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HAZARDS RFPORT FOR BUILDING 3517 
FISSION PRODUCTS DEVELOPMEXF LABORATORY 

C .  I;. Ot t inge r  
R. FJ. Schai-ch 

ABS TRACT 

A review of the  hazards a s soc ia t ed  wi th  t h e  ope ra t ion  of 
t h e  F i s s i o n  Prodi-cts Development La,borxtory (Bu i ld ing  3517) i s  
p resen ted .  The p h y s i c a l  f a c i l . i t i e s ,  chemical. opera t ions ,  and 
ope ra t ing  procedures  for t h e  p1an.t are desc r ibed .  Analysis  i s  
made of t h e  rnaximu~-n cred.i.ble acc ident  involv ing  f i r e  i n  r ad io  - 
i so tope  process ing .  It i s  shown t h a t  t h e  primary and secondary 
containment f e a t u r e s  of t h e  f a c i l i t y  a r e  adequate to reduce 
r ad io i so tope  coritamination e x t e r n a l  t o  t h e  b u i l d i n g  t o  permis - 
s i b l e  l e v e l s  i n  t h e  event  of  t h e  maximum c red ib le  acc iden t .  

INTRODUCTION 

Purpose arid Uses 

The F i s s i o n  Products  Developmznt Laboratory (FPDL) i s  used t o  recover  
long- l ived  f i s s i o r ?  products  from acpeous waste,  t o  p u r i f y  afid p e l l e t i z e  
f e e d  m a t e r i a l s  which have Seen p rev ious ly  sepa ra t ed  i n t o  chemical groups 
at; o t h e r  AEX product ion s i t e s ,  and t o  t e s t  new procedures f o r  f i s s i o n  
product  source f a b r i c a t i o n .  

The FPDL f a c i l i t i e s  are uriique i n  t h e i r  a b i l i - t y  t o  process  o r  t e s t  a wide 
range of  radiochemical. p rocesses  and to produce b e t a  o r  garmila sources  i n  
t h e  m u l t i k i l o c u r i e  range e The c e l l  a,rrangeinent and pipirig design permit 
t h e  operatlion of  a t  lea ,s t  t h r e e  processes  at  t h e  same time witliout cross 
contaminat ion.  
f eed  m a t e r i a l s  as s o l u t i o n s ,  solids, or  ahsorbed on i o n  exchange beds and 
t o  process  t h e s e  m a t e r i a l s  t o  any form of product  t h e  consumer may desire .  

The f a c i l i t y  i s  a l s o  unique i n  i t s  a b i l i t y  to r ece ive  

Locat ion of F a c i l i t y  

The FPDL i s  loca ted  a t  Oak Ridge hrational Laboratory near  the corner  of 
Third S t r e e t  and White Oak Avenue (F ig .  1). 
r e s p e c t  t o  t h e  OBTL 1iqi1.i.d waste disposal system, gaseous waste d i s p o s a l  
system and rad.iochemiea1 a n a l y t i c a l  fac i l - i t i es  . The l o c a t i o n  i s  a l s o  
i s o l a t e d  from t h e  r e a c t o r  a r e a s  and main r e sea rch  bu i ld ings  in .the event  
o f  a r e a c t o r  incident,  o r  a n  incid-ent  involv ing  t h e  FPDL p l a n t .  1’6s 

I t ;  i s  c e n t r a l l y  located w i t h  
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r e l a t i o n  t o  nearby f a c i l i t i e s  i n  terms of d i s t ance  and amounts of  r ad io -  
a c t i v i t y  normally processed i s  given i n  Table 1. 

Table 1. Re la t ion  of Bui lding 3517 t o  Nearby F a c i l i t i e s  

D i s t ance A c t i v i t y  
Bldg * inventory,  Type of 
No. Name Fee t  D i rec t ion  c u r i e s  a c t i v i t y  

3517 

3508 

3505 

2528 

2519 

3504 

F i s s i o n  Product 
Development Laboratory 

I s o l a t i o n  Laboratory 

Metal Recovery P l a n t  

Thorium Oxide P lan t  

Tank Farm 

Steam P lan t  

Waste Disposa l  Lab. 

-- 

125 

20 

260 

175 

5 75 

140 

10.6 x lo6 -- 

East G r a m  
amounts 

North U03 

West Negl ig ib le  

North 3 x lo8 

West None 

East 

F i s s i o n  products  

Transuranic  
elements 

95zr -95m, l o 6 ~ u  

Tho2 

F i s s i o n  products  

None 

F i s s i o n  products  

Bui lding Descr ip t ion  

The FPDL bu i ld ing ,  a concre te  b lock  and cor ruga ted  aluminum s ided  s t r u c -  
t u r e ,  covers  7,700 f t 2  of  a r e a  and conta ins  376,000 f t 3  of f r e e  space.  

The main c e l l  b lock  c o n s i s t s  of  t e n  chemical process  c e l l s  and s i x  manipu- 
l a t o r  c e l l s  cons t ruc t ed  of  massive concre te  w a l l s  ( F i g .  2 ) .  Three addi -  
t i o n a l  manipulator  c e l l s  a r e  connected t o  t h e  c e l l  blocks ( F i g s .  2 and 3 ) ,  
and fou r  concre te  c e l l s  a r e  l o c a t e d  underground on t h e  n o r t h  s i d e  of  t h e  
b u i l d i n g  ( F i g .  2 ) .  Add i t iona l  low- leve l  c e l l s  a r e  a v a i l a b l e  f o r  o f f -gas  
scrubbers ,  s e r v i c e s ,  and decontamination ( F i g .  2 ) .  
2 and 3, t h e  c e l l s  form t h e  primary containment and t h e  b u i l d i n g  w a l l s  a r e  
s e a l e d  t o  form t h e  secondary containment b a r r i e r .  
b u i l d i n g  a r e  by way o f  air  l o c k s .  

A s  i n d i c a t e d  on F i g s .  

A l l  en t rances  t o  t h e  

Personnel  Control  

The number of people normally occupying Building 3517 and ad jacent  f a c i l i -  
t i e s  a r e :  
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Bui ld ing  Number 

3517 
3508 
2528 
3505 
2519 
3504 

Tank Farm 

Number of  People pe r  S h i f t  
Weekdays Nights and Weekends 

16* 6 
12 0 
3 1 
2 0 
7 4 
25 0 
0 0 

* 
Inc ludes  ope ra t ing  personnel  and h e a l t h  physics  surveyor .  Addi t iona l  
maintenance personnel  w i l l  vary  widely.  

The evacuat ion  rou te  i s  shown on t h e  red ove r l ay  of F ig .  1. 

Process  Descr ip t ion  

The p r i n c i p a l  process  equipment can be used i n  var ious  sequences depend- 
i n g  on t h e  feed  m a t e r i a l  and t h e  product  emphasized. The f eed  m a t e r i a l  
can be d isso lved ,  e l u t e d  from ion-exchanger beds, o r  t r a n s f e r r e d  as a 
l i q u i d  t o  va r ious  p o i n t s  i n  t h e  f a c i l i t y  f o r  concent ra t ion  by evaporat ion,  
c r y s t a l l i z a t i o n ,  p r e c i p i t a t i o n  o r  l i q u i d  e x t r a c t i o n .  The crude concen- 
t r a t e s  a r e  p u r i f i e d  i n  manipulator  c e l l  equipment, converted t o  a d r i e d  
powder, and pressed  i n t o  p e l l e t s  f o r  i n s e r t i o n  i n t o  con ta ine r s .  The con- 
t a i n e r s  a r e  sea l ed  by welding and shipped from t h e  f a c i l i t y  t o  t h e  customer. 

C r  i t i c a l i  t y 

C r i t i c a l i t y  i s  no t  a cons ide ra t ion  i n  Rui ld ing  3517 s i n c e  f eed  m a t e r i a l s  
f o r  t h e  process  a r e  p u r i f i e d  or semi-purif ied f i s s i o n  product  f r a c t i o n s .  

Liquid Waste System 

Liquid r a d i o a c t i v e  waste from process  v e s s e l s  and c e l l  d r a i n s  i s  c o l l e c t e d  
i n  tanks  i n  t h e  FPDL t ank  farm c e l l s  where it i s  sampled f o r  radiochemical  
a n a l y s i s  before  t r a n s f e r  t o  t h e  ORNL l i q u i d  waste system. The process  
cool ing  water  system i s  a c losed  r e c i r c u l a t i o n  loop, and t h e  process  hea t  
i s  removed by r e f r i g e r a t i o n  equipment. The process  steam condensate i s  
condensed, monitored, and c o l l e c t e d  i n  a surge tank  f o r  d i s p o s a l  t o  t h e  
hot  waste system o r  t h e  process  waste system. The ope ra t ing  a r e a  floor 
arid s i n k  d r a i n s  a r e  d ra ined  by g r a v i t y  t o  t h e  process  waste-system. 

Gaseous Waste Svstems 

The FPDL has t h r e e  gas  handl ing  systems f o r  (1) r a d i o a c t i v e  of f -gas ,  (2) 
c e l l  v e n t i l a t i o n  air, and (3) b u i l d i n g  v e n t i l a t i o n  a i r s  
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The r a d i o a c t i v e  o f f -gas  system handles t h e  gases  and vapors from each proc-  
ess v e s s e l  and maintains  t h e  v e s s e l s  a t  a negat ive  p re s su re  wi th  r e spec t  
t o  t h e  c e l l s .  The i n d i v i d u a l  l i n e s  a r e  manifolded t o  form a s i n g l e  header 
which d ischarges  through a scrubber  system c o n s i s t i n g  of  two packed colmm 
type  scrubbers  opera ted  i n  s e r i e s .  The usua l  scrubber  sequence i s  c h i l l e d  
2 N I13PO4 fol lowed by c h i l l e d  4 N - NaOH. 
s o i k t i o n s  can be used i f  necessary  t o  c o n t r o l  t h e  gases  produced by c e r t a i n  
r e a c t i o n s .  Th.e scrubber  s o l u t i o n s  a r e  r e c i r c u l a t e d  5hrough t h e  scrubbers  
and a r e  changed rout i r ,e ly ;  t h e  used scrubber  so lu t i .ons  a r e  d.iscl?arged t o  
t h e  hot  waste system. The gases pass  from t h e  second scrubber  through a, 
hea t e r ,  a s t a i n l e s s  s t e e l  roughing f i l t e r  arid an absolu te  f i l t e r ;  t hey  a re  
monibored as they  a r e  discharged t o  -the ORNL gaseous waste system. This  
system has a maxiInum capac i ty  of 1,000 cfm and ope ra t e s  normally a t  ltOO cfm 

Other combinations of scrubber  

The c e l l  v e n t i l a t i o n  system main-tains t h e  c e l l s  a t  a nega t ive  pressure  wi th  
r e s p e c t  t o  t h e  bu i ld ing .  Ind iv id i ia l  duc ts  from each ce l l .  a r e  manifolded 
and combined a t  t h e  underground f i l t e r  p i t .  The gas passes  through s t a i n -  
l e s s  s t e e l  roughing € i l t e r s  and absolu te  f i l t e r s  and i s  monitored as it 
i s  d ischarged  i n t o  t h e  ORNL gaseous waste system. The capac i ty  of t h i s  
system i s  12,000 cfm and t h e  noymal +;hroughput i s  6,000 cfin. 

The b u i l d i n g  v e n t i l a t i o n  system provides  air  f o r  personnel  and t h e  a i r  
t o  t h e  c e l l  v e n t i l a t i o n  system. A i r  i s  p u l l e d  i n t o  t h e  bu i ld ing  .t,hrough 
roughing f i l t e r s  and abso lu te  f i l t e r s .  The quan t i ty  o.€ a i r  i s  r egu la t ed  
t o  equa l  t h e  a i r  be ing  removed by t h e  c e l l  v e n t i l a t i o n  system. If t h e  
bui.ldri.ng a i r  becomes contaminated, a supplementary i n l e t  connect ing t h e  
b u i l d i n g  t o  t h e  c e l l  v e n t i l a t i o n  systemopens au tomat i ca l ly  and r a p i d l y  
exhausts  t h e  b u i l d i n g  a i r  t o  t h e  ORNL gaseous waste system. F i g s .  4 and 
5 show t h e  pa ths  of b u i l d i n g  a i r  dur ing  normal. and emergency cond i t ions .  

Monitor i n g  S y s t, em 

The continuous a i r  monitors and rad ia t i .on  monitors for t h e  € a c i l i t y  a r e  
i n d i c a t e d  on F i g s .  4 afid 5 .  
on t h e  o f f  -gas d ischarge ,  c e l l  v e n t i l a t i o n  d ischarge ,  and steam conden- 
s a t e  d r a i n  systems.  

Continuous a c k i v i t y  samplers a r e  l o c a t e d  

Ins t rumenta t  i on  

Process  v e s s e l s  are opera ted  from graphic  panelboards.  The panelboard 
c o n t r o l s  send pneumatic o r  e l e c t r i c a l  s i g n a l s  t o  secondary pneumatic 
r e l a y s  l o c a t e d  i n  t h e  s e r v i c e  tunne l  o r  i n  s e r v i c e  c u b i c l e s .  The sec-  
ondary relay system ope ra t e s  t h e  i n - c e l l  dev ices .  Temperatures, p r e s -  
sures ,  l i q u i d  l e v e l s ,  s p e c i f i c  g r a v i t i e s ,  no ise  monitors,  and motor speeds 
a r e  i n d i c a t e d  on t h e  panelboards.  Low ce l l .  v e n t i l a t i o n ,  low o f f -gas ,  
low steam p res su re ,  and low water  p r e s s w e  a r e  i n d i c a t e d  by an a i r  horn 
alarm as a r e  high. b u i l d i n g  r a d i a t i o n ,  high r a d i a t i o n  i n  t h e  c e l l  v e 9 t i -  
l a t i o n  system, and h igh  process  waste a c t i v i t i e s .  
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1.0 

The var ious  f i s s i o n  product sampl-es removed from process  v e s s e l s  o r  rnanri-pu- 
l a t o r  equipment a r e  obta ined  by s-beam jet,s f o r  s o l u t i o n s  and by man;-pula- 
t o r  ope-ratiolzs f o r  powders All. .;ampI.ir?~: i s  accomplished i n  manipulator 
ce l l - s ,  w i t h  t h e  except ion of sampJ.es taken from bhe E'YDL tank  farm c e l l s  
bThich are pu l l ed  j.nto a specia.1. sh ie lded  sample s t a t f o n .  Samples that  
r e q u i r e  a n a l y s i s  a t  o the r  l.oca',ions a r e  removed from tAe c e l l s  i n  bot-tom- 
1oadi.ng sh ie lded  sample c a r r i e r s  which m i  Y;lmize pc>rsor:nel exposurcs 

Radioactive Makerial  Caraci ty  

The plant, capaci iy  f o r  'Lhe r ad ioac t ive  na: .er ia ls  which a r e  processed i s  
shown i n  Table 2. 

-C------.-l(---.ll--. 

Table 2 .  P l an t  Capacity f o r  Radioact ive Mate r j s l s  

Maximum plaxt, Maximum ve s se 1- 
DesiS;? capac i ty ,  i nven t  o r  y, inventory, 

M a t  e r i a l  cu r i e  s/ye ar curiss c u r i e s  - 

'T01,al f i s s i o n  products  5.5 x 10" 10.6 x lo6 5.0 105 

Cer i m -  144 2 . 0  x lo6 1 . 5  x iof i  5.0 io5 

S t r ont  i 7 m  - 90X- 2.0 x 10" 6'0 x 10' 5 .0  x 10" 

Promet hium-14'/ 5.0 x l o 5  1 . 5  x io5 1 . 5  x 10" 

Ce s i urn -1 5'7 1 . 0  x 1.0" 3 + 0  x io6 2 . 5  x 10" 

* 
'%r/"Sr r a . t i o  could be as high as 5/lo 

C r i t i c a l i t y -  1cciden-t PotenLial  
------___ll________- 

C r i t i c a l i t y  i s  not  considered a c red ib le  event i n  t h e  E'PDL under present  
operafvins condi t ions  s i n c e  i n e  feed m a t e r i a l s  being processed a r e  serni- 
p u r S j e d  f r a c t i o n s  of 137Cs, 9c1Sr, and raL-e e a r t h s .  

Explosio? and F i r s -  Poter,',LaL 

The combusiible o r  explosive m a t e r i a l s  used i.1 t h e  VPDG a r e  Amsco, d i ( 2 -  
e t ~ ~ - l h e x y l ) p h o s p h o r i c  ac id  (DSIEWA) , hydraiir-e,  armonia, and hydrogen. 
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Poss ib l e  r e a c t i o n s  are: 
( 2 )  r e a c t i o n  of 42.5% hydrazine w i t h  12  N B I G 3  t o  form hydrazine n i t r a t e  
followed by dry ing  and hea t ing  of t h e  product beyond i t s  decomposition 
p o i n t ;  o r  (3) combusion or" arnmoi?ia or' hydrogen in a i r .  

(I.) i g n i t i o n  o f  a mixture  o f  Amsco and D2EHPA; 

The maximum h v e n t o r y  of organics  iz1 t h e  p l a n t  w i l l  be ,!+bs;c?_.lb,- of 1 M_ 
D2EHPA i n  Amsco, wi.th a max imin i  of 1-50 lb of this  mixture i n  a s i n g l e  
v e s s e l .  The most vo la t i I -e  compomnt, Amsco, has a p o t e n t i a l  ene-r,gy re -  
l e a s e  of 19,000 b tu / lb  and. a fl.ash-poinl of l32'E' (open cup) .  Prevent ive  
measures against, f i r e  o r  explos ion  i n  c e l l s  conta ip ing  organics  inc lude  t h e  
use of explosion-proof equi.pment and an au.to:mai;ic water  spray  sys-iem sup- 
p l i e d  by -the G a m e w e l l  system and ac tua ted  by ra te -of - tempera ture- r i se  
d e t e c t i o n  ins t ruments .  

Hydrogen occiJ.rs as a r e s u l t  of r a d i o l y t i c  decomposition of aqueous mix- 
t u r e s  and i s  d i l u t e d  w e l l  below i t s  lower explosiolz L i m i t  of  49 by t h e  
v e s s e l  of 'f-gas.  Air-borne armonia gas i s  sparged i n t o  a c i d  snlut.i.ons a t  
a flow raLe of  0.5 cfm, and. -95% of t h e  gas i s  absorbed. 
e n t i r e  f l o w  should not be absorbed, t h e  normal. vessel off-gas would di.lu-te 
t h e  ammonia concent ra t ion  t o  below t h e  explos ive  l i m i t  of  16%. 

Eveii i f  tile 

The h y d r a z i n e - n i t r i c  ac id  r e a c t i o n  would involve t h e  accidental-  a d d i t i o n  
of 12 L i t e r s  of 42.5$ hydrazine t o  36 l i t e r s  of 12  - N IiTJO:3 bo form 15,150 
g of hydrazine n i t r a t e .  The p o t e n t i a l  ecergy r e l e a s e  f r o m  hydrazine 
n i t r a t e  i s  1,090 ca l /g  by thermodynamic c a l c u l a t i o n .  

A comparison of some of t h e  po ten t i a l .  e n e r a  r e l e a s e s  d iscussed  ahove i s  
g iven  below; t h e  p o t e n t i a l  energy release OS 3 lb o f  TNT i s  included.  
The explos ion  of  3 l b  of TDT w i l l  rel.ease -100 : C t 3  of gas o r  the equiva- 
l e n t  oP a 1 rnin exhaust  from a~ i f id iv idua l  c e l l .  

S p e c i r i c  po ten t i a l .  Maximum weight T o t a l  p o t e n t i a l  
energy release, i m o  Lve d, energy r e  l e a s e  , 

Substance 'oi;u/lb Ib b t u  

19, 000 150 2.9 1.0" Asns co 

Iiydr a z  i ne  n i t r a t e  1,960 33-  5 65,600 

M a x  i.riiurn Cre d ih  l e  Accident 

The rnaxirnum c r e d i b l e  o p e r a t i o n a l  accic-lenk at, tkie FPDL i s  considered t o  
be t h e  a c c i d e n t a l  r e l e a s e ,  ig r i i t ion ,  and burning of  a fla1mabI.e so lven t  
con ta in ing  14'c ,e.  A discussi .on of  an acc ident  o f  t h i s  type and i t s  r e -  
sul-ts i s  given i n  the s e c t i o n  "Process Hazmds Review". 



PII-ot Plant, Ope r a t  ions  

The FPDL i s  a development l abora to ry  and must a d j u s t  j.ts procedures and 
equipment t o  handle the  vayying types  of feed  tha.t a r e  received as we1.l 
as t o  demonstrate d i f f e r e n t  processes  f o r  f i n a l  p u r i f i c a t i o n  of' sepaxated 
m a t e r l a l s .  A committee has been s e t  up i.n t h e  I so topes  Div is ion  t o  r e -  
vi.ew a l l  chemical process  changes i n  t h e  product ion o f  r ad io i so topes  and 
t o  i s s u e  hazards r e p o r t s  when appropr i a t e .  

Radiat ion a.nd Cont aminai; ion Control- 

The FPDL equipment for c o n t r o l l i n g  t h e  r e l e a s e  of r ad ioac t ive  makeyials 
t o  t h e  environment i s  designed f o r  an absol.ute minimum discharge  under 
normal o p e r a t h g  cond i t ions .  I n  t h e  event  of an uncont ro l led  r e l e a s e  of 
e i t h e r  gaseous o r  l i q u i d  a c t i v i t y ,  t he  f a c i l i t y  i s  designed t o  conta in  
Lhe ac t iv iLy  wi th in  t h e  bu i ld ing .  

'The s h i e l d i n g  and ope ra t ing  procedures provide p r o t e c t i o n  f o r  the  ope ra t ing  
personnel  at a l e v e l  of <5O$ of t h e  allowable to l e rances .  The s h i e l d i n g  
permits  t h e  process ing  of fission products  t h a t  have been aged a s  l i t t l e  
a s  s i x  months. 

PHYSICAL PLANT DESCRIPTION 

Building Descr ip t ion  

The F i s s i o n  Products  Development Laboraiory (FPDL) 3.s loca-ted on White 
Oak Avenue between 'Third and Fourth SLreets  and ris bounded on t h e  nor th-  
west by Building 3505 (Metal- Recovery), on t h e  south by t h e  waste d i s -  
posal eqiial . ization pond, and on t h e  e a s t  by Building 3508 (Transuranium 
TJab). 

The b u i l d i n g  s t r u c t u r e  i s  two-story,  starzdard concrete-block s i d i n g  wi th  
an aluminum s ided  crane bay Yorming t h e  t h i r d  l e v e l .  The bu. i lding en- 
c loses  7,700 ft2 or" f l o o r  space and conta ins  a t o t a l  of 376,000 f t "  of 
free space.  

C e l l  Descr ip t ions  

The c e l l s  a t  t h z  FPDL a r e  d iv ided  i n t o  s e v e r a l  ca t egor i e s  and t h e i r  
c h a r a c t e r i s i i c s  a r e  shown i n  Table 3 .  

Nine c e l l s  have personnel  access  doors whSch a r e  en te red  v i a  t h e  c e l l  
door i n t e r l o c k  system descr ibed  under t h e  s e c t i o n  "Personnel P ro tec t ion" .  
All oilier c e l l s  a r e  en te red  through sea l ed  blocks o r  manholes. O f  Llie 
t e n  access  doors only  those  loca ted  on process  c o n t r o l  c e l l s  18, 19, 
and 27 e n t e r  i n t o  normal hiigli-level r a d i a t i o n  f i e l d s .  These doors a r e  
locked and sea l ed  as soon as opera t ions  begin and a r e  not  en te red  u n t i l  



Table 3. F i s s i o n  Products Development Laboratory C e l l  Descr ip t ions  
~ ~ ~~~ 

Minimuii equiva len t  
C e l l  s tandard concrete  M a x i m u m  e x t e r n a l  

nuqber C e l l  type Liner  sh ie ld ing ,  f t  r ad ia t ion ,  mr/lcrr Process 

1 Process S.S. 3 a Feed unloading 
2 Process S . S .  4.5 U So lu t  ion  t r a n s f e r  
3 Process S . S .  4.5 U "'Sr evaporat ion and s to rage  
4 Process S.S. 4-.5 U " S r  evaporat ion and s to rage  

Q 5 Process S.S. 4.5 
6 Process S.S. 4.. 5 U 
7 Process S . S .  4 U 
8 Process S.S. 4 U 137~s crys  t alii za t ion  
9 Process S.S. 4.5 U R.E so lvent  e x t r a c t i o n  

137~s proce s s ilng 
137 C s  processing 
l.3?cs ,.- L . c ~  - r*+ a b a l i i z a t i o n  

10 Process S.S. 4 U None 
20 Process S . S .  1 U Off-gas scrubbing 
11 Nanipulator S.S .  4 <5 '%r o r  '*'~e processing 
12 Manipulator S.S.  4 <5 '"~r o r  ' * " ~ e  processing 
13 Manipulator S.S. 4 <5 137~s  p u r i f i c a t i o n  
14E Manipulator S . S .  4.5 U 137~s o r  l4"ce processing 
14N Manipulator S . S .  4.5 U 137~s o r  14*Ce processing 
18 Manipulator S.S. 1 . 5  
19 Manipulator S.S. 2 <I Process c o n t r o l  

U Process c o n t r o l  

2'7 Manipulator EPOXY 0% 5 a Source f a b r i c a t i o n  
15 Loading S . S .  2 U Feed and product loading  
16 E, con% aminati  on Arner coat  1 -Q Small  equipnent decontamination 
i7 Ssrv ice  h e r  c o a t  1 a C e l l  9 se rv ices  

m. I m - e l  Serv ice  Arne r co a t  1 U Process c e l l  s e rv i ces  
21  Tank Farm h e  ~f c o a t  4 U F i s s i o n  product s torage  
22 Tallik Farm Arne r c o a t  4 U 137~s  f eed  s torage  
23 %a_& Farm Amer c o a t  2 <1 Waste s torage  
24 Tmk Farm h e r  c oa t  2.5 a Waste s torage  
25 Tank Farm Awler coat  2.5 U Hot p ipe  tunne l  
26 T&qk Farm A m  r c oat 2-5 U Hot pipe  t m n e l  

F i l t e r  P i t  -- Ane r c, o a t  1 . 5  u o  C e l l  v e n t i i a t i o n  f i l t e r s  

r 
b! 



decontamination proceedings have s t a r t e d .  The e n t r y  t o  these c e l l s  is 
con t ro l l ed  by t h e  Procedure f o r  Personngl Entry to PPDL Cel ls . '  

Pi:oczss Serv ices  i;o Cells _--" 

The servi ccs  to t h e  various c e l l s  a r e  1; s t e d  i n  Tzble 4. 

Table 4. Fi.ssion Products Development Laboratory Cell Services  
__I_. ____________--__-.___^__ 
S t e am, Dis- N&y 

Cell 30 and Chi l l ed  tilled 25 J44.0 V, 30 V, 110 V, 
AC 

-._-- 
riimber 65 ps i  wa-icr Vacuixn. water psi -4.i.r AC DC 
I-_.___ ___l_-l____- 1̂1̂ --114- 

1. 

2Y 3,  4, 
and 5 

6 

7 and 8 

9 

10 

1.1 

12, 13, 
n 

and 27 
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X X 

X 
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X X 

X X 
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X X 
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21 al-td 22 X X 

Process ]<qui pment ---- 

See Appendix No. I. 

The c h i l l e d  water sys-tem consists OC two chiller units w j t t l i  a combined 
capacity of  2-30 t ons  an.d a pumped chilled water r e c i r c u l a t i o n  syst,em t o  
a l l  vessels and condensers.  The compressor system i.s cooled by a water 
recirculation systcm through a forced  air cooling tower.  



The bu i ld ing  vacuum system i s  suppl ied  by a two-stage Hy-Tor vacuum punip 
which has a r e c i r c u l a t i n g  water  cool ing  system t h a t  d r a i n s  t o  hot  waste .  
A c a u s t i c  scrubber  and surge t ank  a r e  loca t ed  i n s i d e  t h e  manipulator c e l l s  
t o  prevent  t h e  a c c i d e n t a l  entrainment of r a d i o a c t i v e  s o l u t i o n s  from t h e  
1 3 7 ~ s  p u r i f i c a t i - o n  equipmenit i n t o  t h e  vacuum system. 

S i x  500-gal shield-ed t r a n s f e r  -tanks ( s e e  Appendix 2 )  l i n e d  w i t h  s . t a in l e s s  
s t e e l  a r e  used for t h e  shipment of  137Cs feed from o t h e r  s i t e s  t o  QBNL 
and for t h e  t r a n s f e r  o f  low- leve l  product  s o l u t i o n s  wi th in  OWL. These 
tanks ,  weighing -20 tons ,  a r e  equripped w i t h  valved S n a p t i t e  connec.tions 
and thermal  1ri.qu.id-level p r o l ~ s .  Five o f  t h e s e  v e s s e l s  a r e  loaded wi th  
one t o n  (-400 gal w e t  v-olume) each of  "Decalso", a:(i inorganFc ion  ex- 
change m a t e r i a l .  

Pour s t a in . l e s s  s t e e l  sh i e lded  € i l t e r  casks2" a r e  used f o r  t h e  shipment, 
of dry  S o S r C Q ~  or mixed r a r e  e a r t h  double s u l f a t e s  from o t h e r  si tes t o  
OFmL . 
An open-air  so lvent  s to rage  shed i s  loca ted  -60 f t  from t h e  no r theas t  
corner  of t h e  PPDL bu i ld ing .  The no-rmal s to rage  capac i ty  i s  t e n  55-gal 
drums of d i (  2-ethylhexyl-)phosphoric a c i d  and t h r e e  55-gal drums o f  h s c o .  
A l l  so lven t  i s  t r a n s f e r r e d  i n  s a f e t y  cans d i r e c t l y  t o  t h e  process  so lu -  
t i o n  a d d i t i o n  funne l .  No so lvent  i s  s t o r e d  i n  t h e  FPDL bu i ld ing .  

A c a u s t i c  make-up and n i t r i c  s to rage  a r e a  loca t ed  i n  an open area on t h e  
n o r t h  s i d e  of t h e  bu i ld ing  i s  used for t r a n s f e r  and s to rage  of  400 g a l  
of  concent ra ted  n i t r i c  ac id  and t h e  makeup and s to rage  of  1500 gal of 
19 c a u s t i c .  The a c i d  and c a u s t i c  a r e  purged. through sepa ra t e  systems 
t o  t h e  second l e v e l  s to rage  tanks  for process  add i t ion .  

Three chemical makeup m d  s to rage  ai-cas a r e  l o c a t e d  on t h e  second l e v e l  
of the  FPDL bu i ld ing ;  a l l  process  chemicals a r e  added t o  the  c e l l  equip-  
merit from t h e s e  tanks .  No makeup o r  s to rage  t ank  i s  connected d i r e c t l y  
t o  a process  s o l u t i o n  a d d i t i o n  l i n e .  Each t a n k  d r a i n s  through a sepa-  
r a t e  hose system which i s  connected to a s o l u t i o n  a d d i t i o n  furznel a t  t h e  
time of t h e  t r a n s f e r .  The to ' r a l  maxLmim storage capac i ty  i s  210 g a l  of 
60% HNO3, 55  g a l  of fuming HNO3, and 400 ga l  of 1-9 - M c a u s t i c .  

A 2000-gal s t a i n l e s s  s t e e l  t ank  t r a i l e r  i s  used for d e l i v e r y  of  8 
NK4N03 s o l u t i o n  from Y-12. This s o l u t i o n  i s  pumped t o  the  makeup area 
for  d i l u t i o n  and t h e  d i l cked  s o l u t i o n  i s  used f o r  e l u t i o n  of 137Cs from 
STT's. A 1200-gal s to rage  t a n k  ad jacea t  t o  t h e  so lvent  s to rage  shed is 
used for s to rage  of 8 M I NF14N03. 

A phosphoric ac id  s t a t i o n  i s  l o c a t e d  at t h e  e a s t  of t h e  hui ldi-ng f o r  p m p -  
i n g  and s to rage  of phosphoric ac id  for t h e  o f f - g a s  scrubber .  

A n i t rogen  gas s to rage  sys-tern i n s t a l l e d  ou t s ide  t h e  R o r t h w e s t  corner  of 
t h e  b u i l d i n g  has a capac i ty  of 12,000 ft3 at 1000 p s i .  The system w i l l  
be used f o r  forming i n e r t  b l anke t s  dur ing  f i s s i o n  product source f a b r i -  
c a t i o n  ope ra t ions  needing t h i s  p r o t e c t i o n .  The n i t rogen  supply i s  piped 
d i r e c t l y  t o  C e l l  14 and i s  connected remotely t o  t h e  equipment. 



A l l  r a d i o a c t i v e  process  s o l u t i o n s  a r e  t r a n s f e r r e d  by steam j e t s  o r  a i r  
l i f t s  with t h e  except ion of i h e  solvent  wastP pump loca ted  i n  a r e a  2'(. 
Lapp pulsaf'eeder pumps can be used t o  pump feed  from t h e  s torage  tanks 
t o  E-16 evaporaior  o r  s o l u t i o n s  for d i s s o l v i n g  "Sr o r  144Ce from f i l t e r  
s l u r r y  casks .  

A bank of s i x  6-vol t  s ta i ldnrd wet c e l l  b a t t e r i e s  i s  l o c a t e d  011 t h e  o u t -  
s i d e  riorth w a l l  o f  t h e  s e r v i c e  t u n n e l  t o  supply a.n emergency source of 
DC vo l tage  t o  t h e  braking c i r c u i t  of t h e  c e n t r i f u g e s  i n  case o f  a power 
fa i I .u re  . An automatic charging system keeps t h e  b a t t e r i e s  a t  f u l l  charge.  
The b a t t e r i e s  a l s o  supply power t o  t h e  emergency evacuat ion s i r e n .  

CONTAINMENT 

Thc containment o f  rad ioacLiv i ty  i n  t h e  FPDL c e l l s  i s  accomplisned by 
s e a l i n g  a l l  roof  plugs wi th  oakum and G-K compound and t h e  access  doors 
w j t h  a s e a l i n g  compound. In order  t o  prevent t t i e i r  blowing out  i n  t h e  
event  of an  explosion,  a l l  access  p lug  holes  a r e  welded on t h e  i n s j d e  of 
t h e  c e l l s  and t h e  plugs a r e  locked i n  p o s i t i o n  on t h e  outs ide  f ace  o f  
i!ie c e l l s .  The c e l l  v e n t i l a t i o n  a i r  i n t ake  d u c t s  are f i l t e r e d  by FG-25 
rouglzing f i l t e r s  and have a backflow preventer  i n s t a l l e d  t o  prevent  a 
blowback of a c t i v i t y .  

I n  those  c e l l s  r e q u i r i n g  manipulator opera t ions ,  t h e  arms a r e  sea led  on 
'ihe i n s i d e  of 'ihe c e l l  wi th  a vinyl-impregnated nylon bagging which pro-  
t e c t s  t h e  a r m  from contamination and e f f e c t i v e l y  s e a l s  t h e  manipulakor 
a r m  openirig i n t o  t h e  c e l l .  The master end of t h e  arm j.s s e a l e d  on t h e  
i n s i d e  by wipers which makes a double seal on t h e  manipul-ator opening 
i.nt,o a, c e l l .  

A l l  spare  l i n e s  i n t o  t h e  c e l l s  a r e  capped on t h e  i n s i d e  and the  o u t s i d e  
o f  t h c  c e l l  walls. 

Bujil-ding Containment ~- 

The FPDL s t r u c t u r e  s a t i s f i e s  ihc requirements for containment of a r a d j  o- 
a c t i v e  r e l e a s e  as s p e c i f i e d  by t h e  ORNL Radiat ion S a f e t y  and Control  
D P pa  r t me n t  . 
All personnel  en t rances  have a , i r  l ocks  provided by enc los ing  t h e  s ta i r -  
w e l l s  and r e q u i r i n g  a separa te  entrance t o  t h e  f i r s t  and second floor 
o p e r a t i n g  area.. The loading areas, which a r e  a i r  I-ocked on t h e  o u t s i d e  
o f  t h e  bui ld ing ,  a r e  0-C su f f i - c i en t  s-i-ze t o  a l low t h e  l a r g e s b  p iece  of  
equi.pxnent used -Lo e n t e r  t h e  s t r u c t u r e .  
t r a c i o r - t r a i l e r  t o  e n t e r  t h e  build-ing t o  unload c a r r i e r s  and equipment. 
The doors are  operated by a. c o n t r o l l e r  system t h a t  a l lows only  one en-  
ti-ance door t o  be open a t  a t i m e .  The south  a i r  locks permit manipulators,  

The west a i r  lock  permits  a 1+4-ft 



fork lifts, and o t h e r  s m a l l  equipment -to e n t e r  t h e  manipulator c e l l  a r e a  
and a r e  operated on t h e  same p r inc ip l e  as t h e  west a i r  lock .  An a i r  
lock has been cons t ruc ted  over the n o r t h  personnel  en t rance  and encloses 
the  tank  farm sampling s t a t i o n .  

To minimize a i r  leakage i n t o  the bui ld ing ,  all doors are gasketed, and 
t h e  blnilding s t r u c t u r e  has beer1 trea,f;ed with polyvinyl- ch lo r ide  and s i l i -  
cone menibvane I 

In ' ierior p a r t p i t i o n s  are provid.ed. t o  enclose all opera t ing  areas, and me- 
chan ica l  cool ing i s  i a s t a l i e d  f o r  persoanel. comfort .  The crane bzy area 
which houses t h e  top  of t n e  c e l l s  i s  par t ; i t ioned from the  ope ra t ing  a r e a s  
and  i s  ven!;il.ated by a f i l t e i - ed  a,:ir supply system. 

All .  air i s  exhausted from t h e  bui ld ing  by t h e  cell vef i t i l a t i on  syskem 
dur ing  riormal and emergency condi5ions 
i t e d  t o  t h e  c e l l  ven t i l . a t i on  exhaust capac i ty .  The bui.I.ding a i r  supply 
t o  t h e  three  normal.ly occupied areas e n t e r s  through a p r e - f i l t e r  and 
absolixke f i l t e r  bank l o t s a t e d .  on t h e  souiih s i d e  of the wcs-t a i r  lock and. 
furnishes the  makeup air t o  the  packaged type a i r  cond i t ione r s .  The sup- 
ply air t hen  passes  from these  a reas  i-nto the  c e l l s  and out through t h e  
cell v e n t i l a t i o n  exhaust system. 

The bu i ld ing  a i r  supply is 1.k- 

In t h e  event o f  an accident ;s l  - re lease o f  activrity i n t o  the buiI.dring i n t e -  
Tior from t;he cel . ls ,  all. blJ.:ilding openings are closed au!;orflatical.ly. The 
exhaust  d u c t  in C e l l  20, which i.s p a r t i a l l y  open at all. times, i s  thrown 
to t h e  fu l l -open  posi. t i0n and t h e  i n t e r i o r  of t he  buiI.dirig is exhau.stsed 
t o  a -vacuum of 0.5 i.n. w . g .  The s i g n a l  t h a t  ac.tv.ates t h e  automatic de- 
v i ces  comes froni a I-Ii-Vol constant  a i r  non i to r ing  system i n  the bu i ld ing  
o r  from manual swi-Lches loca ted  i n  varlou-s a r e a s  o f  t h e  bu i ld ing .  

The exhaust duct i n  C e l l  20 i s  equipped with pneumatical ly  rcgu.lated dampers  
wiiich w i l l .  rriai.nl;ain the  b u i l d i n g  vacimn at leas t  0 a 5 i n .  wag - above t h e  
vaciium i n  the c e l l s .  Buil-ding co l lapse  by an excessive vacuum i s  pre-  
vented by a gravity balariced damper which i s  s e t  .to admit  f j - l t e r e d  a i r  
into t h e  coritaiiied ix i . l d ing  space before t he  dariger p0iii-L i s  reached I 

The makeup area tanks arE: exhaus'ied. by the hot  ofr"-ga,s system, and the 
fumes frorr? this source a r e  scrubbed by the  ofi"--gas scrubber  systerr,. 

The un i t  chemical processes  which can be car r ied .  out  i n  the  process c e l l s  
of the FPDL are p r e c i p i t a t i o n ,  c : rys t s l . l i za t i  on; and .  solvent extmiction 
Ope Y a t  ions such as evapo r a t  i. oli , de c: ant; a t  i on, f i It r a t  j. or] , cent  .r i f u ga t  io.1 
and d i -sso lu t ton  can be don? i n  var ious  ce1 . l~  I In t h e  manipul.ator ce l . 1 .~~  
almost any ciiemnical process c a n  be s e t  u-p i n  rei-atively s m a l l  eyu.ipmrit 
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Pre c ip i t ,  a t  i o n s  

P r e c i p i t a t  i-on-Centr i f u g a t i o n  

- 
10 Your of t h e  process  c e l l s ,  p r e c i p i t a t i o n s  can be made and t h e  p r e c i p i -  
t a t e  separa ted  Trom t h e  s:ipernate by c e n t r i f u g a t i o n  a t  U O O G  force and a 
maxilriixn hold-up time of  1.3 min. Equipment i n  the c e l l s  permits  con t ro l l ed  
hea t ing  and cool ing,  r e f l u x  d iges t ions ,  and c o n t r o l  o f  t h e  c e n t r i f u g a t i o n  
r a t e .  

The p r e c i p i i a t i o n  c e l l s  can be operated e i t h e r  i n  s e r i e s ,  wiLh t h e  super-  
nate from one p r e c i p i t a t i o n  being t r a n s f e r r e d  t o  t h e  next  c e l l  f o r  f u r t h e r  
preocessi ng, o r  as independent u n i t s ,  pe rmi t t i ng  repea ted  p r e c i p i t a t i o n ,  
d i sso lxkion ,  and r e p r e c i p i t a t i o n  wi th in  the  same cell. Tanks a r e  a,vail-  
ab l e  Cor s torage of var ious  ,"ract,ions during t h e  process .  

Pr e c i p i t  a t  i o n  -F i It rat  ion_ 

Three p r e c i p i t a t o r s  i n  t h e  p l an t  a r e  equipped wi th  s t a i n l e s s  s t e e l  f i l t e r  
v s s s e l s .  I n  t h e  C e l l  9 p r e c i p i t a t o r ,  p r e c i p i t a t i o n s  and f i l t r a t i o n s  a r e  
made and the f i l t e r  cake i s  d isso lved  f o r  t r a n s f e r  t o  o t h e r  tankage o r  
t o  t r a n s f e r  casks f o r  removal from t h e  bu i ld ing .  This f i l t e r  v e s s e l  i s  
equipped wi th  a c o i l  f o r  hea t ing  o r  cool ing  and h a s  a capac i ty  of  1 g a l  
of s o l i d s .  
>O? 000 c u r i e s .  

The 54-gal p r e c i p i t a t u r  can handle a c t i v j t y  l e v e l s  up t o  

The o the r  f i l i e r  vessels and p r e c i p i t a t o r s  a r e  i n s t a l l e d  i n  manipulator 
c e l l s  (Cells 1.1 and 14E). The f i l t e r s  can be disconnected remotely f o r  
v i s u a l  i n spec t ion  of t h e  p rec ip i t a , t c ,  c o n t r o l l e d  d i s s o l u t i o n ,  o r  mechani- 
c a l  removal as des i r ed .  These p r e c i p i t a t o r s  have a volume of 32 g a l  and 
tlie f i l t e r  v e s s e l s  have c a p a c i t i e s  of -1 g a l  of s o l i d s .  

Crys-LaI-li za t  i on  

Two 450-gal. and two 125-gal c r y s t a l l l z e r s  a r e  i n s t a l l e d  i n  Ce l l s  'i' and 8. 
'These v e s s e l s  a r e  provided. wi th  hea t ing  and cool.ing c o i l s ,  s o l i d s  add.i- 
t i o n  funnels ,  and sampl-ing devices  f o r  de te rmina t ion  of  crys-tal. vol-ume. 
Crys t a l l i za , t i on  temperat,ures as ].ow as 5 ° C  can  be reached.  Separa t ion  
oC t h e  c r y s t a l s  from t h e  supernate  i s  performed by decanta t ion  and f i l -  
t r a t i o n .  The c r y - s t a l l i z e r s  a r e  in te rconnec ted  s o  t h a t  repea ted  c r y s t a l -  
1.izations can be made t o  achieve c r y s t a l  volume reduct ion  o r  concent ra t ion .  
Af t e r  yeduction OP a c r y s t a l  bed t o  a low volume, t h e  c r y s t a l s  a r e  
d isso lved  and t ra .nsferred t o  t h e  manipu-lator cel.7.s f o r  f i n a l  p u r i f i c a t i o n .  

Ce r t a in  types  of  c rys t a l - l i za t ions  ca.n be done i n  t h e  p r e c i p i t a t o r  v e s s e l s .  
Stront ium n i t r a t e  ha.s been crys ta l - l ized  from concentrated n i t r i c  ac id  by 
t h e  a d d i t i o n  of fuming n i . t r i c  a c i d .  The c r y s t a l s  were separated by cen- 
t r i f u g a t i o n ,  washed wi.-th fuming nii;ri.c ac id ,  and d isso lved  i n  water .  The 
e x i s t i n g  equipment could be a,dapted -to perForm m a z y  d i f f e r e n t  c r y s t a l l i -  
zat i iois  i f  des i r ed  



Solvent  Ex t rac t ion  

Batch Solvent  Ex t rac t ion  

Th? ba tch  so lvent  e x t r a c t i o n  cell. (Cel.1. 9) con ta ins  two contac tors  of 
66-ga1 capac i ty  each .  Cofitrolled agita'Gion, i n t e r f a c e  determinat ion 
devices ,  s m q l e r s ,  arid s p e c i f i c  g r a v i t y  instruments  a l low c lose  con t ro l  
of  the process .  3old-up tanks,  tra;"sl-'er vessels, and pipi.ng make poss i -  
ble repea ted  ex t r ac t ion ,  washing, a n d  back-ext rac t ion .  T h i s  c e l l  can 
be used t o  e x t r a c t  contami.nants from t h e  I-rocess stream o r  t o  concentra-be 

have been sepa ra t ed  from 1471h and the  a s soc ia t ed  mixed r a r e  e a r t h s  by 
ox ida t ion  o f  the cerium t o  Ce(1V) aad i t s  ext,ractTon i n t o  the  orgaxie 
phase. 

f i s s i o n  produ-cts f o r  purifica.l;ion. Batches of  50,000 cur i e s  OF I""& 

Evapor a t  ion  

Large-scale evaporat ions can be c a r r i e d  out  i n  a steam-heated evaporator  
(E-16)  having a 690-gai capac i ty  arid am evaporat ion r a t e  of 50 ga l /hr .  
This eva,porator can be used  f o r  coacent ra t ion  of feed o r  s i d e  streams t o  
provide enr iched  s o l u t i o n s  f o r  process ing .  Ce r t a in  of the p r e c j p i t a t o r  
v e s s e l s  a r e  designed t o  opera te  as evapora tors  and can be used P u r  r e -  
flux d i g e s t i o n s .  

Decant a . t ion 

One of t h e  process  c r y s t a l l i z e r s  and one p r e c i p i t a t o r  can be used f o r  
processes  where decanta t ion  of t he  supernate  i s  appropr ia te  e These ves-  
sels a r e  f i t t e d  w i t h  f ix .ed-poai t ion d.ecaxt l e g s  at, -56% of' t h e  tsanB 
volurm; changes i n  t h e  p o s i t i o n  of the d.ecanl; l egs  would involve minor 
pip5n.g changes. Decant;a,tion i n  all. cases i s  done by s t e m  je t t i i lg .  

Manipulator Cells 

Many cheniical ope ra t ions  can be s e t  up i n  f i v e  o f  tlie manipulator c e l l s  
by us ing  s tandard  l abora to ry  glassware and equipment; o r  s p e c i a l l y  de- 
s igned appara tus .  
removing the  t o p  s h i e l d i n g  blocks ; t he re fo re ,  ex tens ive  o r  i n t r i c a t e  
i n s t a l l a t i o n s  r e q u i r e  complete decontamination of' t h e  c e l l .  Rowever, 
s rna l l  i t e m  of equipment may be t r a n s f e r r e d  t o  and fron t h e  c e l l s  by 
means of a d o l l y  a-nd t r a c k  which runs  t h e  l eng th  of  the c e l l s .  Ai r locks  
i n  t h e  w a l l s  between t h e  c e l l s  minimize t h e  chances o f  cross  -contamination. 
Samples and chemicals a d d i t i o n  can be hwdled by the  d o l l y  also. 
manipu1at;or cell.  i s  set  up .to handle t rawfers  of  sh i e lded  c a r r i e r s .  

These fiv-e manipulator cells c m  be en te red  only  by 

A s i x t h  

The manipul-akor c e l l s  a7Jarilable for process ing  are Cells 11, 1.2, 13, 
l h E ,  and 14W. 
which coc ta ins  a permanent1.y i n s t a l l e d  p r e c i p i t a t o r  wit,h reniovable f i l t e r ,  
two hold-up ta r i lcs ,  and. a f:i:rnace f o r  c a l c i n i n g  of powder, as we1.1 as a 

Cell. 11 is a c:onibina-i,io:?. :pracessj.ng and manipulator c e l l  
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work a r e a  f o r  mani.pulator ope ra t ions .  So l ids  handl ing i s  done 5.n C e l l  12 
which i s  equipped wi th  a balance,  a pel . le t  p re s s ,  and a s soc ia t ed  equip- 
ment f o r  powder work. Fi-nal p u r i f i c a t i o n  o f  137Cs i s  done i n  t h e  g l a s s  
c r y s t a l l i z e r  equipment i n  Cell 13. Cel l s  L4E aizd 14W a r e  used for cesium- 
& ~ s s  processing,  storage of' products ,  f i n a l  source f a b r i c a t i o n ,  and weld- 
i n g  of con ta ine r s .  Tliree sh i e lded  we l l s  are used f o r  s to rage  of s o l i d  
products  in s t a i n l e s s  s t ee l .  cans;  t h e s e  wel l s  a r e  cooled by c h i l l e d  water .  
C e l l  l.l+N has two viewing wi.r,dows ar>d two s e t s  of manipulators ;  a l l  o t h e r  
maaipulator  c e l l s  have one vi.i?dow and ore s e t  of  maripi~. la tors .  The 
manipul.a,tor celJ-s a r e  s-;Lppl.ied with normali iaborat,ory s e r v i c e s  such as 
steam, water ,  e l e c t r i c a l .  o u t l e t s  and of'f-gas conri.eci.icns 

'Three o ther  manipulator c e l l s ,  Cells 1.8~ 1.9, acd 27'> a r e  i n  use a t  the 
FPDL. 
con t ro l .  Sample I.i?les from var ious  tank:: in t h e  process  cells t e rmina ie  
i n  t h e  sampling c e l l s .  'The samples ca.r- then be t r a n s f e r r e d  t o  the ana.- 
l y t i c a l  l a b o r a t o r i e s  or opera t ions  such as pH measurements, t i t r a t i o n s ,  
and p rec iy i t a - t e  volume determinat ions can be made i n  t h e  sampling c e l l s  

Cells 18 and 19 a r e  p r i m a r i l y  sampiizg cells used f o r  pracess  

Lnves-Ligational. work can also be Clone d i r e c t l y  on t h e  process  s o l u t i o n  
i.n t h e  sampling c e l l s .  Cell. 27, used f o r  t he  p e l l e t i z a t i o n  and en-capsu- 
l a t i o n  of 241Am, opera tes  independent ly  of t h e  o the r  c e l l s  and has a 
sepa ra t e  back-entry door and t r a n s f e r  s t a t i o n .  I n s e r t i o n  and removal of 
equipment, products ,  a i d  sa.mples may be performed. i n  t h i s  c e l l  without 
'Lyansfer through o the r  manipulator  cel . ls .  

The ope ra t ing  a r e a  a t  t h e  en t rance  t o  Cell 27 i s  held a t  O.3-in.  w.g. 
vacuum and i s  monitored by an a lpha  cons tan t  a i r  monitor .  Access t o  t h i s  
area i s  through a i r  Locks which a l s o  serve  as zone p o r i a l s  f o r  the check- 
ing  of personnel  and equipmenl for a lpha  contamination. S o l i d  waste from 
C e l l  27 i s  removed through t h e  t r a n s f e r  sta"uor? us ing  a lpha  Sag-out t e c h -  
niques - 
With proper  design and i n s t a l l a t i o n  o f  equipment, almost any l abora to ry -  
s c a l e  chemical process  can be adapted t o  marnipal.ator cel.1. ope ra t ion .  
The s i z e  of t h e  operskion i s  l i m i t e d  by the  work space a v a i l a b l e  i n  t h e  
cell-  and. w i l l  fiorrnally be I-imited t o  volumes of  a few l i t e r s .  I n  most 
cases  involv ing  long- l ived  f i s s i o n  products ,  t h e  ba t ch  si.ze i s  Lirnit,ed 
by t h e  bulk o f  m a t e r i a l  r a t h e r  than by r a d i a t i o n .  A s tandard ba tch  o f  
1"7CsCL, f o r  example, r ep resen t s  50,000 c u r i e s  a c t i v i t y  and about 2 kg 
of Sowdcr. Single  ba tches  of '44Ce centairzing 50,000 c u r i e s  have been 
processed.  

See Appendix No. 2 .  

Operat ing S af e guards 

The process  opera t ions  at, F'PDL a r e  accomplished by star,dard ope ra t i9g  
procPdlxres,' and any de le t ion ,  omission or addir,ror, t o  thzse  procediires 
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without approval  of t h e  bu i ld ing  superv isor  i s  considered grounds f o r  
d i s c i p l i n a r y  a c t i o n .  The usual. chemical p l a n t  s a f e t y  p r a c t i c e s  a r e  f o l -  
lowed, and s p e c i a l l y  app l i cab le  r egu la t ions  a r e  publ ished.  

The ope ra to r s  fo l low a s tandard  ope ra t ing  procedure book loca ted  a t  the  
panelboard and record  c r i t i c a l  data on pi-ocess data shee-ts which a r e  
f i l e d  f o r  each ba tch  processed.  The ba tch  d a t a  shee t s  a r e  used f o r  i n -  
ventory  c o n t r o l  as w e l l  as a check system on the  actual.  ope ra t ions .  These 
s h e e t s  remain iri t h e  inventory  c o n t r o l  board until a l l  ana lyses  have been 
rece ived  and s e v e r a l  batches have been combined f o r  f u r t h e r  pur i f ica t , ion .  
The completed shee t s  a r e  then  f i l e d  €or f u t u r e  re ference .  

Changes i n  ope ra t ing  procedures must be made became of  varying condi t ions  
of the feed  m a t e r i a l .  The changes a r e  reviewed by t h e  bu i ld ing  superv isor  
and o t h e r  appropr ia te  personnel. a d  approved by t h e  Div is ion  Radiat ion 
Sa fe ty  O f f i c e r .  i f  a procedure change i s  approved, t h e  ope ra t ing  procedure 
a t  t h e  panelboard i.s correc-Led and w r i t t e n  n o t i f i c a t i o n  i s  recorded. by 
t h e  bu i ld ing  superv isor  i n  t h e  "FPDL I n s t r u c t i o n s  Log." 

Decontamination opera t ions  vary  depending on the equipment involved, but  
a s tandard  dccontaminakion s o l u t i o n  procedure i s  used t o  prevent  t he  f a u l t y  
mixing o€ chemicals used dur ing  t h i s  per iod .  The flow of t h e  decontamina- 
t i o n  s o l u t i o n s  i s  de te rmimd by t h e  bu i ld ing  superv isor ;  a l l  j e t s  and 
va lves  lead ing  t o  c r j - t i c a l  a r eas  a r e  blocked and tagged a t  the paxelboards.  

Shi . f t  t ank  i n v e n t o r i e s  and sh i f t ;  checks a r e  taken  each s h i f t ,  and the  
recorded d a t a  a r e  s tud ied  by t h e  incoming superv isor  t o  assure  con t inu i ty  
of ope ra t ions .  Addi t iona l  d a t a  a r e  recorded i n  t h e  Operat ions Log Book 
by each s h i f t  superv isor  f o r  a w r i t t e n  record  of a l l  opera t ions  a t  t h e  
FPDL. The l o g  books when completed a r e  f i l e d  f o r  f u t u r e  r e fe rence .  

A b u i l d i ~ g  check shee t  i s  f ' i l led oucJ once a day to record t h e  d a t a  on t h e  
b u i l d i n g  s e r v i c e s  a n d  a u x i l i a r y  equipment. All s t o r e d  chemicals used i n  
t h e  process  a r e  r e g u l a r l y  i n v e r t o r i e d .  

PERSONNEL PROTECTION 

Per  s onriel Exposure 

The per iod  from January 1, 1-959, t o  January 1, 1963, i s  r ep resen ta t ive  
of t h e  t y p i c a l  r a d i a t i o n  problems encountered a t  FPDL. This per iod  
covered normal opera t ions  on. s o l u t i o n s  conta in ing  Prom 5 c u r i e s / l i t e r  
t o  15,000 c i r . k s / l i t e r  and included decontaminations of t h e  p l a n t  f a c i l i -  
t i e s .  This per iod  a l s o  included exposure from emergency work performed 
f o r  Operations Divisri-on. The exposure from normal opera t ions  during the  
f o u r  year  pe r iod  averages 22-6  m r  ( D p )  per week per operati-ng man. The 
followri-ng data were c a l c u l a t e d  f r o m  the  h e a l t h  physics  exposure d a t a  f o r  
1959-1962 : 
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Personnel  --- 
Average Weekly Dosage (mr/wk D 
- 1959 -- 1960 1961 -~ 1$5 

Chemical Operators 18. '( 19.4 13.8 38.5 

Sbpervi s i  or_ 16~5 13.5  5 *2 18.5 

Sxposure P ~ s s i b i l i t :  ies 

'he l a r g e s t  soorcp o f  exposure w i l l  come from dccontamicaiion work o r  ac-  
c i d e n t a l  r e l e a s e  of  contaminatj  OP The dt?cor?taminal,ion work exposure i s 
organized under s tandard procedures as L i s k d  i l z  che Zoning Procedure f z  
t h e  FP'DL' and the  Froceduyg f o r  Personiiel hnLry t o  FPDL Cells.' 

A l l .  samples and s o l i d  waste m a t e r i a l  a r e  removed from the manipulator ce1.l.s 
i n t o  a sh ie lded  c a r r i e r  which has no g r e a t e r  readtag  than  200 mr/hr a t  
contact; .  The normal exposure f o r  t h i s  type o f  work wou1.d be l e s s  t han  
10 mr/rnanweek. 

Entrance i n t o  hot  c e l l s  by access  door i s  con t ro l l ed  by -the bu i ld ing  super-  
v i s i o n  through t h e  i n t e r l o c k  system aiid has t o  be approved by a Health 
Physics r e p r e s e n t a t i v e .  Entrance by way o-f t h e  top  of t h e  c e l l s  3.s con- 
t r o l l e d  by Heal th  Physics through t h e  Zoning Procedure f c r  the FPDL - and 
_I_ Procedure f o r  Personnel  Ent ry  t o  FPDL __l__l_ Cel ls .  

- Radiat ion and Contaminati-on Controls  

Radia,tion Monitrons 

Twenky-two r a d i a t i o n  monitrons are locat,ed a t  s+,rategi.c po in t s  i n  .the 
bu i ld ing ,  and t e n  VicLoreen rr,onitors a r e  loca t ed  i n  the s e r v i c e  tunne l s  
f o r  personnel  p r o t e c t i o n  during maintenance ope ra t ions  ( F i g s .  4 and 5 ) .  
A1.1 monitors a r e  connected. t o  a c e n t r a l  alarm and panelboard system which 
i s  amwered by superv is ion  and Health Physics when the al-arm signal. i s  
souRdFd. Moni'iors a r e  a l s o  equipped w i t h  l o c a l  alarms t o  n o t i f y  personnel  
of hazardous cor,di.i;ions All mocitcr  u n i t s  a r e  checked d a i l y  for opera- 
t,ior,.  

Constmafit, Air Monitor? - 
Three po r t ab le  beta-p.mma monitors and one a lpha  consbant a i r  monttor 
w i t h  l o c a l  and c e n t r a l  alarms a r e  loca t ed  in .  s e l e c t e d  a reas  ( F i g s .  4 and  
5 ) .  A u n i t  i s  always a v a i l a b l e  for movement t o  t ake  d i r e c t  readings dur-  
i c g  decontamination and rnaintenance work I One a i r  monitor s t a t i o r i  i s  
I.acat*ed on t h e  sovth  w a l l  ot' t h e  maiiipula'tor c e l l  a r e a  and i s  used t o  
ac tua . t?  t h e  ou te r  door i n t e r l o c k  system Ti' a masking t,ol_erance a i r  
count i.s recorded on ?his a.ir  monitor,  ii; w i . l l  r i n g  a l o c a l  alarm aqd 
lock a l l  the ou-isitle entrance doors .  I n  case t h e  bu.il?i.ng floors are 
con-tamir!.ated, superv is ion  can a c t i v a t e  t h e  outer dacr  lock  system by 
throwir?_g a manual swi tch .  A l l  d-oors can be u.nlockzd by pushjkg t h e  normal 
crash-bar ha.rdwarc Y r o m  i n s i d e .  The cons!,ar?i; a i r  moni tors a r e  checked. 
fci- opera t ion  d a l l y ;  [;he outs ide en t rance  door in t ,e r lock  i s  checked on 
a week1.y ba,l  T l  s * 
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Radia t ion  De t e  e t  i on  Equipment 

Victoreens and c u t i e  p i e s  are loca ted  i n  s t r a t e g i c  s e c t i o n s  of t h e  b u i l d -  
i n g  and a l l  ope ra t ing  personnel  a r e  t r a i n e d  i n  t h e  use of t h e s e  instruments .  

Personnel  a r e  r equ i r ed  t o  check theinselves using a hand and f o o t  counter  
l oca t ed  ad jacent  t o  t h e  locker  room beEore e n t e r i n g  t h e  lunch room o r  
l e a v i n g  t h e  b u i l d i n g  a r e a .  Probes a r e  a l s o  a v a i l a b l e  a t  a l l  personnel  
e x i t s  f o r  checking f o r  contamicat ion.  

A Heal th  Physics  o f f i c e  i s  manned on t h e  d.ay s h i f t  and conta ins  an a lpha  
smear counter ,  a beta-gamma smear counter ,  high-lev-el. r a d i a t i o n  probes,  
p o r t a b l e  d i s c  a i r  sanpl.e~-s, Hi-Vol a i r  samplers,  and a d d i t i o n a l  c u t i e  
p i e s  and Vic toreens .  All opera t ing  personnel  are t r a i n e d  i n  t h e  use of 
t h i s  e qu-ipment . 
Containment H i  -Vol Dete e t  ion  System 

Twelve Hi-Vol air smplers, equipped wi th  Geiger tubes ,  a r e  loca t ed  a t  
s t r a t e g i c  p o i n t s  throughout t h e  b u i l d i n g  ( F i g s .  4 and 5 ) .  These u n i t s  
a r e  l o c a t e d  -8 f t  T r o m  t h e  f l o o r  l e v e l  and a r e  ad jus t ed  t o  an a i r  f low 
of 20 scfm. The alarm and containment s e t t i n g s  on t h e s e  instruments  a r e  
s e t  f o r  a c o l l e c t i o n  of 1.8 x mc o f  "Sr. 
these  G i t s  a r e  connected so t h a t  a 2-out-of-2 coincidence alarm i s  ncc- 
e s s a r y  t o  a c t i v a t e  t h e  containment system. The d e t e c t o r  i n  the manipu- 
l a t o r  ope ra t ing  area and t h e  one i n  t h e  C e l l  27 access  area w i l l  a c t i v a t e  
containment i f  e i t h e r  of t h e s e  alarm:;. 

With two except ions,  

Cen t ra l  Control  Panel  

A c e n t r a l  pane l  which shows t h e  coad l t ion  of a11 monitrons, CAM's and 
Hi-Vol d e t e c t o r s  and inc ludes  s i g n a l s  f o r  alarm, out -of -serv ice  and normal 
condi t ions  i s  loca ted  i n  t h e  s u p e r v i s o r s '  o f f i c e  on t h e  second l e v e l .  
A l s o  l o c a t e d  i n  t h i s  o f f i c e  i s  t h e  containment c o n t r o l  pane l  which i n -  
c ludes  alarms, r e s e t  switches,  f a n  start  and s t o p  con t ro l s ,  and ou te r  
door locking  c i r c u i t s .  

Emergency Equipment 

Emergency combat mask cab ine t s  are l o c a t e d  i n  t h e  ope ra t ing  a reas  Cor 
immediate use i n  case  of a h igh  a i r  count i n  t h e  bu i ld ing .  Ind iv idua l  
gas masks wi th  p r e s c r i p t i o n  saye ty  glasses have been i ssued  t o  person-  
n e l  who must have p r e s c r i p t i o n  g l a s s e s  f o r  v i s i o n  while  wearing t h e  masks. 

Emergency cab ine t s  a r e  loca,ted i n  t h e  west and south  a i r  locks  and con- 
t a i n  an  a i r  l i n e  mask system, p l a s t i c  s u i t s ,  rubber s u i t s ,  chem-ox gas 
masks, gloves,  s a f e t y  l i n e s ,  l a n t e r n s ,  and ha rd  h a t s .  

An emergency evacuat ion procedure i s  posted i n  t h e  b u i l d i n g  and a l l  
personnel  have been informed of t h e i r  d u t i e s  and procedure.  



C e l l  Door 1ntevl.ock - System 

The se rv ice  tunne l s ,  Cel.1 20, and the  C e l l  15 loading  s t a t i o n  a r e  p ro tec t ed  
by a c e l l  door i n t e r l o c k  system. The C e l l  1.5 syskem c o n s i s t s  of an e l e c -  
t r i c a l  lock  sys'Lie1n on t h e  cel l .  door entrance,  a pneumatic lock  system on 
t h e  s h i e l d  between C e l l  14hT apd.  Cell. 1-5, and a manual ba r  lock on t h e  
C e l l  15 roof pl.ug. A s p e c i a l  padlock i.s used on t h e  C e l l  1 5  door j.n case 
of e l e c t r i c  f a i l u r e  on normal. swi tches .  The bui7.dj.ag superv isors  have 
possess ion  of  t h e  key f o r  thiLs lock. 'The system i s  designed so that i-'i 
i s  impossible €or personnel  t o  be i i l  Cell 1.5 without superv is ion  present  
when t h e  s h i e l d  o r  t h e  loading s t a t i o n  door between C e l l  14W and C e l l  15  
i s  r a i s e d .  If t h e  Cell. 14W si i ie ld  i s  r a i sed ,  t h e  C e l l  1-5 block cannot 
be opened and the  C e l l  1 5  personnel  access  door i s  e l e c t r i c a l l y  locked. 
To e n t e r  C e l l  15 woisld reqxiire t h e  s h i e l d  an.d t h e  1.oading s t a t i o n  d.nor 
t o  be lowered h t o  p lace  and t h e  superv isor  and ai; l e a s t  two o the r  em- 
ployees t o  open t h e  personnel. access  door .  When t h e  superv isor  t i irns 
the spriiig-load.ed e l e c t r i c a l  lock  wi th  h3.s key, t h e  e l e c t r i c a l  lock  i s  
de-cnergized.  'The superv isor  cannot, leave t h i s  switch u n t i l  two o the r  
employees open t h e  door .  As soon as t h e  c e l l  door i s  cracked open, a 
switch energ izes  a pneuma,ti.c locking  device on t h e  second l e v e l  which 
b o l t s  t h e  shi-eld i n  p lace  and de-energizes  tile loading  s t a t i o n  crane.  
Thi-s s h i e l d  and t h e  loading  s t a t i o n  door cannot be r a i s e d  u n t i l  the  C e l l  
l 5  door i s  c losed  by superv is ion .  The e l e c t r i c a l  switch box f o r  t h i s  
ci.rcu.it i s  padlocked i n  t h e  "on" p o s i t i o n  and. t h e  bu i ld ing  superv isor  
and t h e  OFUVL Laboratory S h i f t  Superv isor  have t h e  master keys.  

The se rv ice  tu.nneL and C e l l  20 i n t e r l o c k  system i s  e l ec t r i ca l . l y  operated 
and i s  locked i n  t h e  "on" p o s i t i o n  a t  a l l  t imes .  I f  maintenance i s  r e -  
quired,  superv is ion  schedules  a panelboard shutdown and then  de-energizes  
t h e  system by t u r n i n g  a spr lng-loaded e l e c t r i c a l  swritch wi th  h i s  key. 
'The superv isor  cannot leave  t h e  swi tch  u:ntil. one o the r  employee opens 
the  door t o  the  s e r v i c e  t u n n e l .  When 'che door i s  open, an automatic sys-  
t . e m  shu t s  off t h e  steam supply t o  t h e  c e l l s  and t h e  instrumen-t a i r  t o  the  
panelboards so t h a t  no a c c i d e n t a l  t r a n s f e r s  of s o l u t i o n  can occur e 

Process I- Safe guards 

All panel-board. ins t rumenta t ion  i s  p ro tec t ed  from rad-i-oactive backups by 
d i f f e r e n t i a l - p r e s s u r e  c e l l s  l oca t ed  i n  t h e  s e r v i c e  tunne l  o r  in sh ie lded  
cub ic l e s .  Any backup of r ad ioac t iv~e  solul;i.on w i l l  be contaained i n  t hese  
a reas  and will. be handled und-er normal decontamination procedures .  

Tbe remote i n - c e l l  valves  are opera ted  from panelboards through a r e l a y  
systein. The panelboard switch a c t i v a t e s  a 1:l air- r e l a y  i n  t h e  servi.ce 
-'i-uniiel whi.ci7 t hen  sends a pneumatic s i g n a l  t o  operake t h e  va lve .  I n  some 

Lhe same opcrakion. This system prot;ects aga ins t  poss ib l e  backu.ps r e -  
su- l t ing  from leaking  diaphragms i n  t h e  i n - c e l l  va lves .  

,n as :1 c a combication of e l e c t r i c a l  and pneumatic signals i s  used t o  e l i fect  
L 

Solution a d d i t i o n  -Lo t h e  var ious  process  v e s s e l s  i s  performed i n  t h e  
ope ra t i cg  a reas  through val.ved -Cu_rnels. I n  the  case of v e s s e l  p r e s s u r i -  
za t ion  d1ur'In.g solii+,io1 additlion, a f lapper -va lved  f u m e 1  j.n t h e  process  



c e l l  w i l l  open and d i s s i p a t e  t h e  p re s su re  i n t o  t h e  c e l l .  The f l a p p e r -  
valved funnel i n  t h e  s o l u t i o n  a d d i t i o n  l i n e  i s  equ iva len t  t o  an open solu- 
t i o n  a d d i t i o n  €urine1 i n  t h e  process  c e l l  bu t  e l imina te s  t h e  l o s s  of of f -gas  
capac i ty  t o  t h e  t a n k .  

The ammonia sparging system t o  t h e  p r e c i p i t a t o r  v e s s e l  i s  c o n t r o l l e d  by 
a i r - to -open  va lves  and has a ecmstant a i r  purge system t o  prevent  suck- 
back due t o  DH3 gas d i s s o l v i c g  i n  the sol.ution azd c r e a t i n g  a vacuum i n  
t h e  l i n e .  

A l l  va lves  i n  s e r v i c e  l i n e s  are designed t o  close i n  case of a f aT lu r s  
o f  power o r  a i r  supply.  The only  except ions t o  t h i s  rule a r e  t h e  off-gas 
header c o n t r o l  va lves  and t h e  evapora tor  ( E-16) condenser water  which a r e  
oper, under emergency c o n d i t i o m  to prevent  p r e s s u u i z a t i o c  o f  t h e  process  
system e 

Transfer  of r ad ioac t ive  prccess  s o l u t i o n  by steam j e t s  i s  p r o t e c t e d  aga ins t  
backups by a check valve-vent, system. The vacuum formed by t h e  conden- 
s a t i o n  of steam i n  t h e  l i n e  a f te l .  t h e  j e t  i s  c losed  i s  r e l i e v e d  by a 
check valve t o  a vent  header which te rmina tes  i n s i d e  t h e  process  c e l l .  
Operat ing experience wi th  t h i s  system has proved t h a t  i t  i s  an automatic 
p reven ta t ive  o f  r a d i o a c t i v e  s o l u t i o n  i n  steam j e t  l i n e s .  

The process  v e s s e l s  f o r  p r e c i p i t a t i o n ,  c r y s t a l l i z a t i o n ,  evaporat ion,  sol- 
vent  e x t r a c t i o n ,  and h igh - l eve l  s to rage  a re  p r o t e c t e d  11) an alarm system 
which i n d i c a t e s  high temperature  and h igh  o r  low o f f -gas .  A l l  alarms of 
t h i s  type  a r e  s igna led  a t  t h e  panzlboard and a r c  answered by t h e  ope ra t ing  
personnel .  

The so lven t  e x t r a c t i o n  equipment i s  p r o t e c t e d  a g a i n s t  f i r e  hazard. by a 
temperature  r i s e  r e g u l a t o r  sys5em which a c t u a t e s  t h e  f i r e  water  spray  
system. If the c e l l  -‘iempe1-at,iire r i s e s  20°C p e r  minute, t h e  s p r i n k l e r  
systerri i s  au tomat i ca l ly  t u - n e d  on t o  spray  -the c e l l  equipment, and t h e  
Gamewell alarm system i s  ac tua ted .  

411 c e l l  plugs a r e  s e a l e d  on t h e  i n s i d e  of t h e  c e l l  and b o l t e d  t,o t h e  
concre te  on t h e  ou t s ide  of t h e  c e l l  t o  prevent  blowing out; i n  case of an 
explosion i n  t h e  c e l l s .  

The r a d i o a c t i v e  powder s to rage  w e l l s  i n  Ce l l s  14E and 14W a r e  cooled by 
a c h i l l e d  water  cool ing  c o i l  i n  a b a t h  of  d i s t i l l e d  water .  
low l i q u i d  l e v e l  probe system alarm h.as been i n s t a l l e d  t o  keep t h e  b a t h  
at t h e  proper  ope ra t ing  l e v e l .  A high temperature  al-arm has been i n s t a l l e d  
t o  prevent  overhea t ing  oP t h e  w e l l .  These a.larms are answered by t h e  
opera-Ling personnel .  An automatic  system a c t i v a i x d  by a temperature  con- 
t r o l  provides  process  water  cool ing  t o  t h e  s to rage  w e l l  i n  t h e  event of 
f a i l u r e  OP t h e  c h i l l e d  water  supply.  

A high and 

The house vaciium system i s  p r o t e c t e d  by a surge pot  l o c a t e d  i n  C e l l  ll 
and i s  equipped wi th  a l i q u i d  l e v e l  alarm system t o  prevent  overf lowing.  
The alarm i s  answered by the opera t ing  personnel .  
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The c h i l l e d  water r e c i r c u l a t i n g  loop prnvrides coolant  f o r  a l l  process  ves-  
sels and condensers and i s  se rv iced  by two r e f r i g e r a t i o n  u n i t s  wi th  a. 
combined capac i ty  of 130 tons. The main purpose of  t h i s  system i s  t o  
conta in  any r ad ioac t ive  l e s k  from process  v e s s e l s  o r  c o i l s  w i th in  t h e  
confines  of t h e  ksIi.lding p ip ing .  ::f a leak  were t o  occur t h e  system coul-d 
be f lushed  to t h e  ORNL ho?, was?,? s y  m and -Li-,us preverk aiiy rad ioac t$ ive  
soI.utioii from exkcring the p r o z e s s  waste system. Tne secoridary advantage 
'LO tinis system i s  Llie eonsrrvat;ion of proc~ss water  which i?ormally isould 
be discharged Lo t h e  process waste t,rea+mzrk plant, f o r  fh-r ther  procFssicg. 

LiqlJid Was_t_.e_ 

Iow Lc ve 1 Radio ac  t i v e  Was t e- -- 
Low l e v e l  radi-oact ive wastes, which c o n s i s t  o f  c e l l  floor washings, ' c e l l  
sump so lu t ions ,  c e l l  decontamination so lu t ions ,  s e r v i c e  tunne l  floor wash- 
ings ,  and evaporator  condensate, a r e  c o l l e c t e d  in two s t a i n l e s s  s t e e l  
waste c o l l e c t l o n  tanks ,  S-223 and S-523. The normal. volume o f  t h i s  was'ie 
j.s 500 gal./day, and t h e  a c t i v i - t y  l e v e l  i s  l c u r i e  of mixed f i s s i o n  prod- 
ucts p e r  day. These s o l u t i o n s  are sampled, and under normal. ope ra t ion  
a r e  j e t t e d  t o  W-5 t ank  i n  t h e  ORTJL tank  farm when t,he t ank  l i q u i d  l e v e l  
reaches 60$ capac i ty .  
would d r a i n  t o  t h e  low l e v e l  col.Lection system f o r  s torage  u n t i l  t h e  
bui.I.ding su-pervisor deti.ermir?ed t h e  best; d i s p o s i t i o n  of t h i s  solution. 

if a t ank  were 'LO burst i n  the c e l l s ,  t he  conLents 

I n  t e rme d i a t  eJeve7. R a d i o a c t a e  Was t e. 

The in te rmedia te  l e v e l  r ad ioac t ive  waste sc?iu-Lior.s consi-s t ing of  the waste 
s t ream from t h e  normal process  opera t  ions 1 p l . 1 ~  decontaminatio? s o l u t i o n s  
a r e  c o l l e c t e d  i n  a s t a i n l e s s  s t e e l  tank,  sasnpl::d f o r  r a d 3  ochemical ana ly-  
s i s  a n d  then  jetLed to W-5 t ank  i n  t h e  OFJVI; tank farm. The cormal 
vo.lir.me of t h e s e  soli i t , ions i s  1500 gal lday  2nd t h e  average a c t i v i t y  is 
1.00 c u r i e s  of  mixed f i s s i o n  pi-od1~t .s  pe r  day. These sol-ut ions a r e  gen- 
e r a l l y  bas i c ,  but could h:: a c i d i c  from ni t r . i c  a c i d  decontamii1atio:Q solu- 
tr ims. 

k spec?-a1 bo l t a ron  waste system col1ect .s  t h e  h t e r m e d i a t e  l e v e l  waste from 
t h e  hydrochlor ic  ac id  system used f o r  13'7Cs p u r i f i c a t i o n  
a c i d  wastes a r e  c o l l e c t e d  i n  a g l a s s  l i n e d  'i;ank, sampl.ed f o r  radiochemi- 
c a l  ana lys i s ,  neut , ra l izcd  w i t h  sodium hydroxide, and. j e t t e d  t o  W - j  t ank  
i r !  t he  ORNL tank  farm. 

Yi$-Level Radioactive Waste -._ 

The hydrochlor ic  

High-level  r ad ioac t ive  wast3e s t reams a r e  comprised of  s h o r t - l i v e d  r a d i o -  
isot,op?s s u r h  as 9"Zr-"5Nb whir:h a r e  waste products  from processes  u s i n g  
shur t , - coo led  fuel elerrLents - 
average ac iSv i ty  l e v e l  of 5O,OOO c;iries per day- SixLy percent  o f  t h i s  

'Z'hc normal flow i s  150 gal lday  with an 
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a c t i v i t y  i s  35Zr-95Nb. 
decay per iod ,  t h e  s o l u t i o n  i s  sampled f o r  radiochemical  a n a l y s i s  and j e t t e d  
t o  W-6 tank i n  t h e  O W L  t ank  farm f o r  s to rage  and Purthew decay. 
procedure i s  done only wiLh d i v i s i o n a l  approval .  

I f  process  cornrnitrnents do not  a l low a s u f f i c i e n t  

This  

Organic Waste 

The organic  waste f r o m  FPDL c o n s i s t s  of  Arrisco a.nd d i (  2 - e t ~ i y L h e ~ l ) p h o s p h o r i c  
a c i d  which have been. s5ripped of n.ear1y all a c t i v i t i e s  which were ext,rac.t;ed 
i n  t h e  process.  T'no maximLun volume or^ o r g m i c  wask w i l l .  be 100 gal/month. 
A f t e r  be ing  s fx ipped ,  waste i s  pimped d i r e c t l y  50 t ank  W-5 o r  w-6 i n  t h e  
0PNL t ank  Farm system. 

Process Wast2e System 

The process  wast.:. system c o l l e c t s  the b u i l d i n g  steam condensat?, d i s t i l l e d  
watcr  unit; condenser water,  and the normal b u i l d i n g  s ink  and f l o o r  d r a i n s .  
This system has very s m a l l  flow and t h e  contamination i n  this system would 
o r i g i n a t e  from minor s p i l l s  i n  t h e  ope ra t ing  a r e a .  

The s t e m  condensate from process  v e s s e l s  i s  condensed, monitored, and 
co l lecked  i n  a 2,500-gal surge tank. If no  r a d i o a c t i v i t y  i s  recorded, 
t he  s o l u t i o n  i s  pimped to t h e  process  waste system; i f  a r a d i o a c t i v e  l e a k  
were t o  occur,  t h e  s o l u t i o n  would be discharged Go the  YPDL tarLk farm f o r  
d i s p o s a l .  

Storm Sewer System 

The storm sewer system recei.ves a l l  roof  drainage,  build.ing hea t ing  con- 
densate ,  and cool ing  water t o  the f r e o n  condenser of t h e  c h i l l e d  water 
u n i t .  All of these S O U I ' C ~ S  are non-rad ioac t ive .  The only  poss ib l e  con- 
tamrir.ati.on would. come f r o m  an ou t s ide  source which migh.t settle on t b e  
bu.2ldin.g roofs. During normal opera t ion ,  t h e  c h i l l e d  water  u n i t s  reci . r -  
e u l a t e  t h e  cool ing  water  from t h e  compressor u n i t  t o  a cool ing  tower;  
homver ,  dur ing  maintenance shutdowns on t h e  cool ing  tower, t h e  cool ing  
water. would go through t h e  f r e o n  condmser system d i r e c t l y  t o  t h e  storm 
s ewe r . 

G a s  e ous Waste -_ 
Off -Gas  System 

Th=. off -gas  system a t  t h e  FPDE exhaus ts  every v e s s e l  i.n the c e l l s  under 
-v-ac'uum which i s  c o n t r o l l e d  i.n C e l l  20 by two p n e i m t i c a l l y  opera ted  va lves .  
One p n e - i a t i c  valve aii tmatically ad.justs the o f f -gas  va1:uuni t o  6 t o  8 i n .  
w.g. on t h e  process  acd.  t ank  farm c e l l  vessels. The. ~ o ~ m a l  flow through 
t h i s  c o n t r o l l e r  i.s 300 cfm a:?d the gases present aye NS,, 10BR%Cq, a.3.d 
oxides  of n i t rogen ;  t h e  p a r t , i c u l a t e  mat te r  from entraimflect could he any 
fissri.r>n product  radioisokope .that, woii.l..d be i.n process The o t h e r  pneuma- 
t i c  valve maintaixs  a vacixm of  8 t,o 1-0 i n .  w.g. on the manipulator c e l l  
equipment,. The nornial flow thro i~gh $his system i:s 100 c f m  a d .  '6h.e gases 
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present  a r e  NH3, ' - 06R~Oq,  a.ud oxides of  n i t rogen .  The p a r t i c u l a t e  mat ter  
cou1.d be any f i s s i o n  prod.uct t h a t  would be i.n pyocess.  'The a d d i t i o n a l  
of f -gas  on t h e  manipu.l.ator c e l l s  i s  needed t o  overcome t h e  pressure  drop 
of a n  add.i t ionaI scrubbing unit .  l o c a t e d  i n  C e l l  1-3 whlch c o n s i s t s  of a 
glhss bubble cap, continuous fl.ow, c a u s t i c  sc rubber .  T h i s  scrubber  r e -  
moves hydrochLoric ac jd  fm?s From the Cs pur i f ica t - ion .  equipment 'io 
prevent  cor ros ion  i n  tb.e main s t a i n . l e s s  s t e e l  o f f  -gas l i r z  e 

1 '3'7 

B o t h  of f -gas  systems are  c.o:cinec-t,ed t n  a zommon header fcr scrubbing act , ion 
i n  C e l l  20g The o f f - e m  i s  se-.:hbed ir:  {;TWO cciw:5ercurrerL% flow Berl. sad-  
dle scrubbers .  The f i r s t  scrxbhing solut, iori  i s  c h i l l e d  2 T\T !$sP04 and the  
second 4 2 c a u s t i c .  
s t , a i n l e s s  steel. pref j - l ters ,  ar,d a 'csolzte filters for f i n a l  clean-up. A t  
t,his po in t  t he  o E - g a s  flow i s  rnc.?itored and t.hcri disckarged tc t h e  ORNL 
gaseo-us waste disposal.  f a c i l i t  i e s  The moniLor sys-tern i s  in s t runen ted  
LO record  and alarm a c t i v i t y  l e v e l s  from 0 couxts/min t o  25,000 count,s/min 
I n  case of a i  al.arm, al-l process ing  i s  sfnpp,?d by superv is ion .  

The off-gat; s t ream f lows  Lhrough a hea te r  s ec t io2 ,  

A dua l  f i l t e r  syskem is uxed $,o cont inue f i l t r a t i o n  durirzg t h e  r ep lace -  
ment of w e d  f i l t e r s .  The con-5arninated f i l t e r s  a r e  removed by remote 
ope ra t ions  i n t o  a sh ie ld ing  device which i s  a component o f  t h e  c e l l  
sh i e ld ing .  The fj.-Lter i s  seaixd i n  a steel. caq which forms a b l i s t e r  
on top of i-,he f i l t e r  cubic le  and t h e  completed unit i s  removed %o t h e  
b u r i a l  ground. The sea led  can i.s dropped into -tile t rench ,  and the  shield.  
i s  rekurned t o  t h e  bixilding f o r  permacent sh i e ld ing .  

The ORNL of€-gas  system i s  proT;id.ed w1"c.h st,ea-m t u r b i i e s  which automati-  
c a l l y  cont inue t h e  off-gas  flow i n  case of  power f a i l u r e .  The F'PDL 0f-i"- 
gas c o n t r o l  system i s  pneumatically operated and is designed t o  f a i l .  open 
i n  case of an emergency. 

Cell. Vent, i lat ior? System 

The c e l l  v e n t i l a t i o n  system for -the FP9L a r e a  d . raws  a vaeuurn o f  1.0 i n .  
t o  1--5 i i i .  w.g. 03 the  process ,::ells, manipulator  c e l l s ,  t ank  farm c e l l s ,  
s e r v i c e  taimneI.s, decontamination c e l l ,  and p ipe  tuniiels . The normal 
volume of a i r  swept 'chrough t h i s  syst,em i s  6,000 cfm. 

'The f i l t r a t i o n  of t h e  c e l l  v e n t i l a t i o n  a i r  i s  accompllshed by s t a i n l e s s  
steel .  Neva-Clog roiighing fi1i;ers ar?d a bank of CWX f i l t e r s  f o r  absolu te  
f i l t , r a t , i o n .  These u n i t s  a r e  gaslreted and sea led  i n  pl-ace by a locking  
device %o prevent  leakage arour,d the f i l t e r s  A moi i tor  s t a t i o n  i s  loca ted  
or, she ou t l e t ,  duct -20 f t  from t,he f i l . t e r  pi . t  and i s  used t o  mon.i.i;or t h e  
act , ivi t ,y  e A:? automatic E l e c t r i c  sump pixmp removes the  water leakage i n t o  
t h e  fii?er pi.:-,; i n  case o-i" p-mp f a i l u r e ,  BVI automatic steam. j e t  system 
goas in';(> aperatLon a ,411 groupd wat,er leak.age and decontamination so lu -  
t i o n s  are piped -Lo S-2215 t.ank i n  t h e  FPDL 1;arik f a r m  system. 

The a i r  e n t e r i n g  t h e  celLs i s  filtered by FG-25 g h s s  wocl rciigh.i-ng f i l t e r s .  
k addj-t ion t,o t h e  b u i l d i n g  f i l t . e r i n g  system, the :Lr le t ,  d-u.:+>s i-,o t h e  cc1l.s 
a r e  e cpipped w i t h  gravity--kal.anced backflow preve ikers  .Ma_r_ipulator c e l l s  
11, 12? 'L3, 1)IE,  lhW, arid 27 have ind iv idua l  C%TS absolu-te f i l t e r s  cn t h e  



c e l l  v e n t i l a t i o n  exhaust  duc t  r i s e r s  t o  remove p a r t i c l e s  of powdered 
137CsCl, 14"CeO;1, or "SrTi03 which become suspended i n  t h e  c e l l  a i r  
dur ing  handl ing opera t ions .  

A s m a l l  by-pass system w i t h  a capaci-ty of 1,000 cfm has been i n s t a l l e d  
a t  t h e  FPDL c e l l  ventiI.atio!i f l l k e r  p i t  and i s  equipped w i t h  CWS absolu te  
f i l t e r s .  This system i s  an o p e r a t i o n a l  by-pass t o  g ive  a s l i g h t  vacuwn 
on the c e l l s  dur ing  t h e  pe r iod  needed for changing the  GdS f i l t e r s  o r  
washing t h e  s t a i n l e s s  s t e e l  roughing f i - l t e r s  . The s t a i n l e s s  s t e e l  TJeva- 
C7.og f i l t e r s  are equipped w t t h  spray nozzles  t o  permit washing of  the! 
f i l t e r s  i n .  place. 
formed. 

Either wa,t,ei-- washing o r  chemical washing c a s  be pe r -  

S o l i d  Waste 

Righ-Level S o l i d  Wastes 

High-level  solid wastes  from t h e  F'PDL c o n s i s t  of  m a t e r i a l s  and equipment 
used i i i  t h e  manipu-lator c e l l s  t h a t  become contaminated w i t h  inixed. or 
sepa ra t ed  f i s s i o n  products .  Small  p i eces  of m a t e r i a l  o r  equipment a r e  
washed i n  the  manipulator  c e l l ,  p laced  i n  a p l a s t . i c  bag, i n s e r t e d  i n t o  
a 1 - g a l  t i n  can, s e a l e d  wi th  a l i d ,  and removed from t h e  cell .  i n  a bottom- 
load ing  uranium-shielded c a r r i e r .  The c a r r i e r  i s  then  t r a n s f e r r e d  by 
r i g g e r s  t o  t h e  b u r i a l  ground. \?hen t h e  c a r r i e r  i s  r e tu rned  "co t h e  b u i l d -  
ing ,  t h e  su r face  i s  smeared and decontaminated t o  <500 dis/inin. 100 em2. 

A. 2 -ga l  c a p a c i t y  lead-sh ie lded  c a r r i e r  can be used i n  C e l l  1 5  t o  accept  
s o l i d  waste froni Cells 11, 12, 13, 14E, o r  1.4W. Waste cans a r e  loaded 
i n t o  t h i s  c a r r i e r  from the Lop w i t h  t h e  a i d  of manipulators ,  otherwise 
t h e  hacd3.i ng procedure i s  i d e n t i c a l  t o  t h a t  descr ibed  above e 

Large equipment such as l abo ra to ry  balances, ffi-rnaces, p re s ses ,  s c a l e s ,  
s t a i n l e s s  s t e e l  f i l t e r s ,  and l a b o r a t o r y  cen t r i fuges  a r e  washed before  
be ing  removed from a c e l l .  
decontamination, it i s  taken  by ope ra t ing  personnel t o  C e l l  16 where it 
e m  he f u r t h e r  decontaminated with low exposure t o  personnel .  If t h e  
equipment i s  t o  be discarded,  a s t a in l . e s s  s teel .  l i n e d  lead-shi .e lded 
Dempster Dwnpster i s  used for  removal to t h e  b u r i a l  ground. 
which i s  loaded i n  C e l l  1-5, can be used t o  iemove canned s o l i d  waste as 
w e l l  as l a r g e  i tems .  

IS equipment caq be recovered by f u r t h e r  

The Dumpster, 

A3.1 c a r r i e r s  a r e  handled according t o  014?JL t r a n s f e r  proceduxes; FPDL w r i t -  
t e n  proced.u.res cover t h e  var ious  t r a n s f e r s  .I 

Low-Level SolFd Was32 

The low-level  s o l i d  wastjes a r e  composed. of  contmin.at ,ed swabs, s a n i t a r y  
pads, mops, b l o t t i n g  paper,  k r a f t  paper,  o r  o t h e r  m a t e r i a l s  irscd i n  manual 
decontamination procedures .  
is placed  i n  p l a s t i c - l i n e d  hot cans loca ted  i n  s t r a t e g i c  a reas  i n  t h e  
b u i l d i n g .  

This materia.1, which normally reads  (1.00 mr/hr, 

When a ear! i.s P u l l  o r  t h e  rad ia t i .on  l e v e l  of  6 rnr/hr i s  exceeded, 



t h e  p l a s t i c  bag i s  sea led  w i t h  tape and removed t o  the "hot" Dumpster. 
The Dumpster t ruck  removes t h e  m a t e r i a l  t o  t h e  b u r i a l  ground on a rou t ine  
b a s i s .  The r e t u r n i n g  hot Dumpster i s  checked f o r  contamination by Heal th  
Physics and approved f o r  use .  A d a i l y  survey of t h e  hot  Dumpster i s  made 
by t h e  Heal th  Physics represent .a t ive  ; superv is ion  surveys conta iners  
dur ing  s h i f t  decont,amination op3ratiovis 

m ihe process  hazairds discussed beI.ow a r e  considered because the phys ica l  
reqiiirements f o r  an acc ident  a r e  present , .  In each case t h e  con t ro l s ,  
physical and procedural ,  t , h t  a r e  uszd i,i, prevent  acc idents  a r e  descr ibed 
?he process  hazards a ra  divided i?to f i v e  categories : I) r ad ioac t ive  
gas r e l e a s e ,  2 )  gas formati~on and p r e s s u r i z a t i o n ,  3 )  decontamination 
hazards ,  4) explosion,  a?d j )  f i r e .  

Ra,dioactive G a s  Releaxg 

Two of  t h e  f i s s i o n  produeis  processed a,t t h e  FPDL can be converted to  
gaseous form -- '-O"RU as ""RU.O~ and 1 3 7 ~ s  as 1 3 7 ~ s 2 ~  vapor .  

' o s ~ ~ ~ . +  Gas Helease 

Liberabion of 10"Iiu04. gas from the evaporator  ( E - 1 6 )  i s  con t ro l lkd  by 
t h e  ba t ch  evaporat ion process  which con t ro l s  t h e  a c i d  normali ty  t o  between 
3 and 5 N .  Under these  condi t ions  no 1 @ 6 R ~ 0 4  Is l i b e r a t e d .  
t i o n a l  egror  were made by w'nich tihe maximum volmxe of 60% HNO3 drained 
from t h e  HNO3 s torage  t a n k  into  he evaporakoi", t h e  f i n a l  concent ra t ion  
would be '7 N and 106Ru04 gas wou1.d not  be l i b e r a t e d .  
iritroduc'ion o f  ac id  -Lo t h e  evaporator  i s  consid.ered very  un l ike ly  s ince  
n o  cheni-cals arc: added t o  the evaporator  uniier rou.Li.l;e proced.ures and 
s i m e  t h e  s o l a t i o n  a d d i t i o n  system would overflo-N t o  the  c e l l  f l o o r  i f  
t h e  HN03 addi t ioi?  l k e  were placed i _ u :  t h e  evapora:;or soliitiovl a d d i t i o n  
funne I. by mistake 

The genera t ion  of  "'"KuO 4 gas could be caused by t h e  introd.uc';ion of an 
ox id iz ing  agent ,  such as potassium permacganate, -to a cen t r i fuge  bowl 
dur ing  t h e  ac id  d i s so lv ing  of  a 1Q6Ku precipi . t ;a te  Potassium permanga- 
nakc i s  used i n  only 0n.e process  a t  t h e  FPDL and t h e  c e l l  i n  which t h i s  
process i s  c a r r i e d  out  (Cell. 9 )  i s  separa ted  from ainy of the c e l l s  i _ r l  

which 7 0 6 k ~ i  i s  processed.  Also, a small s ta ic less  s'Leel ma.keup tank  i n  
Area 32 has been designated. i n  the makeup procedure as the only ta.nk t o  
be used for KPhOd makeup. T h i s  tack i s  piped diriict-,iy i r h o  one of  t h e  
ex t r ac t to r s  ir? Ce1.1 9 (N-29) which, i.s the only tan.k tohat  uses K M , I @ ~  i n  
normal opera,ti.ons; thns ,  t,he p o s s i b i l i t y  o f  accide2l;al  drainage o f  m o 4  
t o  the  wrong t a n k  i s  e l imina ted .  The r e s p o n s i b i l i t y  f o r  t ra in i .ng  t h e  
Gperating personnel as l;o t h e  hazards of  KW-04 i n  t h e  FPDL system remains 
w i t h  the bu i ld ing  supervisio?:. Because o r  5h.c c~?.!;~cols desr . r ibed above, 
t h e  genera t ion  alzd. r e l e a s e  of sigcif ica.nk arnount,s ~r '06"Eu~!.+ are considered 
very  inprobable  

If an opera-  

The a c c i d e n t a l  



13"Cs20 Vapor Release 

During t h e  p repa ra t ion  o:f 1 3 7 ~ s  g l a s s e s  and t l i e i r  c a s t i n g  i n t o  source 
forms, 1"7Cs20 vapor i s  r e l e a s e d  from t h e  molten glass.  
done i n  a c losed  furnace whi-ch i s  exbaiisted t o  o f f -gas .  The of f -gas  from 
t h e  €-urnace passes  through a cool ing  and. scrnbbing system wi th in  t h e  cell 
before  be ing  discha'rged t o  t h e  FPDL of f -gas  t rea tment  system. C o l c i  tes ts ,  
t r a c e r  t e s t s ,  ar.d f u l l - s c a l e  opeyat ing experience w i t h .  t h i s  system i n d i -  
c a t e  that; t h e  137Cs which i s  evolved i s  a l l  t r apped  wikhin. t h e  f i r e - b r i c k  
l i n e r  of t h e  fu.rnacrj. 
t o  the environment hy thj .9  proe3ddure is not. considered c r e d i b l e .  

The mel t ing  i s  

Release of 137Cs t o  t h e  sertondary containment o r  

Cilemi c a l  Re a c t  ions 

Tlne normal process  operations at  t h e  FPDL inc lude  chemical addi.ti.ons o r  
r e a c t i o n s  which form va r ious  types  of  and q i a n t i t i e s  of gases .  These 
r e a c t i o n s  a r e  l i s t e d  i n  Table 5 .  Fo:~  a.11 processing,  operat ional .  proce-  
dure r e q u i r e s  6 i n .  w.g. vacuum which i s  more t h a n  adequate t o  c o n t r o l  
t h e  gaseous r e l e a s e  from t h e  reac t ionx  I . is ted and t o  prevent  p r e s s u r i -  
z a t i o n  of  t h e  v e s s e l s .  

I f  an opera t iona l ,  e r r o r  were committed and t h e  chemical arlldi.tion were i n -  
c reased  before  o r  dur ing  a r eac t ion ,  a p res su r i zed  v e s s e l  could r e s u l t .  
The o f f -gas  system would conLirxe t o  remove t h e  bulk CJC t h e  gas l i b e r a t e d  
and t h e  remainder would v e ~ . t  to t h e  c e l l  v e n t i l a t i o n  through t h e  p re s su re  
re l ie f  f l a p p e r  va lve  on 1;he solu'cion addikion l i n e .  If extremely h igh  
p res su re  were formed, rad ioac3ive  so-lution. could be forced  up instrument  
l i n e s ,  sampler l i n e s ,  an.d ;;et d ip - l egs .  The teriiiinal points of these  
l i n e s  a r e  located.  ic sh ie lded  a reas  which a r e  exhausted t;o t h e  c e l l  ven- 
t i l a t , i o n  system; s o  no r e l e a s e  of  a c t i v i t y  .to secondary containment o r  
t o  t h e  environ,mer,t would be expected,  

Radioact ive Soki t  i on  Ei.rrpizq 

I J ~  to 500,000 c u r i e s  o f  144 Ce, wi th  EL hea t  ou tput  of -kOOO watts, can be 
stored. i n  s o l u t i o n  i n  a s i n g l e  tarik in t h e  FPBL tank  farm ( C e l l  2l). 
Under normal cond i t ions  t h i s  soluti.ozz i s  2-4 E, i n .  n i t r i c  a c i d  and -is 
cooled by t h e  flooded.-cell ,  f i n - c o o l e r  technique I f  a? opera tor  a c c i -  
d e n t a l l y  j e t t e d  a concent ra ted  caust i .c  solurt,ion. i n t o  t h i s  tank ,  t h e  rare 
e a r t h  hydroxide would p r e c i p i t a t e  sad. s e t t l e  out t o  t h e  bottmm of the 
t ank .  The cool ing  system would cont inue t o  ope ra t e  but  t h e  p o s s i b i l i t y  
of a p res su re  bubble formTng i n  t h e  Tar? e a r t h  concent ra te  could P.ot be 
discounted.  
overcome t h e  o f f - g a s  .to tihe vessel,. . Radioact ive s o l u t , i o i  could back up 
i n t o  t h e  instrument  li.ii.es a i d .  , jet d ip - l egs  which term:i.cate in.  a n  uncon- 
t a i n e d  sh ie lded  ajI'ea, on -the FPDL .t;a!i.k farm. Thi.s a r e a  o f  100 P t 2  i.s 
forin.ed by a s o l i d  concre te  block wall 5 ft, high  arid the n o r t h  wall of 
Bui ld ing  351'7; it i s  monitored and a l l  l i m s  a r e  blocked by check valves  
or diaphragms. 
l a t e  con.tanina.!;ion woull-d be expected s i n c e  tiit? systein i s  no.rmal.ly p re s su re -  
t i g h t  . 

This  bubble could cause the tm.k t o  burp and t,hus momentarily 

P. high l o c a l  r ad ia t j -on  field wou.ld be caused but  no p a r t i c u -  



Gas uer hatch 

Caearcal Yolme, Est. r a t e ,  
1.1- ersjxziil - - Process add i t  ton  Cl;em:ca'i reaction L i F e r e x d  l i t e  __ ----- 

Magnet it e pr e c i  p i-t at i on  Eydrazine FeSf reduct ion  Nz 93 5 31 
Cesium-l37 p u r l f i c a t i o n  Zydrazine F l a t  inum reduct  ion  m; 200 7 

Ceslxa- l37 pur i f  icat5o.n Em0 3 NK4 C 1 ox i d a t  i on iv, 35 7 
Ne ut. 1- a l  i ze c? Xa2C.33 CO;! I, 000 70 

axala te  pr3 c iGi ta t ior ,  HBO 3 Oxalate destrcction co_r 229 7 

Cerim-1$4 oxida t ion  KPhO4 C i t r i c  ac id  destr.vlction S C l ~  111 11 

Ceri.m-14-4 redticf ,lor2 " E292 H 2 0 2  decomposition 02 5 94 60 

Magnetite p r e c i p i t a t i o n  nJaOH Fornat ion of NH40E.I m 3  9,000 lG0 

Ce s i-m - 13 7 c once nt r a*; i oa X\Torie Radio ly t ic  hydrogen 32 - -  0.01 

Cesilxul-137 oxa la te  None Caic i n a t  ion  coz 500 3 
C e s i m  g la s s  None Calc ina t ion  e02 159 2 

S t r ont i u 7 i  - 90 con c e rit r a t  e XoRe Radio ly t ic  hydrogen H2 - -  0.2 

Evapor a t  i on None 2 : l  concent ra t ion  ' O 'RUO~ 0 

r-l i e c ':me t i UT- 99 p r  e c i p it ai; ion  IDQ 3 

gene r a t  ion  

s torage  gene rat  io^ 
--  

STT shipment Decalso Radio ly t ic  hydrogen E2 
generat  ion  

-- St ron t  i ~ : ~ - 9 0  shiprnenf, Xone SrCQ3 decomposition C 0 2  5 
c e r TIXI - 14 4 s h ipne rit Mane None Mo ava i l ab le  daca 

w 
Iu 
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A similar acc ident  of t h i s  na tu re  could occur i n  t h e  "'Sr s to rage  tanks 
by t h e  a c c i d e n t a l  i n t roduc t ion  of c a u s t i c .  These tanks  con ta in  up to 
500,000 curies of  9"Sr as ''Sr(N03)2 solu- t ion i n  1-2 N_ n i t r i c  acid.; t hey  
a r e  loca t ed  i n  t h e  FPDL process  c e l l s .  The l i n e s  through which t h e  r ad io -  
a c t i v e  solution mig'rxt back up i.2 this case all t e rmina te  wi th in  FPDL c e l l s .  

The b w p i n g  of a r a d i o a c t i v e  s o l u t i o n  i n  a storage tank i s  a c red ib l e  ac -  
c iden t ,  bu t  t h e  normal safeguards of hi.gh-temperati*re and hi.gh.-le-riel.. 
alarms or_ the  tacks would give adequa%e warn.ing i f  tlie superv-isor who 
answered t h e  alarm c o r r e c t l y  determi d t h e  problem. fil.so, the p o s s i b i l i t y  
of  a c c i d e n t a l  sdd.itri.ons of chemicals 50 s to rage  t,anks i s  reduced by d.5.s- 
connect ing and capping the panelboard- switches w1il.ch opera te  a l l  va lves  
and. j e t s  t o  and from a si;o~'agc: t ank  when i.t i.s be ing  used f o r  s torage ,  
S o l u t i o n  ad.ditior? funnels  t o  t h e s e  tan.ks a r e  kept  coverec?. and locked.  The 
fact, t 8ha t  a sol.ution. had been. t r a n s f e r r e d  t.0 t h e  wrong tank  would immedi- 
ately be r epor t ed  t o  supervisi .on and c o r r e c t i v e  a c t i o n  would be taken .  
An. a d d i t i o n a l  measure of p r o t e c t i o n  i n  t h i s  system is provided by an over- 
C l o w  p ip ing  arrangemen-'c, i n  each s to rage  c e l l .  This system- provides  a 
t o k a l  of  over 600 g a l  of tankage capac i ty  i.n each c e l l  which would have 
t o  be f i l l e d  before  any t a n k  cou-ld overflow t o  t h e  c e l l .  

Hazards c rea ted  by t h e  burping of rad-ioactive s o l u t i o n  would be confined 
t o  Building 3517 and no r e l e a s e  oP r ad ioac t ive  material t o  t h e  niivi ron- 
rnent should occi ic.  The Irlgi? l o c a l  r e d i a t i o n  hazard would. be deal t .  w i L h  
by normal c leanup procedlircs. 

D e  cont aminat. i. on Xazard s -- 

Decontamination s o l u t i o n s  a t  t h e  FPDL a r e  added i n  a specifri.c p a t t e r n ,  
a,nd t h e  flow of  t h e s e  sol.iAj.nns i s  con.trol.l.ed by t h e  'oiiilding superv iaor  
to meet t h e  requirements of  -the sys5em i-d be decontaminated. The panel-  
board. switches f o r  al.1 l imes to c:rit,i.cal areas 01: vessels a r e  capped t o  
prevent  a c c i d e n t a l  j e t t i 2 .g  to t h e  wrong vzssel 

n 1.he major sou.rce of a haz,a.rdous i nc iden t  dur ing  decontamination i s  t h e  
contin.u.ihg of rou t ine  proces%Yng i.n o t h e r  c e l l s  and %he s to rage  of  con- 
c e n t r a t e d  m a t e r i a l  in.  ad jacent  cells or in t h e  farm area. It i s  
impossible  t,o remove a l l  t h e  concenti ,ated r ad io i so topes  from the b u i l d -  
i n g  :for decontaml.nation proced.ures - 
An addi t iona l .  hazard i s  t h e  decon'tmllnation of  "SrTiO3 arid 144Ce02 powder- 
i n g  c e l l s  i n  which t h e  s o f t  beta actci.trity i s  concent ra ted  i n t o  an i n so lub le  
powder -Corm. Smal l  arnouizts of t h e s e  m a t e r i a l s  can be s l i ie lded t o  cell 
e n t r y  tO.l ,er~QceS by a f e w  inches of water  o r  by t h i n  shee t s  of l e a d  or 
s t e e l .  When t h i s  shielding i.s i.nadvertentl_;ir renoved, t h e  ope ra t ing  pe r -  
sonnel  could be exposed t o  a concent;ra%ed bd;a  saurce . 
The g r e a t e s t  safeguards a g a i n s t  a deconta.rnil?aklion. acciden-t; a re  t h e  use 
of  close s u.pErv5si .m.~ rad.i.aL.io:q work permits ,  dei.ontaminatioii procedures,  
and t h e  intel l igei i .ce  and t,ra,ir!,i:cg of -the ope ra t ing  pemonn.el 
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Explosion 

The explosion p o s s i b i l i t i e s  a t  t h e  PPDL a r e  : 

Solvent  -ni.ti-i c ac id  r e a c t i o n  
Hydraz ine-n i t r ic  ac id  r e a c t i o n  
Armonium p i t  r at  e de compos it i on 
So Ive lit explosion 

Solvent -Ni  t rj c Acid Reaction - 
The solverits  Arnsco and D2EHF'A a r e  used i n  the  Ce?.l. 9 r a r e  e a r t h  process,-  
i n g .  During Redox or Yurex processing,  s m a l l  amounts o€ TBP may remain 
i n  t h e  feed strea,m from m e t a l  r e c w e r y  so lvent  e x t r a c t i o n  processes .  
Feed s o l u t i o n s  a r e  normal.ly concentrated. by a f a c t o r  of two to one and i.n 
no case i s  the n i t r i c  ac id  concent ra t ion  g r e a t e r  than  5 N .  The normal 
steam pressure  t o  t h e  evaporator  i s  60 p s i  and t h e  maxim& evaporat ion 
r a t e  i s  never g r e a t e r  than  50 ga.l/hr. 
remain undetected f o r  a, per iod  of  fou r  hours o r  more before  t h e  n i t r i c  
concen'cra-Lion would reach the s t age  of poss ib l e  so lvent  ni-brat ion. 

An evaporat ion ope ra t ing  error must 

The Amsco and D2EHPA so lven t s  (-40 ga l /ba tch  or 80 gal/wk) used i.n t h e  
r a r e  e a r t h  e x i r a c t i o n  a r e  contacted,  separa ted ,  back extrac- ted,  s epa ra t ed ,  
and discharged without hea t ing  o r  concent ra t ing  t h e  so lven t .  Smal l  quan- 
t i t i e s  of so lvent  could remain i n  t h e  aqueous phase and cou1.d. be n i t r a t e d  
under t h e  present  process  of  disso1.vi.ng 1471Pm oxa la t e  p r e c i p i t a t e  on a 
f i l t e r .  The quan t i ty  of so lvent  remaining 011 t h e  f i l t e r  would be very  
s m a l l  and the  expl.osive p o t e n t i a l  very weak. 

Bydr azine - N i t r i c  Acid Re a c t  ion  

Twelve l i t e r  quaxl t i t ies  per  ba tch  of !4-2.5$ hydrazirie and 60% n i t r i c  acid 
a r e  used i n  t he  FPDL mainstream process ing  of Purex o r  Redox s o l u t i o n s .  
These chemicals a r e  added to t h e  same p r e c i p i t a t o r s  bu t  dur ing  normal 
opera t ions  they  a r e  compatible due to high d i l u t i o n  f a c t o r s .  

An a.cc:i.dent has been pos tu l a t ed  ( s c i e n t i f i c  evidence lacking)  i n  which 
t h e r e  would be an acciden.ta1 in t roduc t ion  of 12 l i t e r s  of 42.5$ hydrazine 
LO a centri .fuge during t h e  d i s so lv ing  o f  a r a r e  e a r t h  oxa la t e  p r e c i p i t a t e .  
A t  t h e  time t h e  cen t r i fuge  bowl cou3.d conta in  100,000 c u r i e s  of  144Ce i n  
a v o h m e  of 9 gal of  lt N €IN03 a t  85°C. Pending evidence t o  t h e  cont ra ry ,  
j.t i s  assumed t h a t  t h e  force of  t h e  explosion cou1.d rup tu re  t h e  s t a i n l e s s  
s - ~ c e l  cas ing  of  t h e  cent r f fuge ,  thus  causri.ng r e l e a s e  of p a r t i c u l a t e  14"ce 
t o  t h e  c e l l  ven t , i l a t i on  system and t o  t h e  secondary containment s h e l l .  

An ac-ideat, of t h i s  na ture  j s  considered h ighly  improbable f o r  t h e  i"o1low- 
i ng reasons: 

I. IIyydra,zi.ne i s  r!ot used 5.n any phase of the  concent ra te  r a r e  e a r t h  
process ing  (which process ing  wou-ld r e s u l t  i n  the accumulation of  
1OG~OOO c u r i e s  OF 14*Ce i n  t h e  c e n t r i f u g e ) .  
addi-t;i.o-ris, 80 ml OC inangaaous ni-Lrate and 6 g a l  of  14 - M HN03, a r e  
c a l l e d  f o r  i n  t h e  procedure f o r  d i s so lv ing  ra.re earth o x a l a t e s .  

Only two chemical 
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2 .  

3. 

Hydrazine i s  used only i n  t h e  “magnetite” procedure; t h i s  i s  t h e  
process  by which t h e  mixed f i s s i o n  products  a r e  accumulated and 
concent ra ted .  By t h e  t i m e  t h e  r a r e  e a r t h  oxa la t e  process  i s  be ing  
done a t  l e a s t  t h r e e  sepa ra t ions  processes  have been done on t h e  
s t ream s ince  .t;h.e last magnet i te  process .  Thus, t h e  l i k e l i h o o d  t h a t  
bo th  opera t ions  would be j.n progress  a t  t h e  sane .time i s  remote. 

The ha,zardous na tu re  or hydrazinc i s  recognized by a l l  p e r s o n i e l .  
Its handl ing has been the sub jec t  of  a mmber of safety meetings.  
The supply o f  hydrazine i s  kept  i n  a. d r u m  wi th  a locked d ispens ing  
valve. H i i i l  d ing  super-gision i s  cbarged w i t h  t h e  r?spons ih i l . i ty  of 
d i spens ing  hydra.zine and of supex v i s i n g  t h e  add? t i o n  of  hydrazine 
t o  process  vessels. 

hmonium N i t  1- ate Ee compos it, ion 

Ammonium n i t r a t e  i s  formed i n  the FPDL off -gas  system by t h e  r e a c t i o n  of 
NH3 gas and n i t r i c  a c i d  fumes, bo th  of‘ which are generated du r i ag  s tandard  
ope ra t ions .  The normal process  procedures used i n  t h e  FPDL v e s s e l s  c r e a t e  
a cons iderable  amount o€ water  vapor which condenses i n  t h e  of f -gas  l i n e s  
and tends  t o  prevent  t h e  accu-mulation of  M b N 0 3  d e p o s i t s .  

A poss ib l e  acc ident  involv ing  NHdPj03 could occur dur ing  a pe r iod  of  main- 
benance o r  c o n s t r u c t i o c  on t h e  off-gas system. The c u t t i n g  of a l i n e  o r  
t h e  welding of a new n ipp le  i n t o  ax e x i s t i n g  l i n e  could i g n i t e  t h e  dyied 
IW4NO3 i n  t h e  system. Under b u i l d i n g  maintenance procedures,  the o f f -  
gas  would be mmual ly  valved oPf a t  t h e  i n l e t  t o  t h e  bu-ilding and t h e  
main of f -gas  l5ne  would not  be a f f e c t e d .  Some p a r t i c u l a t e  contam5.na~ion 
would be generat,ed and would vent  back t o  t h e  process  v e s s e l  o r  t o  t h e  
c e l l  v e n t i l a t i o n .  

L 

The scrubber  system a t  t h e  FPDL miairnizes the  formation of NH4NO3 i n  t h e  
m a i l z  header t o  t h e  3039 s t a c k .  The Formation of  NH4N03 in .  t h e  FPDL off- 
gas header i s  cor? t ro l led  a’, t h e  presen t  t ime by a pe r iod ic  cleanup of 
t h e  of f -gas  l i n e  accomplished by b o i l i n g  water i n  t h e  process  v e s s e l s  
and al lowing +;be stem1 condensate t o  f l u s h  the  system. This  i s  a s tandard  
procedure dur ing  decontamination per iods  f o r  any maintenance o r  cons t ruc-  
t i o n  work i n  t h e  c e l l s .  Welding on off -gas  l i n e s  t s  forb2dden unless  t h e  
l i n e  has been thoroughly fllnshed w i t h  hot  water .  

SolvenS Explosion 

The p o s s i b i l i t y  of an explos ion  from so lvent  vapors  dur ing  normal opera- 
t i o n s  i s  not  c r e d i b l e .  The so lven t s  a r e  not  hea ted  o r  steam j e t t e d  and 
they  a r e  rPmoved from t h e  system immediately a f t e r  use .  I n  t h e  case of 
acc ider ta l  hea t ing ,  t h e  of f -gas  would remove t h e  vapors from t h e  tank  and 
t h e  r e l a t i v e l y  l a r g e  surface a r e a  of t h e  of f -gas  header wolnld serve  t o  
coo l  the vapors. 
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F i r e  

Mani.pulatoi- Cell. F i r e  HazarrJ, 

Combilst,ibl.e materia1.s are present, i n  varying amounbs i n s i d e  t h e  manipu- 
l a to r .  c e l l s .  These ma te r i a l s  inc lude  t h e  manipulat>or boots  and gaun-tlets 
which a r e  always present  as we l l  as the c e l l u l o s e  wipes and s a n i t a r y  
pads which a r e  used f o r  c leaning  a t  var ious  t imes .  A 1 5 3  cross-contJmi,nat ion 
pro tee t ior ,  agd wast,e d i sposa l  techr . icpes  req-d;Li.re bagging of mat,eri_al- t:? 
polyethylene f i lm.  An acci.dsnt can be v i s u a l i z e d  ir, whit;h t hese  ma te r i a l s  
could be i g n i t e d  causir-g a f i r e  i n s i d e  a. manipul.a+.or c e l l . -  in t h e  event 
of such a fire, t.he i i - c e l l  f i x p r o o f  CWS f ' i l t e r s  would probably remain 

manipulator boots  burned, con.kfaminat?d smoke could l e a k  back through t h e  
nal?ip!ilat,or ba rye l s  . The ammn,t, of cont,aminafion r e l e a s e d  to t h e  second- 
a r y  containment would depend on t h e  cell s t a t u s  a t  the  t ime of t h e  f i r e ,  
but  i n  any s i t u a t i o n  a s e r i o u s  l o  c a1 contamination event, w o u l d  occur e 

in;ac i; 'uuJ. !, would become plugged with +,he cornbust4i.on prodiict,s. I f  t h e  

Fii-e p r o t e c t t o n  i-nside t h e  manipulator c e l l s  i s  achieved p r imar i ly  by 
minimizing t h e  l i ke l ihood  of f i r e  r a t h e r  t han  by provid ing  f o r  f i r e -  
f i g h t i n g  procedures * The amount of combustible m a t e r i a l  i n  t h e  ceU. a% 
any t ime i s  kept  a t  a minimum. Cel lu lose  wipes and pads a r e  placed i n  
metal. cont ,a iners  immediately a f t e r  be ing  used and t h e  conta iners  a r e  
d isposed  of r o u t i n e l y .  Likewise, manipu-lator boots ,  g a u n t l e t s  an.d. PO-ly- 
e thylene  bags a r e  canned i n  meta l  when no longer  i n  use .  No open flames 
and no f1ammabI.e so lven t s  a r e  used. i n  mani.pul.ator ce1.1.s. 

' res ts  have been made t o  determine t h e  amountj of  var ious  m a t  ria1.s t h a t  
would have t,o be burned in a c e l l  t o  cause f i l t e r  plugging.' The r e s u l t s  
of  - these bes t s  a r e  t abu la t ed  below. 

fuiiount Burned Aej'ore 
Mat :: r i a1 U s  - e F i l t e r  Plugging, g- 

CeI-lulLose wipes Decontamination 2400 

S a n i t a r y  pads 

PVC --Nylon 

De con t a m i  n at ion 

Mani pula'; or. boo t8 L 

2600 

225 

Urethane Mani pul a5or gaunt'c.et,s h50 

I'olye Lhylene f i lm Bagging 800 

The only m a t e r i a l  which would normal.ly be exposed i n  a c e l l  i n  amounts 
in excess  of those  l i s s e d  above would be the PVC-Nylon. Manipulator 
b o o t s  f?r 1,wo manipulator arms consist o f  a t o t a l  of 1400 g c?f PVC-Nylon. 

T .!:c the event of a f i r e  i.r.side of a manipu.la,tor cel.1. the immedjat,e a c t i o n  
i s  an evacuat ion of -the b u i l d i c g .  Release o f  cont,arnination t o  t h e  secondary 
con.tai.nment woul.d be control . led by t h e  biii ].ding containment system. The 
conj:,aninatiori thus r e l eased  would comisi;  OP such part3iciila+.e ma t t e r  as 
was on t ,he burni.r?g ma te r i a l ;  blnlk powder should ~ o t  become a i r b o r c e .  A f t e r  
t h f  Tire ha.d exhausted i t s e l f  t'rorn l a c k  o f  f u e l ,  bu i ld ing  r e e n t r y  procedures 
and clesnnp procedure.? could he i n i t i a t e d .  
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Solvent  Fir e 

The e x t r a c t o r s  i n  C e l l  9 a r e  used t o  sepa ra t e  144Ce from o t h e r  r a r e  e a r t h s  
by e x t r a c t i o n  of t h e  144Ce i n t o  d i (  2-ethylhexy1)phosphoric ac id  d i l u t e d  
w i t h  Arnsco-125. The normal b a t c h  s i z e  f o r  one e x t r a c t i o n  i s  5O,OOO cur i e s  
of 144Ce. 
o f  an a i r l i € t  through a d ischarge  l i n e  on t h e  bottom of  t h e  e x t r a c t o r .  
Arr acc ident  can be v i s u a l i z e d  i.n which t h e  bottom d-ischarge l i n e  would 
break a t  a t ime when t h e  144Ce w a s  i n  t h e  organic  phase and at t h e  same 
t ime an e l e c t r i c a l  s h o r t - c i r c u i t  i n  t h e  ce1.1. wri.ring would crea,t,e 8 spark 
i g n i t i n g  t h e  organic .  An acc ident  of t h i s  type -- al though it r e -  
q u i r e s  t h e  coincidence of two very u n l i k e l y  events  a t  a c e r t a i n  t ime - -  
i s  considered c r e d i b l e .  The r e s u l t s  of su.ch an acc ident  axe descr ibed  i n  
t h e  fo l lowing  sect ion. .  

Separa t ion  of t h e  organic  and aqu-eous phases i s  done by means 

Maximum Credible  Accident 

The r e s u l t s  of  t h e  event  t h a t  i s  considered to be t h e  maximum c red ib le  
acc ident  ( i . e . ,  t h e  r e l e a s e  and burning of so lvent  dur ing  a '""Ce ex t r ac -  
t i o n )  have been ca l cu la t ed  us ing  the fo l lowing  cond i t ions .  

1. The c e l l  inventory  a t  t h e  t ime of  t h e  acc ident  i s  50,000 c u r i e s  of 
'"*Ce contained i n  50 l b  of  combustible s o l v e n t .  

2 .  Twenty percent  of' t h e  material burned reaches t h e  f i l t e r  p i t  w i th  a 
si ze  d i s t r i b u t i o n  and € . i l t e r  e f f i c i e n c y  as fo l lows .  5 

S i ze ,  p 

20.3 

0.1-0.3 

<0.1 

Weight, $ Fi l - t e r  e f f i c i e n c y ,  $ 
98.8 99 * 95 

1 * 1. 95 
0.1 8 7( 

3. The wind v e l o c i t y  i s  3 inph and atmospheric condi t ions  a r e  n e u t r a l .  

4. The c e l l  l e a k  r a t e  i s  lom2 cel l .  volume /mi:n w i t h  a 1 i n .  w a g .  p r e s -  
su re  difPerent ia l . .  

5. 

6. 

The gas e s c a p h g  from t h e  c e l l  c a r r i e s  10 mg/m3 of 144Ce02. 

The cell i s  press i i r ized  dur ing  burning. 

7. The normal c e l l  exhaust i s  100 cfra w i t h  a 4 i n .  w.g. pres su re  
d i f f e r e n t i a l .  

The calculated r e s u l t s  of t h e  postu.l.ated acciden-i; a r e  given. i n  Table 6; 
t h e  r e s u l t s  under two s i t u a t i o n s  a r e  p r c s e n k d .  
i s  assurmd Lhat t h e  optimum q u a n t i t y  of a i r  i s  a v a i l a b l e  t o  burrL loo% o f  
t h e  combustible m a t e r i a l  i n  t h e  c e l l .  I n  t h e  second, it i s  assumed t h a t  
o n l y  th . e  a i r  i n  t h e  c e l l  a t  t h e  t i m e  o f  t h e  - f i re  i s  a v a i l a b l e  for combustion. 

I n  t h e  f i r s t  casey  it 



There i s  s u f f i c i e n t  oxygen i n  one c e l l  vol-me of a i r  t o  burn -5% of t h e  
inventory  of com'uu-stible ma te r i a l .  Since the  normal- replacement ra.te of 
a.ir i n  t h e  ce l l .  i s  only -0.1 c e l l  volume/min, and t h i s  r a t e  w i l l  fur'cher 
be red-uced by p res su r i za t ion ,  the assirmption of s$ burning should s t i l l  
be conservattve1.y h igh .  A l s o ,  t h e  autornat,ic f i r e  system* would activai;e 
and. wou1.d quench the  f i r e  as w e l l  as serve t o  remove suspended r ad io -  
a c t i v e  p a y t i c k s  from Lhe cell. at;mospkre.  

Table 6 a Ca,lcula.t,ed Resulks c f  Maximum Credible  Accident 
~ - - . _  I 

:?e s ul'i, 

Ei'f c c i 100% Combustion j$ Cornbustion 
II _ - ~ -  - __-I 

Strack  discharge 11.7 c u r i e s  <0.6 c u r i e  

Max i u m  c ontaminate d are a 18 mile2 0.7 mi  ]-e2 

Downwind dose 31.'~ mrem <;i mrem 

Normalizpd 2 min dose t o  
ope ra t ing  personne 7. 500 mrem 25 mrem 

Calcula t ion  of the ''maximum cont.ani.na,ted a rea"  i s  based. on t h e  presumption 
L4hatu Lhe ra .dioact ive m a t e r i a l  would be d-ispersed uniformly so as 60 giv-e 
R contamination l e v e l  of 1000 d.pm/drfi2. 
individ-ual. pa rk ic l e s  would be rnmy times 'nigher than 1000 dpm, t.he a reas  
?.i.sf,ed r ep resen t  t h e  very maximum contamination spread 

Since t h e  d i s i n t e g r a t i o n  r a t e  f o r  

The "downwind. d.ose" i s  based on a 2 m i n .  exposure t,o t h e  r ad ioac t ive  cloud, 
and it. i s  t,he i n t e g r a t e d  l i f e t i n i e  dose from ingestfor , .  The "normal_-j_zed 
2 min dose t o  opera t ing  personnel"  i s  based on inges t ion  assuming a uni-  
form d i spe r s ion  of r ad ioac t ive  mater i -a l  throughout t h e  bu i ld ing  atmosphere. 
Sii?ce s u c h  d i spe r s ion  i s  m l i k e l y ,  doses t,o i nd iv idua l s  who were c lose  t o  
t h e  r e l e a s e  poin t  would 'ne h ighe r .  No cal.cula,tion o r  'che d i r e c t  r a d i a t i o n  
dose from suri"ace ccnt,ar?ination has been included.  

Si.:xe t h . e  e f f i c i e n c y  of t h e  f i l t e r  system may be d . i f fe ren t  from t h a t  used 
i n .  t h e  ~iai.)uI.at;ions, correct, ion f a c t o r s  must be appl ied  t o  t h e  r e s u l t s  
O - + ~ T ~  ~ . .  1 j~~ Fable 6 (except  f o r  t h e  2 rnin dose t o  ope ra t ing  personnel.) t o  
re f lFc i .  ';?:js d i f f ? rcnce  The graph presented  i n  F i g .  6 gives  -tile cor rec-  
t,.ion fac t ,o r  as r e l a t e d  t o  f i l t e r  e f f i c i e n c y  €or 0 .3  p a r t i c l e s .  Changes 
i n  filter. e-ff ic iency f o r  p a r t i c l e s  smal.l.er than 0.3 p would have r e l a t i v e l y  
l i t # i ; l c .  e f fec t .  or, the resul..i-s 

Dp+,aiied d e s c r l p t i o n s  c.Y .Lhe niethods for c a l c u l a t i o n  of t h e  r e s u l t s  s h o p  
above have been previous ly  r epor t ed  by t h e  Isotopes Development Center.  0 
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APPENDIX No. 1 

FPDL PROCESS EQUIPMENT 

The FPDL c e l l  equipment i s  d iv ided  inLo s e v e r a l  ca t egor i e s  as shown below. 

Equipment Q-pe Volume , 
number m a t  e r i a l  g a l l o n s  Ag i t a t ion  Prccess 

P-12 304 L S .S .  250 Agi t, a t  o r  Di s so l u t  i on  

P-23 

P-3& 

P-45 

P -89 

P-511 

G-23 

G-12 

G-34 

G - 4 5  

H-12 

H-23 

€7-45 
E-89 

H-511 

F -23 

H-34 

F -12 

F -34 

F-421- 

304 L S .S .  

304 L s .  s .  

347 S.S. 

347 s .s. 

304 L S .S .  

304 L S.S. 

304 L S.S. 

304 L S . S .  

304 L S.S.  

304 L S .S .  

304 L S . S .  

304 L S .S .  

304 L S.S.  

347 S.S. 

347 S.S. 

304 L S . S .  

304 L S .S .  

304 L S.S. 

304 L S.S. 

250 

250 

470 

50 
32 

13 

13 

1-3 
13 

275 

275 

275 

275 
90 

110 

280 

280 

280 

500 

Agi t a to r  

A g i t a t o ~  

Ag i t a to r  

Ag i t a to r  

Ag i t a to r  

None 

None 

None 

None 

None 

None 

None 

None 

Ag i t a to r  

None 

None 

Noie 

None 

None 

Evaporation and s to rage  

Evaporation and s to rage  

Cesium-137 processing 

Promet hiuui-11-L7 p r e c i p i t a t i o n  

Strontium-90 p r e c i p i t a t i o n  

Cen t r i fuga t ion  

Cen t r i fuga t ion  

Cent r i  f ugat  i.on 

Centr Ffugation 

Cent r i fuga te  holdup 

Strontium-90 s to rage  

S t r ont ium - 90 s to rage  

Cesium-137 holdup 

Supernat e holdiip 

Sup e mat  e holdup 

F i s s i o n  product s to rage  

S t rout; ium- 90 s torage  

Strontium-90 s torage  

F i s s i o n  product concen- 
t ra te  s to rage  

F-521 304 L S .S .  500 None Fiss io i i  product concen- 

F -621 304 L S.S.  250 None Fj s s i o n  product concen- 

F-821 304 L S.S .  250 None Fi  s s i on product  concen- 

F-1021 304 L S .S .  250 None F i s s i o n  product  concen- 

F-1121 304 Lt S.S. 2 50 None F i s s i o n  product concen- 

t r a t e  s torage  

t r a t e  s to rage  

t r a t e  s to rage  

tratx s to rage  

t r a t e  s to rage  
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Equipment 
number 

c-17 
c -27 
(3: -38 
c -48 

c-513 
c-613 
3 -16 
E -213 

K-1 9 
m-29 
R-29 

R-33 
R-111 

s -122 
s -223 
s-523 
s -321+ 
S -424 
P-11'1 

x -18 
N-1-20 

N-220 

R -11 

Type 

316 EI,C s .s . 
316 ELC s .s . 
316 ELC S.S. 
3 6  ELC S.S. 

m a t  e r i a l  

Glass 

G l a a  s 

304 L S.S. 

34-( S.S. 
347 S.S. 
347 S.S. 
3h7 S . S .  

347 S.S. 

Ta- l ined  S .S 

304 L S.S. 
304 TJ S.S. 

304 L S.S. 
304 1, S . S .  

Glass l i n e d  

34'7 S.S. 

3'1.7 s .s . 
347 S.S. 
347 S.S. 
347 S.S. 

Volume, 
ga l lons  

450 
4 50 
12 5 
12 5 
1.2 

12 

690 
5 

55 
54 
90 

144 
4 2 

590 

3000 
1000 

1000 

5 00 
50 

45 
25 

25 

100 

Agi t a t  ion 

Agi-tat or 

Ag i t at, or 

Agi ta to r  

Agi ta tor  

Ag i t a to r  

Agi'~a'l;or 

N o x  

None 

Ag i t a t  or 

Agi ta tor  

rionc 

None 

Nonz 

A i  1" 

R g i  t a t o r  

AgitaLor 

Ag i. i; at or  

A i r  

Ag  it a 'G o r  

A i r  

None 

NOYE 

A i r  

Process 

Cesium-137 c r y s t a l l i z a t i o n  

Cesium-137 c r y s t a l l i z a t i o n  

C e s i inn- 1.3 7 c r y  s t a l l  i z at, i on 

Ce s ium - 13'7 crys  t, a l l .  i z a t  j.on 

Ces Luii-13'T crystaL1.i za t ion  

Cesium-137 c r y s S a l l i z a t i o n  

Evaporation 

Ce~i1.1jn-S.37 product evaporati.on 

S o l ve  n t  con t a c t; o 1- 

So lvc  n t  c ont a c t o r  

Waste r ece ive r  

Waste r e c e i v e r  

Waste r e  c e iver  

Cesium-137 feed  s torage  

Waste s to rage  

Waste t r a n s  fe:r 

Wash t r a n s f e r  

I i C l  waste s to rage  

C e s i UTI t e t r aoxala'i e 
c r y s t a l l i z a t i o n  

Waste r ece ive r  

Off-gas a c i d  scrubber  

O f f  -gas c a u s t i c  scrubber  

Eluant  st o r  ag;e 

T.wo 2000-gal s t a i n l e s s  s t e e l  t a n k s  a r e  bur ied  -8 f t  below grourd level.  no r th  
OC 1;he FPDL t ank  farm c e l l s .  These tanks a r e  used f o r  feed  s to rage  f o r  
13'7Cs arid a r e  eqilippecl w i t h  l i q u i d  l e v e l  i n s t r u v e n t s ,  o f f  -gas, and chil-l-ed 
wa'Ler. coolilrlg coL1.s. The tanks r e s t  on a crushed rock bed t h a t  has a 
d.ra.imge system which fl-ows i n t o  t h e  process  waste system. 



APPENDIX NO. 2 

FISSION PRODUCTS DEVELOPMENT LP,BORRTORY CHEMICAL PROCESSES 

Cesium-147 

Feed Mate r i a l  

Feed f o r  t h e  137Cs p rocess  i s  shipped. from t.he I-Ianford ALornic Products 
Operat ion t o  O W L  i n  500-gal Shie lded  Transfer  Tanks ( S T T  ' s )  conta in ing  
400-gal beds of %ecalso t l ,  ari inorganic  ion  exchanger.  The adsorbed 
137Cs i s  removed from t h e  beds by e1ut;ion wi th  5 M_ NI-I4NO3 a t  80°C. The 
resu.1l;in.g f eed  s o l u t i o n  i s  s t o r e d  i n  underground tankage; t h e r e  i s  s t o r -  
age capac i ty  for as much as 500,000 c u r i e s  of 137Cs feed  s o l u t i o n  a t  t h e  
FPDL. The STT's a r e  r i n s e d  and r e tu rned  t o  t h e  HAP0 w i t h  t h e  excha.nger 
i n  t h e  NH4' form. 

Mainstream Processing 

The 13'7Cs feed  s o l u t i o n  i s  d i l u t e d  t o  reduce t h e  NH4' concent ra t ion ,  then,  
t h e  137Cs values  are accuraulated by a s e r i e s  of  e o - c r y s t a l l i z a t i o n  opera- 
t i o n s  on l-arge ammonium alum beds. 
been accumulated ( u s u a l l y  50,000 c u r i e s ) ,  t h e  <Zmmonium alm i s  removed by 
f r a c t i o n a l  c r y s t a l l . i z a t i o n  and t h e  cesium a l u m  is t r a n s f e r r e d  t o  an  accimu- 
l a t i o n  v e s s e l .  
c r y s t a l l i z a t i o n  process  removes t r a c e s  of  o t h e r  r ad io i so topes  which are 
p resen t  i n  t h e  f eed .  The process ing  r a t e  i n  t h e  mainstream ope ra t ion  i s  
-50,000 curi.es/week. 

When t h e  d e s i r e d  amount of  137Cs has 

I n  a d d i t i o n  t o  concen t r a t ing  t h e  137Cs, t h e  mahs t r eam 

Oxalate  Process ing  

Accumulations of up to 200,000 c u r i e s  of  1 3 7 ~ s  as alum s o l u t i o n  a r e  made 
i n  t h e  accuaula t ion  tan.ks Cesium t e t r a o x a l a t e  i s  c r y s t a l l i z e d  from t h e  
alum system by a d d i t i o n  of  o x a l i c  a c i d .  
and t h e  f i l t r a t e  i s  recyc led  t o  t h e  mainstream ope ra t ion .  The cesium t e t r a -  
oxa la t e  c r y s t a l s  a r e  d i s so lved  i n  water and th i s  s o l u t i o n  i s  t r a n s f e r r e d  
batchwise t o  t h e  f i n a l  p u r i f i c a t i o n  cell wh-ei-e another  oxa la t e  c r y s t a l l i -  
z a t i o n  i s  done. The f i l t r a t e  i s  recyc led  t o  rnalinstream m d  t h e  c r y s t a l s  
a r e  ca l c ined  in a i r  at 300°C .to y i e l d  dry  powdered ces i im carbonate .  

The y i e l d  on t h i s  s t e p  i s  -70% 

C e s i m  Chloride P repa ra t ion  

The main product of the E'PDL 137Cs p rocess ing  Is d.ry powdered 137CsCl. 
This  mat2rial i s  prepared i n  ba t ch  s i z e s  of? 50,000 c u r i e s  by r e a c t i n g  t h e  
1"7Cs2C03 i n  a waLer s l u r r y  wi th  a s l i g h t  excess  of hydrochlor ic  a c i d .  

s o l u t i o n  i s  f i l t e r e d ,  then it i.s evaporated . in  tan?;alum equipmer,t t u  y i e l d  
the dry s a l t .  
4 h r  t o  remove t h e  l as t  t r a c e s  of B C I ;  it i s  then  s to red  i n  lots of 
10,000 curies each i n  s t a i n l e s s  s t e e l  s torage  cans.  The cans a r e  s t o r e d  
i n  water-cooled storage wel l s  

This  ope ra t ion  i s  done i n  glassware i n  a mai?i.pulator c e l l .  T'ne 137C S C l  

The powder i s  baked w i t h  cons tan t  s k i r r i n g  a L  300°C f o r  



The usua l  1 3 7 C s C l  product prepared a t  t h e  FPDL assays -26 cu r i e s  pe r  
gram compared. t o  a t h e o r e t i c a l  s p e c i f i c  a c t i v i t y  of 26.4 c u r i e s  per gram. 
A typ ica l .  mass d i s t r i b u t i o n  of cesiuni i so topes  i n  t h i s  mater ia l .  i s :  
133Cs - 45.5 atom $; I3%s - 16.8 atom $; and 137Cs - 37.7 atom $. 
Traces of al.umi.nurn, i ron ,  and n i c k e l  a r e  present  a,s w e l l  as sma1.l amoun'cs 
of rubidium. Y'he dry  powder can be s t o r e d  f o r  extoended per iods i n  sta-jin- 
l e s s  s t e e l  con ta ine r s  w t t h  no a t t a c k  OR s to rage  cans; .Lk cay. be weig.kd 
and handled by s tandard  manlpij.l.ator. procedures .  

Ce s Im - 13'9 -- G1 as s Pr  e par at2& 

Another m a t e r i a l  produced at t h e  FPDL con.tains lS7Cs incorporated j-3 a. 
g 1 . a ~ ~ .  This g l a s s  has a s p e c i f i c  act,ivi.t,jr on t h e  order  of  14 curies per 
gpam. Sil.i.ca, cesium carboriate: and ot,ht.r m a t e r i a l s  a r e  dry-mixed? then  
the mix i s  melted. a t  1200°C t o  form g l a s s .  
p e l l e t s  o r  other source shapes, then. encapsulated i n  welded s t a i n l e s s  
s t e e l  con ta ine r s .  

T'he glass caL be c a s t  i n t o  

Prccess ing  Rate 

The proccss ing  r a t e  €or the  FPEL 'L37Cs opera t ion  i s  about one megaciirie 
p e r  year  and i s  dependent pi . imarily on t h e  sh ipping  schedule €or the f eed .  
Four shipping casks a r e  p r e s e n t l y  i n  use; each  wi.1-1 t r a n s p o r t  50,000 c u r i e s  
pzr  sh ipmmt.  Or,e sh ippicg  cycle  r equ i r e s  e i g h t  weeks. 

Feed Mate r i a l  

The feed  m a t e r i a l  f o r  t h e  FPDL "'Sr proccss  i s  h ighly  p u r i f i e d  "SrCO3 
rece ived  from t h e  I-IAPO. 'This feed i.s radtochernically pure and. con-tains 
a few percent  of o the r  a.ika,line e a r t h s  (calcium, ba r iun )  ; EO p u r i f i c a -  
tion i s  done at, t h e  E'PDL. 
it i s  rzmoved from ,tile sh ipping  cask by water s l u r r y i n g ;  and, the s l u r r y  
i s  t r e a t e d  w i t h  Hi03 t o  y i e l d  a. "Sr(NO3)2 f eed  so lu t ior i .  
t t ierc  i.s s torage  capacit .y for 3 megacuries of '"Sr i.n n i t r a t e  so lu t# ion .  

-- 

T'he 9 0 S ~ C 0 3  i s  shipped t o  ORNL as a dry  s o l i d ;  

A t  t h e  FPDL 

S t r o n t i ~ m - 9 0  Titana-Le 

EaLches of  '-1-0,000 ci i r ies  of "Sr a r e  processed i n  t h e  PPDL manipulator 
c e l l s .  Stront ium carbonate i.s p r e c i p i t a t e d  i n  t h e  presence of  s o l i d  
Ti02 u s i n g  atrIllnoniiirr! carbonate as t h e  precipitant . The slurry i s  fi1:tered 
and the SrC03-TiO;i mixture i s  calcined. a t  1100°C t o  y i e l d  SrTi03. 
excess  of  Ti02 i s  usua1.7.y rnaintained i n  o rde r  t o  provide owder w i t h  goor? 
pe1. le t iza t ion  p r o p e r t i e s .   he s p e c i f i c  a c t i v i  i;y of t i le " ~ r ~ i O 3  v a r i e s  
Crorn 30 t o  35 c u r i e s  pe r  gram deperidfng o r  t h e  amoa-fit of  excess T i 0 2  and 
t h e  concentrati .on of  o the r  a l -kal ine e a r t h s  i.n t h e  f e e d .  
i s  stoi-ed i n  lots of 1.0,OOO c u r i e s  each i n  stain1.e~::  s t e e l  st ,orage c a x  
i n s i d e  a cooled. stora.ge w e l l .  

-4 ?-lo$ 

The dry "SrTi03 
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Stront ium T i t a n a t e  P e l l e t s  

S i n t e r e d  pressed  p e l l e t s  of "SrTi03 can be made i n  diameters  from 0.25 
t o  5.0 i n .  The p e l l e t s  a r e  formed from dry "SrTi03 then  they  a r e  s i n -  
t e r e d  at 1400°C. The fina.1 p e l l e t s  have densi.ti.es of 3.5-"1-,O g/cm3 and 
a c t i v i t y  concent ra t ions  w e l l  i n  excess  of 100 curies/cm3. 
can be encapsulated i n  welded s t a i n l e s s  s t e e l  con ta ine r s .  

The p e l l e t s  

Product jon Rates 

Conversion of 'OSz. t o  '@SrTiCS can be accomplished at a r a t e  of 100,000 
c u r i e s  per  week. The y e a r l y  product ion  r a t e  i s  dependent upon t h e  avail- 
a b i l i t y  of feed m a t e r i a l +  P repa ra t ion  r a t e  f o r  p e l l e t s  v a r i e s  w i t h  
t h e  p e l l e t  si-ze, encapsula t ion  method and number of p c l l e t s  of  a given 

___- I__- 

type  ' 

Cerium-144- ----- 

A mixed doub le - su l f a t e  salt of cerium and o t h e r  rare e a r t h s  i s  shipped 
as a dry  sol-id i n  s h i e l d s d  f i l t e r  casks from t h e  HAP0 t o  FPDL. The s o l i d  
cake i s  removed from t h e  cask by water s l u r r y  a c t i o n ,  then  t h e  s l u r r y  
i s  t r e a t e d  w i i h  HNO3 t o  d i s so lve  t h e  s o l i d .  S ing le  shipments of' >OO,OOO 
c u r i e s  of 14*Ce can be made. 

Mainstream Processing 

The 14"Ce and o the r  r a r e  e a r t h s  are concent ra ted  by p r e c i p i t a t i o n  8s the  
o x a l a t e s ;  the oxa la t e s  aye d i s so lved  i n  ITNO3 t o  prepare t h e  feed for t h e  
so lven t  extv.action cyc le .  

The f i r s t  soI.vent e x t r a c t i o n  cyc le  i s  used t o  e x t r a c t  "'Y and. s t a b l e  y t t r i u m  
i so topes  from t h e  -feed. The y t t r i u m  i s  e x t r a c t e d  from t h e  1 N HNO, so lu-  
t i o n  oE r a r e  e a r t h s  i n t o  0 .5  M, di(2-ethylhexy1)phosphoric acid; the  organic  
phase i s  d iscarded .  Cerium i s  oxidized. to Ce(1V) by KMnOq and t h e  Ce(1V) 
i s  ex t r ac t ed  i n t o  0.5 M D2EHPA i n  Amsco. The aqueous phase from t h i s  
e x t r a c t i o n  cor, tains 147Prn and stable r a r e  e a r t h s .  
t i o n  i s  performed on t h e  r a r e  e a r t h  s o l u t i o n  and t h e  oxa la t e s  are dis -  
so lved  i n  IlNO3 t o  y i e l d  a feed s o l u t i o n  f o r  t h e  ion-exchange s e p a r a t i o n  

An oxa la t e  p r e c i p i t a -  

of 1471?ll. 

The 144C:: i s  back-extracted from t h e  organic  phase by r educ t ion  or t h e  
Ce(1V) t o  Ce(TT1) wi th  HzO2 and s t r i p p i n g  w i t h  2 IiNC3. 

Final. Process_&g 

Cerium oxa la t e  i s  precipitated i n  batches of 20,000 c u r i e s  i n  t he  FPDL 
rnar?ipulaS,or cells. The cerium oxa la t e  i s  ca lc ined  t o  CeO;! and t h c  dry  
CeO, i s  pressed  i n t o  p e l l e t s .  



Waste Proce ss ing  

The FPDL does not  c u r r e n t l y  process  r a w  waste ac ids ;  however, t h e  faci- l i ty-  
r e t a i n s  t h e  a b i l i . t y  t o  handle such feed  s t reams.  Both ltKedoxt' and t 'Pu.~extr  
.types of feed  caln be processed.. I n  each case,  t h e  
t h e  feed  strean by c o - c r y s t a l l i z a t i o n  011 m o n i u m  a l u m .  Following t h e  
13'7Cs removal, t h e  oLher f i s s i o n  products  a r e  concentra5ed by a s e r i e s  
of p r e c i p i t a t i o n s  a t  high p~ us ing  i r o n  as a ca r r i e l -  ("magnetite" pre- 
c i p i t a t i o n ) .  The rnagne"ste p r e c i p i t a t e s  a r e  d isso lved  i n  €IN03 and -the 
fission produ.ct,s a r e  separa ted  by a, s e r i e s  of con t ro l l ed  pV p r e c i p i t a -  
- t ions us ing  NB3. Fraci;ior?s cortaFnir?+g: (1) ""Ru - Fe, ( 2 )  144Ce ard 
r a r e  e a r t h s ,  and (3) "'Sr a r e  ob-tained by t h i s  opera-tion. Addi t iona l  
pu r j . f i ca t ioa  ar,d concent ra t ion  s t e p s  a,re done and t h e  f i n a l  produc'cs 
are processed i.n the mKgipulator c e l l s .  A process ing  r a t e  o f  500 g a l  
of  waste acid per  day can be ma3.ntained. 

Cs i.s removed from 137 

Feed Mate r i a l  

S o l i d  241&rp03 is shipped to the FPDL i n  doubly sea led ,  sh i e lded  cans.  
The ou te r  can i s  removed before  'clie s ea l ed  sh ie lded  can i s  i n s e r t e d  i n t o  
t h e  manipulator  c e l l ;  the  s h i e l d i n g  aid f i n a l  containment l a y e r  a r e  re-  
moved only a f t e r  the cell- has been sea l ed .  

P e l l e t  Prepara t ion  

'The 241&03 i s  blended i ~ !  lo-'6s of  30 grams each wi th  nine t o  oile voI.ume 
r a t i o  of a lumir ium powder. The powde.; i s  then  mechanically measured and 
poured int ,o  a previous ly  formed aluminum s l eeve  wi th  a powdered alixnj.num 
end cap i n  a d i e  body. Aluminum i s  poured oil t o p  of t h e  4 4 ~ L ~ 0 3 - A l  mix. 
The pelle.ts are pressed  a t  20 ts i  and. e j e c t e d  from t h e  d i e  body; a d5.e 
body i s  used only once. The p e l l e t s  are cleaned then k k y  are sea l ed  
i n  p l a s t i c  and s t o r e d  i_n_ ';he c e l l  s to rage  w e l l .  

P e l l e t  Encaps-ul _- atioi-! 

The manipulator c e l l  i s  decontami2ated between p e l l e t  p repa ra t ion  opera- 
t i o n s  and encapsula t ion .  P e l l e t s  a r e  removed from s to rage  and i n s e r t e d  
into aluminum capsules .  Spacers  and end plugs a r e  p laced  i n  the  ca,psules 
Llien the  capsules a r e  sea l ed  by welding. The capsules  a,re l e a k  t e s t e d  
and i n s e r t e d  i n t o  a hydraz l i c  col lapsi i lg  device which co l lapsec  the 
alurnimm capsules around the p e l l e t s  t o  ensure good hea t  t r a n s f e r .  The 
f i n i s h e d  c a p s u k  i s  l e a k  t e s t e d ,  cleaned, and loaded ir?.Lo a shipping 
c o n t a h e r  e 
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UNCLASSIFIED 
ORNL-GWG 63-7513R 

H 2 0  RINSE 

5 M  NH,II03 {-L-----’.-pl SHIPPING CASK I S T T I  c.137 { -----=TORAGE 
200 KILOCURIES C113’ 

IN NH,NOl SOLUTION 

SO KILOCIJRIES til3’ 
SOUSE0 ON DECALS0 

-1 - 
H N 0 3  

* BATCH F E E 0  M4KELIP 
2.5 KILOCURIES 

-- 1 BATCH 
DILUTION H,O 

RINSE H 2 0  STORAGE 

F I L T R d T E  
TO WASTE W9.1  

Cl”’ O X A L A T E  

BATCH CRYSTALLIZATION DISSOLVE0 IN H20 - OF Cs13’ O X A L A T E  
CRYSTALLIZATIOW O F  50 KlLOClJRlES 

Cs13’ O X A L A T E  

I I I 
I I 
I Cs13’ O X A L A T E  I 

I 
L ---------- ---------II--I_I___ -1 
I F I L T R A T E  R E C Y C L E  

Cs13’ OXALATE I 
I----- 
I .... L...7 

C A C C I N 4 l I O N  OF H20. C 0 2  
t s I 3 ’  O X A L A T E  TO 
C%I3’  CAHRONATE 

- TO HOT-OFF-GAS 

TO HOT-OFF-GAS 

C s 1 j 7  CCNVEQSION TO 
HCI 

Cs137CI  TO S S U R C t  P A B R I C A T I O N  C1I3’ CLASS TO SOUitCE FABRICATION 

F i g .  A-1 .  FPDZ C S ~ ~ ~  Processing. 



U N C L A S S I F I E D  
ORNL-DWG 63-7541R 

SHIPPING CASK (HAPO) 
150 -500 K I L O C U R I E S  S r 9 O  

TO WASTE 
TR EATMEN7 

BATCH Sr90 P R E C I P I T A T I O N  

... ____^ 
_______I__ 

S?OTi03 P E L L E T S  PRESSED 
SINTERED AT 1400°C 

Sr90T i03  P E L L E T S  TO SOURCE FABRICATION 

Fig. A - 2 .  FPDL Sr9' Erocessing. 
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UNCLASSIFIED 
ORNL-DWG G3-7542R 

SHIPPING CASK IHAPOl 
SOD KILOCURIES 

MIXED RARE EARTH DOURLE SULFATES 

RARE EARTH SOLUTION IN HNO3 

TO WASTE 
TREATMENT 

0 XAl. I C 
ACID BATCH PRECIPITATION OF RARE 

EARTHS WITH OXALIC ACID - 100 KILOCURIES 

GANlC PHASE 

TO WASTE 
TREATMFNT 

AND H202, STRIPPED 
FROffl ORGANIC INTO HNO3 

TO WASTE 1 ",:yc 1 TREATMENT 

F ILTRATE 
c.lA4 OXALATE PRECIPITATION 

C.I4' OXALATE CALCINCO 

C . ~ ~ ~ O ~ T O  SOURCE FABRICATION 

Fig .  A-3 .  

TO WASTE 
TREATMENT 

Pm'", RARE FARTH OXALATES 
OxIOIZCT) WITH !Antt. HNOg 

P,'" SEPARATEOBY ION EXCHANGE 
(NOT AT FPDLI  
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5 1. 

APPENDIX NO. 3 

HAZARDS REPORT FOR SHIELDED TRANSFER TANK, MODEL I1 

The Shie lded  Transfer  Tanks, Model 11, (STT) have been used t o  s h i p  aque- 
ous f i s s i o n  product waste f r ' m  Arco, Idaho, t o  Oak Ridge Nat iona l  Laboratory 
s i n c e  June 1.958. Diuririg t h i s  pe r iod  39 cask shipments conta in ing  a t o t a l  
of 250,000 c u r i e s  were made i n  t h e  s i x  e x i s t i n g  casks by r a i l  f r e i g h t .  
A l l  shipments have conformed t o  t h e  exrisking I C C  and Bureau of Explosives  
regalations,  and t h e  casks have been approved f o r  such shipmenks by t h e  
Bureau of Explosives  und.er B of E Permit NQ- 424, I n  a.dditioE, s p e c i a l  
a t t e n t i o n  has been given t o  r o u t i n g  t h e  shipments t o  miss l a r g e  c e n t e r s  
of popula t ion  and t o  develop s p e c i a l  procedures t o  be followed by the 
sh ippe r  and t h e  c a r r i e r  bo th  dur ing  normal shipments and i n  t h e  case of 
emergencies. 

Because t h e r e  i s  an inc reased  demand f o r  f i s s i o n  prod.ucts, p a r t i c u l a r l y  
"~r f o r  the SNAP programs and. lS7cs f o r  c i v i l i a n  a p p l i c a t i o n s ,  it i s  
des-irable t o  s h i p  h igher  concentrEtions of f i s s i o n  products  from bhe 
Hanford Atomic Products Operat ion i n  t h e  STT. I n  ord-er t o  izlcrease t h e  
safet .y of t h e  Hanford shipmeubs over t h a t  ob ta ined  i n  t h e  less concen- 
t r a t e d  Arco shipments, t h e  f i s s i o n  produ-cts will be sorbed on a bed of 
50-80 mesh Decalso, which i s  an al!lmi:n,o-siJ_icai;e i no rgan ic  i o n  exchanger. 
This  r e p o r t  i s  an eva lua t ion  o f  t h e  hazards which may be encountered 
du r ing  shipment of t h e  loaded STT by r a i l  f r e i g h t .  

The a n a l y s i s  of t he  STZ' bas made i n  r ega rd  t o  i t s  s t r u c t u r a l  s t r e n g t h  
under impact and i n t e r n a l  p re s su re ,  the s t r e n g t h  of  i t s  attachment t o  
the rail  car, t h e  s h i e l d i n g ,  t h c  maximum r a d i o l y t i c  gas product ion expected, 
and the  maximum expected t empera twe  i n  t h e  c e n t e r  of t h e  Decalso bed. 

The f o r c e  r equ i r ed  t o  rup tu re  t h e  i n m r  t ank  ris 415,000 l b  i f  appl ied  nor-  
m a l  t o  t h e  e x t e r i o r  she1.l. between t h e  f i n s  by an ob jec t  6 i n .  i n  d ia .  The 
cupola of t h e  cask, whTch conta ins  t h e  n ipp le s  of pipes extending i n t o  
t h e  i n n e r  tank., would be breeched by a fo rce  of l 5 0 , O O O  l b .  The s t a i n l e s s  
s t e e l  i m e r  tank w i l l  wi ths tand  23; psig i n t e r n a l  p re s su re  based 0x1 the  
y i e l d  s t r e n g t h .  However, t h e  maxirmm p res su re  due Go r a d i o l y t i c a l l y  
produced gas would be 22 psig dur ing  t h e  expected sh ipping  time af two 
weeks. The e x i s t i n g  ai;tachrient of t h e  cask t o  t h e  ca r  can wi ths tand  a 
v e r t i c a l  f o r c e  of 9j4,OOO l'n a d  a horizontal .  forcn  of 786,000 1.b. 

The s h i e l d i n g  of t h e  cask w i l l  reduce the r a d i a t i o n .  E r c r n  any of t h e  i n -  
d i c a t e d  shipmen.t,s t o  l e s s  t han  5 m/hr at  t h e  ex te rna , l su r fa re .  
mum temperature  i n  t h e  c e n t e r  of t h e  Decalso bed w l l l  be 152°F when aoSr 
i s  shipped and 130°F when 13'7Cs i s  shipped. 
cask for 48 hr T K L ~  r e su . l t  i a  maximwn temperatures  of  192OF and 1.53'~ 
for "Sr and. 137Cs shipmentss, respect iveI j i .  

The F2axi- 

Complete i n s u l a t i o n  of t h e  



Discussion 

Radioac Live  Ma te r i a l  Conteilt -- 
m ~,q.ree types ol" ?issioc prGdilC$ shipner.ts wi 11 be made: (I) a crude cut  

The animmts of a c t i v i t y  m i - m a l l g  shippod a:cd Lhe arnounts used i n  ca1c-d- 
l a t , i o n s  f o r  t h i s  report ,  a-re l i s t e d  b e l o x a  

of ""81.. , ( 2 )  a purifi .ed produc-t of "Sr; and (3) a crude cu t  of lS7cse 

Ces ium-137 30, ooo 
Bar i u:m - 13 7m 30, coo 

Cu?-lcs Used IC 

Calcula t  i ~ -  

30,@0@ 

30, ooo 
10,000 

1 ,  ze  000 
30, ooo 
30, ooo 

50, ooo 
50 ooo 

jc ,  coo 

kcc ident  P o t e n t i a l  

C o l l i s i o n  Frequency and P o t e n t i a l  I n v o a m e n t  i n  F i r e .  
I C C  Accident Report f o r  liailwaysL, dur ing  1.956 t h e r e  were 7,'~62 c o l l i s i o n s  
and dera i lments .  O f  t h i s  nuriber, 504. acc iden t s  were e i t h e r  head-on, r e a c -  
end or side-swiping Lraiq c o l l i s i o n s  and t r a i n - t r a c k  c o l l l s i o a s ,  which 
represe.Qts  0.448 acc idents  pe r  m i l l i o n  miles, o r  f ig-ur icg  a 2,500 mile 
t r i p ,  one acc idec t  i n  890 trips.2 
Yractior? of the  acc idents  i:nvoLve an c i l  o r  chemical f i r e .  By posifi .on- 
i n g  -the eask car away from c a r s  conta in ing  explos ives  cr i n f l a m a b l e  
mal;?rials ac;:ording Lo lCC! rzgulaklons, .the p o s s i b i l i t y  of such  a f i r e  
irLiialv-ing .the casks dur ing  a derailment can be vi.rtually el iminated 

According to t h e  

1.t should be not,ed t h a t  only a small 

lC3-ua t fon  of Res-ults of Release of  Iiadioactive Mater ia l .  I f  asi acc ident  
caused the  rup tu re  of .the i nne r  vessel, i.t, can 'oe assaxed t h a t  t h e  cask 
may be ic such a p o s i t i o n  that ,  a l l  of t h e  superna5ant water a r d  a po r t ton  
of  Lhe f i_ss io iz -prodic t - load~d Deca,lso nay be r e l e a s e d  from t h e  cont ,a iner .  
Since t k , e  Decalso p a r t i c l e s  a r e  not f r se- f lowing ,  e s p e c i a l l y  when wetted,  
only a. srnall por'Lion would be discharged tlirough a bo le ,  
of t h e  geea l so  i s  assumed for +,he purpose of t h i s  discussion.. 

A r e l e a s e  cf 10% 

-XI__- 
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The d ischarged  Decalso has a much h igher  probabi l i . ty  of f a l l i n g  on t h e  
ground bes ide  t h e  t r a c k  than  i n t o  a s t ream because of t h e  d i s t a n c e  t r a v e l e d  
over  d ry  land  r e l a t i v e  t o  t h a t  over  o r  bes ide  s t reams.  

I f  t h e  Decalso i s  s p i l l e d  on the ground, t h e  danger t o  personnel  w i l l  
r e s u l t  from e x t e r n a l  raciiatior!. . Hazards d-ue t o  a i rborne  p a r t i c u l a t e s  
would be extremely low because t h e  a c t i v i t y  i s  contained withi.n r e l a t i v e l y  
l a r g e  pa r t i c l - e s .  If it i s  assume3 t h a t  lO$ of t h e  t o t a l  Decalso load  
i s  s p i l l e d  i n  a sniall a r e a  so  t h a t  i t  a c t s  as a s m a l l  soume,  the radia- 
t i o n  a t  va r ious  d i s t a n c e s  Yrorn t h c  source w i l l .  be as follows: 

Radia t ion  i n  r / h r  
Type o f  Shi-prregt- 6 f e e t  u 2 e t r  100 f e e t  

Strontium-90 crude 3.'t 0.9 0.3 

Cesium-137 crude 29.2 7.3 1.8 

The r a d i a t i o n  from t h e  "OSr crude shipment i s  clue both  t o  t h e  contaminating 
L44Ce gamma azzd t o  Bremsstrahlung r a d i a t i o n  
va lues  a r e  conser-Jalively high because no allowance f o r  s e l f  -absorp t ion  
w i t h i n  t h e  source was made. 

These c a l c u l a t e d  r a d i a t i o n  

The hazard from t h e  superna tan t  water i s  ve ry  l o w  because of the extremely 
low d i s t r i b u t i o n  c Q e f f i c i e n t  of t % e  f i s s i o n  products  between Decalso and 
water.  
bant water  under v a r i m s  loading  condi t ions  a r e  given below: 

The c a l c u l a t e d  c o x e n t r a t i o n s  of f i s s i o n  products  i n  the superna- 
t 

400 g a l  Loading Cox!.  i n  Superna- Total.. A c t i v i t y  
i so tope  of Decalso& c bapt m t e r ,  pc/ml i n  Supernate- 

S t ront ii1m- 90 30, ooo 2.57 x 2.64 

Cerium-ll-clt 10,000 1.38 x 1.. 42 

Cesium-137 5 ~ , 0 0 0  1.9 x 19.8 

If t h e  Decalso falls i n t o  a stream, t h e  p a r t i c l e s  w i l l  s i n k  t o  the bottom 
and w i l l  be d i s t r i b u t e d  for var ious  dj-stances a long t h e  bed dcpendii-,g up- 
on t h e  v e l o c i t y  of t h e  stream. 
a r e  leached from t h e  Decalso w i l l  depend p r i n c i p a l l y  upon t h e  calcium 
content  of t h e  water i n  t h e  s t ream.  

The r a t e  a t  which t h e  f i s s i o n  produets  

On t h e  basis OF a s i n g l e  experiment us ing  water  conta in ing  23 ppm calcium, 
6 ppm sodium, and 3 ppn magnesium, t h e  time r e q u i r e d  t o  e l u t e  50% of t h e  
"'Sr f r o m  t h e  Decalso i n  a flowing s t ream i s  i n d i c a t e d  t o  be about 40 hr. 
To o b t a i n  a basis of comparison, t h e  maximulm. concen t r a t ion  i _ n _  t h e  r i v e r  
water  of t h e  Gli-nch River near  ORXL i s  c a l c u l a t e d .  'The average ?low of 
t h e  Clinch River at this po in t  i s  5000 CFS. The r a t e  of elution of t h e  
"'Sr will be about l.04 x lo4 pc/sec based 023 t h e  experimental  data. 

'The concen t r a t ion  il; t h . e  r i v e r ,  i f  it i s  assumed t h a t  t h e  a c t i v i t y  i s  
completely mixed by l a t e r a l  movement b u t  does not d i f f u s e  i n  t h e  d i r e c t i o n  



of flow, would be 7.0'1 x 
~ ~ . c / m l  of "'SI- iii water f o r  continuous n o n - o c c ~ p a t i o n a l e x p o s ~ ~ ~  t h i s  value ex - 
ceeds the  MPC by a f a c t o r  of 700. However, t h e  exposure t i m e  to the slug 
of contaminated water woi?ld be i n  t h e  order  of 100 h r .  A s  t,he s lug  moves 
dowflstreax, l o n g i t u d i n a l  diffusion would inc rease  t h e  exposure t i n e  bu t  
would decrease L9e coacec t ras ion  p ropor t iona te ly .  The amoiat  cf "Sr 
act.;ally i n  sol.utiori ~ ~ o u l c l .  be decreascd by absorpt,ior: on t h e  c lays  of  
t h e  r i v e r  bottom. 

1c/crn3. Based on an a1lowabl.e MPC of 

Cask 3e s CY i p t  i on 

The S'r.ieI.ded 'T'ran.sfcr Tank, Model IT: (OHMI., Dwg. E-29375), i s  about; 69 i n .  
wide, 80 i n .  high, and weighs -18 toils.  The cask 5.s a 3  externall-y fim?ed_ 
lea?-shicld.ed cy l inde r .  
annulus beLween t h e  3 / ' ! . - i~ .  t ,hick m i l d  s t e e l  ox ter  shz11 and 'ihe 3/'8-,ica 
t h i c k  347 s t a i n l e s s  s t e e l  i.zner shell o r  tazk.  

The l ead  s h i e l d i n g  i s  co?,'i;a.iP+ed i n  a 3-1./2,-4 9 .  

A- small  sh i e lded  cupola on t o p  of t h e  cask :oz=t,ains the v a l w d  ~ ? o z z l s s  of 
Lne p ipes  c d e n d i n g  info t h e  i m o r  t ank .  Each pipe which extends i r , to  
t h e  inne r  tank  from t h e  ccpola  space i s  equipped wi th  a valve-type Snap- 
kite f i t t i n g  wh-ich prov-ides a pos ik ive  s e a l  agaif is t  p ressure  wiLhin t h e  
ta&. AS a. second s e a l  a g a i n s t  lea.kage from t h e  inne r  tank,  t h e  end of  
the pipe  wi th  the S n a p t i t e  f i t , t , i n g  i s  enclosed wi th in  a l a r g e r  pi.pe, which 
i s  welded to t h e  p l a t e  forming the f l o o r  of t h e  cupola and is el-osed with 
an asbes tos  gasketed f lange  O i l  t h e  t o p  end. A . t h i rd  seal. is prOT;.ded by 
t h e  s t a i n l e s s  s t e e l  gasketed t o p  cover of t h e  cupola.  

2 ,  

I n  o rde r  t o  pyevent pressure  wi th in  t h e  vapor space of t h e  inne r  v e s s e l  
from f o r c i n g  l i q u i d  up t h e  dip- tube aga ins t  the S n a p t i t e  c losure ,  a slid- 
i n g  tube wi th in  t h e  upper s e c t i o n  of t h e  dip- tube i s  provjded so  t h a t  t he  
upper s e c t i o n  of the dip- tube  i s  ver,ted t o  t h e  vapor spice i n  the cask 
while t h z  car i s  i n  t r a n s i c .  

Three casks a r e  mounted oc one 7O-ton gondola. ca r ,  which has been a l t e r e d  
by we1-dir-g spec i .a l  base p l a t e s  t o  -Lhe c a r .  
t h i c k  c i r c u l a r  base p l a t e  by four teen  l - l / 2 -= in .  b o l t s .  
drawn cp 5igh-L aga ins t  each holding nut  t o  prevent  i t s  backing of'f due t o  

t ~ i p  because of the p o s s i b i l i t y  of weakening of t h e  b o l t  due t o  f a t i g u e  
of  t,lie meta l  o r  t h r e a d  wear which can r e s u l t  from the  repeated s';r.esses 
during shipm?n?; . 

Each cask i s  bo l t ed  f,o a l-in* 
A lock  nut  IS 

vibrati ion ii? t r a n s i t .  A11 b o l t s  and n.jf,s a r e  rep]-aced a f t e r  cach round I 

?he circulm b a s e  p l a%s  i s  welded t o  two boxed beams, which spa!: t he  car ,  
a2d '03 two cross beams, as sho-m i n  O-WL Dwg. E-29575. Each beam i s  t 

welded tc; t.he f l o o r  of bhe ca r ,  which is s p e c i a l l y  s e l e c t e d  'LO have a 
srnoot,!-., a l l -welded fl .oor a In additioi?, gusset# pl.aLes a r e  welded t o  t h e  
ends of' t h e  twc sparrnicg beams agd t o  'c:he sid.es of  t h e  c a r .  Each cask 
i s  also t j .ed Lo t h e  ca r  by f0u.r  5 / 8 - i ~ . - d i a  cabl-es a t t ached  t o  pads welded 
t o  the f l o o r  of t h e  ca r  (@w\JL Dwg. D-33300). 

'NHS Handbook 69, p .  93-94 (Junc 1.959) 0 
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Analys is  of t h e  S t r u c t u r a l  I n t e g r i t y  of the  STT 

The s t r u c t u r a l  c a l c u l a t i o n s  i n d i c a t e  t h e  cask mounting holding t h e  STT 
t o  t h e  gondola c a r  w i l l  wi ths tand  a v e r t i c a l  f o r c e  of 934,000 lb and a 
h o r i z o n t a l  f o r c e  of 786,000 lb. 

The d ished  heads of t h e  s t a i n l e s s  steel inner t ank  w i l l  wi ths tand  235 p s i  
i n t e r n a l  pressure and. t h e  c y l i n d r i c a l  s h e l l  w i l l  wi ths tand  335 p s i  i n t e r -  
n a l  p re s su re  based on yi.eld s t r e n g t h .  
a t  y i e l d  s t r e n g t h  i s  0.023 in.. and a% u l t t m a t e  s t r e n g t h  i s  0.062 i n .  !%e 
l ead  s h i e l d  was not  considered as support  s ince  t h e  w i d  space between 
t h e  l e a d  arx3 inne r  t ank  i s  probably g r e a t e r  than  t h e  r a ,d i a l  d.i,spersion 
at y i e l d  s t r e n g t h .  

The radial  d i s p e r s i o n  c a l c u l a t e d  

Thc fo rce  r e q u i r e d  t o  bye-ch t;kte i n n e r  cask w a s  c a l c u l a t e d  €or t h e  fol low- 
ing cond i t ions  : 

1. A- 6- . in . -dia  unyie1d.in.g f l a t  o b j e c t  s t r i k e s  the  cask between two Tins 
and normal t o  t h e  su r face .  The r equ i r ed  fo rce  i s  415,000 lb. 

2 .  A G-in.-dia ob jec t  s t r i k e s  t h e  cLpola s i d e  normal to t h e  s u r f a c e .  
The required. fo rce  i s  l50,OOO Yo. 

-4 6-in.-d.ia obgect w a s  chosen as be ing  t h e  sma l l e s t  o b j e c t  l i k e l y  t o  
absorb t h e  f o r c e  of t h e  impact wi thout  deforming. 

For cond i t ion  No.  1, t h e  f o r c e  w a s  considered as a c t i n g  on a 10-in. wide 
s e c t i o n  of the o u t e r  s h e l l  which i s  e f f e c t i v e l y  r e i n f o r c e d  by one f i n .  
Because of i t s  low t e n s i l c  s t r e n g t h ,  t h e  l e a d  w a s  no t  considered as add-  
i n g  t o  t h e  s t r e n g t h  of t h e  cask, but w a s  considered as t r a n s m i t t i n g  t h e  
f o r c e  t o  the i nne r  t a n k .  The forminlas used t o  calculatt ' :  t h e  rniririlum app l i ed  
f o r c e  t e q u i r e d  t o  rup tu re  t h e  s h e l l s  a r e  those app l i cab le  t o  el-osed-end 
t anks  I 

For condit,ion No. 2, t h e  fo rce  was considered as app l i ed  t o  t h e  outer and 
i n w r  s h e l l s  as open-epd c y l i n d e r s  aid w a s  c a l c u l a t e d  by t h e  app l i cab le  
formulas .  5 

The min-imwn def lec tp ion  of t h e  s i d e  w a l l  of the  inne r  tank  required. t o  
cause a break i n  t h e  t ank  w a l l  was c a l c u l a t e d  -to be 0.243 i n .  By t h e  use 
of this c a l c u l a t e d  d e f l e c t i o n  i t  can be shown tha t  dropping t h e  cask from 
a he igh t  of 2*9 ii=. o r  h i t t i n g  it at a speed of' 2.7 mph w i l l  caxse it t o  
rup tu re .  
methods used i n  t h e s e  c a l c u l a t i o n s  a r e  considered .to be conserva t ive .  I n  
t h e  case of t h e  a1lowabI.e d e f l e c t i o n ,  some doubt e x i s t s  as t o  t h e  v a l i d i t y  
of t h e  formulas used, but i n s u f f i c i e n t  time was  a v a i l a b l e  to al low an. 
ex tens ive  a n a l y s i s .  
consu l t an t  f o r  a n a l y s i s .  

However, i t  should be noted that  t h e  r e s u l t s  ob ta ined  by t h e  

- ~t i s  pl.ar?ned t o  submit t h i s  problem t o  all independent 

4R. J. Roark, Fo-rmulas f o r  Strcss and S t r a i n ,  McGraw-Hill Book CO. ,  

51b id ,  p.  270. 

P* 272 (1954). 
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Temperature of Decalso Bed- 

The tcmperat.ure ai; 'Lhe cen te r  of' the  Decalso bed when t h e  cask i s  i n  90°F 
ambient air w a s  c a l c u l a t e d  t o  be 152'F f o r  t h e  "Sr shipment, and 1.30sF 
f o r  the If' the cask were corn l e t e l y  i n s u l a t e d  Yar 1-1-8 hr, 
t h e  .temperature wouid r i s e  tJo 1~92°F f o r  Jche "SY shipment, and to 153°F 
Cor .!;he 1 3 7 ~ s  ship~Iicr?i; 

Gas Froducti.on and Pressx.re Ei~13.Id.up, 

According i o  stiidi.es made b y  ",he F-adriatio-rr Chemist,ry Group of t h e  OKVL 
Cl?emisC,ry Div i s to~ . ,  Lh? behaviour of  l r r ad i . a t ed  water wri.11 be &over!ied 

1.37 Cs shi.prnent. 

Wher: pure w a k r  5 5 i r r a d i a t e d ,  the eqGi1ibri .m pressure  of hy-drogen 
and oxygen. m s u l t i g g  f r o m  %lie decomposition i s  very low, 

Equil ibr ium i.s attained wri.thi:il two -to khree days i.:c pract ica1l .y  a l l  
cases .  

i- The decomposition of wa!;er i s  i n t o  H -t- OH-'. 
r n a c t  w i t h  each o t h e r  t o  form 1320, with  themselves t o  form the molecu- 
lar products 32 and EsOzy o r  with oxidi-zable o r  r educ ib l e  prodv.cts. 
1.n compl~t~c1.y sea l ed  vessels, a back r e a c t i o n  can take @ace as 
f 0l.lows 9 

These products  ma,y 

These r e a c t i o n s  st.rongI.:v- f avor  ?;he pl:.od.iic",.~a of water e 0xidi.zi.ng 
and ?educ ing  lioils t end  tx i n . t e r " fe r?  w i t h .  tthe ba.ck r e a c t i o n s  favor-  
i c g  :;he bui1.dj-n.g of rriolccillar products  * 
nota,hle f o r  i n t e r f e r i n g  writ,h th? recombinati-on r e a c t i o n  and main- 
t a k i n g  %he i n i t t a l  Fz y i e l d .  

The ha l ides  a r e  p a r t i c u l a r l y  

No1-i-oxidizable o r  reducib le  ions have no  e f f e c t  on t h e  molecular y i e l d s .  

Sur faces  do riot appre-iably sliLer the reacti-on. 

'The decomposition of  HzO m d e r  i r r a d i a t i o n  i s  first order  whi le  the 
rcmmbinat ion  r e a z t i o n  i s  a higher order react tor , ,  so  khat the e q u i l i -  
briiirii p ressure  of 32 a n d  02 i s  increased  w i t h  i nc reas ing  r a d i a t i o n  
flux. 

'The temprrat.ure e f f e c t  on the recombination r e a c t i o n  w i t h i n  the  range 
expected i s m g l i g i b l  P .  

Eil-thou-gh t h e  recombinatio.c e f f e c t s  which decrease the free gas formati.ou? 
canrioi be calcul.ated precisely f o r  t h e  coi?dii,ion i n  t h e  STT, .the rnax.immi 
gas product ions,  assuming .no recomb.i-na.t;ion r eac t ions ,  can be cal.ciilatod 
f rom +:,he known "G" value f o r  wa-ke r  . Th.e maximum gas prod.uctioc wou.ld 
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r e s u l t  i n  a maximum pressure  of 22 p s i g  i n  t h e  100-gal  f r e e  space of t h e  
cask dur ing  a two week per iod .  This p re s su re  i s  w e l l  wi-thin t h e  allow- 
ab le  pressure  l i m i t s  of the cask. 

Operat ing Procedure 

Load.in&. The cask w i l l  be t r a n s p o r t e d  t o  Hanford on a s p e c i a l l y  adapted 
r a i lway  ca r  f o r  loading .  P r i o r  t o  shipment to Hanford, t h e  ca6k w i l l  be 
loaded wi.th 400 g a l  of Decalso -- a s y n t h e t i c  a luminos i l icake ,  inorganic  
i o n  exchazger (produced by Permintit Compariy) w i th  a LOO-gal f r e e  space 
above t h e  ion  exchm-ger bed. The cask w i l l  he placed. i n  p o s i t i o n ,  l i q u i d  
i n l e t  and o u t l e t  l i n e s  w i l l  be connecterf. and a measured volume of l i q u i d  
w i l l  be passed through t h e  i o n  exchanger hzd. 
i n  t h e  cask w i l l  be determined by d i f f e r e n c e  frum samples of t h e  f e e 3  
efflu.ent, so lu t i0c . s .  

The moun t  of '"Sr o r  lZ7Cs 

Unloadiny,. 
t h e  FPDL on a low-boy over AEC a r z a  roads.  
i n  t h e  unloading c e l l  a:id l i q u i d  i n l e t  and o u t l e t  l i n e s  will be connected. 
A s t r i p p i n g  s o l u t i o n  w i l l  t hen  be pumped through t h e  ion  exchanger bed t o  
remove t h e  f i s s i o n  products .  A measured volume of s t r i p p e r  s o l u t i o n  w i l l  
be used to e l u t e  t h e  m a t e r i a l  and t h e  e f f l u e n t  s o l u t i o n  w i l l  be sampled 
t o  determine when a l l  the m a t e r i a l  has been removed from t h e  cask. 

The loaded cask w i l l  be rece ived  by ORNL and t r a n s f e r r e d  Lo 
The cask w i l l  be pos i t i oned  

Shipping Procedures .  The sh ipping  procedures from Hanford t o  OXrTL w i l l  be 
ve ry  similar t o  those fol lowed i n  making cask shipments from Arco, Idaho, 
to OrnTL. 

The r o u t i n g  w i l l  be made t o  avoid heav i ly  populated areas ,  unnecessary 
switchyards,  and. nabural. o r  man-made p o t e n t i a l  hazards as much as 
p o s s i b l e  w i t h i r  t h e  l i m i t a t i o n s  o€ reasonab1.e cos5 ar,d shippirig time 

Tns t ruc t ions  regard ing  {;he shipment w i l l  be t r a n s m i t t e d  t o  t h e  t r a i n  
crew on t h e  b i l l  o€ l ad ing .  These i n s t r u c t i o n s  w i l l  i nc lude  a desc r ip -  
t i o n  of the shipment and w i l l  sLa,t.t t h a t  t h e  shipper ,  t h e  consignee, 
arid t h e  Bureaa of Explosives  must be n o t i f i e d  i n  case  of an_ emergency. 

The sh ipper  w i l l  advise  t h e  Superintendent  of Transpor ta t ion  of the 
primary c a r r i e r  of th.e shipment a n d  r eques t  t h a t  he inform a l l  s t a t i o n s  
under h i s  j u r i s d i c t i o n  of the c a r ' s  movement. The primary c a r r i e r  w i l l .  
a l s o  be reques ted  to n o t i f y  t h e  connect ing c a r r i e r s  'GO give t,he car  
s p e c i a l  handl ing .  

The sh ippe r  w i l l  inform t h e  consignee by t e l e t y p e  at t h e  time t h e  
shipment d e p a r t s  h i s  p l a n t .  Copies of t h e  t e l e t y p e  t o  ORNL w i l l  go 
t o  t h e  Laboratory S h i f t  Superv isor ,  T r a f f i c  Department, ar id  Super- 
i n t enden t  of the F i s s i o n  Products  Development Laborat,ory . 
The sh ipper  wili o b t a i n  s p e c i a l  approval  from t h e  Bureau of Explosives  
f o r  each shipment. By i n t e r n a l  procedures t h e  Bureau of Explos ivss  
will n o t i f y  t h e i r  f i e l d  r e p r e s e n t a t i v e s ,  who caLz i n s p e c t  t h e  shipment 
a t  va r ious  po in t s  enroute  as t h e y  d e s i r e .  

I 



6. I n  case of an in - t r ams i t  emergency r epor t ed  t o  the ORNL Laboratory 
S h i f t  Supervisor, he w i l l  inmediately n o t i f y  t h e  M%na,ger of  OROO, 
o r  h i s  designated r ep resen ta t ive ,  who will t a k e  t h e  proper s'ceps 
according t o  t h e  OROO Radio logica l  Ine ideEts  Plan (October 23? 1.958). 
Accord i.-fig to t h i s  p l a . ~ .  .., t,h.z Regioral. Office respons ib le  for the a r e a  
i n  which t h e  zrnergcr;cy occurs  will be coct.acted i.mmed.?at,ely by %he 
OR00 €or r ad io lGg ica l  ass is.5ance e 

8. Tht? ZarYTer l s  respomfble  f o r  i c c a t i n g  +;he car ic t h e  t . ra in  accor,d- 
ing t;o Sec t ion  74.589 ( N )  o f  Ta r i f f  No .  13 to i n su re  t h a t  it, is c o t  
handled next t c  ca r s  which a r e  pI.aca:rded 50 denote ?%ha+; they coat2aiLn 
explos ives .  

9. A rep resen ta t ive  of CRNL, w i l l  r i d e  the  t r a i n  conta in ing  the  first 
shipment t o  monitor t h e  casks e n m u t e  and i o  observe co i id i t io rs  a long 
t h e  rout,e.  
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