme~cial  hexme cclnsis ts  of m s k i n q  - 5 t h  
sodium dichromcite 2nd ba tch  c ' i s t i l l i n g  from a c o u s t i c  h e e l ,  T h i s  g ives  
a product n i t h  a reducing poller 3f @,OO/+N arid an  a c i d i t y  of 0.004N i n  
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a c i d  as  a c e t i c  a c i d .  The recovery of t h e  hexone vas  f i r s t  done batch-  
wise f rom a c a u s t i c  h e e l  l-ihich y ie lded  s l i g h t l y  b e t t e r  m a t e r k l ,  
equipment vas l a t e r  changed t o  a cpintinuous type  d i s t i l l o t i o n ,  pl l is  a n  
i n s t a l l a t i o n  c?f a packed s e c t i o n  for reducing entrainment  an6 has 
y ie lded  a product averaging 0.002N i n  reducing pu le r  en2 C.002Y i n  
ac  i d i t  y . 

The 

The r e s i d u a l  a c t i v i t y  i n  t h e  used hexene has  been mainly 
be t a  and has given no h e a l t h  hazard d i f f i c u l t i e s  during t h e  sn lvent  
recclvery operat ion.  The used so lvent  r e s e r v n i r  has  had an increase  
i n  a c t i v i t y  f r o m  mixing t h e  va r ious  t y p e s  of hexqne, r e s u l t i n g  i n  m a t e r i a l  
v i t h  660 be ta  cts/min/ml. 
by remote cmtr i71 washing v i t h  a 1/20 velume of 10 

This  a c t i v i t y  'ws reduce? by  a f a c t o r  of 6 
c a u s t i c  

The program f o r  t h e  coming pe r iod  inc ludes  i n v e s t i g a t i o n  
of va r ious  reducing agents  and complexants on t h e  e f f e c t  ~f f i s s i o n  
p r sduc t  and Tu decontamiaat inn f a c t o r  and uranium r e c w e r y .  
per iod it i s  hqped t h a t  t h e  flevllsheet w i l l  be s u f f i c i e n t l y  e s t a b l i s h e d  
i n  g e n e r a l i t i e s  t o  p e r n i t  i n v e s t i g a t i w  of minor  p rocess  ques t ions ,  which 
i s  scheduled t o  s t a r t  us ing  Hanford m a t e r i a l  on approximately flay 1, 194;'. 
Among t h e  va r ious  m a t e r i a l s  t o  be t e s t e d  a r e  sulphamic ac id  and f e r r o u s  
amoonium sulphate  as  r educ tan t s ;  2-Hexyl-Pyridine a s  a uranium c m p l e x a n t  ; 
and diphenyl- thio-urea a s  a scrub  i n  t h e  s t r i y i n g  column f o r  irqx-oving 
Flu decsntaminat ion,  

In  t h e  next  

Design Iiork hps been concerned c h i e f l y  i-lith t b e  devel omen% 
of general  infqrrnation f o r  t h e  1300 a r e a  and o f  suppor t ing  information 
f o r  t h e  s e l e c t i o n  of a 23 prncess .  
n i t e l y  s e l e c t e d  a s  y e t ,  nn d e t a i l e d  Drocess s t u d i e s  o r  equipment f l p s h e e t s  
have been made. 
prepared ,  D e t a i l d  information concerning t h e  1300 a rea  has  been presented  
i n  n ine teen  Technical  D i v i S i w  dra*lin:.s end t i ie lve Temoranda t o  t h e  12-1300 
a r e a  Design F i l e .  Information : bclut t h e  a u x i l i a r i e s  and se rv ices  llhich a r e  
shared Tiith e i t h e r  t he  120n a r e a  nr t h e  C D t  ire 1000 P r o j e c t  i s  given i n  t h e  
drairings and memoranda concerning t h e  1200 area.  

Since a 23 process  has not  been d e f i -  

This  Trork must be clone becore a process  design r e p o r t  is 

The maximum expected d e l i v e r y  of i r r a d i a t e <  t h o r i m  from t h e  
Research F i l e  t s  t h e  1300 a r e a  i s  8 ki:. per  day, and it i s  a n t i c i p t e d  
t h a t  t h e  thorium d e l i v e r i e s  from wther n i l p s ,  i" pny, 1511 be abcut t h e  
same. Consequently, tlrc 2es ign  capoci ty  of t h e  1300 o r c a  has bc-en se t  
a t  15 kp.  per  day. /A t y p i c a l  d e l i v e r y  nf  tho!'ium 411 con ta in  a b w t  75 g 
of 23 anc 13 and 2?l/4 g of f i s s i o n  products  per 50 kg PS jrreOSpted 
thorium. The s h o r t e s t  cnol in , f  pcriRd considered a t  t h e  present  time i s  
e i g h t  rnQnths. , i i t h  t h i s  coolincl per iod  about 100 "16 of  13 a r e  p re sen t ,  
i . e . ,  seven 1;att.s of  13 a c t i v i t y :  
is about  four  i l a t t s .  

t h e  a s soc ia t ed  f i s s i o n  -roduct a c t i v i t y  
'i'he cArrespondinl process  reqvireme n t s  a r e  given 
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The ba tch  process  c o n s i s t s  nf f i v e  major ope r r t i ons :  
and metal  so lu t ion ;  ( 2 )  f i r s t  e x t r a c t i o n  cyc le ;  (3) scrub  rzcovery cyc le ;  
( 4 )  second e x t r a c t i o n  cyc le ;  and (5) f i n a l  clean-up opera t ions .  The f i r s t  
e x t r a c t i o n  cyc le  c o n s i s t s  of nine equal-volume e x t r a c t i o n s ,  t v o  1/12 volume 
scrubs ,  and fnw 1/4 volume s t r i p p i n g s  operatioris.  The recovery on 23 f r o m  
the  scrub  s d u t i o n  i s  e f f e c t e d  1 4 t h  about e i g h t  equa l -vo lwe  e x t r a c t i o n s  
and f o u r  1/4 volume s t r i p s .  
and continuous processes  c e n t e r s  around t h e  f i r s t  e x t r a c t i o n  and scrub  
cyc les .  L i t h  t h e  continuous process  t h e  e x t r a c t i o n ,  scrubbin,;, a n i  T,triwi-.c 
opera t ions  a r e  accmpl i she6  7 ' 6 t h  packed columns. The hei;yht OC t h e  ex- 
t rac t ion-scrubbing  and s t r i rspinp cnlunins r * l i l l  Fr obahly he 35-4C and 19-20 
f e e t  r e s p e c t i v e l y ,  
decnntamination, and i n  each cese  t h e  rroposed swond  cycle  i s  a ba tch  
opera t ion  using d i i sop ropg l  e t h e r .  

(1) jacke t  removal 

The p r i n c i p a l  d i f f e r e n c e  betlieen fi1.e ba tch  

Both processes  r e q u i r e  tvio cyc le s  t n  e f f e c t  t h e  d e s i r e d  

Three c l a s s c s  of i i a s t e  s o l u t i o r s ,  l o v ,  i q t e r t n d i a t e  and high 
a c t i v i t y ,  a r e  a s soc ia t ed  vrith each process .  The 1300 area waste d i s p o s a l  
system has been combined v i t h  those  f o r  t h e  1100 and 1200 a reas .  A d i s -  
cuss ion  of t h e  corn5ined v a s t e  d i s p o s a l  system i s  presented  i n  connection 
with t h e  r e p o r t  concerning t h e  1200 a r e a .  
wastes  are c o l l e c t e d ,  anelyzec? f o r  uranium and a c t i v i t y  and discharge? t o  
t h e  r e t e n t i o n  pnnd; t h e  in te rmedia te  and high a c t i v i t y  l ies tes  are u s u a l l y  
neu t r a l i zed  , concent ra ted ,  s tored  € o r  decay and even tua l ly  discarded.  

In  r e r e r a l ,  t h e  lO1iI  a c t i v i t y  

All nf t h e  opera t ions  i n  connection i t i t , h  t h e  recovery and 
deccmtaminatinn of 23 a r e  c a r r i e d  out i n  t h e  1305 bui ld ing .  i'ropwed 
l a y o u t s  of t h e  1305 bu i ld ing  fsr t h e  ba tch  and cont inuous yrocesses  have 
been presented i n  TD-428 and TD-425, r e s p e c t i v e l y .  
t h e  bu i ld ing  i s  220 f e e t  f o r  t h e  ba tch  and 200 f e e t  f o r  t h e  continuous 
process .  
The est imated investmcnt c o s t s  of t h e  1305 bui lc i r ig  and i t s  assoc ia ted  
equipment f o r  Each process  i s  given i n  the  fnllovring t abu la t ion .  

The o v e r a l l  l e n p t h  of 

The o v e r a l l  ividth and he ight  are 58 and 48 f e e t ,  r e s p e c t i v e l y .  

C wit inuous 

Building $ 66E,000 8 b j C , O C G  

_--. Batch - - 

Equipment ,--2, 950 000 
$1 , 61g ,000 

Since these  c o s t  e s t i m a t e s  may be i n  e r r o r  by P?ore than  !,JOO,OOCj, t h e  
apparent  d i f f e r e n c e s  a r e  not  s i g n i f i c a n t .  

The a u x i l i a r i e s  and s e r v i c e s  requi red  by t h e  23 process  can 
be divided i n t 5  two c l a s s e s :  (1) those  .!hich a r e  sha.red i.!ith t h e  1200 
a rea  and (2 )  t hose  s h i c h  a r e  sha.red !:'ith t h e  e n t i r e  1000 P r o j e c t .  
p re l iminary  survey of t h e  requirements  f o r  each  process  i n d i c a t e s  t h a t  
t h e  d i f f e r e n c e s  a r e  not s i g n i f i c a n t .  The a l loca ted  investment cos t  of 
t h e  a u x i l i c r i e s  and s e r v i c e s  !Iliich a r e  shrrec' - i i t h  t h e  1200 a rea  i s  about  
$1,25O,OOOt The a l l o c a t e d  investment cos t  of -t.hose 7:hich a r e  shared. with 
t h e  e n t i r e  1.000 Fyojec t  is about : , ,~1 ,000 ,00~.  
of  a l l  genera l  chorges by t h e  cnn t r ac to r  f o r  t,he lO00 P r o j e c t .  
t h e s e  investment c o s t s  m e  about 50? g r e a t e r  thon those  f o r  t h e  1305 
bu i ld ing  and i t s  a s soc io t ed  equipment 
i n  t h e  preceeding paragraph a r e  even less s i g n i f i c a n t .  

k 

T!iis f i g u r e  inc ludes  a share  
Since 

the  apparent  d i f f e r e n c e s  mentioned 

--.x 
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ii d e t a i l e d  i n v e s t i g a t i o n  of aI.1 opera t ing  costs associrt,r-d 
v i t h  23 recovery has not  been made; hor.lever, it appears  r e c s o n a h l e  t o  
assume t h a t  t h e  opera t ing  c o s t s  i n  connect ion -:ith t h e  n i m i l i a i e s  ?nd 
s e r v i c e s  a r e  t h e  same i r r e s p e c t i v e  of vhether  t h e  ba tch  or  contixuous 
process  i s  used. The nuinber of man hours  of l abo r  requi red  --lith both  
processes  d i f f e r s  somei!!hat; horrever, s ince  only 2 am911 number of 
opera tors  i s  necessary  i n  t h e  1305 bu i ld ing  a t  2ny Fiven ti,me f o r  e i t h e r  
process ,  p r a c t i c a l  cons ide ra t ions  r e q u i r e  a stsff  of about n ine teen  
ope ra to r s  f o r  each process .  The est imated annual cos t  of process  ch.em- 
ica1.s i s  given i n  t h e  f olln!!inc t a b u l a t i o n .  

Batch Process us ing  Diisopropyl  Ether  
Contitiunus Frocess  using Di i snproF j l  L ther  
Continuous F r m e s s  using Dibutyi-1 ( e l l  osolve 

,,,E 9.500 
4 p 600 

16 ,kOO 
C ont iriuous I'r oce s s  us in? I-iexnne 6,200 

The c o s t  311 chei i icals  used i n  connectioti r l i th  sol-vent protreatment  and 
recovery  i s  a minnr iiem i n  each c a m ,  probably l e s s  than  \ J O O  per  ; r c F r .  
It i s  d i f f i c u l t  t o  determine t h e  c o s t  pi' chemicals f o r  decpn ta r ina t i  qn, 
but a rough e s t ima te  i r id ica tes  t h a t  t h e  annual c o s t  f o r  r ach  process  may 
be about ,~30,000. In  gene ra l ,  it appears  t h a t  t h e r e  a r e  nn najor  d i f -  
f e r e n c e s  i n  opera t ing  c o s t s  Tiith e i t h e r  t h e  batch or  t h e  continuo1i.s 
pr  ece ss. 

Since es t imated  c o s t s  f o r  t h e  ba tch  and cont inuous processes  
a r e  e s s e n t i a l l y  equal ,  t h e  choice betaeen them must be based, on process  
cons ide ra t ions  such a s  r e l i a b i l i t y ,  f 1 . ex ib i l i t y  arid. f u t u r e  p o s s i 3 i l i t i e s .  
Pre l iminary  r e s u l t s  a t  X-10 and elsevlhere c.n t h e  p r o j e c t  indica.te t h a t  
t h e  desired.  recovery sild dec ollt;arilinc?t i o n  can probably be nbIx.irle? -.:it!? 
e i t h e r  process .  

I n  gene ra l ,  it i s  l i k e l y  t h a t  thF' cont inuous 1:rocess .rill 
be nore sat ispactor ; .  o v a -  a long p r r iod  of t ime. 

4.21 Gener5,l 

The '12 1' process  f o r  s epa ra t ion  pf U233 from thorium, f i s s i o n  
products ,  and Pa233 inc ludes  t h e  fo l lo i i i ng  s t e p s :  d i ssn lv inr ;  t 3 c  thorium 
metal ;  f i l t e r i n ? ,  i f  necessary,  t p  remove inso11A121e n a t t n i e l s ;  a ba tch  o r  
cont inuous so lven t  e x t r a c t i a n  cyc le  (ex t rac t inc .  t h e  23 i n t o  d i i sop ropy l  
e t h e r  or d i b u t y l  ee l  l o s s l v e ,  or poss ib ly  hexone scrubbinF t h e  e::i r a c t  t o  
remove > a r t  of t ! - e  coi,tat?iinants, and s t r i p p i n g  t l A c d  23 i n t o  va t e r )  i n  irhich 
a sepa ra t ion  of 23 from t h e  contaminants by a f a c t o r  of a t  l e a s t  103 i s  
obiained.  To t h i s  p o i n t  tile process  i s  c a r r i e d  ou t  bt.hind heavy sh ie ld ing  
i n  8 canyon. The p a r t i a l l y  dccontamicatett  23 i n  t h e  s t r i p p i n e  s o l u t i o n  i s  
then  removed t o  u l a b o r a t o r y  ' Jhere ,  i n  8 d i i sop ropy l  e t rhcr  e x t r c c t i o n  cyc le  
behind t h i n  sh i e ld ing ,  t h e  s e p a m t i o n  from the  contcminants i s  completed. 
The p u r i f i e d  23 i s  then  t o  be p r e c i p i t a t e d  a s  ::mmonium d iu rena te  and ign i t ed  
t o  U308. 
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I n  t h e  semi-vorks, a batch e x t r r c t i o n  process  has been 
s h o w  t o  g ive  adequate decontamination with 23 losses l e s s  than  the  
maximum permiss ib le  of 0 .EL. 
solvent  e x t r a c t i o n  cyc le  continuous using a s  t h e  so lvent  e i thcr .  d i i sop ropy l  
e t h e r  o r  d i b u t y l  c e l l o s o l v e  have been going on f o r  about s i x  motltl s .  
Bnth of t h e s e  s o l v e n t s  give rnore than  adequate decontaninnt ior  2nd reduce 
23 lnsses t o  l e s s  t han  0.01s i n  columns about 20 f e e t  l o n r  -7hicl.l a r e  
packed with 3/16" h e l i c e s .  Enwever, 1,lith e i t h e r  so lven t  t'w co l - lms  
become plugged a f t e r  a s b o r t  per iod of opera t ion  (100 h o u r s  o r  l ess )  
because an in so lub le  m a t e r i a l  ( !!crudtt) d e p o s i t s  i n  t -e -ens"e mc1-ifi-9 
d e s p i t e  f i l t r a t i o n  and prescrubbing of f eeds .  i-re1imirmr.r Isor!: ysith 
l a r g e r  Raschig r i n g  packing, uhich i s  much l e s -  l i k e l y  t o  become plugged 
t h a n  i s  Feiiske packing becpuse of i t s  l a r g e r  vo ids ,  sh0l.J it t o  be usable  
with e i t h e r  so lvent  f r o m  the  standppint,  ef producing t h e  requi red  23 r e -  
covery i n  reasnnable  he ight  cnlurins, calculateci  ex t r ac t io r ,  he i zh t s  of from 
25 t o  40 f e e t  being r equ i r ed .  Therefore ,  vnrk  of t h e  next  qua r t e r  vi11 be 
t o  demonstrate s a t i s f a c t o r y  opera t ion  of c o l u m s  packed Tlith €:aschi{; r i n g s ,  

I n v e s t i g a t i o n s  toi iard moking t h e  canyon 

The problem of crud depos i t i on  i n  columns has been sti.idied 
i n  t h e  labqratm-y dur ing  the  p a s t  q u a r t e r  f r o m  t l - 1 0  i - i n i n t s  of v iev:  
prevent ion  of i t s  formation,  and ( 2 )  s u b s t i t u t i o c  of l z r g e r  r,ac!-inC vhich 
v/ill a l l o n  crud t o  pass thrnuyh t h e  column, 
r e s o r t e d  t n  i n  t h e  25 process .  

(1) 

'_'he l a t t e r  !:os success fu l ly  

Use of F i l t e r e d  and ?ye-%rubbed Feecis t o  ?revent  Crud Fnrmation 

The methocis t r i e d  f o r  p e v e n t i  
Fenske packing have been .? i l t l "b t ion  cf a l l  
f e e d s  i n  s h o r t ,  pt.cked pre-scrubbers  i n  t he  hope t ! ia t  crud v i11  f o r m  i n  
them r a t h e r  t han  i n  t h e  column. ' . i t h  f i l t e r e d  f e e d s  an6 d ibu ty l  cello- 
so lve  so lvent ,  s u f f i c i e n t  crud. s t i l l  coll .ected i n  90 h o u r s  pf operat ion 
a t  near f looding  f l o w a t e s  t o  plug the coiu.rm. 
but  undoubtedly s t i l l  f a r  s h o r t  of a p r t i c t i c a l  t ime,  --iould be ei:pected a t  
l m e r  f 1 ~ 1 ~  ratc;s.  
i n  nhich both f i l t e r e d  and pre-scruhbed f e e d s  w r e  used 
ge la t inous  crud j u s t  above t h e  feed  p l a t e  occurred after 3 C  !i~?:z~s of o p r -  
a t i n n .  
for p l a n t  s c a l e  operat ion.  The main c o n s t i t u e n t s  of t h i s  c r u t  'XYC 
aluminurn, s i l i c o n ,  magnesium, and c m s i d e r a b l e  er.iount,s of t h e  corpoiiei?ts 
of s t a i n 1 . e ~ ~  s t e e l  ( i r o n ,  chror;!iurr,, n i c k e l ,  2nd rmngonese). 

--CI-..--------.------u-lr------l-l---.- .-"^--^CIIII-.3---.-1--.-.. e--_. 

crud depos i t i on  i n  3/16'! 
eeds and pre-scrubbing of a l l  

Some-:!hct 1.oni:er oFzr;>tion, 

In  a run  us ing  Fenske packiny: - , : i th d i i s o p -  opy3. e t h e r  

This vork c1ca.rl.y ind ica 'xs  t h a t  Fenske packing i s  u n s a t i s f c c t o r y  

This  rmckiny 217 s been i n v t s t i g r t e d  t o  de te rn inc  i f  adeouate 
23 recovery can be achieved i n  extr ; :c t ion sect ior ls  of recsonablc  k i g h t  
(40! or less)  and i t s  value i n  e l i r i inc3t ing c r l k  dcpos i t i nn  h ~ s  not yet 
been t e s t e d .  I n  l-1/2-inch Pyrtx g l a s s  columns, t h ~  23 RLTS  as found 
t o  i nc rease  g radua l ly  f rom 5.1 t 3  8.6 f t ,  f o r  e i t h e r  d i b u t y l  ce l loso lve  or  
d i i sop ropy l  e t h e r  a s  t h e  t o t a l  throughput ~ . s  incroased f r v m  5 t o  80 6 of 
t h e  f l w d i n g  thrnuifhput (600 gal/hr/sq. f t .  for t h c  dibut;Tl c e l l  nsolve 
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system and 675 f o r  t h e  d i i sop ropy l  e t h e r  system) ( s e e  FiZ. 4 ) .  It i s  
recommended t h a t  c olumns be designed for operat  i o n  a t  a t o t a l  thr r\ughput 
vh ich  i s  less  than  503 of t h e  f1.oodinr throughput ,  corresponding t o  a 
maximum HLTS of 6.4 f t .  
(9--org./aq.) p re sen t  i n  t h e  d i b u t y l  c e l l o s o l v e  runs cannot be c o n s i s t e n t l y  
obtained i n  a l l  r u n s ,  occas inna l ly  dropping under apparent ly  i d e n t i c a l  
s o l u t i o n  condi t ions  t n  a s  l o ~ r  a s  5.5. Therefore ,  f o r  saf’ety reas0r.s it 
vould non be necessary  t o  p re sc r ibe  e x t r e c t i o n s  s e c t i o n s  of about 3,3 t o  
40 ft. fo r  e i t h e r  so lvent  for  opera t ion  a t  less  than  50 
throughput.  
t o  demonstrate s a t i s f F  c t o r y  cnlumn opera t ion  for  lory ;  Derioc s of tix ”s ing  
t h e  Haschig r i n g  packing. 

The hir;h uranium $ i s t r i b u t i o n  c o e f f i c i e n t  

of tile f l o x l i n g  
Xext q u a r t e r ,  it i s  planned t o  make runs  v i t h  1-0th so lvsn t s  

4.23 I,,nrat ory Decontamination and r,istr-$?h&ion Stugig 

The e f f e c t s  of Y‘h(N0 ) concen t r a t ion  and HN03 a c i d i t y  Rn 23 
e x t r a c t i o n  and dec pntaminat ion uzi& d i b u t y l  ce l lo sn lve  have been s tudied  
i n  t h e  l a b e r a t o r y  and ext:raction cond i t ions  ou t l ined  f o r  a process  ..:lhicIi 
does not  con ta in  an  rho2 p r e c i p i t a t i o n  s t ep .  
s t e p  t o  a i d  i n  crud removal o r  t o  improve decontariiinF.tion from protoe.c%inium 
makes necessary  very  complex e x t r a c t i o n  condi t ions .  
d i s c l m e d  t h a t  t h e  23 - f i s s ion  product s epa ra t ion  i s  very  dependent on pH 
but  e s s e n t i a l l y  independent of t h e  Th(i1?O3)~ concent ra t ion .  
pH range f o r  high decmtaminat ion  and 23 recovery vas  determined t o  be 
0.8 t o  1.0 ( s e e  F ig .  5 ) .  
c s n d i t i m s  for t h e  feed  and scrub:  

The ine lus inn  of t h e  Mn02 

This l abo ra to ry  stud;r 

The optimum 

The fol lnvin5g a r e  tlie recomendec‘ s a l t  and a c i d  

Feed: 2.0M Th(?SO ) 4  
0.1 t o  0.3 z I i n  f r e e  H N Q 3  

Scrub: 2.4M Al(:s!O3)3 8.1; a pH of  1.8 (0.85M d e f i c i e n t  i n  Hid0 ) 3 

The requi red  r a t i Q  of :;cruh -to feed  i s  betileen G.3 and 0.4 and prcduces 
an e x t r a c t i o n  aqueous h a s e  of the PnI l on ing  apwoximate composition: 
T h ( N o 3 ) 4 ,  0,551iii sl ( i lo3j39 and a 0.05iV 14i\To de f i c i ency  (PH = 0.c t o  1.0). 
The r a t i n  of aquzous t o  so lven t  i n  %he e d r a c t i n n  ssc t in i i  i s  cne. Under 
t h e s e  cond i t inns ,  the uranium 6 i s t r i b ; i t i o n  c n e f f i c i e n t s  i n  e x t r z c t i o n  i s  
a t  l e a s t  8 i n  f avor  of t h e  c e l l o s o l v e ,  t h e  b e t a  f i s s i o n  ~ ~ , r o ? u c c  clecont~m- 
i n a t i o n  f a c t o r  1 x l o 4 ,  and t h e  amount of 23 recyc led  i n  scrl ’ i ihini- a’3ou.t 
5);. These cond i t inns  \ T i l l  s can  be t r i e d  i n  continuous c o l m n  runs. 

1.613 

Using ba tch  d i i so?ropyl  e t h e r  e x t r a c t i o n ,  a t o t a l  of 635C mg. 
of 23 7~as i m l n t e d  ar:d concentrated from s t r i p  product s o l u t i o ’ x  d-Xing  
t h e  pas t  q u a r t e r .  Of t h i s  t o t a l ,  60EO mg. Tias concentreted 1iith a loss 
of 0.036,; frqm t h e  yor_‘nc t  of t h e  Cher- is t ry  LPvI s i o n ’ s  d i b u t y l  ce l lo so lve  
columns anc, 270 ng. Y-las recovered Trith a loss of 0.072: f r rm t h e  s t r i p  
s o l u t i o n  no t h e  i’eclinical L iv j  s ion  l a b m a t o r y  coluinn::. 
much hicyher than  t h e  usua l  0.002% losses  because of t’le . f o r m a t i o n  of 
l a r g e  arrmnts  of cruc‘ i n  e x t r a c t i o n  snc t1,e presence of o i l y  cyganic 
decompositisn products .  

3iese l ~ s s e s  a r e  
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The problem of c 'evising s u i t a b l e  ji::s !"or use i n  furnace 
braz ing  nf t he  a c t i v e  assemblies  has  been inves t iga t ed  f u r t h e r .  
ha.s been f eund previous ly  t o  be s a t i s f  act,ory, cxcept  t h e t  it i s  a t tacked  
by oxidat ion.  Coet ings of va r ious  K>hosniiates hpve been found t o  -;ive 
some p ro tec t ion  t o  t h e  p a p h i t c ,  but  t end  i n  t u r n  t o  be a,ttocked by t h e  
brazing f l u x e s  used. 
p m s i b l e  t o  s u b s t i t u t e  a IMg-Al s i l i c a t e  r i a t e r io l  h o l m  commerci.al.lg e s  

graph i t e  rri th r e s p e c t  t o  at,taclr by f l u x  o r  a i r .  4'he des ign  of t h e  j o g  
has  had t o  be chamgec? sn t h a t  it nov c o n s i s t s  of t v o  s l a b s  of L'ava r e s t i n g  
on an evenly machined t h i r d  s l a b  a l s o  of Lava. Fz r the r  1.forkL on t h i s  
technique i s  planned. 

( ;raphite 

. > i t h i n  t h e  qua r t e r  just completed it has been found 

f o r  t he  g raph i t e .  This  mater ia l  i s  much Fore s t a b l e  than the  

T.ffor ts  have been made t o  f i n d  a braz ing  f l u x  ?!hich d o e s  
ne t  con ta in  s t rong ly  neutron a.bsorbing elements  such a s  l i thi .um o r  
ch lo r ine .  During t h e  qua r t e r  t w o  l i t h ium- f ree  brazing f l u x e s  sai.6. t o  
be s u i t a b l e  f o r  furnace  braz ing  aluminum have been rece ive6  from cocni.orcia1 
sources .  Unfortunately,  n e i t h e r  i s  s a t i s f r c t w y .  One oi' th:> f3 ii::cs ~ , ; ? s  
u s e f u l  f o r  t o r c h  braz ing ,  but t h e  o ther  vas  i.rsel.ess even f o r  i b i s  a.2177-i- 
c a t  ion. 

T n n  l i t h ium- f ree  brazini; f l u x e s ,  s a i d  t o  be siiitn?sle f o r  
furnace  braz ing  alurninurn, have \ e rn  r ece ive?  from t- o co i imrc ia l  sources .  
For more than  a year  tioth suy-1 iprs hv.: riairitainc-cl t l i n t  such B n c t e r i a l  
had not  as  y e t  been rraclc. 
p r m i s e  for furnFice brzzing.  
1-rith t h e  a id  of one of L'icse 2nd hcve f a j l e d  , i t h  t h e  oti ier.  

Unrortunotely,  ne i the r  sholis even the  l ea s t  
e have Seen siiccessTu1 i n  t o r c h  braz ing  

A tank  f o r  d i p  braz ing  h ~ s  been fzbi-icotecl f r o m  t h e  c o r r o s i m  
r e s i s t a n t  a l l o y ,  IIastelloy C .  
brazing u n i t  p rev inus ly  provide? J i th  a g r r p h i t e  flux t ank .  Charging 
arrangements have been pr nvided which 1 ; I i l l  pcr3i.t con t ro l l ed  immersion 
and remove1 of :lssemblies from rnolten f l u x .  

This t a n k  i s  no" being b u i l t  i n t o  t h e  d i p  

.. !ork on t h e  A1 cl-adding gf thorium h2.s cor t inued .  One of 
t h e  d i f f i c u l t i e s  i s  ccused by t h e  d i f f e r e n c e  i n  t h e  p l ~ s t i c  eons tpnts  of 
t h e  tw9  metals .  
s u l t s  i n  a t h i c k  edged core and d i s t o r t e d  alurninm su r face .  
t h i s ,  t h e  t h o ~ i u r n  :,:XI. have t o  be r o l l e d  t o  apnroximatel;!; t h e  ? i m l  core 
t h i c ! x e s s  before  a luminizing End cladding.  

/ny apDreciable  reduct,inn by r o l l i n ?  of sand-iches re- 
To clvoid 

This  d i f f e r e n c e  i!? ~ o ? ~ ~ i ; i . e s  
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i s  a l s p  apparent  i n  t h e  curving nf t h e  c1a.i' p l a t e  a s  f r e c t u r e  of t he  
elumiiium tends  t o  occw a t  t h e  core  edge. This  tendenc;y is dec rwseu  
some-ihet by using a tapered  edze. 

Another p e c u l i a r i t y  of a l c l a d  thorium i s  t h e  ex is tence  of 
a t h i n  b r i t t l e  coppound l z y e r  a t  t h e  i n t e r f a c e .  The i r i t t l e n e s s  O C  
t h i s  l a y e r  r2ay not  be undes i rab le  i f  t h e  c ladding  i s  p e r f e c t ,  but  if 
a r y  void e x i s t s  t h e r e  i s  a tenc7enc;i f n r  s epa ra t ion  a l  ong t h i s  l e y e r .  
This  proper ty  becomes apparent  i.Ihen r o l l e d  p l a t e s  a re  c u t  ?pen. 

Varinus inter:Jediatc:  coatiii.;s have been app l i sd  i n  an e f ' o r t  
t o  e l imina te  t h e  f ormatioil nf  t h e  b r i t t J l e  l a y e r .  
coa t ings  no imprnvement 7rias ebservoa. Conpcr coa t inps  oxidized exces-  
s i v e l y  i n  t h e  ro l l i n : ;  p rehea t  and t h e  subsequcnt aehesion - ' as  pow.  
These coa t ings  viere appl ied by e l e c t r o p l a t i n g  anti by dipping i n  molten 
NaCl-CuCl. The f i r s t  of t hese  methods 1;rorked b e t t e r .  Dipping i n  m o l t e n  
Cu was t r i e d  but t h i s  r e s u l t e d  i n  rapic' s o l u t i o n  ~ \ f  thorium i n  t h e  copper. 

! i t h  d - S i  e u t e c i i c  

Thorium was a l s o  coated !:lith va r inus  Cu-iJ a l l o y s  by dipping.  
However, t h e  e l a d  samples s t i l l  shoved t h e  presence of a b r i t t l e  a l l n y .  

T e s t s  1;rer.e made . r i th  zinc-coeted thnrium produced by dipping 
These d i e  not bond ne11 due probably i n t o  molten E u t e c t i c  30 .  190 f l u x .  

t o  excess ive  nxida t ion  of t h e  z inc  d e s g i t e  l o  1 r n l l i n g  temperatures .  

A d d i t i m a l  testjs a r e  planned :-!ith s i l v e r  coated thorium. 

Severa l  other  exnerimcnts i n  c ladding  1 ere t r i e d .  I n  one o f  
"h is  pr ovidcs  t hese  t h e  thorium 1"as 13erf oreteci be?ore aluminum dippinc .  

a d d i t i o n a l  anchorage a t  t he  p e r r o r a t i o n s .  
without t h e  use of a frame around t h e  core.  This  "as not  ver;- success fu l .  

In  ano the r ,  c lnc ld in r  lies tricd 

I n  sone 09 t h e  e x r e r i o e n t s ,  l a m i r i a t i o n s  i n  t he  thorium w r e  
revea led .  
of thorium shee t .  

These sh :ula br c l imine ted  by irnproved -tecIii?iqves i n  nroduct ion 

If it -!ill not  be poss ib l e  t o  e l i m i n a t e  the b r i t t l e  l ayer ,  
a ther  methods may be develoDed. 
Another p o s s i b i l i t y  may be i n  t h e  use o.? pR'rder metal lurgy i n  nhich thorium 
granules  Tiould be embedded i n  an Eluminum matr ix .  

Perf o r a t i o n  cf t h e  thorium seems b e n e f i c i a l .  

An alumiriutn mock up i?; t o  be braze? s h o r t l y  t o  demonstrate 
whether an assembly of f l a t  thorium sand7-riches cen be brazed t o  curved 
s i d e  p l a t e s  t o  i:ltke a u n i t  s u i t a b l e  f o r  t h e  c o n t r o l  rocls. 

5.4 

A beryl l ium assembly i n  T:lhicii t h ~ ,  slabs have been bol ted toge the r  
with beryl l ium b o l t s  has been f a b r i c a t e d  and end boxes ar tached.  
assembly has been measured and found t o  be reasonably clp\se t o  t h e  des ign  

Th i s  
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t o l e r a n c e s ,  It i s  ready f o r  f u n c t i o n e l  tes ts ,  a f t e r  h i c h  it . ?I- be 
age in  inspected d iTens iona l lp .  
p i eces  \:ere due i n  some measure t o  inadequate  c a p a c i t y  of machine t o o l s .  
,.hen more adequate t n o l s  a r e  a v a i l a b l e ,  a cvmplete r e p o r t  can be - r i t t e n  
covering optimum machining technique.  Th i s  method of j o i n i n g  i s  of 
s p e c i a l  i n t e r e s t  i n  t h a t  it avoids  or reduces t h e  ser iol jsness  of s e v e r a l  
problems appearing i n  t h e  braz ing  of assembl ies ,  such a s  spacing, a l i g n -  
ment, and f l u x  entrappment. 
of assembly than  f o r  j o i n i n g  by brazing.  The problem of th reading  t h e  
s l a b s  (female) and t h e  bery l l ium b o l t s  (male) i s  not nea r ly  a s  seyious 
a s  t h e  prnblems iihich are  p e c u l i a r  t o  t h e  braz ing  nethod. 

D i f f i c u l t i e s  i n  machining t h e s e  ber-r l l  im  

Less machinin2 i s  r equ i r ed  fnr t h i s  method 

The success fu l  f a b r i c a t i o n  of' t h i s ,  t h e  "irst f u l l - s i z e d  
beryl l ium assembly, shwus c l e a r l y  t h e  f e a s i b i l i t y  o!' t h i s  method f o r  
f a b r i c a t i o n  of a l l  t h e  bery l l ium,  

The p g t  furnace  i n s t a l l a t i o n  i s  n w  complete and r'ork has  been 
s t a r t e d  mi t h e  dip-brazing nf l a r g e r  s e c t i o n s  of beryl l ium. The f i r s t  
t r i a l s  involved t h e  use of &].-Si a l l o y  cclverec? T-Tith A i r c n  flux. T e s t s  
on the  removal of aluminum f r o n  t h e  ho le s  i n  t h e  bery l l ium sho;! promise. 
To accomplish t h i s ,  t he  excess  alumiiiiim i s  pushed nut by means pf r o d s  
immediately a f t e r  removal from t h e  bath ,  A 3" x 61' x 5", f i ve - sec t ioned  
u n i t  has nov been processed , 

Some d i f f i c u l t y  i s  beinp experienced i n  f l u x  seepage through 
t h e  glazed t e rcod  c r u c i b l e .  
s i t a t e  t h e  use of sone o ther  ma te r i a l  a s  a con ta ine r ,  

This  i s  obviously undes i rab le  a1x m ~ y  neces- 

Scmples 07n bergl3.ium sprayed r l i th  h l - S i  eu- tec t ic  e l l o y  -sere 
rece ived  r ecen t ly .  
mechanically as  t h e r e  i s  no m e t a l l u r g i c a l  boxid iw.  Attempts ~ r c  r:ade 
t o  j o i n  s l a b s  by s p p l i c a t i o n  of heat  and modera-be pressure both i n  a i r  
2nd i n  a Fb bath.  The lRtter method Tias t h e  b e t t e r  of t:.e tvo ,  but i s  
not s a t i s f a c t o r y  as t h e  presence of oxiie ir, t h e  coatin:; i n t e r f e r e s  
r i i th  t h e  a l l o y i n g  process .  

?he c: oat ing  adheres  stroi?yl;r but can be scTxra+ued 

T r i a l s  '-!ere made i n  thc? deep d r i l l i n : *  of bery l l ium T:ith va r i ed  
success .  
slcm fees and no l u b r i c a t i o n .  
and breakinr. of thci ? r i l l s .  
but  o t h c r s  a r e  110~1 hcre .  
i s  d i f f i c u l t .  

rn ll/6411 hole  '-[as d r i l l e d  th ro ryh  a n  F i t  l png th  using hi@- speed, 
D i f f i c u l t y  i s  caliscC1 117 f l u t i n y  wear, s e i z i n g  

LS t h e  1ength:dianizter r a t i o  i s  l a r g e ,  alignment 
One carbolpy  d r i l l  ilas t r i e d  unsuccessfu l ly  

The nen hydrau l i c  feed r a t e  c o n t r o l  method developec' a t  
FarminEdale h i rc raf t sman CornorA,ien i s  being inves t iga t ed .  

I 

It has  been n o t e d  e a r l i e r  t h a t  t h i n  a b r a s i v e  d i s c s  c u t  bery l -  
lium b e t t e r  t han  t h i c k  d i s c s .  I n  t h e  use of t h e s e ,  moderate pressure  i s  
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recommended t o  avoid d i s c  d e f o r m t i o n  which causes  non-l inear  c u t t i n g  
and d i s c  breakage, 

I n  t h e  c u t t i n p  of t h i n  bery l l ium sect iof is ,  l a ' l e r a l  slipport 
minimizes riarping and cracking  n f  t h e  metal .  

SLrenath C h a r a c t e r i s t i c s  ?f Beryl&l-I. 

Thermal cracking tes t s  w r e  made by the  i!iduction h ra t in f  
of c e n t r a l l y  water-cooled beryl l ium c y l i n d e r s ,  The r e s u l t s  i nd ica t e  
t h a t  t h e  extruded beryl l ium has adequate l a t e r a l  s t r e n g t h  f o r  use i n  t h e  
neT,I p i l e .  
i n  t he  p i l e ,  bu t  no crac!tir:g r e s u l t e d .  

The t e s t  coriditi.ons w r e  more than  t,r,ice a s  severe a s  expected 

Adequate s t r e n p t h  '''as a l s o  shorn i n  the  t e s t  which involved 
t h e  Fress ing  nf  t h i n  t r a n s v e r s e  s e c t i o n s  beti;reen surfaces having knom 
r a d i i  of curva ture .  

Some of t h e  be ry l l i u i i  e x t r u s i o n s  rece ivcd  r e c e n t l y  "ere found 
t o  be u n s a t i s f a c t o r y  because af t he  presence pf t h i n  1 ongi tudinnl  i n c l u s i o n s  
which produce a f i b r o u s  f r a c t u r e .  These can he de t cc t ed  by end-crnpning and 
deep e t ch ing  YJith d i l u t e  s u l f u r i c  a c i d ,  They c8n elso be de tec ted  by 
f r a c t u r i n g  t r a n s v e r s e  s e c t i o n s  or by hcatinp: t o  a red heat  and quenching. 

5 . 5  

A sand-4ch i n  T-rhich t h e  co re  -1as brazed. t o  the  a d s  O'' t h e  
frame p r i m  t o  roll ini:  f o r  clzcldiilg r-[as receiveti  frcun thc: r o l l i n y  p i l l .  
Annealing show?  b l i s t e r s  a t  each 01" t h r e e  corners .  
examination shoT!ed a roundin;* of t:w l a t c r a l  corp edye an?  -oad  Sonc'j-rly. 
k s e c t i o n  through one of t he  h l i s i , e39  revealed porous core  n l l o y .  This  
may exp la in  t h e  usua l  occurrence o f  b l i s t e r i n ?  cn both s i c e s ,  ' i f h i n  t h e  
core  a r e a ,  an? t h e  presence of such b l i s t e r s  may be vore properly a t t r i b u t e d  
t 9  t h e  cqre a l l n y  cond i t ion  a t  t h c t  pn in t  than  t o  r o l l i g g  technique.  
Future  exanina t ion  of such b l i s t e r s  . ~ i i l l  iiiclude more d e t a i l e d  e:mmination 
of core  alloy i n  t h e  v i c in i t , y  of t h e  b l i s t e r .  

1 ,e ta l l  q ~ r a l - h i c  

Seve ra l  U-kl a l l o y  ::and:.iiches '!Ere received flrpm t h e  r o l l i n g  

The r o l l i n ?  d i r e c t i o n  
m i l l  i n  xprhich 110 frames ']ere used. Tile i n i t i a l  c w e  end clad6in;- t h i cknesses  
Tere each 1/16" in s t ead  of t h e  c r e v i o u s l y  used 1/811. 
vas reversed c f t e r  each pass  t o  r n i n i r  i z e  end bu l  *in. .  

The u s u a l  annes l  produced no ' ; l i s te rs ,  The edges,  holever ,  were 

Prolenged cnnea l ing  
not  well bonded and could be separntec? nechanicel. ly t o  about 1/2" with in  
the  core a rea .  
did not  improve t h e  edge bonding. Sa.np1.c~ exnmincd x A a l l o p a p h i c a l l y  a f t e r  
d i l u t e  c a u s t i c  e t ch ing  appeared. sound.. 
was t r i e d  t h e  l i n e  of s epa ra t ion  '.!as revealed. i n  tho  e.lumFiium. Another test 

The c e n t r a l  po r t ion  !ies i ~ c l l  bonded. 

Xowver,  !;riien s t rong  c a u s t i c  p i ck l ing  
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-. 
iilhich n ight  be t e r n e <  semi-des t ruc t ive  involves  bending and s t r a i g h t e n i n g  
t h e  p l a t e  causiny edge sepa ra t ion  i n  ponr ly  bonded p l a t e s .  
i n i t i a l  t h i cknesses  w i l l  be t r i e d  t o  ob ta in  b e t t e r  edge b o d i n g ,  

Intermediate  

It has been found t h a t  su r f ace  i r r e g u l a r i t i e s  can  he 
de t ec t ed  more r e a d i l y  i f  a Igykem coa t ing  i s  app l i ed .  
dark blue i n  c o l o r  and has  a gloss;T f i n i s h ,  producin;; p r e a t e r  c o c t r a s t  
betveen t h e  p r i n c i p a l  and sec oadary r e f l e c t e d  r a y s  a t  r c r i o n s  yr’iere 
d e f e c t s  occur. P r o j e c t i o n s  r-uch l e s s  than  .0005ft i n  l ieipht can he 
de t ec t ed  i n  t h i s  manner. 

This coctirlg i s  

The equipment f o r  t h i s  .-!ark has been t e a n n r a r i l y  s e t  up and 
p ro tec t ed  v i t h  lead  t o  brin:: r a d i a t i o n  ou t s ide  t h e  cab ine t  t o  t o l e rance  
l e v e l s .  The equip-aent h a s  been used t o  l o c a t e  c o r e s  i n  c l a d  U-A1 sand- 
r:iches, and s tudy  t h e  segrega t ion  and shrinkage c a v i t i e s  i n  U-A1 a l l o y  
ingo t s .  

3xposure techniques  have been developed for U - A 1  a l l o y ,  beryUium, 
and U-A1 a l l o y  sandT-] i c  he s . 

Dime ns i ona 1 I n s j e c  .-*.”---- t ion  

All brazed assemblies  9.” fuel or  ccr i t ro l  rod  des igns  a r e  being 
inspec ted  a s  a r o u t i n e  matter  and the  r eco rds  af t hese  r e s u l t s ,  nhen a v a i l -  
ab l e  i n  s u f f i c i e n t  rjumbers c r n  be used t o  determine nrnbahle  dev ia t ion  
from mean dimensions, !:urnher of r e j e c t i o n s  t o  be sxpected fo r  a given set  
of t o l e r a n c e s ,  or  t h e  i o l e rances  t h e t  will produce c? given percentage of 
ac ce p t  ab le  a ssembl ie  s . 

A small  amount of ~ ~ o r k  has been c40:ic on 7f-Al b o n l i n  as  8 
r e s u l t  of s p i r x n d ’ s  i n t e r e s t  i n  B i  cos a r e f l e c t o r  ma te r i a l .  “ E S ~  t i l o  
meta ls  am i n s e l u b l e  but  c m  be made t o  bond by t e r n a r y  a l l  oy for1  Ptiofi. 
One such alloy i s  t h e  Bi-Zn-61 ternar-1. Bonding r\F t h i s  t y x  c m  be oh- 
t a ined  through t h e  USC of .$lcoa X-62 flux i-lhich d e p o s i t s  Zn on t,he 1. %is 
f l u x ,  however, conta iLis  boron, r!hich vould be undes i rab le  if flux i n c  lu,T;ions 
were present  . 
formulated . If fi.irther Tiorlc is contemplated,  b e t t e r  fluxes cox~ld be 

6.1 

Ls  incli.cet,ed a t  t k  G-nd of t h e  l a s t  q u e r t e r ,  t h e  l i q u i d  rr,etal 
r e sea rch  has been c?ivided i i n o  t h r e e  c a t e g o r j e s :  
t r a n g f e r  cons ide re t ions ,  2 )  Txperimcntal  de criiljp: t i o n  of & a t  t r a n s f e r  
and 3) Tes t ing  of l i q a i d  % e t a 1  h a n 4 i n g  technicu3s.  

1) T > e o r e t i c a l  hea t  
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-. ‘The t e s t i n g  of ha.ndlini_. t echniques  h ~ s  been l imi t ed  dur ing  
t h i s  qua r t e r  t o  experience i n  c leaning  NaIi out of t h e  plugzed n a t u r a l  
convection system, and t o  t r a n s f e r r i n g  MaK frpm w e  vesse l  t n  annther .  
The use of 1csn pressme steam f o r  removing the  allo:r from r-;alls of 
equiFment, as  suggested by nther handlers ,  has been found q u i t e  s a f e  and 
easy .  ..,et steam caused no d i f f i c u l t y ,  a s  l m g  as  the  f l w  rras rapid. 
enwgh  t o  exclude a i r  and t Q  c a r r y  a m y  t h e  hyckogen ivhich was fFmed.  
A q u i e t  f lame, presumably of hydrogen, ’;!as observed a t  t h e  o u t l e t  of 
equipment f o r  a s h o r t  t ime a f t e r  t h e  steaming opera t ion  Segun. 

Transfer  from one t ank  t o  anqther  vJas e a s i l y  accomplished 
us ing  copper tub ing  ant? d r y  argon under pressure. 
c a t o r  operated p e r f e c t l y ,  and no  plugging of t h e  gas  bleed l i n e  t n  t h e  
a l l ? y  o u t l e t  pipe occurred. 

The t ank  l e v e l  i n d i -  

Piost 3f t h e  major p i eces  for t he  experimental  equipment have 
been b u i l t ,  and a c t u a l  i n s t a l l a t i o n  has  been begun, 

Xh%% 
The t h e o r e t i c a l  i n v e s t i g a t i o n  of hea t  t y a n s f e r  t o  l i q u i d  

meta ls  i s  noT:r r e l a t i v e l y  complete. I n t e c r a t i o n  or” t ho  yencrgl  equat ion  
has  been acconplished us ing  t h e  a c t u a l  v e l o c i t y  u i s t r i b u t i o n  da ta  of  
Nikuracise , and a simp1 if i e d  anproximate hea t  t ra r i s f f l r  cquai ion has been 
vorked  out f o r  l i q u i d  metals .  
and t h e  appr oxirnate 1 iqu id  metel ecpa t  ion  i s  c a r r i e d  out i n  t h e  i’olloT6np 
manner: 

The d e v e l o p c n t  of t!:e g e n ( r a 1  equat ion  

?e f i r s t  e s t e b l i s h  a d e f i n i t i o n  f o r  t he  hea t  t r a n s f e r  c o e f f i c i e n t  
and then  proceec? t o  s e t  up a r igo rous  equat ion  for it, i n  t h e  case ahe re  
phys ica l  p r o p e r t i e s  arc? unaffected by te!r;peratizr.e and !-!)-\ere hea t  f l p w  
through the  r j a l l  su r f ace  i s  un i fo rn  around t h e  tube 2nd a1w-g i t s  l.en{;th. 
Later  vie coinsider i n  a, cur so ry  Ray the  possi.ble ef.?r:cts of chanpes i n  
phys i ca l  p r o p e r t i e s  a.long tempereture g rad ien t s .  The developi?ont i s  
c a r r i e d  out f o r  t he  s i t ua . t i on  f a r  encugh frnrr! t h e  en t rance  t o  have e s t a b -  
l i s h e d  t h e  u l t ima te  v e l o c i t y  and temperature  nr of-iles. 

l?,s co2s ide rz t ion  i s  given heye t o  t he  ccse  -;There t h e  f l ’J id  ?oes  
n o t  v e t  t h e  i , ja . l l ,  a l though e x p e r i s e n t a l  :.ark rri th iriercury a t  General 
B l e c t r i c  and e l sevhere  has ind ica t ed  t h e t  t h i s  s i t ua . t i on  i s  ixpor t an t .  

The l e s t  tracsfe:. c ? e f f i c i e n t ,  or u n i t  conc?uctance of a f1oid.n~: 
system, 11, i s  def ined as  t h c  hen+) € l u x  normal t o  the ,rail s u r f x e ,  divided 
by d i f f e r e n c e  
temperature ,  

i n  temperatiire bet:leen t h e  rla!l su r f ace  and the f l o r  meDn 



. 
qvJ i s  t h e  hea t  per  un i t  time normal t o  t h e  , ?a l l  s u r f a c e ;  &;! i s  t l ie Brec?, 
of t h e  i:!all su r f ace  a c r o s s  vhich the  hea t  flol:is; t,, i s  t!?e teignere.tLre 
of t h e  s a l 1  su r face ;  and tm i s  t h e  f l o w  mean temperature  of t he  f l u i d .  

The f l n m  mean temperature ,  sometimes c a l l e ?  t k e  mean t emwr-  
ature,  t h e  bulk temperature  or t h e  mixed zean t e n n e r a t u r e ,  i s  the  temper- 
a t u r e  Tshich vrould be obtained by c u t t i n g  o f f  t h e  pipe a t  t h e  d i s t ance  ? long  
t h e  pipe i n  ques t ion  and ca t ch ing  a l l  t h e  floy9irig f l u i d  i n  a v e s s e l  .-There 
it i s  completely mixed. 
f l u i d  flo,*ring e t  each temperature  a c r o s s  t h e  tube .  

It i s  the  averaize vei;.hted by t h e  quan t i ty  of 

9 VI 
O u r  problem non c o n s i s t s  a f  findini;  t h e  r a t i o s  of t o  

Am var ious  (t, - tm) with va r ious  f l u i d s  floywing a t  va r ious  v e l o c i t i e s  i n  
s i z e s  of p ipes ,  where t h e  q u a n t i t i e s  i n  ques t ion  e r e  cons tan t  v i t h  r e s p e c t  
t o  t ime,  and symmetrical about t h e  c e n t r a l  a x i s .  

To f i n d  h ,  we must f i r s t  obta in  an excress ion  f o r  (t,.. - t )  i n  
terms of->-, 1.vhere t i s  the  temperature  a t  any d i s t a n c e ,  r ,  f r o m  t h e  c e n t e r  
of t h e  tube .  By appropr i a t e  i n t e g r a t i o n ,  t h e  veighted average 
(tr :  - tm) can t h e n  be found. 

.ie s t a r t  wi th  t h e  equat ion  

--- d t  - Q- = r a t e  of temperature  increase  
(2 )  d r  a a t  d i s t ance  r f r o m  t h e  tube 

c e n t e r  as  one moves a.:ay from 
t h e  cen te r .  

q i s  t h e  r a d i a l  heat  f low, at, d i s t ance  r ,  to:;ard the  tube  
c e n t e r ,  and A i s  t h e  a r e a  a c r o s s  vhich t h e  hea t  i s  flo!Ci1g a t  d i s t ance  
r f r w  t h e  tube c e n t e r .  I f  we consider., hsncefor th ,  o n l y  a uriit l eng th  
of  tube ,  A becones nm.er ica . l ly  equal  t ?  2 Z r .  

i s  t h e  t o t a l  conduct , ivi ty  of t h e  f l i r i d  i n  tht? t i i r e c t i w  of 
heat  f l o a ,  It inc ludes  both nolecular  conduc t iv i ty  2nd eddy t r a n s f e r  
It can include any o ther  conduction mechenism :!hi.ch a . f f ec t s  heat  flm t o  
t h e  f i r s t  po;-!er of t he  temperature .  
f e c t e d  by the  temperature  t o  a higher  no:rer i s  assumed t o  be neg l ig ib l e .  
K, i s  n o t  3. c m s t a n t ,  bu t  v a r i e s  a i t h  t h e  d i s t ance  r ,  

I;,a.l'iant t r m s m i s s i o n  :,Thick! i s  a f  - 

lre pre nar i n t e r e s t e d  j n  f i n d i n g  zn express ion  f w  g i n  terms 
of r or ' ' /here  r,.l i s  tl-ir r e d i u s  of t h e  tube ,  A 

r VI 

Since i! i s  n u m c ~ i c a l l y  equal  t o  2 T r ,  !ihen a u n i t  1-cngth 
of tube i s  considered 
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q will be found by summing up t h e  temperature  increase  per u n i t  I.~:ti.qth of 
p ipe ,  .--? d t  of a l l  t h e  f l o w  f i l amen t s  of f l u i d  .:lithin t h e  riri;;? of raclias r 
and mul t ip ly ing  by t h e  s p e c i f i c  hea t ,  c ,  amd d e n s i t y  of the " lu id .  
In  a d d i t i o n ,  ve must mu l t ip ly  each fi.l.nment by i t s  v e l o c i t y ,  u, sir.ce the  
v e l o c i t y  determines t h e  r e l . a t  i.ve a b i l i t y  of 8 given f i l amen t  t o  c a r r y  hea t  
ax ia  1 ly , * 

d z  

The s u b s c r i p t s  1 and. 2 indi.cate t h e  v d e r  of t h e  I . i z i t s .  
t h e  l i m i t i n g  value of r].. 
Nurrierical s u b s c r i p t s  on o ther  v a r i a b l e s  CRriq;; a s i ~ i i 1 . o ~  s ign i f i cance  For 
example, u1 i s  v e l o c i t y  a s  :? func t ion  of r 
i s  def ined  . a s  -L S2 = 29 or S2 i s  t h e  limit of S 
i s  r e so r t ed  t o  r w  becaxse t h e  development invol.ves t h r e e  suc- 
ces s ive  i n t e g r a t i o n s  a l l  n i t h  r e spec t  t o  d i s t ance  f r m  c e n t e r  of t h e  tube .  

'?hat i s ,  r2 i s  
Later '  r w i l l  be seen t o  be t h e  l i m i t  of r2.  7 

pnd i f ,  2 s  occurs belovr, S 
This  nomenclature 1. : 

dt nil1 be seen t r  be independent c\r" r, s ince  t h e  temperature  
dx under ?UT a:;sumptions v i11  not change a s  one mnves along 
;hen v:e i.nteg7'atc: a l l -  t h e  1 : q r  out t o  t h e  wa l l ,  rw9 !;E obta in  

p r o f i l e  
t h e  p ipe .  

r I' R 

(2') 

* Since our  a s sumpt i r i  n f  uniform temperature p - o f i l e  213ng x l e a i ' s  - to  a dL cons tan t  va lue  of --) it' 3lso i n d i c a t e s  constai?t  hea t  -flo:-r by cnnductance 
f o r  a. given fi lamed? i n  t h e  axial .  S i r ec t i . on .  
small  volume, ( d r ,  de ,  d z )  i n d i c a t e s  by in spec t ion ,  t h e r e f o r e ,  t h a t  t h e  
n e t  --. heat, introduced by molecular m u  eec!y conduc t iv i ty  al.cng r can only 
leave  a s  i i icreased heat, conten t  of t h e  l i q u i d  Txissing through t h e  volume 
i n  t h e  z d i r e c t i o n .  I t  i s  a l s n  c l e a r  t h a t  s i n c e  -.E have assumed s t eady  
s t a t e ,  a l l .  of' t h e  teripera-ture r im of t h e  ? f lu id  paszj.!1g through t h i s  sinall 
vc?lume must be a c c p n t e d .  for by heat  enterin;;  alon:: the  r ad ius .  
i s  assumed t o  fl.o::! c i rcumferont i -a l ly ,  s ince  the  system i s  symrr.etri.ca1 
about t h e  z a x i s .  

ii heat  balance around a 

I10 heat 

(See Figi,re 6) 



.. 
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2 i ‘Is u r d r  

Phys ica l ly ,  u i n  sir2plj: t h e  average v e l o c i t y  of  t he  f l u i d  i n  t h e  tuhe .  m 

V! ’ The r a t i o  of y t o  q t h e n ,  is 

3: 

YTI 
i f  rre def iiie S as  S Z --- 

S u b s t i t u t i n g  equat ion  ( 4 )  Cor q and equat ion  (3)  f o r  1. in 
equat ion  ( 2 )  f‘or E ire ob ta in  

d r  ’ 



.. 3 
I n t e g r a t i n g  hoth  s i d c s  of‘ t h c  p rcce l ing  equa t ion  from r 

t 3  i t o  the i ~ l l ,  r 2  z rlJv Gives us  on equat ion  fcr t,, - 

o r  

s, li 

I - s3 
s2 

:!here D 2 r or the diameter. o f  the tube and S,, = 1 v 

(ta - tm) cen noT7 be found by averaf-ing (t17 - t3) from t h e  
c e n t e r  t o  t h e  Ilia11 usiny t h c  . iciQ-Pt f a c t o r  27?’r2u- and i r l tegra t ing  y - f i t h  
respec t  t o  r J -3 

3 s, 
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If *.e non s u b s t i t c t e  i n t o  equat ion  (l), re nhtain:  

Mu i s  the  Nusse l t  d iment ionless  modulus def ine6  a s :  
molecular t h e m a l  cocduc t iv i ty  of t h e  f l u i d ,  

= hD r, and k i s  t h e  

Limi t ing  Value pfgg 

k number of i n t e r e s t i n g  p o i n t s  a r e  d i sc losed  i n  equat ion ( 6 ) .  
, ~ i t h  it can be s h o w  t h e  attcc1.s made by von Iiarman and P a r t i r l e l l i .  
l a t t e r  used t h e  approxina t ian  t h a t  --- .: 1 over t h e  e n t i r e  range except  f o r  

p2 ren t ly  n o t  for t h e  t h i r d ,  
f i r s t  and t h i r d  i n t e g r a t i o n  equat ion  (6) reduces t o :  

The 

a n e g l i z i b l e  reg ion  near thr: Tiall., .u 
f o r  t l ie first i n t e r r p t i o n ,  but  ap- 

If we use t h e  assumption -2- = 1 f o r  both t h e  
''m 

1 _. - 

.. - K t h e  apparent conduc t iv j tg  of t h e  f luici  a s  a func t ion  of S ,  the norEalized 
d i s t ance  from t h e  cen te r .  
be equal  t o  t h e  t73lecular conduc t iv i ty  p l a s  t h e  condirct,ivitjr due to eddying; 
Or = k + E clhere E i s  t h e  i ~ o i n t  va lue  of eddy conc iuc t i~7 i J~y  i n  u n i t s  of 
heat / ( t i rne)  (a rea) ( t€mpera t i l re / le i  e t h ) .  

The o n l y  vrohlem i n  so lv ing  t h i s  eyyat ion  i s  t h e  e v a l w t i o n  o f  

In  most  s i t u a t i o n s  I!hich a c t u a l l y  a r i s e ,  I"; .-,ill 

It i s  seen t h a t  nhere t h e - f l u i d  has a very h igh  molecular cnn- 
d u c t i v i t y  t h e  apparent  conduc t iv i ty ,  E,, annrgaches 'i, and e q u a t i m  (6a)  may 
be s impl i f i ed  s l J i l l .  f u r t h e r  t o  p ive:  



h4- 
k 

The i n t e g r a t i w s  i n  t h i s  equat ion  can be c a r r i e d  out very  
simply a s  shovmr 

This  i s  t h o  1i::iiting va lue  o f  Nu vhen k becomes large using 
the aPProximation u = over t h e  e n t i r e  r a d i u s  of t h e  t ube .  

F I a r t i n e l l i  i n  h i s  pc7ners f n i l e d  t o  extend his Tlork t o  t h i s  
Eiis nethod, nhile G i r e c t c i  to1 a r d  t h e  same ob jec t ives  and f o l lov ing  

He d o e s  refer t o  a lirnit,ing value 

l i m i t .  
t h e  same re2soning i s  narkedly d i f r c ren t ,  i n  d e t a i l s  an2 obscures t h e  s i m -  
p l i c i t y  of t h e  ca l c i i l a t ion  of t h e  l i r n i t .  
obtained f r o m  Jorris and  streid's vlcrlc yrith lominar f l a n .  
pec ted ,  t h i s  g ives  a cot is iderably 1oller l i r i t i n g  va lue  f o r  jh., t h s n  f o r  
t, ur bu l  en  t f 1 ov; . 

s y u l l d  be ex- 

He has n m  issued  a c o r r e c t i o n  Tihich i n  a d d i t i o n  t o  r<:ctifyi:rlg 
an er or l i s t s  va lues  of lJu. a t  = 0 a s  ranf ; in i ;  f r o r :  7.P2 t o  7.2'; a t  Re 
of 10 T, t o  106. 



.. 
0 <' of S g ives  t h e  r e s u l t  t h a t  a t  Re = 

Re = 3,240,000, ldu = 7.15.** Te see ,  therc 'ore,  t h a t  t h e  l i m i t i n g  
value f o r  Nu i s  roughly 7 and t h a t  t h e  exror of us ing  t h e  approximation 
u = um i s  about 142 i n  t h e  l i n i t i k ig  va lue .  

Nu : . c , 4 ,  and a t  

Kolecular conduc t iv i ty ,  k ,  hns t h e  u n i t s  of (hea t ) / ( t imc)  (area)  
( tempera ture / length) .  
ob ta in  t h e  mnlecular d i f f u s i v i t y  of heat,---;-. 
a r ea  per  t ime. 

If '.re d iv ide  k by c , t h s  volume hea t  capac i ty ,  lie k T h i s  p rope r ty  has t h e  u n i t s ,  
c a  

.:e nol; f o l l o ~ !  n cl:1ssical l i n r  of reasoning  p a r a l l e l  t o  t h a t  
y.Torked! out o r i g i n a l l y  by Trandt l  f o r  momentum. 

bie have a l r eady  seen t h a t  

T-Jhere P i s  d e n s i t y ,  and,,r.i , v i s c o s i t y .  

F l u i d s  f lowing 1 6 t h  a value of Fe belo::! about /,COO of ten  move i n  a 
laminar fash ion  r a t h e r  t l x n  Cwhulc~n t ly .  Thc {:encral. cievel.opment i n  
t h i s  r e p n r t  h o l d s  . for  110th lei-r,inar cnd t u r b u l e n t  f l y ,  b u t  t h e  numer- 
i c a l  r e s u l t s  a r e  ca l cu la t ed  0l-il.y .For Pl.ui(Js i n  t ,u rbulen t  motion. A 
Reynolds 5!odulus o f  3,240,000 i s  cnns iderably  above t h a t  usual1 y found 
in ordinary licat tran:;fer equipment. 

** These c a l c u l a t i p n s  g re  s t r a i r h t f o r - l a r d ,  y raphica l  i n t e g r a t i o n s  and 
a r e  n o t  shorn here because 02 si?ace l i n i t a t i o n s ,  and s ince  they  
f o l l o v r  the obvious coixrse. Lxamplps r r i l l  be @veri i n  the f i n a l  
r e p o r t  on t h i s  problem. 

. 
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where q f l m s  t w a r d  the cer;ter of t h e  pipe.  T h i s  nag a l s o  h r  - 1 r i t t e n  

The h e a t ,  qE, y-lhich f1m:s by v i r t u e  cf eddying only,  can be given by 

I n  t he  eddying s t ream, l e t  us consider  t x o  f i l amen t s  p a r a l l e l  
t o  t h e  a x i s  and a d i s t ance  . t a p a r t ,  

d t  
8 U  d r  
d r  

The temperature  d i f f  rence bet7:leen t h e  f i l a m e n t s  i s  j ’ ,  -- and 
t h e  v e l w i t y  d i f f e r e n c e  is 2 ---. 

If a lump of f l u i d  r e t a i n s  i t s  i d e n t i t y  n h i l e  moving betveen 
the  f i l amen t s ,  it 7*rill c a r r y  a.n a v a i l a b l e  hea t  p ropor t iona l  t p  

.,!. - d t  c : . Upon eiit,cring t h e  nei-7 f i l a m e n t ,  t he  lump v l i l l  d i sp l ace  
dr another  lump .-,hich must u3.timately r e t u r n  t o  t h e  f i r s t  f i lament  

as  shovn i n  Figure 7. If  t v o  co~iti.nuous s t reams of  lumps f l o ~  ketveen 
the  two f i l a n e n t s  ne have .-!hat e.ppt?ar’s t o  be an eddy moving dp,wnstream 
a t  a r a t e  bet!!een those  3f the ts-ic f i l amen t s .  
eddy s p i n s ,  and hence the v e l o c i t y  ivith + ich  t h e  lumps irove from one 
f i lement  t o  tlie o ther  v i 1 1  be p r o p o r t i m a 1  t c :  t h e  d i f f e r e n c e  b e t w e n  
t h e  v e l o c i t i e s  sf t h e  tw fil.emetits. 

The speed with vhich t h e  

Hence ne may c r i t e ,  

where B i s  same p r o - - m t i c n a l i t y  cons t an t .  Let us noi:J def ine  t. s o  
t h a t  BH 11 = -1, That is, A! i s  def ine3  by t h e  equat ion:  H 

H 
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Hernemberinr Equation ( 7 ) ,  TY nay a1 s3 Tirite 

Sirnil s s l y  --or inctmcdiiturn t r e n s f e r ,  the  shear I:, I tic t o  
eddying; i n  uni.ts of f o r c e  wr ui i i i  aroa i s  proqorti.ona1 t o  t h e  r a t e  
of momentum t ransfe l l .  

arid assumes 5 i s  a coiistarit.  

. :e  v~iJ.1. alstl Fc;surne F i s  a cons tan t .  'iher. i s  s o  1it t l .e 
evidence re;-:ardini: this quan t i ty  t h a t  i.f ::re ere t o  ohte in  any kind of a 
s o l y t i o n  w a r e  forced t o  thi.:; assurnpt,ioH. /e ~ i 1 . l  czrvj;  it 8,s a con-  
s t a n t  t h r x y h  t h e  f'iiia.1 c a l c u l a t i c c a  pnd i n t o  t h e  s impl i f i ed  equat ion.  
There, u n t i l  i t s  t r u e  nature becorirs bnol-in, ~e :!ill assume it i s  u n i t y  
i n  the  c a l c u l a t i o n  of p r~ ,b lems.  



o r  

. 
rhere Pr  i s  t h e  f i a n d t l  m o d u l ~ ~ s ,  
v i s c o s i t y ,  +. 

c_-A--. 
!c 2nd There 1.: i s  t h e  kinematic 

or 

But a . l so  

Hence 
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and 

T1ii.s nay ~ l s o  be . -mit ten 

I n  t h e  preceding development 

P i s  the s t a t i c  r ress i i re  of the f l u i d  

';--is t,he shear 

IF" -/ 23 i s  f r ecpe t i t l y  rei'erred t q  a s  t h e  f r i c t i o n  v e l o c i t y ,  l e s i f n a t e d  
by v*. 

From Equat ion (9) :'e l e p r n  that ,  t h e  f'r:ict,ion v e l o c i t y  i s  t h e  
mean v e l o c i t y  t imes  t h e  square roQt of ha l f  t h e  frtction .f?c-tor. 

Tvr)  d imensionless  terms involviry; velocit ; ;  an6  c' istance t o  
t h e  v a l l  can no'' be def ined 

and i f  y i s  the d i s t m c e  f r o m  t h e  i-Ial.1, 

Fe is  pf course t h e  Eeynolds modulus, 

It vi11 be observed t h a t  

. 
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.. 
S u b s t i t u t i n g  i n t o  Zcuation ( 6 e )  7.e o h t r i n  

t + Lvalua t ion  of u *and._y- 

Nikuratise, on ifhose d a t a  I-re p l an  t o  r e l y  i n  l a r g e  p a r t  for t h e  
u l t ima te  ca l cu la t io t i ,  nbtained an  approximate p r i e r a l  equat ion  f o r  u* 
i n  terms of y* vrbich holds  rcasoliably ne11 i n  the  t u r b u l e n t  core of t h c  
f l u i d  stream f o r  a l l  Reynolds woduli: 

ut  z 5.5 + 2.5 3.3 y+ 

where fllnfl i n d i c a t e s  t h e  n a t u r a l  logari thm. 

This  mey a l s o  be w r i t t e n  

where u4 i s  t h e  v e l o c i t y  a t  t h e  c e n t e r  line s ince  
L -  

u .  - - k  

and 

t u = 5.5 4 2.5 I n  y,‘ 
d.. <I- 

i- 

> more accu ra t e  but cnmplicated express ion  has been devel-oped 
by ‘.:lang, 

von Iiarman has proposed the  f KLloning express ions  f o r  u* v s  
t 
Y i n  t he  t r a n s i t i o n  and laminar rey;ions; 
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ut = -3.05 c 5.00 I n  y', i n  bu f fe r  reg ion  

U+ = y + ?  i n  lrrninnr l a y e r  

He b e l i e v e s  t h a t  t h e  leminar l a y e r  exLends f rom t h e  *:Jal1 t o  
y+ Z 5, and t h a t  t h e  bu f fe r  o r ' t r a n s i t i o n  reg ion  extends from yf = 5 
to y' = 30. 

I n  FigU'e 9 
a r e  r i v e n  t h e  corresponding 2- vs s curves  f o r  Re = 4000 and 
Re = 3,240,001~ 1::hich a r e  the ,  'um ] . h i%s  of 1 'e:;~rjolds range' me.as&d by 
i l ikuradse.  

These equa t ions  w e  shovn p l o t t e d  i n  Fj.,yme 8 .  

R hcs  hceri def ined  i n  t h e  equat ion  

Aside from A , nhich v!e a r e  simply camyini '  a! on;:, the  on1;- 
? h i s  can bc ohtainec' by d i f fe ren t ia -Ling  u' 
d i r e c t l y  Ernm Ililturnclse 1,ho l i r s  t ebu la t ed  

unknol-.n term i s  (Im o r  
vrith r e s n e c t  t? y + ,  o r  I '  

experimental  v s l u e s  of  

c m ,  -- 

nut  

Hence 
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I n  order t o  shori ho7-7 t h e  hept  corductpnce or  t h e  system chani e s  
i n  t h e  ne& hhorhooc, of t h e  v a l l ,  :!e present  Figure 10. The heat con- 
ductance i s  p ropor t iona l  t o  t he  group 

d u+ --- 
d y t  ' t h e  tern; d m / v '  can  be eva lua ted  f r o m  t h e  above e x m e s s i o n  f o r  

assunin[; 3 t o  be very c lose  t o  u n i t y  (near  t h e  s a l l )  and using 
Lq. (12)  and (11) t o  c a l c u l a t e  va lues  of du+ i n  t h e  laminar and bu f fe r  
r er ions r e spec t  i v e l y  , and the  cor r c  SP o:iLt&$'e quat  i on  

+ 
U+ = 5.5 2.5 I n  y 

of Hikmadse i n  t h e  t u r b u l e n t  core .  The f o u r  1oT-ler curves  of F ig .  lc! 
r e s u l t .  By assuming a value of 0.005 f o i  t he  P r a n d t l  number ( t y p i c a l  
of a l k a l i  meta l  a l l o y s )  pnd cornhiriin<g 1/Pr v i t h  6/L'n t h e  t n n  upper 
curves a re  obtained. (It i s  a l s o  ossumed t h a t  t h e  unce r t a in  cons t an t  
i ' i s  un i ty , )  ,.e see t h a t  rrhen i'r i s  l a r p  2- is c o n t r o l l i n t .  i n  t h e  

2' sum 
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t h a t  f ,  t h e  f r i c t i o n  f a c t o r ,  i s  a f u n c t i o n  of Re a lone ,  E i the r  t h e  
genera l  approximatiofis f o r  u4 as  a func t ion  of yc' may be used i n  these  
c a l c u l a t i o n s ,  or :.le may use t h e  a c t u a l  experimental  r e s u l t s ,  I t a r t i ne l l i  
chnae t h e  f orner i n  h i s  development which d i f f e r s  f rom,  but p a r a l l e l s  
t h e  one here.  Ten Karman as  a predecessor  of l i a r t i n e l l i  a l s e  used t h e  
u+ equa$ions,  and ignored molecular cnnduc t iv i ty  i n  t h e  tu rbu len t  reg ion .  

.!e use the  d a t a  of Nikuradse d i r e c t l y  by means cf : , ranhical 
i n t e g r a t i n n s ,  and hencR me avoid any e r r o r s  due t o  t h e  inaccurecy of 
t h e  gene ra l i za t ion .  The r e s u l t i n g  s e t  n f  ccriputed va lues  of 1Ju -,ill 
e v i d e n t l y  be f u n c t i o n s  of those  q u a n t i t i e s  rrhich appear i n  Eq. ( 6 f ) ,  
which can be cmbined  i n t o  t h e  f a m i l i a r  dimensionless  groups 

c I f  

k 
p r  = -E?---- Z P r a n d t l  nurnber 

By t r i a l  '-18 f i n d  t h a t  1;rhen 7 - m  p l o t  t h e  va lues  of !Ju a g a i n s t  
t h e  product of d - P r  0 Re, the  p n i n t s  f a l l  clpse t o  a s i n g l e  l i n e  re- 
g a r d l e s s  qf Reynolds number. 
l i m i t  of Nu i s  abnut  7, and '?;e f i n d  t h a t  a s  - Pr . Re becomes l a r g e ,  
wi th  Pr remair ing l e s s  than  1, IJu approaches .023( ' Pr Ite).' 
t h e  p o i n t s  appear t o  f i t  reasoriably w l l  t h e  e q u a t i w  

e have a l r e a d y  ind ica t ed  t h a t  t he  l o v e r  

A l l  of 

nhere  Pe, t h e  k e c l e t  modulus may be thought of a s  t h e  product of t he  
P r a n d t l  and the Reyrio1.d~ moduli, or 

It i s  found t h a t  values  c a l c u l a t e d  by I i a r t i n e l  i f a l l  very  
c l o s e  t o  t h i s  l i n e  a s  n e l l ,  The agreement i s  shorrn i n  Figure 11. 

This c o r r e l a t i o n  will be expected t o  be b e s t  f o r  f l u i d s  l i k e  
l i q u i d  metals  \-!hi& have a l o T ]  P r a n d t l  number, nince f o r  such f l u i d s  
t h e  molecular conduc t iv i ty  Qf t h e  f l u i d  i s  s o  hiEh t h a t  heat  f l o w s  
r e a d i l y  through even a r t - l e t i v e l y  t h i c k  laminar f i l m  a t  t h e  Tiall. The 
exac t  v e l o c i t y  d i s t r i b u t i o n  i s  hence uninl-nrtar,t,  and the  u n c e r t a i n t i e s  
r e s u l t i n g  from our !loor kncvlec'ge e f  t h e  r e l a t i o n  betneen u+ and y+ i n  
t h e  laminar and buf fer  l a y e r s  cause l i t t l e  error i n  t h e  i n t e g r a t i o n  of 
E q . ( 6 f ) .  F l u i d s  ~f high F r a n d t l  number, on t h e  o the r  hand, do not f i t  
t h e  c o r r e l a t i o n  very  vieell, 

It will be observed t h a t  t h e  v i s c o s i t y , p ,  does not appear i n  
Eq. (13). From t h i s  and t h e  f a c t  t h a t  v i s c o s i t y  i s  usua l ly  t h e  proper ty  
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m o s t  s e n s i t i v e  t n  temperature  change, it may be argued t h a t  n u r  
assumption cJf no s i g n i f i c a n t  proper ty  change r l i t h in  t h e  f l u i d  i s  
n o t  a misleading m e .  Support i s  given t h i s  argumcnt by recogni t ion  
of t he  high hea t  t r a n s f e r  coe f f i c i . en t s  vihich n i l 1  be obtained,  s o  
t h a t  t h e  a c t u a l  temperature  d i f f e rcnce  between the  rial1 and the  
s t ream cen te r  r 7 i l l  bo r e l a t i v e l y  small .  f o r  o rd ina ry  hoaI f l u x e s ,  

Numersiis problems can  be attac!;ed usin,? t h e  approach dewlope6  
here.  
(6f) can be evoluated,  usinp a c t u a l  experimental. v e l o c i t y  d a t a ,  t p  give 
va lues  of Nu a t  lsa P r  a s  a func t ion  o f  @ P r  and Re, and these  i n  t u r n  
y i e l d  an approximate equat ion  f o r  IJu a t  l o w  F r  a s  a func t inn  nf d Pe. 
Experimental  rfnrk i;rith i4aK a t  another  l a b o r c t o r y  i s  repor ted  c m f i d e n t i a l l y  
t o  check the p red ic t ed  hea t  t r a n s f e r  c o e f f i c i e n t  :.rithin a b w t  10;s. 

Ps alrea(Z;,- shoirn, t h e  t h e o r e t i c 0 1  r e l a t i v e l y  r i l i o i  ous equat ion  

The appr oxiriiate ecjuati.cn i s  u s e f u l  i n  p r e d i c t i n g  the  r e l n t i z n -  
s h i p  betiE0n the  hea t  t r a n s f e r  c g e f f i c i e n t ,  and t h e  v e l o c i t y .  Such a 
r e l a t i o n s h i p  i s  h e l p f u l  i n  eva lua t in ; .  experiiiiental heat  t r a n s f e r  d a t a  
from double tube  exchangers where o n l y  t h e  f l u i d  t,empt=ratures are Itnoi-In, 
s ince  it i s  rtbvious froin t h e  curve i n  Fit-um 1$ t h a t  i n  genera l  t h e  h 
f o r  l i q u i d  meta ls  does n o t  v a r y  a s  t h c  .I pv:fer of U. A varia4,ion from 
t h e  usua l  i l s m  p l o t  method i s  needed, b a s &  i n i t i a l l y  on t h e  h change 
n i t h  u shown by Q U ~  develnpment, 

It has  been mentinnee t h a t  t h e  v e l c c i t y  d i s t r i b u t i o n  i s  not  
well e s t a b l i s h e d  i n  t h e  bu f fe r  o r  laminar  region.  Heat t r a n s f e r  coef-  
f i c i e n t s  p red ic t ed  by vnn Kmman and I1~~!ar~tinel. l i  ~n t h e  momentum - hea t  
analogy a r e  lw! r!hen comlxired : i i th  experimental  r e s u l t s ,  a t  P r  obove 
about 100, 
garding t h e  ve l t ?c i ty  tiistJ?i.bu'tian, and hence t h e  value f o r  t he  eddy 
d i f f u s i v i t y ,  i n  t h e  buf fer  reg ipn  and. p a r t i c u l a r l y  i n  t h e  laminar reg ion .  
It i s  obvious f r o m  the  ? e f i n i t j p n  of R t h s t  a t  high P r  numbers very  
small va lues  o f  eddy d i f f u s i v i t y  may have k r g e  e f f e c t s  on the  he;.t 
trail sf e r  c oeff i c  i e n t  s , 

This  diwrepaticjr  may be due t o  inadequate infor rmt icn  r e -  

It i s  bel ieved t h a t  an equat ion  f o r  IJu, s i m i l a r  t p ,  t h e  equs t ions  
6 bu t  somer!hat simpler i n  form, can be develepec? f o r  t h e  case of hi::h 
P r a n d t l  modulus us ing  a number ef assumptians.  
t h i s  case wmld be t h a t  t h e  temperature  Zrnp frpm t h e  m l l  t o  t h e  e c ' p  
of t h e  t u r b u l e n t  r eg ipn  i s  l a r g e  compared r i i th  t he  ternperzture d i f f e r -  
ences a c r o s s  t h e  t u r b u l e n t  co re .  
t a i n  a term inv3lvin:; R or  

One such assumjition f o r  

Such an  equet ion  :.rould of c o w s c  con- 

For t h e  case  of F r a n d t l  mcdulirs g r e a t e r  than  one, experimental  
d a t a  have g e n c r a l l  
Nu = ,023 Fie'' ~ r * ' ~ .  

been found t o  fit  Colburn 's  empir ica l  equat ion 
I f  ':re equate h i s  express ion  Tiith pur simDlif ied 
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high  Pr expres s i an  f o r  ?Tu9 ve should obta in  an equat ion  inva lv ing  Re, 
P r ,  E ,  and S. 
r e l a t i o n s h i p  between R and S .-!ith Pr  and Le a s  parameters .  
given value of P r ,  va lues  of -!!L can he ca l cu la t ed  from correspcnding 
va lues  of E .  i%lL rlil-1 be recognized a s  t h e  r a t i s  of eddy d i f f u s i v i t y  
of mnmentum to’mnlecular d i f f i i s i v i t y  of momentum. 

From t h i s  equat ion  it should be poss ib l e  t o  develop a 
For a 

Y 

Knoiq-lec‘ge of t h e  va lues  of 2% - r i t l l  r e s p e c t  t o  S f;ives us a u. method of computing t h e  v e l q c i t y  a i s t x i b u t i o n  i n  t h e  laminar and bu f fe r  
r eg ions  a t  p p i n t s  very  c lnse  t o  t h e  wall. 

Such v e l o c i t y  d i s t r i b u t i o n  information has a p p l i c a t i o n s  i n  
hydrodynamics :.lhich i n  t u r n  may l ead  t o  b e t t e r  understancin; of f l 0 7 . r  

and hea t  t r a n s f e r  i n  non-tubular channcls ,  t h e  a s t ima t ion  cf end e f -  
f e c t s ,  and a b e t t e r  understpnding nf e x t r u e t i o n  and absorp t ion  phenonena. 

The t,hsory npens t h e  nay f n r  s tudy  P? p t i e r  d i f f u s i o n a l  mob-  
l e n s  such a s  hea t  t r e n s f e r  betneen p a r a l l e l  p l a t e s  o r  i n  aniiuli  llhere 
only me s i d e  i s  heated. 
i n  the  cen te r  of such a s t r e a n  i s  ind ica t ed  by the  minimum i n  eddy d i f -  
f u s i v i t y  a t  t h e  c e n t e r  of a tuba repnr ted  by IJikbradse.  I 
approach used i n  developing Eq. (5) can be used t o  develop similar 
equa t ions  f o r  a n n u l i  and other  shanes v k r e  tl?! s YTerti-al b a r r i e r  occurs.  
Frfsrn the r e s u l t s  of such a s tudy  a b e t t e r  i~c thoc :  of c o r r e l a t i n ; .  e m p r i -  
n e n t d  d a t a  may be fsurid, 

The ex i s t ence  of  a p a r t i a l  d i f f u s i o n a l  b a r r i e r  

The gene ra l  

I . o s t  important  rtf a l l ,  t h e  deve3opmcnt cnd  i t s  rc:jults give a 
b e t t e r  q u a n t i t a t i v e  i n s i g h t  i n t o  t h e  mechanisms ilhich a“fec-? the  much 
used, bu t  l i t t l e  uncler stond heat  t r o n s f e r  cpeff’icient i n  c i r c u l a r  t ubes  
--alreac’y p iv ing  us  P re l r t ive l ; , r  sim.olc p r e d i c t i o n  of‘ t h i s  c o e f f i c i e n t  
f o r  l i q u i d  meta ls ,  

The t h e o r e t i c a l  ~ ~ o r k  i s  be ing  continued c l o n r  t h e  l i n e s  ind i -  
catec! above i n  an a t te r ip t  t o  nbtain a s i n p l i f i e d  equat ion  f o r  t h e  
v e l s c i t y  d i s t r i b u t i o n  i r l  t h e  buf fer  and lemiri; r r eg iens .  

A .  P, Colburn Trans  AIChE 29 r p  174-210 (1933) 

h .  C .  ! a r t i n e l l i  S i x t h  I n t e r n a t i o n a l  Con/”resa f o r  i.r.plied 
I’:echanics, P a r i s ,  :eptember, 1946 

E . C .  I a r t i n c l l i  ------”..- Trans kSEB 69 pp 547-959 (1947) 

J .  Nikuradse 

I .  H. IJorris & D. D ,  S t m L d  ~rc.ris_d&B.E2.2 pp 524-533 (19.40) 

H, F,eichardt 

Chi-Teh “ang 

V.D.I .  ..Torschupg,&f4225 36 pp (1932) 

~ ~ h n ~ c a , l _ L ~ ~ ~ ~ ! ~ ~ - - ~ ~ ~ ~ ,  IIJkCA (September 1943 ) 

J p u r n a l  _I__” of l lpdiec‘ .^___ I -.-------------- echpnics  k86 pp 85-90 (1946) 



c - Hest c a p a c i t y  

f: - Fanhkg f r i c t i o n  f a c t o r  
i - d e n s i t y  (ue iyht  u n i t s )  

4 

6 - g r a v i t a t i o n a l .  c onstank i - d e n s i t y  (mass u n i t s )  
-+. 

h - heat  t r a n h f e r  d oef,'icient ! - shea.r 

k - thermal  c o n d u c t i v i t y  

- mixing l eng th  
Dimensionless CTrou22- 

I- 

q - heat  per  u n i t  time flayling u+ = E 2- 2 
r a d i a l l y  t m a r d  t h e  c e n t e r  V'K u, '7- 

- -- 
of t h e  i i p e  y* = _Y v?, =J- E f 

rl-1 2 i.' r - d i s t ance  f r o m  cen te r  of pipe 

t - temperature  hD Nu = - 
'k 

_... -- 
P . .  I c D u, 

I '  _- u - v e l o c i t y  of f l u i d  

I a -__ , t t  v* - f r i c t i o n  v e l o c i t y  = - 7 7 ; .  . pe .,= ------"- 
k 

y - d i s t ance  f r o m  wall 

k - Area normal t n  hea t  flom 

- C L  
Pr - k 

B - F r o p a r t i n n a l i t y  cons tan t  

D - tube diameter  

E - eddy c m d m t i v l t y  - - K - e f f e c t i v e  c m d i c t i v i t y  = k 4 E 

P - s t a t i c  p re s su re  

2 - d i s t ance  along tube 

';H -" - --- 
I- 

),! 

k - eddy d i f f u s i v i t y  (a.rea/tirne) 

8 - angle  disFlaced around tube  ax is  

- v i s c o s i t y  

- kinematic v i s c o s i t y  : A-- 
,9 

( )!us se  It ) 

(Pecle t ) 

(Reynolds) 
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NOIKLNCLATTRE (Continued) 

r e s p e c t i v e  f i l m e n t s  of f l u i d  

a t  c e n t e r l i n e  of t ube  

mean n r  average 

a t  r a l l  

eddying 

hea t  

rnnmentum 

r e f e r r i n g  t o  f i r s t  i n t e g r a t i o n  i n  Eq. (6)  

second i n t e g r a t i o n  i n  Eq. (6) 

t h i r d  i n t e g r a t i o n  i n  Eq. (6)  

I n  a d d i t i o n  t o  t h e  hc.ndLin ', experimental  and t h e o r e t i c a l  work 
on l i q u i d  metals ,  cocs iderablo  t ime . , J E ~ S  spent  Curing t h e  qua r t e r  i n  
a s s i s t i n F  and a1,tending t h e  rEPA lieat  'irat s fe r  Synposium i n  December; 
t h e  Heat Transfer  dyniposium held by t h e  I n d u s t r i a l  an2 Engineering 
Chemistry C iv i s ion  of t h e  LCS i n  Chicago vas a t tended;  and Sec t ion  I V  
vas  a s s i s t e d  i n  determining the  thermal  conduc t iv i ty  2f var ious  concre te  
samples. 

During t h e  f i rs t  veek i n  December cons iderable  d i f f i c u l t y  va,s 
experienced i n  removing a svo l l en  s l u g  from m e  of t h e  channels  i n  t h e  
C l in ton  P i l e .  
was sealed completely. 
t h a t  ch~nriel .  YI 'BS  c lea red  and o the r s  vere inspec ted .  
s e v e r a l  chaniiels ?:ere p a r t i a l l y  blrcked e i t h e r  by b l i s t e r e d  s l u g s  or by 
p i eces  nf vood from t h e  broken encls of s h i e l d  plugs.  
s l u g  mas no t  de tec ted  by t h e  monitor inc devices  i n  t h e  e x i t  a i r  s t ream, 
it was requested by t h e  Operating Department t h a t  2. method be developed 
f o r  detect i -ng t h e  swelling of s l u g s  before  they become l a r g e  enough t o  
be d i f f i c u l t  t n  remave f ron!  t h e  chznnels.  

Swelliiig had prnceedec! t o  such an e x t e n t  t h a t  t h e  chennel 
The p i l e  vas  shut  down f o r  s e v e r r l  days uk i l e  

It w.s found t h a t  

9eceuse t h e  broken 
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leasurement  9f t he  a i r  f l o i i  i n  i nd iv idua l  channels  appears  
t o  be t h e  most  s a t i s f a c t o r y  method. It seems f e a s i b l e  t o  dr, t h i s  
by mounting measir inp dev ices  on t h e  s h i e l d  plu,  s i n  t h e  f r o n t  f a c e  
of t h e  p i l e  w i t h  those  devices  connected t o  record in?  instruments  and 
an alarm system, The iqajor d i f f i c u l t y  T-rith a i r  f low measurement a s  a 
method of d e t e c t i n g  swel l ing  i s  t h a t  l a r g e  c h a n p s  i n  t h e  c ross -sec t ion  
of a slur r e s u l t  i n  small  changes i n  t h e  a i r  v e l o c i t y ,  

Experimental  d a t a  have been pbtained t o  shnT-1 t h e  r educ t ion  i n  
a i r  v e l o c i t y  a s  a func t ion  nf r e s t r i c t i o n  of a norna l  channel c r o s s -  
s ec t ion .  
s i x  fon t  long mock-up Rf a p i l e  channel lpaded wi th  uodden dummy s l u e s .  
Luci te  p i eces  !-/ere used t o  s i c u l a t e  vFr ious  degrees  of swel l ing  of a 
s lug .  
a 24 f s o t  channel loaded wi th  15  f e e t  nf s l u g s  o re  repor ted  below: 

Air v e l o c i t y  measurements were made 7viith a Velometer i n  a 

Data obtained f o r  the experimental  chcnnel and ex t r apn la t ed  t o  

% R e s t r i c t i o n  sf 1; Increase  i n  s l u g  % Decrerse i n  
Normal Cross-Section Cross-sec t ion  A i r  Veloc i ty  

0 
10 
20 
40 
60 
80 
100 

0 
22 
45 
81 

130 
180 
220 

0 
0 
1 
6 
19 
43 
100 

A u s e f u l  monitorin,: system a i l1  be one capable of' d e t e c t i n g  
s i g n i f i c a n t  changes of about 5; i n  t h e  a i r  v e l o c i t y .  Twn types  of 
e lements  capable of measuriflg such chanre.; a r e  being inves t iga t ed ;  
t h e y  a r e  a Thermistor and a very  smal l  p i t o z  tube .  The Thermistor i s  
a thermal ly  s e n s i t i v e  r e s i s t o r  manufactured by l e s t e rn  E l e c t r i c  Ccmpany. 
It  opera tes  on t h e  p r i i i c ip l e  of t h e  hot-r-tire anemorieter. The p i t o t  tube  
i s  i n s t a l l e d  i n  a v e n t u r i  nskinf :  it i n z e n s i t i v e  t o  m a l l  v a r i a t i o n s  i n  
p o s i t i o n i n g  and t h e  assembly i s  sna l l  enough t o  permit mountinp nn t h e  
p i l e  end of a s h i e l d  pin:-. A s t r a i n  gsge,  d i f f e r e P , t i e l  p ressure  t r a n s -  
mitter mounted on t h e  o ther  end 3f t h e  plug v i 1 1  be use6 for  t r a n s m i t t i n g  
t h e  veloci t :  p ressure  t o  t h e  recorder  and alarm system, 
a r e  being assembled by t h e  Instrument  Lepartment prepara tory  t o  t e s t i n g  i n  
t h e  n:wl<-c hannc 1. 

Both dev ices  

6.3 Shie ld ing  --.-.------- 

k summary r e p o r t  "as completed and d i s t r i b c t e d  e s r l y  i n  t h i s  
qua r t e r .  
i n  magnesium oxychloride cements has reached a po in t  such t ' i a t  cotisistei  t 
d a t a  ore a t t a i n a b l e .  
n a t e r  conten t  of about 40%, Tihicll i s  ~ ' Y J O  or t h r e e  t imes  t h c t  of ?o* ' l a r d  
c ene n t  , 

F'ropcss toxrard t h c  accu ra t e  deterr idnat ion of hydro;*en c0ntcr.t 

Goth coybust ion and Kar l  F i she r  anclyses  i n d i c s t e  

Addit ives  such a s  ca lcon  cnd pozzo l i th  ve re  t r i e d  in  a n  a t tcmpt  
t o  r a i s e  t h e  n a t e r  con ten t .  Inc reescs  '-'ere of such magnitude t h a t  
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a d d i t i v e s ,  un le s s  fo r  s t a b l i z i n g  repsons, a r e  of l i t t l e  va lue .  

Fur ther  x-ray d i f f r a c t i o n  d a t a  by ?red ig  shoved the  
d e s i r a b i l i t y  of a 5 : l  P;gO:TIgC12 r a t i p ,  
v ious  vork ef Hubbel of ! e l l o n  I n s t i t u t e .  Upon t h e  b a s i s  of t h i s  
knoi-lledge fiiIgC12 i s  added a s  a saturated.  so lu t ior ,  u n t i l  t h e  5 : l  r a t i o  
i s  reached. If more n e t t i n g  appears  necessary,  TTater i s  added as  
r equ i r ed ,  This  d i f f e r s  fram p a s t  experiments TFihen only sa tu ra t ed  
E4$12 s o l u t i o n s  were added t o  cornnlete t he  1 e t t i n e .  

This  co r robora t e s  the  pre-  

I n  an a t tempt  t o  f i l l  i n  t h e  neutron resonance gap between 
i rm and hydrogen, va r ious  metal  c h l o r i d e s  :'ere used i n  place pf IiigC12, 
Ind iv idua l  pas t e  samr>les Tiere made up using l i t h i u m ,  i r o n ,  copper,  
n i c k e l ,  t i n ,  z inc ;  l i t h ium- i ron  and iron-copper - 'ere  a l s o  used. The 
d e n s i t i e s  of t h e s e  p a s t e s  nere  taken;  t hen  t h e y  :-lere turned  over t a  
Bredig f o r  x-ray d i f f r a c t i o n  s t u d i e s  and J-later a n e l y s i s ,  
appeared s t r u c t u r a l l y  sound and v i 1 1  he t e s t e d  a t  a l a t e r  da t e  f o r  
sh i e ld ing  e f f i c i e n c y  and rcechanical s t r e n g t h .  

A l l  samples 

Follo.liny; i n t e r e s t  displayed by General P l e c t r i c  i n  the  use 
of magnesium oxychloride concre te  f o r  t h e  nevi Hnnfnrd p i l e s ,  a l a r g e  
nwnber of t h e  nuc lear  phys i ca l  and mechanical p r o p e r t i e s  v r e  deter i i ine? . 
The concre te  made f o r  t hese  tes ts  i s  c a l l e d  flPIO.ll 

Q%ECiE2&! 

I r o n  aggregate  
Cement : 7.6 Mg0+r:gCl2 013 rf2n 
I:axirnun c 'ensi ty  a t t a inab l t :  c o n s i s t e n t  TIith high s t r e n g t h  
No bo?on 

7 ~ 6 %  
2.42 
5.96 

Fe punc1iinE.s 3/1+" x 3/41' 47 €3 
Stee l  shot 1/8" 21.6 

14.4 S t e e l  shot  1/2011 
100.0 
---- 

I n  a d d i t i o n  t o  the  t h r e e  1 6  inch  concre te  t e s t  blocks,  a 
s p e c i a l  colemonite s h i e l d  was a l s o  made, This  col.emanite s h i e l d  vas 
made l i i t h  a f r o n t  plc?tc: nf 0,05011 aluminum, s i d e s  of vood, and back 
of 1/81! rnasonite i l i t h  a 2" t h i c k  l a y e r  of colemanite  pol-rer contained 
t h e r e i n .  The r e s u l t s  r j i l l  ke r epor t ed  by the  Physics  Divis ion.  

k l a r g e  number of phys ics  t e s t s  :rere run i n  t h e  i-cst hole  of 
t he  Cl in ton  P i l e .  Data cmrpiled -hoc1 t h a t  a s h i e l d  ~f t v o  inches of  
cnlemanite fo i loned  by AS1' of PI0 g ives  gamixa 2nd neut,ron r t a d i n i . s  f a r  
beloll t o l e r a n c e ,  Relaxat ion lcngt ' l s  "Fei-e, for  earnmas, G cm; f o r  
neut rons ,  6.6 cm. C.ctuallji v i t h  only 361' of IT0 bchina the  t-,lo ir,ches 
of colemanite ,  t h e  s h i e l d  i s  morc thai4 equiva lcn t  t o  4 G l '  of h io loL  i c s 1  
s h i e l d  f o r  gamms, yrith neut rons  s t i l l  s a f e l y  b c l m  to l e rance .  ____ 
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L,echanierl t e s t s  T'cre run t o  compare Ir: lOll concre te  - . i t h  
P ~ r t l . a n d .  The d a t e  shoii it t o  be stronc:er i n  both conprcssion and 
t e n s i o n  and t y d v e  t imcs  a s  d u c t i l e ,  a s  sho7n  bel^: 

Comprhssive S t rength  

btandard ASTl!! 4200 psi ( 2  day) 3000 p s i  (2C day) 
6 x 12 cy]-incicr (machine li*-,it,, d i d  not 

break) 

I,:oC'ulus of E l a s t i c i t y  

Stan6ard .;ST:: 
6 x 1 2  cy l inde r  30@,rOO p s i  3 , 5OC,O@0 p s i  

ASTU Beam Tes t  310 ,cJC:O !'si 3 500,000 p s i  

I -  I~,odulus of Rupture 

ASTM Feom Test 1370 p s i  LJ0 rsi 

This  cnncre te  as found t o  ? v v e  8 t h e r m 1  coiiductivit j-  about 
1/10 t h a t  of i r o n  and appro:ziii:ately 50 t imes  t h n t  of norrqcl c o x r e t e :  

Fe (212 OF) - 30.4 ( P e r r y ' s  3e.ndbook) 

Heat Capacity 

Fe 104 

The c o s t  of m a t e i i a l s  a s  of February 1, 19LFF, ' j : ? S  c)305/ycl- 3 . 
From t h e  phys ics  d a t a  and rnechenic2.l p r o p e r t i e s ,  12! 0" sh ie lCing  sppea r s  

b io ln i - ica l  s h i e l d .  
t o  be a very  c h a p  and e f f i c i e n t  s u b s t i t u t e  f o r  bcth thtmnal and * _  .! 

I t s  behavinr cver a long te r r i  is9 h w e v e r ,  n o t  knoirn. 

T e s t i n .  of equirmerit ~ n d  process  f o r  t h e  product ion of ,'lo0 me, 
Ea-Be squrces  i n  W i l d i n r  706-G licls been completed. 
runs  / ]e re  made u i t h  barium troniide a s  c s u b s t i t u t e  for radium bsonicle. 
110 c h a n p s  i n  equiqmsnt nr nrocedures --'ere r equ i r e?  curin:: tlv lest nine 
runs and a recovery qf 100 t o  105 percent  'ms demonstrpted a s  Srsec' vpon 

Tclenty-seven dmmy 
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t h e  weights of b s r F m  bropic'e and berylliurr, p a 7 d e r  ad( ed t o  t h e  
system i n  t h e  p repa ra t ion  of each source ,  The i n c r - ? s e  i n  Tre i rh t  
appeared t o  r e s u l t  f ror r  t h e  i n c l u s i o n  i n  t h e  Ea-% p e l l e t  of sma11 
b i t s  of  ? l e s s  and g raph i t e  and t h e  absorp t ion  of  rroisture Curing 
handling p r i o r  t o  wi t -h ing .  

For one of t h e  runs ,  --0.1 u n i e  of r a d i o a c t i v e  barium 
bromide vias used t o  cb ta in  information regard ing  t h e  spreadin{: of 
contamination. Af te r  t h e  run ,  t h e  only coFteminztion found vas on 
equipment used i n  hendl inr  t h e  r a d i o a c t t v e  mater ia l .  

. i t h  t h e  completion of the  dun:y runs ,  ' u i ld inc  706-G Tias 
placed i n  stand-by cnnd i t ion  and r e s p o n s i b i l i t y  f o r  t h e  bui ld ing  
t r m s f e r r e d  t o  t h e  CperatLnp Lepartrnent. Yo fu:.thcr .!ark T i i l l  be 
done on t h i s  p r o j e c i  u n t i l  o rders  a r e  rece ive6  f o r  l a r g e  sources.  

A p r o j e c t  IIES  been s t a r t e d  wi th  t h e  ob jec t ive  of developiiic 
a s e t  of s tandard hood des igns  f o r  r a d i n e c t i v e  v o r k  of va r ious  k inds .  

Testin:: of small pumps f o r  use i n  d i r e c t  pumping of r ad io -  
a c t i v e  l i q u i d s  t o  e x t r a c t i o n  cplumns mas corrpleted, except  Cor ninor  
a c t i v i t y ,  wi th  t h e  testinc: of a temporary i n s t a l l a t i o n  i n  t he  ?Tot, 
t i l o t  P l a n t .  Resu l t s  of t h e  t e s t i n g  prpgram sho7.7 tE-:a.t stanGrrd pro-  
pn r t ion ing  pumps a r e  s a t i s f a c t o r y  f or t r a n s f e r r i n g  l i q u i d s  but t h a t  
t h e y  should be used i n  conjunct ion 7;rith flovrmeters i f  t h e  . f l o . i  r a te  
must be knonn accura t e ly .  iiinor s c t i v l t y  c o n s i s t s  of comldcting t e s t s  
on the  l i f e  of a s i a i n l e s s  s t e e l  b e l l m s  and a s c i s t i n y  t h e  Instrument  
Cepartment i n  t h e  evFiliiation of ne--: t ypes  of f lowneters .  

A H i l l s -kKenna ,  doubl-e b a l l  check valve i n  t h e  aqueous feed 
l i n e  t o  t h e  cslv.mn uas  cnuT:led .>!itln a l iquic? ;-#iston pf methylcycl.ohexane 
t o  a I, i l ton-Zoy, micrn ad jus t i i ig ,  p7:oportiocin; pump loca ted  i n  t h e  pipe 
tunnel .  
t ank  a t  a l e v e l  a.bove t h a t  r~f t!ie feed  pun17 sntl connected i n t o  the  aqueous 
feed  tank  rnaifitained t h e  pumpin;: system a t  sli-!?-tly g r e a t e r  t han  atmos- 
phe r i c  pressure .  The r a t e  of pumping of aqueous feed  a a s  determined by 
ne r iod ic  meas3Aremen-t of t h e  r a t e  of a d d i t i o n  of  methylcyclohexane t o  t h e  
aqueous feed tank .  
use but proved t o  be the s ima les t ,  rzasonable  a r r a n q e m n t  of equipment 
f o r  t h e  Hot  : ' i l o t ,  1'1rnt test . .  

f!lethylcyclohexane f ed  by a second :.~ronox*tioning pump i n t o  a head 

Such an i n s t d l a t i o n  7;!oulC: n o t  be considered f o r  p l a t  

I r e l i n n i ~ a r y  t e s t s  shoned t h a t  loss of head on t h e  system an6 a 
r e s u l t i n g  neca t ive  pressure c t  t h e  PUFF pcr r - i t t ed  a i r  t o  e n t e r  {,!?e l i q u i d  
l e g  through t h e  packin;; arounc' t he  p i s t n n .  This  c,?used t h e  flo1.i r a t e  t o  
decreese  from t h e  d e s i r e d  r s t E  t o  ze ro  T-Iithin a f e T /  ho1n-s. 
v ~ a s  overcome by f eed ing  u a t e r  or  methylcyclohexane i n t o  t h e  l a n t e r n  r i n g  
i n  t h e  pecking gland t o  provide cl l i q u i d  seal on t h e  p is ton .  

The d i f f i c u l t y  
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The plimpinf; system '-;as used t o  provide aqueous feec' f'or t h e  
second cycle  e x t r a c t i n n  column dur ing  3ne run. 
t h e  run  t h e  pump i'las ad jus ted  t o  f eed  t h e  column a t  a r c t c  of 7CTC rl/hr. 
Durinr t h e  f o l l o n i n g  9P hours  no changes iwere made i n  the  pump s e t t i n g  
end t8he f l o v  r a t e  va r i ed  betl*ieen 5960 an6 7570 ml/hour. 
i nd ica t ed  f l o v  r a t e  v a r i p t i o n  iras 235 of t h e  average flor-7 r a t e ,  how7y 
v a r i a t i o n s  were only 1 t o  7%. 
r e s u l t e d  f r o m  errnrs i n  measurement of flovi. The genera l  performance 
of t he  pump was found t o  be s a t i s f c c t o r y  and c e n t r o l  Yiithin ' 2 3  could 
be achieved e a s i l y  7:hen pperat ing a prnper ly  metered system. 

At t h e  beginnin,- of 

i l though t h e  

It i s  probable t h p t  m c h  of t h e  voric.i;ioii 

One t e s t  hss been completed and a second i s  under nay t o  
determine t h e  s e r v i c e  l i f e  pf s t a i n l e s s  s t e e l  b e l l o v s  i n  a bellows 
pump. 
O.E., made nf 0.010 i n . ,  #316 s t a i n l e s s  s t e e l  and designed f o r  a 
maximum t o t a l  st,rol:e of 1/4 i n .  e q u a l l y  divided i n  t e n s i o n  and cpm- 
press ion .  
pf 32 f l e x u r e s  of 1/4 i n .  displecement per  minute. ,ie.ter was pumped 
a t  a r a t e  of 5 ga l /hr ,  a g a i n s t  10 f t ,  of head. 
s t i l l  i n  progress  a f t e r  pumning n a t e r  f o r  159 days;  ?,424,000 f l e x u r e s  
of 1/8 in .  t o t a l  stro!ie a t  a r a t e  of  3;:. stro:ces/min. Zurinr  t ne  159 
day per iod t h e  v a r i a t i o n  i n  flow, a t  cons t an t  embient temperature and 
l - i thout  adjustment of t h e  pimpt has  been 2 2.4%. 

The problem of measwin<? f lo - i  r a t e s  CLf 100 ml/min. of r ad io -  

The b e l l o w  under t e s t  a r e  2 3/4 i n .  lor ig ,  1 i n .  I .G. ,  2 1/2 i n .  

The f i r s t  b e l l o w  f a i l e d  a f t e r  1,700,000 f l e x u r e s  a t  a ra te  

The, secoiid t e s t  i s  

a c t i v e  s o l u t i n n s  i s  being a t tacked  1:Iith a f l o v  meter besed upon t h e  
e l e c t r n c a l n r i c  p r i n c i p l e .  
introduced i n t o  t h e  f lu id .  t l roGgh t h e  v a l l  of a pipe wi th in  vfhich t h e  
stream f 1wJs. 
s e c t i o n  i n d i c a t e  t h e  temperat1u-e d i f f e r e n c e  vhich v a r i e s  i nve r se ly  5 t h  
t h e  f l o n  r a t e  a t  a coi ls tant  po:-ier i npu t .  This method of measuring f l o a  
has been found t o  be accura te  ' 4 t h i n  a t  l e a s t  22%. The I n s t r m e n t  
Development Lection of t h e  Fleseerch Engineerin2 Divis inn i s  p r o v i G i i 2 ~  
f o r  t e s t i n g  an i n s t a l l a t i o n  t h a t  v i 1 1  maintain a cons tan t  ternnerat,ure 
d i f f e r e n c e  and record t h e  heat  input  a s  a measure of i f i s t a i l t a ~ ~ o l ~ s  2nd 
i n t e g r a t e d  flow. 
a. r e l a t i v e l y  t roub le - f r ee  rnethcti of neasuring lo.!' .flo:-~ r a t e s .  

Heat suppliec', by an e l e c t r i c  hea te r  i s  

Thermoc nuples upstream and d oirnstream of t h e  heated 

I t  appears  t h a t  cne of t h e s e  i : : s te l la t ions  ..;ill provide 

7. Adminis t ra t ive 

7.1 personnel_ 

gf f o r t  

'The Techniccl  Divis inn contained 101 t e c h n i c a l  and 87 non- 
t e c h n i c a l  employees a t  t h e  c lose  of b u s i t e s s  February 27, 1948. 
i s  a n  increase  of t - lo  3nd six, r e s p ~ c t i v e l y ,  o77er the  f i g u r e s  shonn 
f o r  t h e  l a s t  qua r t e r  ending .'over-ber 26, 191,?. 
a s  f o l l o ~ w :  

This  

:'ersfinnel chances a r e  

5 Chenical Lngineers  (Devis ,  Coughlen, Lene, IicLain, N u r m i )  
1 Chemist (Lenhslm) 
2 I,echanicc.l : ,ngineers ( long ,  Zapp) 

& 
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Hires  ( c ont inued) 

1 Lesearch Ass i s t an t  (Kibby) 
11 Non-technical emoloyees (Famberg S la lock ,  3ond!, I a r j a r c t ,  b y ,  

b e l o z i e r ,  Foi71er, B y e ,  JO'L s t o ' i ,  m j ~ h ~  
St radder  , i gg ins  .) 

4 Chemical i n g i n e e r s  re turned  t o  p r i v z t e  indus t ry .  ( a rd ,  BornI*rasser, 

1 Ass i s t an t  Di rec tor  t r a n s f e r r e d  t o  krgnnne 
1 Chemist re turned  t o  p r i v a t e  indus t ry .  (CeHaan) 
G :gon-tecIinical employees (Al len ,  r a r n e s ,  Becler ?roi:n, a r a F l i n ,  a y e ,  

Henry, L ive ly )  

Bur r i s ,  Arehart)  
( B i g l e r )  

T rans fe r s  I n  

1 ~ c ' m i n i s t r z t i v e  Ass i s t an t  f r o m  s e r v i c e  rjepartmcnt ('Test) 
4 Idon-technical emgloyees (Barnes, Ea11, Leine r t ,  Tuttle) 

Transferred Out --------- 
2 Chemists t o  Chemistry Giv is ion  (BelC4.n and a v o l a i n e n )  
1 Non-technical employee (1-argaret  G y )  

The a t t ached  ;*raph summarizes t h e  s t a t u s  of developmental and 
process  des ign  'i3rk on t h e  hiyh f l u x  p i l e .  

7.3 

----..-.-,"-- Sc hedul i n g  

During t h e  month of Geceriber, a h i . h  fiu:- r eoc to r  design schedule 
'pas prepared and issued.  i t h  t h e  d r e s t i c  chanre an p h n s  announced 
December 30, t h i s  schedule  i s  no'.' o n l y  of h i s t o r i c  value.  
e f f o r t s  have been expended i n  t h i s  d i r e c t i o n ,  and probably - 1 i l l  not  be 
u n t i l  condi t ior ,s  have s t a b i l i z e d  s u f f i c i e n t l y  - t o  permit scliec?uling. 
E f f o r t s  t o  prepare a formal schedule f a r  t h c  .70rk  of t h e  balence af t h e  
'?echi;ical ? i v i s i o n  w p e  a l s o  shelved . 

1\10 f u r t h e r  

Based upon t h e  assumption t h a t  it i s  des i roS le  t o  nrovide t h e  
Technical  I i v i s i o n  i i t h  perrnanent s t ruc t : i r e s  t o  r ep lace  t h e  14 widely 
s c a t t e r e d  bu i ld in  *s it n o '  nccup i - s ,  anr' t ha t ,  8 p n u p  ef t h e  prder of 
100 t e c h n i c a l  pcrsoiinel i n  t h i s  ?roiip 7fill bc; recilirec! t o  prosecute  
adequately an approved program, r enc ra l i zed  p rc l i :  inar;. p lans  have been 
d r a m  and a t y p i c a l  persni ne1 dis t r ibut inn c h a r t  hao been prepared. 
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I n  t h i s  bu i ld in<  p lan ,  space i s  nq t  provided f o r  t he  
1 i l o t  P l an t  group, s ince  it i s  assumed t h a t  t h e  space i n  the  p re sen t  
and f u t u r e  p i l o t  p l a n t s  v i 1 1  be adequate.  Space i s  provided f o r  t h a t  
f r a c t i o n  of t h e  Chemistry G i v i s i o n ' s  a n a l y t i c a l  group t h a t  i s  nwmal ly  
emplpyed on samples furn ished  by t h e  appl ied  chemistry end semi-vorlrs 
groups, with some a l l w a n c e  f o r  miscel laneous iiork €o r  t h e  en;ineer- 
ing  groups. Th i s  pre l iminary  c l a n  shovs 63,000 0q. f t .  of ? l o o r  si:vce. 
A -iery cruGe es t ima te  of c o s t  ~ ~ o u l d  be 12,000,00C~. It i s  no t  Yelt  t h a t  
it will be d e s i r a b l e  t o  pursue t h e  d e n s  very  much beyon? t b e t  ou t l ined  
above u n t i l  a reasonably firm b a s i s  e x i s t s  for '  t h e  preTmat ion  OF B Giore 
d e t a i l e d  p lan  2nd c o s t  es t imate .  

During January an ex tens ive  list was prepared g iv ing  the  
i tems mhich a group similsr t o  t he  present  Technical  Divis ion could 
undortake a f t e r  t h e  ivork on t h e  h igh  f l u x  r e a c t o r  t a p e r s  off .  
e f for t s  t o  e v a l w t e  t h i s  l i s t  and prepare  a r e a l i s t i c  , l ong  range 
p r o p a n  f o r  t h e  d i v i s i o n  have been unsuccessful. 
cont inue these  e f f o r t s  u n t i l  such til-ie as  t h e  p repa ra t ion  of a program 
becomes poss ib le .  

TP d a t e ,  

It i s  planned t p  

a 


