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1 .  SUMMARY 

The p r o j e c t  considered in  t h i s  document i s  the  Hot Engineering Test Projttct IHETF), whic:i i s  t o  

be located i n  l a r g e l y  e x i s t i n g  f a c i l i t i e s  a t  O a k  Ridge National Laboratory ( O R N L ) .  The pro jec t  

i s  a p a r t  of t h e  National High Temperature Gas-Cooled Reactor Fuel Recycle Pryrani ,  which seeks 

t o  demonstrate the technological  f e a s i b i l i t y  o f  the  recycle  processes .  

t o  confirm t h e  o p e r a b i l i t y  of the  processes (prover1 f e a s i b l e  i n  cold o r  nonradioact ive,  bench- 

top experimentat ion)  under the more real  i s t i c  rad ioac t ive  condi t ion.  

wi l l  involve the reprocessing and r e f a b r i c a t i o n  of spent  HTGR fuel  rods obtdined from the Fort 

S t .  Vrain r e a c t o r .  The reference fuel  i s  highly enriched uranium. 

The !iE'1P wi l l  a t tempt  

A s  such, the operat ion 

In addi t ion  t o  addressing the impacts to  be expected from rout ine  operat ion of the  p r o j e c t ,  

t h i s  r e p o r t  exariiines technical  aspec ts  of the  processes  involved, safeguards and  t ranspcvta t ion  

concerns, acc ident  s c e n a r i o s ,  the  e x i s t i n g  environment a t  the  s i t e ,  and possible  a l t e r q a t i v e s  

to t h e  p r o j e c t  arid presents  a c o s t - b e n e f i t  a n a l y s i s .  

S a l i e n t  aspec ts  o f  t h e  repor t  a r e :  

1 .  No s i g n i f i c a n t  rad io logica l  impacts a r e  expected from r o u t i n e  operat ion of the  f a c i l i t y  

t o  any b io ta  or  ecosystem. Concentrations o f  one o r  imore radionucl ides  i n  Whiteoak Lake 

wi l l  increase  a s  a r e s u l t  of the  combination of HETP wastes with o ther  ORNL wastes. 

Total concentrat ions i n  receiving waters a r e  expected t o  be well below recomiiended 1 i m i t s .  

2. Nonradiological e f f e c t s  from cons t ruc t ion  a c t i v i t i e s  and rout ine  operat ion should h r  

i n s i g n i f i c a n t  on land and water use and on t e r r e s t r i a l  and aquat ic  ecosystems. 

3 .  No s i g n i f i c a n t  socioeconomic impacts should occur from e i t h e r  cons t ruc t ion  o r  operat ion 

of the f a c i l i t y .  

4. Some conservat ive acc ident  sceriarios d e p i c t  s i g n i f i c a n t  r e l e a s e s  o f  r a d i o a c t i v i t y .  

Analyses i n d i c a t e ,  however, t h a t  e f f e c t s  should be loca l ized  and would not be s w w e  

f o r  a l l  b u t  t h e  most un l ike ly  of such inc idents .  

5. No s i g n i f i c a n t  long-term commitment of resources  i s  expected t o  be required f o r  the 
pro jec t .  Nor a r e  any l a r g e  q u a n t i t i e s  of scarce  o r  c r i t i c a l  resources  l i k e l y  t o  be 

i r r e v e r s i b l y  o r  i r r e t r i e v a b l y  committed t o  the p r o j e c t .  

6. Principal  a l te rnaLives  considered were: 

the p r o j e c t  schedule ,  p r o j e c t  c a n c e l l a t i o n ,  and chemical process v a r i a t i o n s .  

t h e  objec t ives  o f  t h e  National HTGR Recycle Development Program, none were j u d g e d  t o  be a s  

f e a s i b l e  a s  the proposed p r o j e c t .  

re loca t ion  o f  t h e  pro jpc t  s i t e ,  postponement of 

Considering 
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2 .  PURPOSE AND DESCRIPTION OF HOT E N G I N E E R I N G  TEST PROJECT 

The National High-Temperature Gas-Cooled Reactor (HTGR) Fuel Recycle Program requi res  a Hot-Fuel 

Recycle Reference F a c i l i t y  (HRRF), which wi l l  demonstrate processes t h a t  a r e  l i c e n s a b l e  and 

econoiiiically and technologica l ly  f e a s i b l e .  In support of the  HRRF, the prograiii plan c a l l s  f o r  

several  s t e p s  t o  achieve t h e  overa l l  ob jec t ive .  

Cold development o f  t h e  HTGR Fuel Recycle Process by use of 2 3 3 U  a s  a s u b s t i t u t e  t o r  the rriore 

rad ioac t ive  f i s s i l e  isotope contained in  spent  fuel  has reached t h e  s tage  t h a t  la rge-sca le  

equipment i s  being t e s t e d .  

Hot-engineering-scale t e s t s  using feed mater ia l s  t h a t  would be typica l  f o r  an HTGR fuel  - recycle  

f a c i l i - t y  a r e  required t o  demonstrate the o p e r a b i l i t y  o f  the  cold processes developed. 

re ference  fue l  i n  t h i s  EIS i s  highly enriched uranium (HEU). Some assurance of t h e  f e a s i b i l i t y  

of the processes has been der ived from known r a d i o l y s i s  data  and labora tory-sca le  t e s t i n g .  

However, f u l l  assurance can be obtained only with the higher l e v e l s  of r a d i o a c t i v i t y  assoc ia ted  

with engineer ing-scale  t e s t s .  

The 

T h u s  the need f o r  the  Hot-Engineering Tes ts  ( H E T ) .  

The purpose o f  the  H ' K R  Fuel Recycle HET i s  t o  demonstrate those aspec ts  of the  H T G R  Fuel 

Reprocessing and Refabricat ion Processes t h a t  can be proved only with the presence of t h e  high 

leve l  of r a d i o a c t i v i t y  and f i s s i o n  products assoc ia ted  with i r r a d i a t e d  fue l  eleiiients. The HET 

wi l l  provide v e r i f i c a t i o n  and process data  in a rad ia t ion  environment which cannot be obtained 

in cold development work. The r a d i a t i o n  environment i s  t o  be provided i n  the  reprocessiny 

demonstration by processing i r r a d i a t e d  fuel containing f i s s i o n  products and in  t h e  r e f a b r i c a t i o n  

demonstration by bred  2 3 3 U ,  containing 232U and assoc ia ted  daughter products ,  froin the  National 

Uranium233 Repository ( N U R )  . 

The HCT wi l l  be located a t  t h e  Oak Ridge Nat,ional Ldboratory ( D R N L )  a t  Oak Ridge, Tennessee. 

The pr inc ipa l  bui lding used wi l l  be the  Thorium-ilraniuni Recycle F a c i l i t y  ( T U R F ) ,  Building 7930. 

Support loca t ions  wi l l  include: 

1 .  Refabricat ion.  Feed-material preparat ion in  O R N L  Building 3019. 

2 .  Reprocessing. Unirradiated feed mater ia l  preparat ion a t  General Atomic Company ( G A C )  

i n  Sari Diego, Cdl i forn ia .  

3. Reprocessing. I r r a d i a t e d  feed mater ia l  shipment from Idaho National Engineering Laboratory 

(INEL) a t  Idaho f a l l s ,  Idaho. 

4.  Reprocessing. I r r a d i a t e d  feed mater ia l  segmenting in  O R N L  Building 30261). 

5 .  Radioactive inaterial s torage  in  ORNI. Building 7503. 

6 .  Other support l o c a t i o n s  a t  O R N L ,  such a s  the Waste Burial Ground and the  High Radiation 

ILevel Analyt ical  Laboratory i n  Building 2026. 
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The o v e r a l l  HET p r o j e c t  i s  d i v i d e d  i n t o  t h r e e  p a r t s  Reprocess ing  F a c i l i t y ,  R e f a b r i c a t i o n  
F a c i l i t y ,  and Suppor t  F a c i l i t y .  The rep rocess ing  and r e f a b r i c a t i o n  demonst ra t ions  a r e  
sppara te  and d i s t i n c t  t e s t s ,  wh ich  share  t h e  common suppor t  f a c i l i t y .  
i c h e d u l e  a n t i c i p a t e s  tiscal y t a r  1980 c o n s t r u c t i o n  f u n d i n g  and i s  p resen ted  i n  F i g .  2.1.  

The HET d u r a t i o n  

Because (;t ~ i ~ t ;  nat ic r td  1 L'.>i,cern about  n u c l e a r  p r o l i f e r a t i o n ,  t h e  u t i l i z a t i o n  o f  p r o l i f e r a t i o n  
r e s i s t a n t  n u c l e a r  f u e i s  i s  d e s i r a t i e .  Aiiiendments t o  t h e  Conceptual  Design Repor t  and a s s o c i a t e d  

Cost Estiirlrlt.,' a r e  i r ,  prt';.',l-atic,;n ~ i ~ i n g  r:iedim e n r i c h e d  uran ium ( M E U )  r e f e r e n c e  f u e l .  

Reprocessing i m p l i e s  t h t  spent  f u e l  e le imi ts  w i l l  undergo mechanical  and chemical  t r e a t m e n t  
f o r  t h e  purpose o f  r e c l a i m i n g  f e r t i l e  and f i s s i l e  heavy me ta l s  con ta ined  i n  thein. F i g u r e  2 . 2  
i l l u s t r d t e s  i n  s i m p l i f i e d  form t h e  ma jo r  s teps  o f  r e p r o c e s s i n g  a spen t  f u e l  e lement .  Because 

o f  t he  h i g h  r d d i d t l o r i  l e v e l  a s s o c i a t e d  w i t h  spent  r e a c t o r  f u e l s ,  t h e  s p e n t - f u e l  e lement  i i iust 
be p r o p e r l y  s h i e l d e d  a t  ~ l l  t imes ,  wh ich  r e q u i r e s  s p e c i a l  s h i p p i n g  casks and remote o p e r a t i o n  
o f  process equipment i n  h e a v i l y  s h i e l d e d  h o t  c e l l s .  

The f i r s t  s tage o f  rep rocess ing  i n v o l v e s  i i i r c h a n i c a l l y  segment ing (sawing)  t h e  f u e l  e lement  
b l o c k  i n t i  s m a l l e r  p ieces  t c  f a c i l i t a t e  mechanical  c r u s h i n g  o f  t h e  element.  Impor tan t  p re -  
c a u t i o n s  o f  these two o p e r a t i o n s  a r e  t h e  conta inment  o f  dus ts  and o f f -gases  t h a t  may be p ro -  

duced du r i r t g  q e r d t i o n .  F i l t e r s  and rtecessary o f f - g a s  t r e a t m e n t  a r e  u t i l i z e d  i n  c o n j u n c t i o n  
w i t h  tnese  process  fui:c t i o n s .  

The p r o p e r l y  s i z e d  p a r t i c l e i  r e s u l  t i i i g  f rom c r u s h i n g  then  undergo a f l u i d i z e d - b e d  b u r n i n g  b e f o r e  
be ing  c rushed and burned agair i  i n  a se$dra te  f l u i d i z e d - b e d  bu rne r .  These s teps  a r e  necessary  t o  
remove carbonaceous f i l l e r  m a t e r i a l  wh ich  bonds t h e  heavy ine ta l  f u e l  p a r t i c l e s  t o g e t h e r .  As 
w i t h  segmenting and c rush ing ,  p roper  t rea tmen t  o f  of f -gas f r o m  t h e  bu rne r  i s  p rov ided .  

Ash i i i a t e r i a l  produced f ro in  t h e  b u r n i n g  s teps  i s  t h e n  leached w i t h  a c i d  s o l u t i o n  t o  d i s s o l v e  t h e  
heavy me ta l s  t h a t  t h e y  c o n t a i n .  An i n s o l u b l e  i n a t e r i a l  ( S i c )  used as a c o a t i n g  f o r  heavy m e t a l s  

r e s u l t s  f rom t h i s  d i s s o l u t i o n  s t e p  a long  w i t h  t h e  f e e d  s o l u t i o n  m a t e r i a l  r e q u i r e d  f o r  f u r t h e r  
r e c l a m a t i o n  s teps .  Of f -gases  produced f r o m  t h e  d i s s o l v e r  a r e  t r e a t e d  i ndependen t l y  o f  o t h e r  
o f f - g a s e s  i n  t h e  system. The i n s o l u b l e  leached h u l l s  a r e  recovered,  washed, d r i e d ,  c o l l e c t e d ,  
and s t o r e d  i n  meta l  drums. 

S o l v e n t  e x t r a c t i o n  i s  r e s p o n s i b l e  f o r  p rocess ing  t h e  a c i d  s o l u t i o n s  f r o m  d i s s o l u t i o n  i n  such a 
way as t o  reiiiove h i g h l y  r a d i o a c t i v e  f i s s i o n  p roduc ts  t h a t  a r e  a s s o c i a t e d  w i t h  spent  r e a c t o r  
f u e l s  and t o  separa te  and r e c l a i m  t h e  heavy m e t a l s  wh ich  w i l l  be used f o r  r e a c t o r  f u e l  r e c y c l e .  
T h i s  f u n c t i o n  i s  per fo rmed th rough  f i v e  p r i n c i p a l  columns used t o  c o n t a c t  t h e  a c i d  s o l u t i o n s  
w i t h  t h e  a p p r o p r i a t e  e x t r a c t i n g  m a t e r i a l .  
wastes a r e  absorbed on v e r m i c u l i t e  and s e n t  t o  t h e  s o l i d - w a s t e  s to rage  area  (Sec t .  2 .3 .2 .3 ) .  

Aqueous wastes a r e  t r e a t e d  as i n t e r m e d i a t e - l e v e l  wastes (Sec t .  2 . 3 . 2 . 2 ) .  Of f -gases  f ro in  t h i s  
system a r e  t r e a t e d  i n  t h e  same manner as those produced i n  t h e  d i s s o l u t i o n  s t e p .  

P r imary  wastes a r e  l i q u i d  i n  form. L i q u i d  o r g a n i c  

The f i n a l  s t e p  o f  rep rocess ing  i s  c o n c e n t r a t i o n  by e v a p o r a t i o n  o f  t h e  p r o d u c t  s o l u t i o n s  f rom t h e  
s o l v e n t  e x t r a c t i o n  s tep .  Ma jo r  wastes w i l l  r e s u l t  i n  t h e  f o r m  o f  evapora t i on  overhead conden- 
sa te ,  wh ich  w i l l  be s e n t  t o  t h e  i n t e r m e d i a t e - l e v e l  waste system f o r  d i s p o s a l .  The p r o d u c t  
s o l u t i o n s  a r e  s t o r e d .  
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REPROCESSiNG PRODUCES URANYL NITRATE 
AND THORIUM NITWATE SOLUTIONS 

Fig. 2 . 2 .  Mdjor s t e p s  i n  spent-fuel  reprocessing 

For g r e a t e r  d e t a i l s  o f  the  operat ional  funct ions of spent-fuel  reprocessing,  see Appendix A .  

2 . 2  DESCRIPTION OF F U E L - R O D  REFABRICATION 

Refabricat ion of HTGR fuel  eleiiients i s  the  process of taking t h e  pur i f ied  product so lu t ions  from 

the reprocessing operat ion containing the  reclaimed heavy metals and f a b r i c a t i n g  a new fuel  

block s u i t a b l e  f o r  use i n  a reac tor .  The purpose of the  HET i s  t o  demonstrate only those p a r t s  

of the reprocessing and r e f a b r i c a t i o n  processes t h a t  a r e  s e n s i t i v e  t o  the  rad ioac t ive  environiiient 

of a hot c e l l  f a c i l i t y .  Therefore, r e f a b r i c a t i o n  i n  HET wi l l  use feed inaterial c u r r e n t l y  s tored  

in  the  National Uranium Repository ( N U R )  a t  O R N L  and wil l  car ry  the  process only p a r t i a l l y  

through the  f u l l  r e f a b r i c a t i o n  process - t h a t  i s ,  t o  t h e  f a b r i c a t i o n  o f  fuel  rods t h a t  a r e  s u i t -  

a b l e  f o r  loading i n t o  the  graphi te  fuel  block. The rndjor s t e p s  of fuel-rod re fabr ica t ion  a r e  

i l l u s t r a t e d  i n  s impl i f ied  form in Fig. 2 . 3 .  

The HET wil l  address four  major s t e p s  in  the  r e f a b r i c a t i o n  process f o r  HTGR fue l  rods: 

( 1 )  r e s i n  fuel  kernel prepara t ion ,  ( 2 )  r e s i n  carbonizat ion,  ( 3 )  inicrosphere coa t ing ,  and 

( 4 )  fuel  rod f a b r i c a t i o n .  I n  addi t ion  the  HET wi l l  have the necessary waste handing operat ions 

and sample handling equipment t o  support the  HEY equiptilent. 

performed i n  t h e  shielded alpha f a c i l i t i e s  of the  Thorium Uranium Recycle F a c i l i t y  (TURF), 

Building 7930. 

All of these  operat ions a r e  t o  be 
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FUEL ROD F A B R I C A T I O N  I 

REFABRICATION PREPARES "GREEN" FUEL RODS 

I COAT I NG 

The r e s i n  f u e l  k e r n e l  p r e p a r a t i o n  system r e c e i v e s  u r a n y l  n i - t r a t e  s o l u t i o n  frorri t h e  NUR arid loads 
t h e  uraniuir i  o n t o  i o n  exchange r e s i n  beads. I n  t h i s  s tep ,  a c i d - d e f i c i e n t  u r d n y l  n i t r a t e  s o l u t i o n  
i s  c i r c u l a t e d  th rough  hydrogen-form r e s i n  beads, and uran ium i s  loaded on t hese  beads th rough  an 

i o n  exchange i n v o l v i n g  UO:?2't and H+ i o n s .  
t r a n s f e r r e d  t o  t h e  r e s i n  c a r b o n i z a t i o n  system. 

The loaded  r e s i n  f u e l  k e r n e l s  a r e  t h e n  d r i e d  and 

1-tie purpose of  t he  r e s i n  c a r b o n i z a t i o n  s t e p  i s  t o  produce a f i s s i l e  f u e l  k e r n e l ,  ~ i r -aniui i i  d i o x i d e  
d i s p e r s e d  i n  an e lementa l  carbon m a t r i x ,  f rom t h e  r e s i n  beads loaded w i t h  uranium. T h i s  i s  

accompl ished by h e a t i n g  t h e  l oaded  r e s i n  p a r t i c l e s  i n  an i ne r t -a tmosphere ,  f l u i d i z e d - b e d ,  i nduc -  
t i o n  fu rnace .  A f - t e r  c o o l i n g  i n  t h e  fu rnace ,  the p a r t i c l e s  a r e  weighed and sampled. The loaded 
r e s i n  p a r t i c l e s  have a nominal  d i m e t e r  o f  550 l l rn and a d e n s i t y  o f  1 .7  g/ciii3, and t h e  carbor i i zed  
r e s i n  p a r t i c l e s  have a d iamete r  o f  370 :~iii dnd a d e n s i t y  o f  2.5 q /cm3.  

The f u r n a c e  e f f l u e n t  arid t h e  spen t  pneuiriatic t r a n s f e r  gas ( a i r  o r  a rgon)  a r e  t r e a t e d  1.0 remove 
hydrocarbon coiiipounds d r i v e n  o f f  i n  t h e  c a r b o n i z a t i o n  s t e p  and the  723Rn p reqen t  f ro in  t h e  decay 

O f  7,iIJ. 

s i d e r e d  nonco i i ibus t ib le .  The gases are  t r e a t e d  s e p a r a t e l y .  

The f u r n a c e  e f - f l u e n t  i s  cons ide red  a combust ib lP  o f f - g a s ,  and t h e  t r a n s f e r  gas i k ,  (.on- 

The tn ic rosphere  c o n v e r s i o n  and c o a t i n g  s t e p  produces coated  f u e l  p a r t i c l e s  s u i t a t i l e  f o r  f ab t - i ca -  

t i o n  i n t o  f u e l  r o d s .  The p a r t i c l e s  a r e  processed f i v e  t imes  i n  t h e  c o n v e r s i o n  and c o a t i n g  
fu rnace .  The f i r s t  p rocess  s t e p  c o n v e r t s  p a r t  o f  t h e  urar i ium d i o x i d e  i n  t h e  f u e l  k.ernels t o  

uran ium c a r b i d e .  
t o  as TRISD) t o  t h e  conver ted  f u e l  p a r t i c l e s .  

The second th rough  t h e  f i f t h  s teps  a p p l y  c o a t i n g s  o f  carbon and S i c  ( r e f e r r e d  
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rhe  o f f -gas  t rea tmen t  c o n s i s t s  b a s i c a l l y  o f  two scrubbers :  

t o  quench t h e  o f f -gas  and t o  remove s o o t  and hydrocarbons and ( 2 )  a c a u s t i c  sc rubber  t o  remove 

hydrogen c h l o r i d e  gas. A f t e r  t rea tmen t ,  t h e  fu rnace  o f f - g a s  i s  r o u t e d  t o  t h e  f a c i l i t y  coirlbus- 
t i b l e  o f f - g a s  equipment.  
noncombust ib le  o f f -gas  equipment f o r  radon removal and o t h e r  p rocess ing .  

e t h y l e n e  s o l v e n t  i s  pumped t o  t h e  process  suppor t  system f o r  r e c l a m a t i o n .  
sc rub  s o l u t i o n  i s  s e n t  t o  t h e  ORNL ILW systeii i  (Sec t .  2 .3 .2 .2 ) .  

( 1 )  a p e r c h l o r o e t h y l e n e  scrubber  

The spent  t r a n s f e r  gas and any vesse l  o f f - g a s  i s  r o u t e d  t o  t h e  f a c i l i t y  
i h e  spent  p e r c h l o r o -  
Spent sodium hyd rox ide  

The purpose o f  t h e  f u e l  r o d  f a b r i c a t i o n  s t e p  i s  t o  f o r m  a l i m i t e d  number o f  5 /8 - i n . -d iam by 

Z - l / Z - i n . - l o n g  (1.59-ciir by 6.35-cm) "g reen"  (unca rbon ized )  f u e l  rods  t o  t e s t  t h e  p roduc t  from 
t h e  mic rosphere  convers ion  and c o a t i n g  s t e p  and t o  supp ly  t h e  needs o f  t h e  n o n d e s t r u c t i v e  assay 
development program. T h i s  i s  accompl ished by homogeneously b l e n d i n g  i n  ba tches  (abou t  0.5 kg  

o f  u ran ium o r  2.5 kg o f  p a r t i c l e s )  coa ted  f i s s i l e  p a r t i c l e s  (UO,/UC) f rom t h e  mic rosphere  con- 
v e r s i o n  and c o a t i n g  s t e p  w i t h  coa ted  f e r t i l e  p a r t i c l e s  (Tho,) and shim p a r t i c l e s  ( g r a p h i t e )  t o  

i n j e c t i o n  process. f o rm "green"  f u e l  rods  by t h e  s l u g  

The r e f a b r i c a t i o n  process  i s  desc r  

2 .3  SUPPORT FACILITIES 

2.3.1 Pr-. s s r t -  

bed i n  much g r e a t e r  d e t a i l  i n  Appendix B. 

The suppor t  f a c i l i t i e s  f o r  r e p r o c e s s i n g  and r e f a b r i c a t i o n  i n t e r f a c e  w i t h  inany o p e r a t i o n s  w i t h i n  
t h e  HETP. 

and t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  and n o n r a d i o a c t i v e  m a t e r i a l s ;  ( 2 )  f u r n i s h i n g  u t i l i t y  s e r v i c e s  
f o r  t h e  HETP; and ( 3 )  p r o v i d i n g  equipment and f a c i l i t i e s  f o r  r e c e i v i n g ,  decontaminat ing ,  sampl ing,  
m o n i t o r i n g ,  assay ing ,  and t r e a t i n g  f o r  d i s p o s a l  a l l  s o l i d ,  l i q u i d ,  and gaseous wastes genera ted  
by t h e  rep rocess ing  and r e f a b r i c a t i o n  o p e r a t i o n s .  

ORNL waste d i s p o s a l  f a c i l i t i e s ,  wh ich  a r e  d i scussed  i n  Sec t .  2.3.2.  

Some i m p o r t a n t  respons i  b i  1 i t i e s  o f  t hese  suppor t  f a c i  1 i t i e s  a r e  ( 1  ) hand1 i n g ,  s to rage ,  

A l l  d i scha rges  t o  t h e  env i ronment  a r e  th rough  

The r e p r o c e s s i n g  and r e f a b r i c a t i o n  suppor t  f a c i l i t i e s  a r e  d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  

Appendix C .  

2.3.2 GRNL waste-d isposa l  f a c i l i t i e s  

The HETP was te -hand l i ng  f a c i l i t i e s  (see Sects .  A.9,  8.7, and C.8) i n t e r f a c e  w i t h  t h e  ORNL 
was te -d i sposa l  f a c i l i t i e s .  Most o p e r a t i o n a l  re leases  t o  t h e  environr i ient  f rom HETP o p e r a t i o n s  
a r e  th rough  ORNL f a c i l i t i e s .  R a d i o a c t i v e  and n o n r a d i o a c t i v e  wastes, whether gas, l i q u i d ,  o r  

s o l i d ,  a r e  combined and hand led  t o g e t h e r  as r a d i o a c t i v e  wastes.  T h i s  p o l i c y  i s  f o l l o w e d  f o r  
b o t h  HETP and t h e  e n t i r e  l a b o r a t o r y .  
and r e f a b r i c a t i o n  phases o f  t he  IiET a r e  g i v e n  i n  Tab les  2.1 and 2.2. 
i i i a t e r i a l s  w i l l  e v e n t u a l l y  be d isposed o f  t h rough  t h e  ORNL was te -d i sposa l  f a c i l i t i e s  as gaseous, 
l i q u i d ,  o r  s o l i d  wastes. 

The es t ima ted  chemical  requ i remen ts  f o r  t h e  r e p r o c e s s i n g  
N e a r l y  a l l  of  these 
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Tdble 2 1 Estimated chemical requiteriients Hot Engineering 
Test reprocessing 

- ~~ 

Chemical 
Eztirrieted quarit iry 

per proyrsm 

COZ 
NH3 
0 2  
Triburylphosphdte 
n-Dodecaiie 
H N 0 1  (in liquid ettlueiit) 
ti F 
AI(N0313 
Alumiriusilicate catalysts a n d  

molecular sieves 

46 I .0ilO l iter; (STP) 
23,400 I i t e i s  ( S i p )  
1 7 x I O '  liters ~ S T P )  
90 liters 
710 l i t e i s  
2,400 kg 
3 kg 

60 kg 

560 I l t e r j  

Table 2.2. Estimated chemical requirements, Hot-Engineering 
Test refabrication 

Ctiernical 
Estiiiiatcd quantity 

per piograrn 

H N 0 3  1,000 kg 
Tti(i\]O3)4 3,000 ky 
AI(OHI2N03 1 ,000 kg 
N H 4 A c  (ammonium a x t a t e l  100 kg 
I i A c  (aceric ac:irl) SO k y  
NaOH 700 kg 
PerChlol-Oethylet1e 5,000 kq 
Argon 20,000 k g  

Acetylene 50 kg  
Properlf: 250 ky  
Acrylic acid resin 50 kg 
Sulphonated styrene resin 40 kq 
cdo 20 kg 
nisecondary b u t y l  phenyl phosphonare 500 l i ters  
D ie rhy lb i i zene  530 liter5 
Ambexlite LA-2" s e c u ~ ~ d a i  y a r n i w  7 l i t e r s  

Methyltrichloi-usildne 400 l i t e r s  

Heliirrn 60 k g  

Petroleum pitch 4 kg 
Graphite powder 2 kg 
Carbon shim pdrticles 2 kg 
Hydrogen 210 ky 
-.-----.I_ ~ ~ .__.....____. . ~ . ~ ~  

3l raderrtsrk of fqohm a r i d  Had5 Co., Philadelphia, Pd 

2 .3 .2 .1 Gaseous w a s t E  

Gaseous c a s t e s  from H E W  operat ions a r e  re leased a t  f i v e  loca t ions  (Table 2 . 3 ) .  

a l s o  serve o thcr  DRWL opera t ions .  

gas ,  p r i o r  t o  i t s  r e l e a s e ,  i s  t h e  r e s p o n s i b i l i t y  of the  individual  f a c i l i t y  c rea t ing  the  gas. 

This i s  t h e  reason t h e  HETP has i t s  own waste disposal  F a c i l i t i e s .  

u l a t e  mat ter  i s  expedi t ious ly  removed by a system o f  f i l t e r s  (roughing f i l t e r s  followed by 

absolu te  f i l t e r s ) ,  which removes e s s e n t i a l l y  a l l  the  p a r t i c u l a t e  mat te r .  

The f o u r  s t a c k s  

I t  i s  Laboratory pol icy t h a t  t h e  control  and cleanup of waste 

A t  each locdt ion the  p a r t i c -  

The o r i g i n  of the waste gases t h a t  a r e  discharged through the s tacks  f a l l  i n t o  two c l a s s i f i c a -  

t i o n s :  

Cell v e n t i l a t i o n  systems (sometimes c a l l e d  the  "high-volume-low-level" systems) c o l l e c t  and 

clean t h e  a i r  froni processing-equipment c e l l s  and labora tory  a n a l y t i c a l  hoods. 

v e n t i l a t i o n  ducts  a r e  monitored by tape monitors and a r e  provided with flow-measuring devices .  

c e l l - v e n t i l a t i o n  a i r  and process off-gas. Each i s  served by i t s  own c o l l e c t i o n  systeiii. 

All major c e l l -  
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Table 2 3 Gaseous release points for HE TP facilities 
- _ - - _  - - ~ -  

B d i ldi i i y  
w r i e d  

200 36,000 3019 (bu, Id#ng a n d  cell L,entilationi 3020 5.75 
3038 8 250 135,000 301 9 (off-gas) 

751 2 3 100 20,000 7503 
791 1 5 250 36 000 7930 
7930 0.1 7 65 -2 7910 Refabi ication. microsphcre 

30261) 

(Roof  vrlltl conveis'on and coat lng,  and 
fuel-rod fabrication __ .- - __ ~ ~ 

Important ducts  in  t h e  3039 s tack area a l s o  have sampling por t s  t o  which c o l l e c t i o n  sarnplers 

employing f i l t e r - c h a r c o a l  c a r t r i d g e s  may be a t tached .  Vent i la t ion  a i r  from Building 7503 i n  

Melton Valley i s  discharged t h r o u g h  the  7512 s t a c k ,  which i s  equipped with absolu te  f i l t e r s .  

Off-gas i s  a strearri of gaseous waste of much smaller  volume than c e l l - v e n t i l a t i o n  waste b u t  

of much higher r a d i o a c t i v i t y .  

venting o r  pressure-reduct ion purposes. 

iiiust a l s o  dispose o f  organic vapors and acid and c a u s t i c  fumes. 

a t  the  3039 s tack ,  serves  the  Bethel Valley area of the laboratory.  T h e  treatment f a c i l i t y  i n -  

c ludes a c a u s t i c  scrubber f o r  the  reiiioval of r e a c t i v e  gases and a high-eff ic iency f i l t e r  u n i t  

t o  remove p a r t i c u l a t e  mai ter .  

t h r o u g h  the 7911 s tack ,  which i s  equipped with absolu te  f i l t e r s .  

Off-gas l i n e s  a r e  connected d i r e c t l y  t o  operat ing equipment for 

I n  addi t ion  t o  rad ioac t ive  emissions, off-gas  s y s t e m  

A c e n t r a l  system, terminating 

I n  Melton Valley, off-gas discharges froin Building 7930 a r e  

The only HEI operat ional  gaseous discharges o f  s igni f icance  a r e  through e i t h e r  the  3039 s tack 

i n  Bethel Valley, the 7911 s tack i n  Melton Valley, o r  t h e  roof vent on Building 7930. Table 2 . 4  

l i s t s  the  nonradioact ive gases re leased from thesp discharge poin ts .  Table 2.5 l i s t s  the  radio-  

a c t i v i t y  from tiET operat ions released through the s tacks .  

s tack  during f e r t i l e  par t ic le-burning campaigns a r e  estimated t o  be about 300 Ci/week. 

Release r a t e s  of 85Kr via  t h e  7911 

Table 2.4. Estimated annual routine HETP releases' 
of nonradioactive gasesb 

(Project to last two years) 

_ _  
3039 Stack 

Carbon dioxide 8,600 17  

791 1 Stack 
Carbon dioxide 13,000,000 26,000 
Carbon monoxide 15.000 19 
Nitrogen oxides 210 0 44 (as  NO, I 
Ammonia 230 0 17 

Building 7930 roof vent 
Argon 
Helium 
Carbon dioxide 
Carbon inonoxide 
Hydrogen 
Tetrachloroethylene 
Acetylene 
Propene 

3,200,000 
1 10.000 

2,400 
6.800 

1.300.000 
97,000 

1,900 
13,000 

5.700 
20 

4.7 

8 5  
120 
410 

2.2 
24 

'Estimates include appropriate clean-up decontamination factors 

'Releases less than 100 g/year are not included. 
for proces\e, involved. 
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Table 2.5. Estimated annual mutine HE'fP gaseous releases' of radionuclides 

(Project to 1asr 2 y e d r a )  
..... .. . ~~- ~ -~ _ _  -~ 

971 1 Stack 
.. ... ~ .. .... 

3u3'3 Srack .~ .... 

T w o  types o f  1 iquid rad ioac t ive  wastes a r e  produc.ed a t  ORNL: 

( 1 ow- 1 eve1 ) wastes . 
intermediate- level  and p r o w s s  

Intermediate- level  waste (ILW) i s  coiirposed of a mixture of a l l  o f  t h e  l i q u i d  wastes o t h e r  t l ian 

process wa.:tc? t h a t  a r e  produced in  h o t - c e l l ,  p i lo t -p ldr i t ,  and reac tor  opera t ions ,  including 

r e l a t i v e l y  smal 1 volumes of organic  reagents and so lvents .  Thus the  high-level wastes  produced 

i n  p i l o t  p l a n t s  and not c e l l s  a r e  d i l u t e d  by t h e  lower level  research wastes t o  form ILW. An 

evaporator  hds  been used s ince  1965 t o  concentrate  the ILW supernatant  by a f a c t o r  o f  20 t o  30; 

t h e  concentrated product i s  s tored  p r i o r  t o  disposal  by hydrofracture .  

The sha le- f rac tur ing  process i s  a waste-disposal method c u r r e n t l y  in use a t  ORNL f o r  t h e  

permanent disposal  o f  loca l ly  generated ILW so lu t ions .  

i s  mixed with a s o l i d s  blend of cement and o-ther a d d i t i v e s ;  t h e  r e s u l t i n g  grout  i s  in jec ted  

i n t o  an impermeable s h a l e  formation a t  a depth o f  200 t o  300 m (700 t o  1000 f t ) ,  well below 

t h e  leve l  o f  groundwater. The i n i t i a l  f r a c t u r e  in  the  sha le  i s  generated by the hydraulic 

pressure of a rma11 volume of water .  Waste grout  i s  then in jec ted  i n t o  t h i s  i n i t i a l  f rdc ture .  

The i n j e c t i o n  pressure i s  s u f f i c i e n t l y  high t o  propagate a t , h i n  hor izontal  crdck i n  t h e  s h a l e .  

A s  the i n j e c t i o n  of %he grout  cont inues,  t h i s  crack i s  f i l l e d  by the  grout  dnd  i s  f u r t h e r  ex- 

tended so t h a t  a t h i n ,  approxiiiiately hor izonta l ,  grout  shee t  several  hundred f e e t  across  i s  

formed during t h e  course o f  the  i n j e c t i o n .  The grout  s e t s  a few hours a f t e r  completion of %he 

i r i j ec t ion ,  thereby permanently f i x i n g  the  rad ioac t ive  wastes i n  the sha le  formation. Subsequent 

irijectioris form sheet ;  p a r a l l e l  t o  t h e  f i r s t  i n j e c t i o n  and a few f e e t  above i t .  Monitoring 

wel ls  a r e  used t o  determine p e r i o d i c a l l y  the  pernieability of the sha le  cover rock a t  a depth of 

180 IT (600 f t ) .  

inves t iga t ion .  

Process wasi;e-flows from Buildings 3019 and 30260 and o ther  bui ldings in Bethel Valley a r e  

surged i n  a l a r g e  ear then basin Arid processed through the  process waste-treatment p l a n t ,  which 

I n  t h i s  process the  waste so lu t ion  

Any s i g n i f i c a n t  increase  i n  t h i s  permeabi l i ty  would be a mat ter  f o r  f u r t h e r  

No such change has y e t  been noted. 
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uses a scavenging-precipi ta t ion-ion exchange process t o  give !37Cs and gSSr decontamination 

f a c t o r s  of several  hundred. The e f f l u e n t  i s  monitored and discharged i n t o  Whiteoak Creek. 

Process wastes i n  Melton Valley (Building 7930) pass through re ten t ion  basins .  I f  r a d i o a c t i v i t y  

i s  detected by the i n l e t  f l o w  inonitors, the  process waste i s  impounded i n t o  a holdup bas in ,  from 

which i t  can be pumped t o  t h e  t reatment  system in Bethel Valley. 

The l i q u i d  wastes from HET operat ions c o n s i s t  of e i t h e r  ILW or  low-level process wastes .  As 
discussed above, ILW wastes a r e  not re leased t o  the  environment, b u t  a r e  f ixed i n  s o l i d i f i e d  

g r o u t  deep underground. 

t o  the  environment i s  from t h e  process-waste system. I t  i s  assumed t h a t  r a d i o a c t i v i t y  i n  

t h i s  system a r r i s e s  only from carry-over  of a c t i v i t y  i n  the  condensate from the ILW waste 

evaporator .  

of 1 x 1013 inllyear, the  a c t i v i t y  and  concentrat ion of r a d i o a c t i v i t y  re leased from Uhiteoak Dain 

a r e  shown i n  Table 2 . 6 .  Radionuclides a r e  l i s t e d  i n  coluiiiri 1 ;  t o t a l  Ci lyear  discharged t o  the 

ILW system a r e  l i s t e d  in  column 2 ;  t o t a l  Ci lyear  (from waste evaporator)  re leased t o  Whiteoak 

Creek a r e  l i s t e d  in  column 3, and the  r e s u l t i n g  average concentrat ion released a t  Whiteoak Dam 

(pCi/ml) i s  l i s t e d  i n  column 4. 

phase i s  expected t o  l a s t  f o r  2 years .  

I t  therefore  follows t h a t  the  only l i q u i d  r e l e a s e  of r a d i o a c t i v i t y  

Using a decontamination f a c t o r  of 1 x l o 7  and an average flow i n  Whiteoak Creek1 

No d i l u t i o n  by the  Clinch River was assumed; the H E I  operat ional  

Because a l l  rad ioac t ive  l i q u i d  wastes and  l i q u i d  e f f l u e n t s  containing chemicals a r e  discharged 

t o  the  II_W system, the nonradioact ive chemical re leases  t o  the  environment a r e  e s s e n t i a l l y  zero.  

Nonradioactive or low-level process waste c o n s i s t s  mainly of cooling water and condensate. 

; 2 2 . 3  Sol id  waste; 

Sol id  rad ioac t ive  wastes generated a t  O R N L  a r e  co l lec ted  in  s u i t a b l e  conta iners  and p e r i o d i c a l l y  

t ranspor ted  t o  one of the  sol id-waste  s torage  a r e a s ,  commonly c a l l e d  "bur ia l  grounds," i n  which 

they a r e  s tored  e i t h e r  3bove o r  below the  land sur face .  

buried i s  low-level mater ia l  cons is t ing  of a heterogenous mass of absorbent paper, a l l  types of 

glassware, scrap metal ,  d i r t ,  var ious f i l t e r  media and frames, lumber, wire ,  depleted uranium, 

animal carcasses  used f o r  biological  experiinents, and experimental equipment t h a t  cannot b~ 

econoniically decontaminated. HET operat ions wi l l  cont r ibu te  t o  t h i s  waste. 

More than 75% of the waste cur ren t ly  

Waste a t  O R N L  i s  handled i n  accordance with UCC-ND Standard Prac t ice  Procedure D-5-15, "Waste 

Management and Environmental Pol lu t ion  Control ."  The i n i t i a l  handling and packaging of radio-  

a c t i v e  wastes a t  the  point  of o r i g i n  i s  governed by two requirements: 

from exposure t o  d i r e c t  rad ia t ion  and Contamination and ( 2 )  t o  ensure t h a t  the  various c l a s s e s  

of mater ia l s  a r e  placed i n  appropr ia te  conta iners  f o r  the types of s torage  prescr ibed.  

( 1 )  t o  pro tec t  personnel 

A number of d i f f e r e n t  types of f a c i l i t i e s  a r e  used f o r  the  s torage  of s o l i d  rad ioac t ive  wastes. 

lhese range from (1)  t renches i n  which t h e  mater ia l  i s  placed and buried t o  ( 2 )  s t a i n l e s s - s t e e l -  

l ined  auger holes f o r  c y l i n d r i c a l  drums or  packages of var ious diameters t o  ( 3 )  above-ground 

roofed bui ldings.  The choice of f a c i l i t y  depends on whether or  not the  mater ia l  wi l l  need t o  

be r e t r i e v e d  and on the  i n t e n s i t y  and  charac te r  of t h e  rad ia t ion  involved. The HET s o l i d  wastes 

(Sec ts .  A.9.3, B.7.3, and C.8) wil l  conform t o  ORNL procedures and become a p a r t  of ORNL wastes .  

Sol id  wastes expected from HET operat ions a re  l i s t e d  in  Table 2 . 7 .  
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Table 2.6. Annual flows of radionuclides in liquid affluent streams 
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Table 2.6 (continued) 
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ii A -  2 2 t. 
I' N- 2 2 f, 
is A - 2 7 P 
bL.-L?' 
AL.-2?7 

I" 
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Table 2.6 (continued) 

2 . C ? - ? ?  
5.5*-26 
7 .  ? ? -  1 6  
1 * ? ? - 1 8  
' . 3 E -  17 

CF-251 
C k - 2 5 7  
C F - 2 F ?  
C P - L S L !  

~ E S - 2 5 ;  ~ _ _ _  

a A t  Whiteoak Dam. 

1 . u p - 1 2  
F . 2 ? -  1c: 
R .  l C - 1 U  
u. 2"- 75 
1 . " - 1 ?  

~ 

1 . 0 1 - 1 9  
5.2p-17 
0.1r-71 
U,?P-7? 
1.: 23-19 
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Table 2.7. Estimated volume of solid waste produced by HETP 
---.--.--.-.~...-.I_ l_.__ll ~ . ~ _ -  

Comment 

Sic hulls and insolr 

Siritwed mwal  f i l tarr  

Spent cdraly5t and molecular 

T i~ t ia ted  water on molecular- 

Organic liquid5 in vermiculite 
Miscellaneous solid wastes 
L‘ecommissiorling 

sieves 

sievi? 

rotdl 

Organic l iquid waste in 

Solid process waste 
Miscellaneous solid waste 
Failed equipment i tems 
Deioinmssioning 

verrniciil~tc 

.rota1 

Operstiori 

Decommissionlny 

Total 

Grand t o t a l  

Reprocessing 

750 

50 
600 

50 

300 
2,000 

40,000 __-- 
1..44,000 (1600 ft’) 

Refabrication 

80 

100 
5,000 
3,000 

co,ooo ..I_ 
%68,000 (2400 I t 3 )  

Support facilities 

310,000 

92,000 

57,000 

--460,000 (16,000 f t ’ )  

‘-580,000 I20 000 ft ’  I 

Fissile alpha ciaisification 
likely on this itetii 

820 CI 

Poorly defined. believed conservative 
Pooily defined; believed conseivative 

Assumed volume four times tha t  of 
wr in i r i l l i te 

Manipulator hOOt5, bays, e tc .  
From 2 yr  of ho t  operation 
Volume of ce l l  used divided by 4 

Waste froin pre-HETP cleanup of 
ce l l  ti 17930) i s  not included 

Possibly 2900 l i te rs  wi l l  h a w  
fissile alpha classification 

2 .3 .2 .4  Sanitary-F!a>&. 

ORNL has a c e n t r a l  s a n i t a r y  Sewer system t o  which Buildings 3019 and 3026D a r e  connected. 

Sewage i s  t r e a t e d  i n  two-stage ser ies - f low a e r a t i o n  lagoons, which a r e  l i f t e d  with membranes t u  

prevent i n f i l t r d t i o n .  Air i s  suppl ied by a blower and d i s t r i b u t e d  by a manifolded-hedder system 

t o  a e r a t o r s  located on the  lagoon bottoms. The two lagoons contain dpproxitiiately one mi l l ion  

ga l lons  (3800 111’) each, providing a t o t a l  de ten t ion  time o f  about 14 days .  ‘The expoi;ed water 

sur face  a rea  i s  about 0.75 a c r e  ( 0 . 3  ha) per lagoon. 

NPDES permit a r e  given in  Table 2 . 8  toge ther  w i t h  the  compliance experience.  

The e f f l u e n t  discharge I ini i ts  i n  %he 

The s a n i t a r y  w a s t e s  from the  Melton Valley area a r e  trucked t o  and t r e a t e d  a t  the Mdin Sani ta ry  

F a c i l i t y  discussed above. 
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Table 2.8 National Pollutant Discharge Elimination System (NPDFS) experience 
for main sanitary facil i ty for 1970 

~~ ~- _ _  ~ ~- - -  
Percentage of measurements 

E f  f lucn t character istic Discharge li i i i i tation In compliance 
_ _ ~  -~~ ~ _ _ ~  ~~~~~ - - - ~~ 

Ammonia (NIa 5 mgjliter 15 Ib/day 
Biochemical oxygen demand (BOD)d 
Suspended solids 
Fecal coliform bacteria 
Chlorine residual 
PI 1 

20 mgiliter, 60 lbiday 
30 rng/liter, 90 lbiday 
4001100 rnl IweeKly  geometric ,neanl 
0 5 to 2 0 pprn 
6 0 to 9 0 istanoaid units) 

~ 

15 
44 
92 
92 
97 

100 

a Da i I y I l idx imu m 

Source: Energy Research and Develop men t Adm i n 1st rat ion. Enwronrncn fa1 Nloniforing Report, United Stdres 

Energy Research and Development Administration, Oak Ridge Facilities, Calendar Yew 7976, Y :UB-6, Union 
Carbide Corp., May 1, 1977. 

2.3 .3  BuBins 

7.3.3.1 B u i l d i n g  3019 

Building 3019 wi l l  house equipment f o r  feed-material preparat ion and wil l  s t o r e  7 3 ? U  feed 

mater ia l  t o  be suppl ied t o  r e f a b r i c a t i o n  from the  National 2 3 3 U  Repository located in  t h i s  

bui lding.  Analytical support wil l  accompany Building 3019 process and o ther  f a c i l i t y  operat ions.  

Building 3019 was constructed in  1943 and i s  a three- level  s teel-frame s t r u c t u r e  with concrete-  

block and metal s id ing .  

15 shielded c e l l s .  This bui lding ( a l s o  3026D, 7503, and 7930) was constructed before tornadoes 

and earthquakes became design f a c t o r s .  

of the  H E W  and the low probabi l i ty  of a severe tornado occurring i n  the Oak Ridge a r e a ,  a 

l imi ted  tornado design c r i t e r i a  f o r  Buildings 3019, 7503, and 7930 was considered 

The tornado design bas is  c o n s i s t s  of a iuaximum wind speed of 250 k m / h r  (156 inph), a pressure 

drop of 2200 Pa (0.32 p s i ) ,  and a r a t e  of pressure d r o p  of 1030 Pa/sec (0.15 p s i / s e c ) .  

earthquake design bas is  approved f o r  the same bui ldings i s  a peak horizontal  ground acce lera t ion  

of 0.15 g and a peak v e r t i c a l  acce le ra t ion  of 0.10 g.  These values were based on independent 

i n v e ~ t i g a t i o n s ~ ~ ~  made f o r  e s t a b l i s h i n g  seismic-design c r i t e r i a  f o r  gaseous d i f fus ion  p lan ts .  

I t  has a gross f l o o r  area of about 1410 m2 (15,200 f t 2 )  and contains  

Because of the  s h o r t  durat ion ( 2  years  f o r  hot opera t ion)  

The 

Port ions of the  bui ldings t o  be used by t h e  H E W  could not surv ive  the l imi ted  condi t ions l i s t e d  

above. In a study6 by t h e  Ralph M. Parsons Company, i t  was shown t h a t  in  t h e i r  present  condi t ion 

unreinforced concrete-block wal ls  i n  both Buildings 3019 and 7930 would f a i l  and t h a t  c e l l  

windows and s e r v i c e  connections would be vulnerable  t o  fragments from these wal l s .  

t h i s  r i s k ,  metal s id ing  wil l  be added t o  the  i n s i d e  surfaces  of such wal l s .  In a d d i t i o n ,  c e r -  

t a i n  s t r u c t u r a l  members of the  bui ldings wi l l  be s t rengthened.  

To reduce 

Wastes 

Wastes t h a t  a r e  produced by H E T  operat ions i n  Building 3019 a r e  summarized i n  [able  2 .9 .  

In Building 3019, where f r e s h l y  separated uranium feed so lu t ions  (Sec t .  B . l )  a r e  prepared f o r  

the  resin- loading opera t ions ,  t h e  p o t e n t i a l l y  hazardous e f f l u e n t s  a r e  acid vapors and radon. 
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Table 2.9. HET wastes handled in Building 3019 - uranium feed (System 4400) 

Wasie coinmnenr State Quantity Disposal 

( 1 )  Extraction cdutriri waste Liquid E3 liter/hr Intermcdiatc-lev4 w&te systei i i  
(21 Evapoiator conrjensats Liqbid 17  l iterlhr Interniediata-lr.uel waste system 
(3 )  Ian exchange w a s t e  Liquid 130 liter (tnarimum) lntsrmediata level m a s w  system 
(4) ' J e s s 1  off-gas Gas 14 rn"l/niiri 3039 $tack 
( 5 )  Csll---buildlng ventilation Gas l n n n r n ~ / m i n  
(6) Organic l inuid ( ve rmcu i i t e )  Sol id Solid-waste storage areas 

3020 stack 

lhe off-gas  streams froin the  vesse ls  a r e  therefore  s e n t  through a caus t iL  sLruhber, d radon 

t rap .  and H E P A  f i l t e r s  before being discharqed t o  t h e  O R N L  cen t ra l  off-gas  f a c i l i t y  (Sec t .  

2 .3 .2 .1)  and subsequently t o  t h e  atmosphere through the  3039 s t a c k .  Process off-qas  f ro in 
Building 3019 c o n t r i b u t e s  a nominal 14 tn3/iiiin (500 cfiii) t o  the  overa l l  s tack flow of 3800 m?/iiiin 

(135,000 cfm). Cell arid bui lding v e n t i l a t i o n  a i r  i s  discharged through a s e r i e s  of H E P A  f i l t e r s  

t o  the 3020 s tack .  Nominal o u t w i t  ( f o r  c u r r e n t  l e v e l s )  from the Building 3020 s tack i s  dpproxi- 

rriately 1000 m3/min (36,000 cfm), half from Building 3019 c e l l  v e n t i l a t i o n  arid half  from Building 

3019 v e n t i l a t i o n  a i r .  

F s s e n t i a l l y  s.ix types of l iquid-waste  streams a r e  produced by HET opera t ions :  

a c t i v e  waste, intermediate- level  process wastes ,  p o t e n t i a l l y  contaminated process aqueous wastes ,  

organic process wastes ,  s a n i t a r y  wastes ,  and stortii drainage.  Of these,  only the  storm drainage 

i s  discharged d i r e c t l y  t o  the surrounding environment. 

g r a v i t y  through an 8- in .  v i t r i f i e d  c l a y  sewer t h a t  runs along the  south s i d e  of H i l l s i d e  Avenue 

arid turns south a t  F i f t h  S t r e e t  enroute  t o  the  pumping s - ta t ion .  

wastes a r e  conveyed t o  the main sewer-treatment p lan t  (Sec t .  2 .3 .2 .4) .  

high-level radio-  

Sani ta ry  wastes a r e  t r a n s p o r k d  by 

From the pumping s t a t i o n ,  the  

Contaminated l i q u i d  wastes generated i n  Building 3019 a r e  c o l l e c t e d  i n  spec ia l  t anks ,  nionitored, 

t r e a t e d ,  and pumped via  h igh- in tegr i ty  s t a i n l e s s - s t e e l  piping t o  the  ORNL ILW c o l l e c t i o n  and 

treatmerit system (Sec t .  2 . 3 . 2 . 2 ) .  P o t e n t i a l l y  contaminated aqueous wastes ,  p r i n c i p a l l y  process 

cool ing water, a r e  generated in  Building 3019 and c o l l e c t e d  in  a surge basin from which they 

ar-e puiiiped t o  the ORNL Low-Level Waste Treatment Plant .  Organic l i q u i d  wastes a r e  disposed of 

hy adsorpt ion on a s o l i d  such a s  vermicul i te  and t r e a t e d  as a s o l i d  waste f o r  d i sposa l .  

In genera l ,  a l l  s o l i d  chemical wastes from operat ion of the HET can potent , ia l ly  be contaminated 

with rad ioac t ive  mater ia l  and a r e  handled a s  rad ioac t ive  s o l i d  wastes. All rad ioac t ive  s o l i d  

waste i s  co l lec ted  and packaged f o r  disposal  i n  t h e  ORNL s o l i d  waste s torage  a rea .  

Exis t ing safeguards in  Building 3019 a r e  being upgraded a s  p a r t  of ari ongoing ORNL-wide program. 

When completed, a l l  cur ren t  DOE requirements f o r  physical p ro tec t ion  wi l l  be s a t i s f i e d .  

Spec i f ic  physicdl safeguards a r e  provided. These a r e  based on the s t a t e  and q u a n t i t i e s  of 

special  nuclear  mater ia l s  and meet ERDA Manual Chapter 2405 and ORNL Laboratory Protect ion 

Division reauirements. 
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Except f o r  waste assay ( f o r  which R A D  i s  requi red) ,  accountabi l i ty  f o r  special  nuclear  mater ia l  

i s  discussed i n  the  Reprocessing and Refabricat ion Conceptual Design Reports, Documents X-OE-42 

and -43. 

2 .3 .3 .2  Building 3026D 

Building 3026D wil l  house equipment f o r  segmenting H T G R  f r e s h  and  i r r a d i a t e d  fuel  elements f o r  

use a s  fuel  reprocessing mater ia l .  The HETP material  wi l l  be present  as  whole elements o r  seg- 

ments thereof ,  not i n  a readi ly  d i s p e r s i b l e  form. The only d i s p e r s i b l e  mater ia l  wi l l  be the  

very sillall quant i ty  o f  graphi te  block c u t t i n g s  contained i n  t h e  off-gas  systelii of t h e  segmenting 

enclosure or  i n  cans awaiting t r a n s f e r  t o  the  burial  ground. As t h i s  mater ia l  contains  pr inc i -  

pa l ly  small q u a n t i t i e s  of a c t i v a t i o n  products, the  assoc ia ted  hazard wi l l  be r e l a t i v e l y  small .  

Building 3026D was constructed i n  1944 and 1945 and i s  a th ree- leve l  wooden-frame s t r u c t u r e ,  

b u i l t  around t h r e e  concrete-and-steel  c e l l s ,  with a t o t a l  f l o o r  area o f  about 38 m2 (410 f t 2 ) .  

The wal ls  and f l o o r s  a r e  of s t a i n l e s s  s t e e l .  The wooden frame s t r u c t u r e ,  however, was not 

b u i l t  to withstand the  l imi ted  tornado-design c r i t e r i a  o r  the  earthquake-design-basis c r i t e r i a  

approved f o r  the  o ther  t h r e e  bui ldings involved in  the  IKTP (Sect .  2 .3 .3 .1) .  Because of the  

s h o r t  durat ion of t h e  IETF ,  the  small hazard assoc ia ted  with the  small amount of d i s p e r s i b l e  

nidterial p resent ,  t h e  very low p r o b a b i l i t y  o f  occurerice o f  a severe tornado o r  earthquake in  

t h e  Oak Ridge a r e a ,  and t h e  special  design provis ions t o  be made in  the  segmenting process t o  

insure  containment of rad ioac t ive  mater ia l ,  tornado and earthquake pro tec t ion  of t h i s  bui lding 

was not deemed n ~ c e s s a r y . ~  lhe l a r g e  c e l l  i s  equipped with a C02 f i r e  pro tec t ion  system. 

Wastes 

All operat ions generate  or have the  poten t ia l  f o r  generat ing rad ioac t ive  wastes. All forms of 

these  wastes (gas ,  l i q u i d ,  and s o l i d ) ,  a r e  prope-rly t r e a t e d  before removal from containment 

a reas .  Appropriate r e t r i e v a b l e  s torage  i s  required f o r  s o l i d  scrap and waste. 

I n  Building 3026D where fue l  segmenting (Sect .  A . l )  i s  done, the  graphi te  dus t  r e s u l t i n g  from 

sawing t h e  fuel  element i s  the  only d ispersable  mater ia l  in  t h e  c e l l  t h a t  contains  r a d i o a c t i v i t y .  

This dus t  i s  expected t o  contain a conservat ively estimated maximum o f  50 Ci of r a d i o a c t i v i t y  

per fuel  element. The sawing operat ion i s  conducted i n  enclosed equipment, which was designed 

t o  c o l l e c t  cont inuously and t o  contain the dus t  in  a rece iver  t h a t  i s  protected aga ins t  damage 

from f a l l i n g  o r  moving objec ts  within t h e  c e l l .  

The off-gas  t reatment  system c o n s i s t s  of a high-eff ic iency (95% by the  National Bureau of 

Standards Atmospheric S ta in  Tes t )  f i l t e r ,  a charcoal f i l t e r  f o r  iodine and radon removal, and an 

u l t ra -h igh-ef f ic iency  (99.97% by t h e  d ioc ty l  ph tha la te  Smoke Tes t )  H E P A  f i l t e r .  The f i l t e r s  a r e  

contained i n  the  "phys ica l ly  secure rece iver , "  which i s  d i sp  

of one campaign cons is t ing  of 1 2  fuel  e lements) .  The probab 

q u a n t i t i e s  of r a d i o a c t i v i t y  i s  i n s i g n i f i c a n t .  All gaseous d 

through the  3039 s tack .  

Under normal opera t ions ,  t h e  only l i q u i d  waste from Building 

discharged t o  the  O R N L  c e n t r a l  s a n i t a r y  waste f a c i l i t y  (Sect 

sed of per iodica l ly  (maximum time 

l i t y  of r e l e a s e  of s i g n i f i c a n t  

scharges from Building 3026D a r e  

3026D i s  s a n i t a r y  waste, which i s  

2 . 3 . 2 . 4 ) .  
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Sol id  wastes f r o m  Building 30260 wi l l  be packaged, assayed in  Building 7930 (Sec t .  2 , 3 . 3 . 4 ) ,  

and s e n t  t o  the ORNI. $solid waste s torage  a r e a .  

Sa .f eg u a rd :; .. .. . .. .. . . . . ....... . 

An u l t r a s o n i c  i n t r u s i o n  de tec t ion  system i s  provided t o  cover c e l l  A roof plugs,  c e l l  A s0ut.h 

door ,  and thr from. islug t o  the t r a n s f e r  tunnel i n  t h e  operat ing g a l l e r y .  

2 .3 .3 .3  Bui 1 ding7W.!- 

Euildiny 7503 was constructed i n  1954 arid modified i n  1961 t o  house t h e  Molten-Salt EeacLor 

Experiment. I t  wi1.I be used t o  s t o r e  rad ioac t ive  mater ia l s  f o r  t h e  HET. The f i re -d la rm and 

s p r i n k l e r  systerri i s  i n  s e r v i c e  and i s  mainhined  by t h e  ORNL F i r e  Department. 

fo r  tornado and earthquake design c r i t e r i a .  

See Sec t ,  2 .3 .3 .1  

No p a r t i c u l a r  envirotiiiiental cons idera t ions  e x i s t  regarding gaseous e f f l u e n t s  assoc ia ted  b i t h  

e i t h e r  the  t r a n s p o r t  of mater ia l  (Sec t .  2.4.2) between the  var ious bui ld ings  involved i n  t h e  

HET or w i t h  the s torage  of mater ia l  i n  Building 7503. The iiiaterial i s  t o  be i n  l eak- t igh t  

conta iners .  A new s torage-ce l l  v e n t i l a t i o n  system, hardened t o  withstand natural  dis turbance 

l o a d s ,  i s  t o  be added t o  remove t h e  decay hea t .  Af te r  passing through IiEPA f i l t e r s ,  the c e l l  

exhaust a i r  i s  t o  he discharged through the e x i s t i n g  100-f t -high s tack  ( s t a c k  7512). 

There wi l l  be no l i q u i d  o r  s o l i d  waste generated by HET in  Building 7503. 

a v a i l a b l e  f o r  s a n i t a r y  wastes. 

A s e p t i c  tank 

2.3 3 3.4  &!.l.ld!.ne.79?32 

Building 7930 wi l l  house the  major t e s t  equipment f o r  the  HET reprocessing and re fabr ica  

i s  

ion 

processes .  The operat ions in  Building 7930 a r e  by f a r  the  g r e a t e s t  po ten t ia l  source of gaseous, 

l i q u i d ,  drid s o l i d  e f f l u e n t s  of environmental concern. 

Building 7930, the  Thorium-Uranium Recycle F a c i l i t y  ( T U R F ) ,  i s  a three- f loor  bui lding with a 

gross  f l o o r  area of 3300 m' (35,000 f t ' ) ,  containing s i x  shielded c e l l s .  

re inforced concre te  and s t e e l  with concrete-block and bric.k-veneer wall.,. The bui lding i s  p r o -  

vided w i t h  a f i r e - s p r i n k l e r  system; the  c e l l s  a r e  provided with a n  automatic C02 

adequacy of t h e  in-ce l l  C02 system has been reviewed and modif icat ions recor~i iended .~  

discussion on upgrading t h e  bui lding t o  meet tornado and earthquake desiqn c r i t e r i a ,  see Sect .  

2 .3 .3 .1 .  

I t  i s  constructed o f  

The 

For a 

Wastes 

All gaseous e f f l u e n t s  from both reprocessing and r e f a b r i c a t i o n  opera t ions ,  except f o r  those 

i n  r e f a b r i c a t i o n  which rrnit combustible gases ,  wi l l  feed i n t o  the  hot off-gas  (HOG)  system of 

TURF and exhaust through t h e  7911 s tack  (Sect .  2 .3 .2 .1) ,  which a l s o  serves  the High Flux Isotope 

Reactor (HFIR) and the  Transuraniuni Processing F a c i l i t y  ( T R U ) .  Those s t r m n s  containing combus- 

t i b l e  off-gases  wi l l  be scrubbed, d r i e d ,  f i l t e r e d ,  passed through radon t r a p s ,  and discharged 

through HEPA f i l t e r s  t o  small s e p a r a t e  s t a c k s  on the roof o f  TURF. 
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The gaseous streams f rom t h e  v a r i o u s  process  vesse ls  o f  rep rocess ing  c o n t a i n  r a d i o n u c l i d e s  and 

cher i i icals i n  t h e  fo rm o f  gases, condensable vapors and ae roso ls ,  and p a r t i c u l a t e s .  The gaseous 
r a d i o a c t i v e  i s o t o p e s  o f  concern  a r e  t r i t i u m ,  I 4 C  (as  CO and C02), 3 i P ,  3 3 P ,  3 5 S ,  3 7 A r ,  8 5 K r ,  
l : ? I  , l3II, 220Rn, and '22Rn.  Spec ia l  systems upstream o f  t h e  HOG systein c o n t r o l  t r i t i u m ,  

i o d i n e ,  and radon. S i m i l a r  systems a r e  t o  be p rov ided  f o r  c o n t r o l  o f  t h e  condensable vapors,  
a e r o s o l s ,  and p a r t i c u l a t e s  (Sec ts .  A.9.1, B.7.4, B.7.5, and C.8). F u r t h e r  c o n t r o l  i s  e f f e c t e d  
by t h e  HEPA f i l t e r s  a t  t h e  7911 s t a c k  (Sec t .  2 .3 .2 .1 ) .  

The ma jo r  n o n r a d i o a c t i v e  chprii ical e f f l u e n t s  i n  t h e  gaseous streairis a r e :  ( 1 )  CO, LO2, 02, NO,, 
and v a r i o u s  condensable vapors and ae roso ls  f ro in  rep rocess ing  and ( 2 )  H2, A r ,  He, LO2, NO,, 
and a romat i c  hydrocarbons f rom r e f a b r i c a t i o n .  A development program i s  c u r r e n t l y  under way t o  
i d e n t i f y  t h e  q u a n t i t i e s  o f  par thenogen ic  a c t i v e  hydrocarbons i n  combus t ib le  o f f - g a s e s .  
s tudy  w i l l  i d e n t i f y  iuethods o f  relnoval f rom t h e  waste gases and deve lop  m o n i t o r i n g  i ns t rumen ta -  
t i o n  methods. Spec ia l  systems a r e  t o  be p r o v i d e d  f o r  condensing t h e  vapors and a e r o s o l s  as w e l l  
as f o r  c o n v e r t i n g  CO t o  C O i  and NO, t o  N2 and O2 before  d i scha rge  t o  t h e  HOG system (Sects .  A.9.1, 
B.7.4,  8 .7 .5 ,  and C.8). The f i n a l  gaseous cherri ical e f f l u e n t s  d i scha rged  f rom t h e  s t a c k  a r e  
m o s t l y  C02, N2, and 02. 

T h i s  

L i q u i d  i n t e r m e d i a t e - l e v e l  wastes (ILW) a r e  n e u t r a l i z e d  and pumped d i r e c t l y  i n  a h i g h - i n t e g r i t y  

s t a i n l e s s - s t e e l  p i p i n g  ne twork  t o  t h e  ORNL ILN c o l l e c t i o n  and t r e a t m e n t  system (Sec t .  2 .3 .2 .2 ) .  
T h i s  waste i s  made bas i c ,  evaporated, and concen t ra ted  and t h e  concen t ra ted  waste d isposed o f  
by sha le  f r a c t u r i n g .  Process wastes t h a t  a r e  s u s c e p t i b l e  t o  r a d i o a c t i v e  con tamina t ion  a r e  
mon i to red  c o n t i n u o u s l y  f o r  r a d i o a c t i v i t y .  rhe i n i t i a l  c o l l e c t i o n  i s  i n  a r e t e n t i o n  pond; i f  
found t o  c o n t a i n  r a d i o a c t i v e  m a t e r i a l ,  t h e  wast,e i s  d i v e r t e d  t o  a second pond f rom wh ich  i t  can 
be pumped t o  t h e  ORNI. lonw-level waste system (Sect .  2 .3 .2 .2 ) .  The s a n i t a r y  waste f l o w  f r o m  t h e  
7900 area  i s  c u r r e n t l y  s i i id l l ,  and t h e  e n t i r e  f l o w  i s  be ing  t e m p o r a r i l y  t r a n s p o r t e d  t o  t h e  main 

sewage-treatment p l a n t  i n  Be the l  V a l l e y .  
40 a d d i t i o n a l  personne l  i n  t h e  7930 area .  Assuming average s a n i t a r y  waste f l o w s  o f  75 l i t e r s  

(20  g a l )  p e r  c a p i t a  p e r  day, as much as 2300 t o  3300 l i t e r s  pe r  day (600 t o  1000 gpd) o f  s a n i -  
t a r y  waste can be added fo  t h e  e x i s t i n g  f l o w .  
package- t rea tment  p l a n t  as opposed t o  t r a n s p o r t i n g  t h e  augmented f l o w  t o  t h e  main sewage- 
t r e a t m e n t  p l a n t .  I f  t h e  Me l ton  V a l l e y  sewage-treatment p l a n t  i s  used, e f f l u e n t s  a r e  t o  be i n  
coiiipl i a n c e  w i t h  t h e  NPDES p e r m i t .  

Opera t i on  o f  f a c i l i t i e s  f o r  HET r e q u i r e s  between 30 t o  

T h i s  a d d i t i o n a l  f l o w  m i g h t  r e q u i r e  o p e r a t i n g  t h e  

Organ ic  l i q u i d  wastes a r e  t o  be absorbed on v e r m i c u l i t e  o r  s i m i l a r  m a t e r i a l  and t r e a t e d  as a 

s o l i d ,  canned, and d isposed of  as s o l i d  waste.  A l l  r a d i o a c t i v e  s o l i d  waste i s  t o  be c o l l e c t e d  
and packaged f o r  d i s p o s a l  i n  t h e  ORNL b u r i a l  ground (Sec t .  2.3.2.3).  The d i s p o s a l  o f  waste i n  

s h i e l d e d  casks i s  t o  be m in im ized  because o f  space l i m i t a t i o n s  i n  t h e  b u r i a l  grounds, p rov ided  
t h e  a p p r o p r i a t e  h e a l t h  phys i cs  requ i remen ts  can be s a t i s f i e d  by o t h e r  fo rms o f  con ta in inent  
( i . e . ,  drums).  
sc rap  i i i d t e r i a l  f rom v a r i o u s  opera t i ons ,  c a t a l y s t s  and absorbents  f rom o f f - g a s  h a n d l i n g ,  and 
f a i l e d  equipment.  A l l  s o l i d  waste i s  t o  be so r ted ,  reduced o r  compacted, packaged, and d isposed 
o f  i n  t h e  b u r i a l  grounds. 

S o l i d  wastes c o n s i s t  p r i m a r i l y  o f  d r i e r  i n s o l u b l e s  f r o m  t h e  d i s s o l u t i o n  s tep ,  

Heat d i s s i p a t i o n  

Most o f  t h e  waste hea t  f r o m  t h i s  b u i l d i n g  i s  d i scha rged  t o  t h e  atmosphere v i a  a new 450- ton  
c o o l i n g  tower .  
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Waste assaj-. s t a t i  on 

A new s t a t i o n  f o r  assaying s o l i d  waste c o l l e c t e d  in 30- and 55-gal drums ( S e c t s .  A.9.3 and C.8) 

i s  t o  be located on the t h i r d  f l o o r .  

a neutron i r r a d i a t o r  and d e t e c t o r s .  

s t a t i o n .  

The  s t a t i o n  i s  t o  c o n s i s t  of a segmented gamma scanner and 

Approximately 2 years  of development i s  required f o r  t h i s  

Safe  g u a t-d-s. 

The 

1 ,  

2. 

3. 

4. 

5. 

6 .  

2 .4  

following f e a t u r e s  a r e  t o  be provided t o  ensure physical p ro tec t ion  o f  t h i s  area 

Special fencing and per imeter  i l lumina t ion;  fence t o  be equipped with an in t rus ion  alariii 

and TV cameras. 

Hardened monitoring s t a t i o n  with monitoring devices  f o r  personnel, v e h i c l e s ,  and packages; 

fenced c o r r i d o r  between t h i s  s t a t i o n  and Building 7930. 

Entrances and e x i t s  t o  be equipped with alarms; a l l  g l a s s  in e x t e r i o r  openings t o  be 

covered by metal bars .  

Access doors t o  processing and spec ia l  nuclear  mater idl  s torage  aredc; t o  be cont ro l led  with 

simple key-card system and equipped with alarms. 

In-ce l l  s u r v e i l l a n c e  furnished by TV cameras provided f o r  processing requirements; out-of- 

c e l l  TV s u r v e i l l a n c e  with f ixed  cameras i n  a reas  ad jacent  t o  processing c e l l s .  

In t rus ion  de tec t ion  devices t o  be i n s t a l l e d  a t  a l l  ce l l -access  loca t ions .  

TRANSPORTATION 

Chemicals ( l i s t e d  i n  Tables 2.1 and 2 . 2 )  and i r r a d i a t e d  and noni r rad ia ted  fuel  elements f o r  the 

HETP a r e  t o  be shipped t o  O R N L  mainly by commercial motor t r a n s p o r t ,  s i m i l a r  t o  most o ther  

shipments t o  and from O R N L .  Onsi te  t r a n s f e r  of i r r a d i a t e d  mater ia l  wil l  be made between four  

bui ldings - 3019, 30260, 7503, and 7930. 

2.4.1 OTLf%te t r a n s p r t a t i o n  

I r r a d i a t e d  HTGR fuel  elements a r e  t o  be shipped from the  Idaho National Engineering Laboratory 

s torage  f a c i l i t y  near Idaho F a l l s ,  Idaho, by commercial c a r r i e r  ( t r u c k )  t o  Building 7930 a t  

ORNL. 

96 fue l  eleirients. A modified Peach Bottom Cask (PB-2)  wi l l  be used;1° each load wi l l  contain 

four  c a n n i s t e r s  with each c a n n i s t e r  containing one Fort  S t .  Vrain (FSV) fue l  tilement. 

Over a 2-year per iod,  24 t r i p s  ( f o u r  elements per t r i p )  wi l l  be required t o  t r a n s p o r t  

Fresh uni r rad ia ted  f u e l  elements a r e  t o  be suppl ied by General Atomic Company and shipped from 

San Diego, C a l i f o r n i a ,  t o  O R N L  by commercial c a r r i e r .  Four t r i p s  (maximum) wi l l  be required t o  

t r a n s f e r  a t o t a l  of 24 t o  30 elements over an expected 3-month period. 

Table 2.10 g ives  the expected chemical composition of both f resh  and i r r a d i a t e d  fue l  elements, 

which composition i s  y e t  t o  be v e r i f i e d  (TBV-23) .  Table 2.11 gives  the ca lcu la ted  r a d i o a c t i v i t y  

and decay heat  f o r  an element a f t e r  a b u r n u p  of s i x  equiva len t  full-power years  (100,000 MW-days/ 

t o n ) .  
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Table 2.10. Fuel element compositiona 
~~ 

Component Weight (kilogiams per fuel element) 
~ ~ ~~ - ~ .~ ~~~~ .- 

Graphite block including fuel plugs aild dowels 
Fuel-rod matrix 
Fissile particks 13v p = 2.35 gicc) 

Outer PyC coating 
SIC coating 
Inner-PyC coating 
Buffer coating 
Kernel (av i, = 9.01 g:CC) 

Uranium 
Thor i u in 
Fission products 
Other heavy metals 
Carbon 

Fertile particles (av p - 3.16 gicc) 
Outer PyC coating 
Sic  coating 
Inner PyC coating 
Buffer coati n g  
Kernel (av p = 8.81 g!'CC) 

88 4 
4 21 

17  1 
5 54 
4 58 
1 9 5  
1 5 5  
3 50 

Fresh K p s t  

0 6 2  0 2 3  
2 56 2 39 

0 54 
0 07 

0 37 0 37 

~~ 

16 2 
3 03 
2 42 
1 4 3  
1 1 4  
8 22 

Fresh ? E t  

0 23 
7 49 6 93 

0 33 
0.00 

0 73 0 73 

-. ... .. 

0 10 

Uranium 
Thoriuri i 
Fis5ion pioducts 
Other heavy metals 
Carbon 

Burnahle poison rod (av 11 ~- 1.6 glcc) 
Boron 0 004 
Carbon 0 001 
Matrix 0.095 

Total weight 126 0 

I he fissile and fertile particle; are t o  contain dense spherical metal cai bide particles produced by  

~ ~~~ -~ ~ _ _ ~ -  __ ~- ~ 

a -  

the VSM IVanek. Simad. Meyers) General Atom!c Company process and TRISO coated as described i n  
Scct. 8.4. Calculdttons based on FSV Fuei E h n e n t  0.C.. GA-A13772. Feb 16. 1976. 

Table 2 11 Spent fuel element definit ion dfter full burnup 

1 ' _  yeais o f  180 ddys of  
decdy decdy 

Radioactivity" 

CI pci fuel elemPiit 

F ' s s i l e  fractiori 
Fertile tractiot; 

39,400 17,800 

36.300 16,400 

Decay heat'' 

BTU per h i  p r r  fuel element 

Fissile fractiorl 810 360 
740 340 Fei t i l e  iraction 

"Radiodctiv'ty dnd dccny  h e a t  cdlculated tal fu l l  burn 
up, 6 equivalent full po'&et yedrs (100,000 MW ddys ' tonl  

~~ ~ ~ ~~ ~. ~ ~- 
~~~~~ ~~~ -~ ~ ~ ~ 
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2 . 4 . 2  O n s j t e  t r a n s p o r t a t i o n .  

O n s i t e  t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  m a t e r i a l s  occurs  between buildings a t  ORNL. 
m a t e r i a l s  d n d  t r a n s f e r  i n t e r f a c e s  between b u i l d i n g s  a r e  l i s t e d  i n  Tab le  2.12.  

Q u a n t i t i e s  o f  

Table 2.12. Onsite transportation of radioactive material 

3019 and 7930 l l ranyl  i i i lrate sdut io i i  (ai Quantity per r rans ie i  = 9 krj 233U 
( b )  rota1 i tctjvity per transfer ~ 135 Ci 

(assuming no f iss ion  products, 
250 ppm 2 3 2 U  and secular 
equili hr ium]  

( e )  Source term .-= 0 (casks wi l l  be 

sedlod arid irelease wid be zero i ‘ x ~  

e(!pt under dccidPnt conditidtls) 

7 9 3 0 d n r l 3 0 1 9  I lrariyi i i i i r a t e  solutioti f a ]  Ouaritity per transfer 2 2.7 kg 233U 
(assuming 30% ” le f t  o w ’ ’  due t o  
eyuirirrient breakdawn. operational 
delays of various Sorts, etc.) 

(b)  Totdl activitv per transter ~ 135 Ci 
(same as trrjt trarisfei-i 

7930 dnd 7503 Burned tucl par t ic lss  

3076 a id  7503 or 7930 Segmented fuel e l d i n a i t b  (‘1) Ouatitity pet t i m s f c i  
F-issile Fuel elemarit 2.6 kg Th  
Fwt i le  fuzl element ~- 7 2 ky TI1 

(h) Total x t i v i t y  Ipcr t ra r is fe ,  (180 
day coolirirJ) 

Fissi le fuel d e r n t t - i t  -- 39.000 Ci 
Fert i le fuel elerrierit 1- 36.000 Ci 

( e )  Source r e i l n  0 

( 2 )  Oiiaritity per transfer: 
fissile fuel e le i i ient  2 6 k g  Th 
feit i lc f i r e  e le i i ie r i t  = 7.2 k g  T h  

(180 day coolinql: 
I i sS i Ie  fur:l clumenT :. 39.000 Ci 
fertile fuel eleinerit ~ 36,000 Ci 

(til Total acriviry pet transfer 

(c l  Sourcc term - 0 

( a )  Uudriti ty par transfer (1 
(ti)  Total activiry <zl Ci 

( a i  Uudrrt!Ty per traiislt?r ~ . : 1  9 U pls~is 
; a i m  fission p r i~ luc ts  

(171 Total dctivity i s  iiidefitiite 
( c )  Source rerm - 0 

( d l  Otraritity get t iani fe i  . 2 5 kg 
(b l  Total activity (assumes 10% 

o f  t o t a l  x t i g i t y  in f i x 1  
demerit I S  sent to burial 
gioiJiid in one contalnec) -- 
3800 Ci ( r r iax i rn i i in l  

T n  

( c )  Sourc(, twin := 0 
~ . . . . . . . . . . . . . . . . . . . . . i .......... ~~ ~~ . ..... ~ 
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3. CHARACTERIZATION OF THE EXISTING ENVIRONMENT 

3.1 SITE LOCATION A N D  LAYOU1- 

The proposed Hot Engineering Tes t  Pro jec t  ( H E T P )  wi l l  be housed i n  four  e x i s t i n g  bui ldings 

located a t  Oak Ridge National Laboratory i n  Oak Ridge, Tennessee. 

The c i t y  of Oak Ridge l i e s  in  an area of h i l l s  and va l leys  northwest o f  the Great Siiioky Mountains 

and southeas t  of the  Curnberland Mountains in the e a s t e r n  p a r t  of t h e  s t a t e .  Oak Ridge National 

Laboratory ( O R N L )  i s  loca ted  in  a Department of  Energy ([JOE) r eserva t ion  and l i e s  approxitilately 

8 miles ($13 km) southwest of  the Federal Building in Oak Ridge. Figure 3.1 shows i t s  loca t ion  

i n  Tennessee and i t s  r e l a t i o n  t o  surrounding comrriunities. The DOE reserva t ion  i s  i n  a rura l  

s e t t i n g  and i s  bounded by the  Clinch River on i t s  e a s t e r n ,  southern ,  and western borders .  

The t o t a l  population of t h e  f i v e  neares t  c i t i e s  (15-mile r a d i u s )  amounts t o  approximately 

50,000 people. Krioxville, the neares t  major irietropolitan a rea  (about 175,000 people) ,  i S  

located 20 miles ("32 k m )  e a s t  of  Oak Ridge. 

surrounding count ies  have a combined popiulation o f  413,000. 

According to the  1970 Fedtira.1 census, t h e  f i v e  

The area t o  the  north of Oak Ridge i s  mountainous and sparse ly  s e t t l e d ,  and portiorls of the  

laqd a r e  used f o r  underqround and s t r i p  coal mining. 

Three prominent TVA f a c i l i t i e s :  

hydroe lec t r ic -genera t ing  s t a t i o n  (Melton Hil l  Dam) a r e  operat ing i n  the  a r e a .  

two c o a l - f i r e d  steam plan ts  (Kingston and Bull Run) and a 

Four DOE p lan t  complexes a r e  loca ted  on the  reserva t ion  (F ig .  3 .2) :  

1 .  Y-12 Plan t  ( Y - 1 2 ) ,  

2 .  

3. 

4. 

Oak Ridge Gaseous Diffusion Plant  (ORGDP), 

Coinpardtive Anirital Research Laboratory ( C A R L ) ,  

Oak Ridge National Laboratory (ORNL). 

The Y-12 p l a n t  (350 a c r e s )  i s  loca ted  on the  e a s t e r n  boundary o f  the  reserva t ion .  

employs approximately 4800 people and func t ions  inainly in  the design and production of  nuclear  

weapon components. 

The p lan t  

The O R G D P  (1740 dc res )  employs approximately 6300 people. 

the DOE r e s e r v a t i o n ,  i t  func t ions  pr imari ly  as a f a c i l i t y  f o r  t h e  enrichment of urdnium hexa- 

f l u o r i d e  (UF,) f o r  use i n  commercial 1 ight-water  r e a c t o r s  and nuclear  weaponry. 

Located i n  the  northwest port ion of 
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F i g .  3 .1.  v :?a  of t h e  Department o f  Energy r e s e r v a t i o n  showing t h e  t h r e e  p l a n t s  
(K-25, ORNI., and Y-12), t h e  c i t y  of  Oak Ridge, and t h e  su r round ing  communit ies.  

CARL (a  f a c i l i t y  opera ted  by t h e  U n i v e r s i t y  of  Tenrlessee f o r  DOE) use5 s e v e r a l  a reas  o f  t h e  DOE 
r e s e r v a t i o n  f o r  research  on mammalian metabo l ism and t h e  t o x i c  e f f e c t s  o f  e n e r g y - r e l a t e d  a c t i v i -  
t i e s  on mammals. S p e c i f i c  l ands  a r e  d e s i g n a t s d  t o  s u p p o r t  t h i s  research  program as t h e  rleeds 
a r i s e .  

3.1.2 CRNL 

Oak Ridge N a t i o n a l  Labora to ry ,  c e n t r a l l y  l o c a t e d  on t h e  sou the rn  bo rde r  o f  t h e  r e s e r v a t i o n ,  i s  
t h e  main research  l a b o r a t o r y  on t h e  r e s e r v a t i o n .  ORNL's f a c i l i t i e s  i n c l u d e  n u c l e a r  r e a c t o r s  
( r e s e a r c h ) ,  chemical  p i l o t  p l a n t s  ( r e l a t e d  t o  coa l  conve rs ion  techno logy ,  e t c . ) ,  r a d i o i s o t o p e  
p r o d u c t i o n  f a c i l i t i e s ,  and research  f a c i l i t i e s  i n  p h y s i c s ,  chemis t r y ,  and t h e  env i ron t l ien ta l  
sc iences .  H i s t o r i c a l l y ,  r e a c t o r  techno logy  has been a ma jo r  programnlat ic e f f o r t  a t  ORNL, and 
t h e  p r e s e n t  program emphasizes t h e  development and e v a l u a t i o n  o f  two advanced r e a c t o r  t ypes  
and f u e l  c y c l e s  a s s o c i a t e d  w i t h  them: t h e  L iqu id -Me ta l  F a s t  Breeder Reactor  (LMFBR) and t h e  
High-Temperature Gas-Cooled Reactor  (HTGR). 
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TheOak Ridge N a t i o n a l  Labora to ry  l i e s  i n  a ve rdan t  v a l l e y  t h a t  runs  approx ima te l y  i n  an e a s t -  

west d i r e c t i o n  ( F i g .  3 . 3 ) .  

Labora to ry  a rea ,  t h e  su r round ing  t e r r a i n  t o  t h e  e a s t  and wes t  i s  wooded. 
Creek, passes t o  t h e  sou th  o f  t h e  developed area  and leaves  t h e  v a l l e y  th rough a gap i n  the  

h i l l s  t o  t h e  southwest .  

A l though t h e  v a l l e y  f l o o r  i s  h i g h l y  deve loped w i t h i n  t h e  inain 
A stream, Whiteoak 

From t h e  e a s t e r n  approach, t h e  f i r s t  b u i l d i n g s  a r e  a complex o f  warehouses and shops ( F i g .  3 . 3 ) .  
-The a d j a c e n t  r e d - b r i c k  b u i l d i n g s  bes ide  a smal l  l a k e  house t h e  ORNL a c c e l e r a t o r s .  
d i s t a n c e  f u r t h e r ,  t h e  p r i n c i p a l  ( E a s t  P o r t a l )  e n t r y  t o  the Labora to ry  i s  on t h e  l e f t .  A t  t h i s  
p o i n t ,  t he  road  goes n o r t h  and around a wooded h i l l  t h a t  e s s e n t i a l l y  obscures t h e  Labora to ry  
f rom v iew;  a gap i n  t h e  h i l l  p rov ides  a g l impse o f  t h e  f a c i l i t i e s .  
l e f t  t o  the  West P o r t a l ,  wh ich  was t h e  p r i n c i p a l  e n t r y  when t h e  Labora to ry  was f i r s t  b u i l t .  
From t h i s  p o i n t  a s t r e e t ,  Cen t ra l  Avenue, b i s e c t s  t h e  L a b o r a t o r y  a rea  and ex tends  frorri t h e  

West P o r t a l  t o  t h e  Eas t  P o r t a l .  

A s h o r t  

F u r t h e r  on, a d r i v e  t u r n s  

I n  t h e  area  b e t w e m  t h e  Eas t  and West p o r t a l s ,  t h e  b u i l d i n g s  a r e  o f  b o t h  war t ime  and r e c e n t  

c o n s t r u c t i o n ,  about  t h e  same number o f  each. The e a s t e r n  p o r t i o n  o f  t h e  Labora to ry ,  g e n e r a l l y  
w e l l  landscaped, c o n s i s t s  o f  modern b r i c k - f a c e d  b u i l d i n g s .  The f a c i l i t i e s  i n  t h e  wes te rn  
o f  t h e  Labora to ry  a r e  p redominan t l y  o f  t h e  e a r l y  c o n s t r u c t i o n .  Many, however, have been 
va ted  t o  improve t h e i r  appearance and t o  ex tend  t h e i r  u s e f u l  l i v e s .  

The Eng ineer ing  D i v i s i o n  B u i l d i n g ,  a greenhouse complex and a q u a t i c  f a c i l i t y ,  and t h e  Env 

niental  Sciences D i v i s i o n  B u i l d i n g  a r e  wes t  o f  F i r s t  S t r e e t  and t h e  West P o r t a l .  

South th rough  a gap i n  t h e  daw Ridge w i t h i n  t h e  n e x t  v a l l e y ,  roads  ex tend e a s t  and west .  

p o r t i o n  
eno- 

ron -  

Lagoon 
Road goes wes t  t o  a reas  used p r i n c i p a l l y  f o r  waste d i s p o s a l .  
two s i t e s  used i n  t h e  p a s t  f o r  demons t ra t i on  r e a c t o r  exper imen ts .  J u s t  beyond t h e  second s i t e  
i s  t h e  e n t r y  t o  r e l a t i v e l y  modern f a c i l i t i e s  i n c l u d i n g  t h e  H igh -F lux  I s o t o p e  Reactor  and two 
process f a c i l i t i e s ,  one f o r  t ransuran ium-e lement  s e p a r a t i o n  and t h e  o t h e r  f o r  f u e l - r e p r o c e s s i n g  
development.  

Me l ton  V a l l e y  D r i v e  goes e a s t  p a s t  

F u r t h e r  sou th  i n  Me l ton  V a l l e y  and somewhat i s o l a t e d  a r e  two research  r e a c t o r s .  One i s  f o r  
exper imen ta t i on  w i t h  r a d i a t i o n  s h i e l d i n g ;  t h e  o t h e r  i s  devoted  t o  exper iments  i n  h e a l t h  phys i cs  

The Oak Ridge N a t i o n a l  Labora to ry  covers  a b road  area  and i s  somewhat d i spe rsed .  T h i s  d i s p e r s a l  
p e r m i t s  t h e  accommodation o f  a v a r i e t y  o f  exper imen ta l  programs t h a t  r e q u i r e  i s o l a t i o n .  The 
n a t u r a l  a reas  beyond t h e  c e n t r a l  a rea  a r e  a l s o  used f o r  research  programs o f  eco logy  and f o r e s t r y .  
ORNL employs approx ima te l y  5000 peop le .  

3.1 .3  HETp 

The f o u r  b u i l d i n g s  t o  be used i n  t h e  proposed Ho t  Eng ineer ing  T e s t  P r o j e c t  (HETP) a r e  b r i e f l y  
desc r ibed  below; a d e t a i l e d  d e s c r i p t i o n  o f  each i s  g i v e n  i n  Sec t .  2.3.3. B u i l d i n g  7930, t o  be t h e  
ma jo r  de inons t ra t ion  f a c i l i t y ,  i s  l o c a t e d  i n  M e l t o n  V a l l e y  ( F i g .  3 . 3 ) .  The b u i l d i n g  i s  commonly 
known as t h e  TURF (Thor ium-Uranium Recyc le  F a c i l i t y )  and has n o t  been i n  use r e c e n t l y .  

s t r u c t u r e  c o n s i s t s  o f  h o t  c e l l s  i n  a s t e e l  and conc re te -b lock  b u i l d i n g .  
The 
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F i g .  3 .3 .  Topographic map o f  Oak Ridge National Laboratory showing loca t ion  of IiETP f a c i l i t i e s .  
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B u i l d i n g  7503, a l s o  i n  M c l t o n  V a l l e y ,  w i l l  be used f o r  s t o r i n g  t h e  by-produc ts  avd s u r p l u s  
m a t e r i a l s  f rom t h e  p r o j e c t .  

B u i l d i n g  3026D i s  l o c a t e d  on C e n t r a l  Avenue and i s  a lmos t  c e n t r a l l y  l o c a t e d  !within t h e  c a i n  

ORNL grounds ( F i g .  3 . 3 ) .  C e l l  A o f  B u i l d i n g  3026D w i l l  be used f o r  i n t l a l  s i z e - r e d u c t i o n  d r  
t h e  F o r t  S t .  V r a i n  f u e l  e lement  and i s  commonly c a l l e d  t h e  segment ing f a c i l i i f  The f a c i l i t y  
i s  housed i n  a t h r e e - l e v e l  wooden frame b u i l d i n g .  

B u i l d i n g  3019 has 3 f l o o r s ,  15 o f f i c e s ,  and 5 l a b o r a t o r i e s .  UNH w i l l  be s o l i d i f i e d  and store.! 

i n  t h i s  b u i l d i n g .  
samoles c o n t a i n i n g  v a r i o u s  l e v e l s  of  r a d i o a c t i v i t y .  

The A n a l y t i c a l  Chemis t ry  D i v i s i o n  has f a c i l l l - . i e s  i n  t h e  b u i l d i n g  f o r  a n a l y z i n g  

3.2 TOPOGRAPHY 

The area  compr i s ing  t h e  DOE r e s e r v a t i o n  i s  dominated by a s e r i e s  o f  r i d g e s  and v a l l e y s  formed 
d u r i n g  E a r l y  Cambrian t o  E a r l y  M i s s i s s i p p i a n  t i i i i es  by t h e  a c t i o n  o f  e r o s i o n  '31' s e v e r e l y  fau l  t e e  
and f o l d e d  rocks .  

Thf r i d g e s  o f  t h e  more r e s i s t a n t  sandstone, c h e r t y  d o l o m i t e ,  and s h a l e  r u n  p a r a l l e l  i n  a nor theas '  
to -southwest  d i r e c t i o n .  F i g u r e  3.3 i s  a topograph ic  map o f  t h e  area  around ORNL. A l t i t u d e s  o f  
t he  r i d g e s  and v a l l e y s  a d j a c e n t  t o  t h e  f a c i l i t y  ex tend  f rom 740 f t  (226 m )  t o  13FM C+ (415 in) 

?bcve mean sea l e v e l  ( M S L ) ,  p r o v i d i n g  a maximum r e l i e f  o f  600 f t  (183 m ) .  

3 .  3 GEOLOGY 

3.  ?, . 1 S t r a t i  grap_h_- 

W HETP f a c i l i t y  i s  l o c a t e d  i n  t h e  V a l l e y  and R idge Prov ince  o f  t h e  Appa lach ian  H igh lands  
Phys iog raph ic  D i v i s i o n  o f  t h e  e a s t e r n  U n i t e d  S t a t e s .  P r o x i m i t y  o f  t h e  s i t e  t o  t h e  v a r i o u s  

p h j s i o g r a p h i c  p rov inces  w i t h i n  t h e  Appa lach ian  H igh lands  i s  shown i n  F i g .  3 .4 .  As t h e  name 
4ppa lach ian  E igh lands  i m p l i e s ,  t h e  area  i s  c h a r a c t e r i z e d  by rugged t e r r a i n  t h a t  v a r i e s  f r o m  
r o l l i n g  h i l l s  t o  mounta ins .  W i t h i n  200 m i l e s  (-"320 kin) of t he  s i t e ,  t h e  phys iog raph ic  p rov i r l ces  

' nc lude  I n t e r i o r  Low P la teaus ,  Appa lach ian  P la teaus ,  V a l l e y  and Ridge, B lue  Ridge, and Piedmont, 

D i f f e r e n t  l a y e r s  o f  Pa leozo ic  sed imentary  r o c k ,  p r i m a r i l y  l imes tone ,  d o l o m i t e ,  and sha ln ,  com- 

p r i s e  t h e  r i d g e s  and v a l l e y s  of  t h e  a rea .  
Knox, and Chickamauga. 

The f o u r  ma jo r  bedrock t ypes  a r e  Rome, Conasauga, 

rhe Rome f o r m a t i o n  i s  a g e n e r a l l y  w e l l  cemented sandstone w i t h  a s h a l y  F ine  g r a i n .  I t  has a 
r e l a t i v e l y  l ow  a b i l i t y  t o  t r a n s m i t  g roundwater  because of t h e  presence o f  unen larged f r a c t u r e s  

The Conasauga group c o n r i s t s  o f  t h i n  l i m e s t o n e  u n i t s  i n te rbedded  w i t h  s i l t y  and s l i g h t l y  c a l -  
careous sha le ;  f r a c t u r e s ;  a r e  e v e n l y  d i s t r i b u t e d .  P e r m e a b i l i t y  i s  a s s o c i a t e d  w i t h  wea the r ing  
changes o f  t h e  r o c k  above and below t h e  w a t e r  t a b l e .  A more u n i  
here  than  i n  t h e  o t h e r  f o r m a t i o n s .  

h e  b o x  group p r i m a r i l y  c o n s i s t s  of  t h i c k  beds o f  d o l o m i t e  and 
p o r o s i t y  o f  t h e  f o r m a t i o n  a r e  uneven ly  d i s t r i b u t e d .  As a r e s u l t  
i z a t i o n s  f rom f r a c t u r i n g  and s o l u t i o n  by  groundwater movement i n  

orin f l o w  o f  g roundwater  occurs  

imestone; p e r m e a b i l i t y  and 

t h i s  fo rn ia t i on .  
t h e r e  have been wa te r  l o c a l -  
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Fig. 3.4.  Regional physiographic map o f  the  s i t e  o f  the  Hot Engineering Test  Pro jec t  
a t  Oak Ridge National I-aboratory. 
Val l e y  Authori ty ,  ~ l i f i c h  P ivc i .  i3ts.zde?p i!cic~o/,op ~ l a l ~ t  ~~i! ! , i? . i? i . l /~: iJ , .~ , r~  .yeLl,,12f, 1401 . 1 , Cons trclc t i on  
Permit Stage,  Docket No. 50-537, issued April 7 ,  1975,  p. 2.4-23. 

soyss-: P r o j e c t  Management Corporation and the Tennessee 

The Chickarriauga limestone i s  composed of thirl beds of shaly l i t ~ l ~ s t o n e  and s h a l e .  Por-osity i s  

low, and f r a c t u r e s  have been enlarged by s o l u t i o n ,  althouqh no t  a s  ex tens ivply  a s  i n  the  

cavernous Knox g r o w .  

water through a netwnv k o f  channels. 
Such f r a c t u r e s  d n d  sot ut fon  cnannels permlt tnr f r e e  rnovctnent of ground- 

Table 3.1 l i s t s  the  pr inc ipa l  bedrock formatiorls i n  the  Oak Ridge a r e a .  

3 . 3 . 2  i stiiol o g y  

Two major- thrust  f a u l t s ,  the Copper Creek and the  Whiteoak Mountiiin, a r e  recognized i n  the  a r e a .  

Both a r e  t raceable  f o r  a d i s tance  g r e a t e r  than 160 kl!~ (100 in?-iles) within the 'Jalley and Ridge 

province] and a r e  s h o w  i n  Fig. 3 .5 ,  which i!; a f a u l t  niap o f  t h e  v i c i n i t y .  In both f a u l t s  
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Table 3 . 1 .  Generalized geologic section of the bedrock formations in the Oak Ridge Area 

Brassfield 

? -  - .. 

H 
__ 

G 
__ 

F 

E 

D 

C 

. 

ooot  

3 0 0 +  

~- 
300  

25 
~~ 

3 8 0  

160 
-~ 

115 

215 

240 

600 

~ 

1500 

~~ - 

LOOO+ 

Impure l imes tone  and  c a l c a r e o u s  

silrsroiie. w i th  m u c h  c h e r t  

Shale .  sandy shalc .  xindsronc; 

calcareous:  red, drab ,  bro\vii 

L i r n e ~ r u r i ~ .  shaly l imes lone .  c a l c a r e o u s  

s i l ts tone.  and shale;  most ly  g ray .  

par t ly  m a r o o n ;  with che r ty  zones  i n  

basal  po:rions 

Dolomitic l imestone; l ighr  to dark gray: 
with proini i : tnt  c h e r t  zones 

Sha le ;  g ray ,  o l ive ,  d rab ,  brown: wirh beds of 
Ilmesrone in upper parr  

~- ~ -~ ~~ - - 
Sandsrone and sha le ;  \ a r i ega tcd  wi th  b r i l h a n t  

} e l l m ,  b r w n .  red. r:la'oon. ol ive -g reen ;  

w c h  dolo-i!uc Iimerrone I e n x s  

t h e  M i d d l e  Cambrian Rome f o r m a t i o n  i s  t h r u s t  o v e r  t h e  M i d d l e  O r d o v i c i a n  Chickamauga l imes tone .  
The Copper Creek f a u l t  occurs  a l o n g  t h e  no r thwes te rn  s i d e  o f  Haw Ridge and ex tends  n o r t h e a s t  
across  Tennessee. F u r t h e r  t o  t h e  n o r t h  i s  Whiteoak Mounta in  f a u l t ,  which l i e s  on t h e  n o r t h -  
wes tern  s i d e  o f  P ine  R i d g e  and can be t r a c e d  southwest  ac ross  Tennessee. 
i s  a n o r t h e a s t  e x t e n s i o n  of  t h e  Nh i teoak  Mountain f a u l t  i n  Eas t  Fork  Ridge. 

t e c t o n i c  d isp lacements  have a l s o  o c c u r r e d  i n  t h e  area .2  

The P i l o t  Knob s y n c l i n e  
Numerous secondary 
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S ince  t h e  youngest  s t r a t i g r a p h i c  u n i t s  mapped i n  t h e  V a l l e y  and Ridge p r o v i n c e  o f  sou the rn  

Appa lach ia  a r e  o f  Pennsy lvan ian  age, g e o l o g i s t s  b e l i e v e  t h a t  a l l  t h e  s t r u c t u r a l  f e a t u r e s  o f  
t h e  p r i m a r y  Appa lach ian  systeni  were forri ied by t h e  end o f  t h e  Pa leozo ic  e ra  d u r i n g  what i s  now 
c a l l e d  t h e  Appa lach ian  R e v o l u t i o n .  A l though numerous f a u l t s  e x i s t  w i t h i n  t h e  a rea ,  t h e y  a l l  
o r i g i n a t e d  l o n g  ago d u r i n g  t h a t  o rogen ic  p e r i o d ;  a p p a r e n t l y ,  ma jo r  t e c t o r i i c  a c t i v i t y  ceased 
comp le te l y  t h e r e a f t e r .  h~ phys iog raph ic  ev idence i n d i c a t i n g  t e c t o n i c  a c t i v i t y ,  such as s t rean i  
o f f s e t s ,  d isp lace i i ien t  o f  a l l u v i a l  d e o o s i t s ,  o r  d i s l o c a t i o n s  o f  P l i o - P l e i s t o c e n e  t e r r a c e  
m a t e r i a l s ,  has been observed a l o n g  dny o f  these  t h r u s t - f a u l t  a reas .  Consequent ly,  t h e r e  i s  
no reason t o  exDect c u r r e n t  o r  f u t u r e  t r a n s l o c a t i o n s  o f  t hese  t e c t o n i c  r e l i c s . 1 y 3 " -  

Recent se is in ic  events  t h a t  were capab le  o f  p roduc ing  a shock i n  t h e  Oak Ridge area  and t h a t  were 

reco rded  i n  the  l i t e r a t u r e  s i n c e  1800 a r e  l i s t e d  i n  Tab le  3.2. Oata f o r  t h e  o l d e r  ear thquake 
i n c i d e n t s  a r e  l a r g e l y  es t ima tes  e x t r a p o l a t e d  f rom n o n s p e c i f i c  newspaper r e p o r t s .  I n  a d d i t i o n ,  
t hese  19 th -cen tu ry  r e c o r d s  g e n e r a l l y  show a d e f i n i t e  b i a s  toward  ear thquakes  o f  c o n s i d e r a b l e  
i n t e n s i t y ,  an a t t i t u d e  t h a t  r e f l e c t s  t h e  i n h e r e n t  l i m i t a t i o n s  o f  i n t e n s i t y  measurements d u r i n g  
t h a t  p n r i o d .  The i n a b i l i t y  t o  r e c o r d  l o w - i n t e n s i t y  ear thquakes  a l s o  e x p l a i n s  t h e  fewer  t e c t o n i c  
i nc idences  reco rded  i n  t h e  e a r l i e r  t i m e  i n t e r v a l .  

The more r e c e n t  se i sm ic  reco rds  i n d i c a t e  t h a t  t h e  Appa lach ian  r e g i o n  ex tend ing  f ro in  Chattanooga 
t o  southwestern  V i r g i n i a  averages one t o  two ear thquakes  p e r  y e a r .  T h i s  se i sm ic  a c t i v i t y  i s  n o t  
un i fo rm,  b u t  c o n s i s t s  o f  ex tended p e r i o d s  w i t h  no shocks, f o l l o w e d  by a b u r s t  o f  ear thquakes .  
The maximum shock exper ience  i n  t h e  Oak Ridge area  was o f  i n t e n s i t y  V I  on t h e  M o d i f i e d  M e r c a l l i  

s c a l e  (MM) reco rded  on March 28, 1913.' Great  d i s t a n t  ear thquakes ,  such as t h e  New Madr id  s e r i e s  
o f  1811 and 1812 and t h e  Grea t  Char les ton  Earthquake o f  1886, have a f f e c t e d  t h e  s i t e  w i t h  i n t e n -  
s i t i e s  g r e a t e r  t han  o r  equal  t o  t h e  maximum i n t e n s i t y  o f  shocks i n v o l v i n g  r e g i o n s  t h a t  su r round  
t h e  s i t e . 3  
c e n t e r s  o f  ear thquakes ,  t h e  areas  o f  c o n t i n u i n g  se i sm ic  a c t i v i t y  can be i d e r ~ t i f i e d . ~  
f o l l o w i n g  f o u r  a reas  o f  ma jo r  c u r r e n t  t e c t o n i c  m o b i l i t y  a r e :  

From a p l o t  made on a map o f  t h e  sou theas te rn  U n i t e d  S t a t e s  ( F i g .  3 .6 )  o f  t h e  e p i -  
The 

1. The M i s s i s s i p p i  V a l l e y  encompasses t h e  New Madr id  r e g i o n  o f  Arkansas, Kentucky,  M i s s o u r i ,  

and Tennessee. T h i s  se i sm ic  p r o v i n c e  i n c l u d e s  t h e  e p i c e n t e r  o f  t h e  g r e a t  s e r i e s  o f  New 

Madr id  ear thquakes ,  wh ich  r e p e a t e d l y  a t t a i n e d  an MM i n t e n s i t y  o f  X I I .  T h i s  a rea  l i e s  more 
than  400 km (250 r i i i l es )  no r thwes t  o f  t h e  HETP s i t e .  
i n t e n s i t y  o f  V t o  V I  i n  t h e  Oak R idge area .  

The New Madr id  quakes a t t a i n e d  an 

2. The Lower Wabash V a l l e y  i s  l o c a t e d  i n  t h e  sou the rn  r e g i o n s  o f  I l l i n o i s  and I n d i a n a .  A 
sou the rn  I l l i n o i s  ear thquake o f  MM i n t e n s i t y  V I 1  i n  1968 was f e l t  over  a 400,000-sq-mi le 
a rea  i n c l u d i n g  a m i l d  shock o f  i n t e n s i t y  I 1  t o  I11 i n  t h e  Oak R idge v i c i n i t y .  
s i t e  l i e s  more t h a n  370 km (230 m i l e s )  sou theas t  o f  t h i s  r e g i o n  o f  a c t i v e  s e i s m i c i t y .  

The HETP 

3 .  Char les ton ,  South C a r o l i n a ,  was t h e  s i t e  o f  one o f  t h e  g r e a t e s t  h i s t o r i c  ear thquakes  
exper ienced  i n  t h e  e a s t e r n  U n i t e d  S t a t e s .  The August 31, 1886, shock o f  MM i n t e n s i t y  I X  
was f e l t  ove r  t h e  e n t i r e  e a s t e r n  c o a s t  and r e g i s t e r e d  an i n t e n s i t y  o f  V t o  V I  i n  t h e  Oak 
Ridge r e g i o n .  Recur ren t  se i sm ic  a c t i v i t y  cont inue: i n  t h i s  area, wh ich  i s  520 km 
( 3 2 5  m i l e s )  sou theas t  o f  t h e  HETP s i t e .  
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Table 3.2. Annotated l i s t  of earthquakes that have affected the Oak Ridge Reservation or the eastern Tennessee vicinity 

. .... 

181 1, Dcc. 16 

1817, Jar '  73 

I'et. 7 

1843, J a n .  4 

1844, N o v .  28 

1861. Auy. 31 

1386. Aug. 31 

1895, Oct. 31 

?%7, May 31 

O r t  18 

1904, h?ar. 4 

1PU5. Jan. 2 1  

1913. Mdr 28 

Apr  1 7  

Dci.  18 

1918. .J IJW 21 

1920, C i a .  14 

1921, Oec.  15 

1924, Oct 20 

1921. Oct. 8 

1978, Nov. 2 

1930, A ! J ~ .  30 

1938, Mar.  31 

1940. Oct 1'3 

1941, Scpt  8 

1945. June 14 

GPOdet lc  
courdinsles CpNccntcr area 

"N " w  
~~~ __ 

36.6 89.F 

35 6 13'3 (i 

3 6 6  8 9 6  

35.2 30.0 

36 0 84.0 

3b.6 18.5 

32.9 80.0 

37.0 8 3 0  

37.3 80.7 

35.1 a5.3 

35.0 85.3 

35.7 8 3  5 

34.0 86.0 

3 6 2  8 3 7  

35.3 84 7 

75 3 84.7 

35.5 82.5 

3.35 8 6 7  

2tj.O 84.1 

36.3 85.0 

358 8 4 6  

35.0 X2.6 

35.0 85.3 

35 x 82.8 

35.9 84.4 

35 6 83 ii 

35.0 85.0 

35.0 85.3 

55 0 84.5 

New M d r i d ,  Mo. 

bJew Madrid, MO. 

New Madrid, Mo. 

!Lu'ei?rin TPnnessc- 

Knnxville, Tenn. 

Virginia 

Charleston, S.C. 

Chdrlnston, Mo. 

GIIPS County, Va 

Chat t<i nooga, I'e nn. 

~ l ~ ~ ~ ~ l d ~ l i > ~ C J ~ ,  -1 <?rill. 

Maryv i l le ,  1 enn. 

Gddsden. Ala. 

Strawberry Plains, Teno 

Ducktown, Tenn. 

Southrasterti Tennarsce 

Astieville, N.C. 

Eawnville, Ala. 

l km%r  City,  Twin 

Rockwood, Tt:nn. 

Kingston. Tenn. 

Pickens County, S.C. 

Chattanooys, 1-enn. 

Mddiion Coun ty ,  N.C. 

K i my, i o n, Ten n. 

LLtrtIe Tr,riiicssee Rirer Basin 

Maximum 
MM 

iriteririty 
at epicerrter 
.. . . . . . . . . 

XI1 

XI1 

XI  I 

VI11 

V I  

V i  

IX-x 

XI 

V I  I 

V 

V 

V 

VI1 

VI1 

V 

V 

V I  

V I  I 

V 

V 

V 

V 

I V  - v  

VI1 

v 
I l l  

V 

I V - - V  

V 

Estimated 
M M  

intensity 
a t  Oak Ridye 

:I:] 
v - V I  

1 I 1-1 v 

V 

I l l - IV  

v ~ - v  I 

I l l  - I V  

I I I - - . I  v 

? 

7 

11-111  

I1 

V- -V I  

? 

? 

I l l  - l 'J 

I l l  

I V  

I l l  

I l l  I V  

II 

I1 

I l l  

V 

1 - 1 1 )  

? 

? 

II 

Stroricjesi hr;cks uf a great jwies co;le,~:,iz2iy 
kinown a> the NEW Madi-rr! Ejrtliqi;,jk.i 

Topoyraphic changer effected over s i ,  diBa ut  
3000 t o  5000 sq mile in Missis+iii Vdlley,  

Stbock f d r  nver i i  states, iris 
entir? 'I eririessre Valley. 

21 mi f rom Oak Ridge area. 

Desrxltjed as "he,wy shock" i? rile Oh' 
area. 

Tl ie Grrat  Charleston E a r t h Q L 3 h . e  f,lt l l ~ ~ t  

Shock. i e i t  3ver 23 states. ;ncludrray the 

ShoLk fel t  t h roughou t  east 7onnesee  

the ecttirc: eastern I J S  

entire Tennessee Valley. 

Heaviest shock in historir- TIIIW i n  sTi.iTi,tvr. 

Appalachta. 

Not repwted tu have been felt in the O& 
U idge area. 

Not reported to have heen f e l t  in the Oak 
Ridge arta.  

Cow intensify except ;it epicrwter 

{Large "felt" a r e a ,  hu t  probably very l ow  
intensity shock.. 

One of the 5tronrjest shocks in southern 
Appaldchia. 

Not reported to  have been felt in the Oak  
Ridge area. 

On ly  i e l r  reports are f roni  the epicenter, srJ 
pi0tJ;Jbly local. 

F e l t  over wtioli: 51dte of Tennessee, ebpccidlly 
imunta ins of east Tennessee. 

F d t  w e t  $ d e n  state area, hill only light 
shock in Oak Ridga.  

15 rni from Oak Ridge area. 

35 rni from Oak Ridge area. 

Sliock of  "considerable intrn,ity" only 
15 mi f rom O d k  h d y e  dred 

Large felt drea. but  l irt le Pffect in eastern 
Teririussee. 

Not rcported to have tieen felt 111 the Odk 
Ridge  drea. 

L,irgt i  felt area, inclirdin!j a l l  o f  eastern 
Tmnescee 

5 m i  northwest o f  Oak Hidge Reservation. 

(3entr.rr.d i r i  i i ioi lntains a d  felt widely in 

Cditerii Tennessee. 

N < r t  reported tc) have t:cei> fclt in the Oak 

Ridge area 

N o t  reported 10 have bc*n felt in the Oak 
Ridge area 

Fe l t  area o'ver swtt i i iast  Trrinr:is?e arid 
not t t iwest Georgia. 

_____ ...._............,t..._.t..._............ 
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Table 3.2 (continued) 
- ~- ~ ~ 

hl ax i mu r i i  E st iina t ed 

Date 

~ ~- 

1946,Apr 6 

1 9 4 7 , D e ~  27 

1954, Jan. 1 

Jan. 22 

1956. Sept. 7 

1957, June 23 

1959, June 12 

1960. Apr. 15 

1968. Nou. 9 

1969, July 3 

Nov. 19 

1971, July 12 

1973, Oct. 5 

Nov. 3 

1975 Feb 10 

May 2 

_ _  - 
Geodetic 

coordindtes 

' N "LV 
~ 

- 

35 2 8 4 9  

3 5 0  8 5 3  

3 6 6  83 7 

3 5 4  8 4 4  

35 5 84 0 

3 5 9  8 4 3  

3 5 3  8 4 3  

3 5 8  8 3 9  

3 8 0  8 8 5  

36 1 8 3 7  

37 4 81 0 

3 5 9  8 4 3  

3 5 5  8 3 7  

3 5 5  8 3 7  

36 1 8 3 6  

3 6 0 7  8 4 4 1  

M M  M M 
intensity intensiry 

Epicenter area 

Clebeidnd. Tenn 

a t  epicenter a t  Oak Ridge 
~-~ - ~ ~~ ~- 

Il l  J 

I V  ? Chattdnooga, Tenn. 

Knoxville. Tenn. V - - V I  I V  -v 

Mcblinn County, [enn. V ? 

Coibin, Ky. V I  I V - v  

Knox County, Tenn. V I V  

Tell ico Plains, Tenn. I V  I1 - 1 1 1  

Knoxville, Tenn. V I V  

Southern I l l inois VI1 11-Ill 

Knoxville, 1-enn. V I l l  - IV  

Southern West Virginia V I  1 1 - 1 1 1  

Knoxville-Oak Ridge, Tenn. I I I . I V  I l i - I V  

hlaryville. Tenn. 

Maryville. Tenn. 

Knoxville. Tenn 

I V - - V  I l l - I V  

V -~ 'J I  I V - v  

? ? 

Rome Co., Tenn ? I l l  

Notes 

_ _ ~ ~  
No reports of  shock outside of the city. 

N o t  reported to have been felt in the Oak 
Ridge area. 

Large shock area including all of eastern 
Tennessee, no damage at Oak Ridge. 

No  reports of shock outside of the county. 

Two shocks, 14 min apart, felt over most of 
southern Appalachia. 

5 mi from Oak Ridge area. 

Widely felt over eastern Tennessee and 
western Nor th Carolina. 

20 m i  frorn Oak Ridge area. 

Felt over 400,000-sq mile area including 
23 states and areas of Canada 

30 m i  from Oak Ridge 3rea. 

Large felt area but small intensity. 

Shock fel t  w i th  fu l l  intensity in  Oak Ridge 
area: no personal injuries or property 
damage reported. 

25 m i  from Oak Ridge area. 

25 m i  from Oak Ridge area. 

N o t  reported t o  be felt in Oak Ridge, 60 mi 

10 m i  f rom Oak Ridge area. 
from Oak Ridge 

- ~ ~ - ~ __ ~- _ _ _ _ _ - - _ _ _  __ 
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"Part Ill (1901 -19251,"J. ienn. Acad. Sci. 3 2 ( 2 ) :  91-105 11957) 
"Part I V  (1926-195@),"J. Tenn. Acad. So.  33(31. 224 239 (19581. 

2. Project Management Corporation, Prelin?inary lnformdtio,, on Cl;rJch River S/re for LMFBR Demonstration Plant, Aug. 23. 1972, 

3. The fol lowing publications o f  the U S. Deparimcn? of Comrnerce, National Oceanic and Atmospheric Administration. Environmental 

a. Ur,iredSfafesEarrbquakes, 7928-7935 lcollected annual reports), No  COM-73-1 1456 (nepr in t ) .  
b. Un/redStates Earthquakes, 7936- 7940 (collected annual reports), No. COM-73.11457 (Reprint).  
c. UnifedSra~esEarthquakes, 7941 -7945 (collected annual reports), No. COM-73.11447 (Reprint).  
d. UniredSrates Earthquakes, 7946- 7972 ( individual annual reports). 
e.  Preliminary Determination o f  Epicenters, 1972 (month ly  listing). 
f .  EarthqiJake Hjstory of the UnitedSrates, Publication 41-1 ( R e v .  ed through 1970). Washington. D.C., 1973. pp. 21-58. 

pp 73-82. 

Data Service (forinerly, U.S. Coast and Geodetic Survey), 

4. The Appalachian Mountains of e a s t e r n  Tennessee and western North Carolina a r e  centers  t h a t  

e x h i b i t  moderate seismic a c t i v i t y  a t  t h e  frequency of one t o  two shocks per year .  Par t  of 

t h i s  seismic area l i e s  only 80 km (50 mi les )  e a s t  o f  t h e  HTEP s i t e  and account f o r  most of 

t h e  se i smic i ty  na t ive  t o  the e a s t e r n  Tennessee region.  

As discussed previously,  no c o r r e l a t i o n  has been observed between recorded earthquakes on the  

Oak Ridge reserva t ion  and s u p e r f i c i a l  t e c t o n i c  s t r u c t u r e s  o f  the  Valley and Ridge province. 

During h i s t o r i c  t imes,  t h e  zone of r e l a t i v e l y  high se i smic i ty  i n  the  ad jacent  Blue Ridge province 

has involved only movements of low i n t e n s i t y  t h a t  probably represent  minor adjustments o f  highly 

d is turbed  rock formations.5 
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F i g .  3.6.  Epicenter  l o c a t i o n s  f o r  a l l  events in  the seismic h i s t o r y  o f  t h e  Southeast 
I c .  McCl 
of t h e  i 

l?-idgi?, Tc;nn. I Jiint? 1 9 7 0 ,  F i g .  1 .  

Alyer i i i isser~~ prepared a se i smic- r i sk  inap o f  the United S t a t e s  ( F i g .  3 . 7 )  t o  a s s i s t  in  the  estab.. 

1ishinr:nt of desigri rc-.clIlirements f o r  bui ldings i n  various seyrrierits o f  the coulltry* 

r a t i n g s  were based e i t h e r  on a h i s t o r i c a l  earthquake o f  considerable  intpn:; i ty o r  on Fr'eq~ipncy 

o f  se7smic incidences regardles: ;  of  i n t e n s i t y .  

desigriated as  Se ismic  l o n e  2 ,  which i s  an d r w  o f  rnoderaiea( : t ivi ty .  

Seismici ty  

The Oak Ridge reserva t ion  l i e s  i n  what Algernlissen 

Algermisstm and Perkins6 provide p r n b a b i l  i s t ic  e s t i m a t e s  for t h i  freil'iency c~f o(:c[lrrence o f  

eartliqudk.es o f  a given horizontal  a c c e l e r d t i o n .  I t  m u s t  be einphdsized {;hat [:heir estilnates 

dpply  only t o  f ot indat ions  t h d t  are c o u p l e d  to bedrock. 

may experience up t o  tilret? t ime; a s  mur:h horizorltal accelc?rdtiorl. For i 'oi ir idatinns couuled  .to 

bedrock a t  any loca t ion  within t h e  southern Appalachian region { a s ,  f o r  example, ~lI?NI_), i;herrl 

i s  a 909 probabi l i ty  t h a t  the horizontal  acce le rd t ion  wi l l  riot. exceed 7:L o f  gravi ty  (equiva len t  

t o  a Modified Mercalli in-tc?nsity of  VII )  i r l  50.-year per iod .  Ihc! equa t io r l  

Foundat ior is on unconsolidated allldviurn 
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2 MODERATE 

3 MAJOR 

F i g .  3 .7 .  Se ismic  r i s k  map o f  t he  U n i t e d  S t a t e s .  Source: A f t e r  S. T. A lgermissen,  
"Se ismic  R isk  S tud ies  i n  t h e  U n i t e d  S ta tes , "  Proc. 4 t i i  i:lorZd 'Covlf. Eaartiiquake E ; q i w e r ,  
S u n t h q o  .k C % l e ,  Ja?21m73 13-18, i369, v o l .  1, 1969. 

1 1  l o g  Ci = - -  - 3 2  

i s  a u n i v e r s a l l y  recogn ized  e m p i r i c a l  r e l a t i o n s h i p  betweer, n o r i z o n t a l  a c c e l e r a t i o n  ( a )  and 
M o d i f i e d  M e r c a l l i  i n t e n s i t y  ( I ) . ~  
o f  g r a v i t y )  i s  e q u i v a l e n t  t o  a M o d i f i e d  M e r c a l l i  i n t e n s i t y  o f  V I I .  

A c c o r d i n g l y ,  a h o r i z o n t a l  a c c e l e r a t i o n  of  70 cm/sec2 ( 7 %  

A lgermissen and P e r k i n s '  p r o b a b i l i s t i c  e s t i m a t e  agrees reasonab ly  w e l l  w i t h  t h e  se i sm ic  h i s t o r y  
o f t h e  ORNL s i t e .  
M o d i f i e d  M e r c a l l i  i n t e n s i t y  o f  V t o  V I  w i t h i n  t h e  v i c i n i t y  o f  Oak Ridge. Dur ing  t h e  same t i m e  

i n t e r v a l  no ear thquakes  o f  M o d i f i e d  M e r c a l l i  i n t e n s i t y  V I 1  o r  h i g h e r  were r e p o r t e d .  I n t e n s i t y  
V I 1  ear thquakes  occu r  app rox ima te l y  one o r d e r  o f  magnitude l e s s  f r e q u e n t l y  than i n t e n s i t y  V t o  
V I  ear thquakes .  
V I1  ear thquakes ,  an e s t i m a t e  t h a t  i s  c o n s i s t e n t  w i t h  A lgermissen and P e r k i n s '  p r o b a b i l i s t i c  
e s t i m a t e .  

Tab le  3 . 2  l i s t s  f i v e  ear thquakes  i n  t h e  l a s t  165 yea rs  t h a t  produced a 

T h i s  suggests a recu r rence  i n t e r v a l  on t h e  o r d e r  o f  300 y e a r s  f o r  i n t e n s i t y  

Damage caused by i n t e n s i t y  V I1  ear thquakes  i s  n o t  severe .  Examples o f  damage t o  be expec ted  
a r e : 7  ( 1 )  weak chimneys broken o f f  a t  t h e  r o o f  l i n e ,  ( 2 )  damage t o  weak masonry o f  l ow  s tan -  
dards o f  workmanship, ( 3 )  some c racks  i n  masonry o f  o r d i n a r y  workmanship, ( 4 )  f a l l  o f  p l a s t e r ,  

l o o s e  b r i c k s  and stones, and ( 5 )  damage t o  c o n c r e t e  i r r i g a t i o n  d i t c h e s .  
d e s c r i b e d  above i s  expec ted  t o  r e c u r  once i n  approx ima te l y  300 y e a r s ,  o r  i t  has a 10% p r o b a b i l i t y  

o f  b e i n g  exceeded once w i t h i n  a 50-year  p e r i o d  a t  O R N L .  

Earthquake damage as 
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A l though  t h e  Oak Ridge area  exper iences  a moderate l e v e l  o f  se i sm ic  a c t i v i t y ,  no  i n c i d e n c e  o f  
s u r f a c e  d e f o r m a t i o n  has been documented. Earthquakes o f  t h e  t ypes  t h a t  occu r  w i t h i n  t h e  r e g i o n  
a r e  common th roughou t  t h e  w o r l d .  The shocks a r e  o f  normal f ocus  - 40 t o  50 km (25  t o  30 m i l e s )  
deep. However, hypocenters  o f  such shocks do p e n e t r a t e  th rough  bedrock  t o  c r y s t a l l i n e  basement, 
s i n c e  sed imentary  s t r a t a  ex tend  t o  a dep th  o f  o n l y  5 km ( 3  m i l e s ) . 8  I t  i s  h i g h l y  improbab le  t h a t  
a shock o f  m a j o r  f ocus  w i l l  occu r  i n  t h e  Oak Ridge area  f o r  seve ra l  thousand year5  t o  come.' 
Forces f r o m  more s e i s n i i c a l l y  a c t i v e  a reas  w i l l  p r o b a b l y  be d i s s i p a t e d  by  d i s t a n c e .  Consequent ly,  
ear thquake f o r c e s  have g e n e r a l l y  n o t  been cons ide red  i n  t h e  des ign  o f  f a c i l i t i e s  on t h e  Oak Ridge 
r e s e r v a t i o n  by e i t h e r  DOE Oak R idge Opera t i ons  o r  t h e  Tennessee V a l l e y  A u t h o r i t y .  

f o r c e s  have been cons ide red  i n  t h e  HETP, and t h e  b u i l d i n g s  t o  be used w i l l  meet se i sm ic -des ign  
c r i t e r i a  (Sec t .  2 . 3 . 3 ) .  

Ear thquake 

3.3.3 S o i l  descr ip t i -on-  

S ince  groundwater  f l o w  on t h e  Oak R idge r e s e r v a t i o n  i s  d e s c r i b e d  p r i m a r i l y  by  w a t e r - t a b l e  cond i -  
t i o n s  r a t h e r  t h a n  by  a r t e s i a n  c o n d i t i o n s ,  t h e  soils o f  t h e  a rea  p l a y  a m a j o r  r o l e  i n  r e g u l a t i n g  

wa te r  f l o w  t o  t h e  v a r i o u s  spheres o f  t h e  h y d r o l o g i c a l  env i ronment .  

D e s p i t e  these i m p o r t a n t  h y d r o l o g i c a l  c o n s i d e r a t i o n s ,  a tho rough  i n v e s t i g a t i o n  o f  t h e  s o i l s  o f  
t h e  Oak R idge r e s e r v a t i o n  has n o t  y e t  been completed. However, c e r t a i n  s e c t i o n s  of  t h e  area  

have been mapped. Swann and a s s o c i d t e s ?  comple ted  a s o i l  su rvey  o f  Roane County,  Tennessee, 

f o r  t h e  U.S.  Department o f  A g r i c u l t u r e  i n  1942, b u t  t h e  su rvey  has n o t  been r e v i s e d  t o  conform 
w i t h  r e c e n t  nomenc la tu re  changes. MoneymakerIu o f  t h e  U.S. S o i l  Conserva t i on  S e r v i c e  i s  c u r r e n t l y  
a t t e m p t i n g  t o  r e c o r d  t h e  s o i l s  o f  Anderson County,  Tennessee. C a r r o l l l l  made a v e r y  genera l  
a n a l y s i s  o f  t h e  s o i l s  of  t h e  Oak Ridge v i c i n i t y  f o r  t h e  U . S .  Geo log ica l  Survey. 
the  Walker Branch Watershed have been ana lyzed  e x t e n s i v e l y  i n  c o n j u n c t i o n  w i t h  a p r o j e c t  t o  

measure n u t r i e n t  c y c l i n g  w i t h i n  t h i s  exper imen ta l  ecosystem. l2.l3 

d e s c r i b e d  t h e  s o i l s  o f  t h e  Whiteoak Creek Bas in .  A l though  t h e  i n f o r m a t i o n  f r o m  these s t u d i e s  
i s  i n s u f f i c i e n t  t o  p e r m i t  t h e  c o n s t r u c t i o n  o f  a d e t a i l e d  s o i l  map, t h e  d a t a  o f  Swann and asso- 
c i a t e s ,  o f  Moneymaker, and o f  C a r r o l l  have been combined and c o r r e l a t e d  t o  produce t h e  genera l  

The s o i l s  o f  

McMasters and Wdllerl't have 

s o i  

The 
s o i  
r e s  
t h e  

- a s s o c i a t i o n  map g i v e n  i n  F i g .  3.8. 

b road s o i l  a s s o c i a t i o n s  suggested  i n  F i g .  3.8 can be s u b d i v i d e d  f u r t h e r  i n t o  t h r e e  ma jo r  
c lasses .  A l l  t h e  m a j o r  s o i l s  i n  a g i v e n  a s s o c i a t i o n  f a l l  w i t h i n  t h e  ca tegory  o f  up ldnd  

dua l  s o i l s .  Res idua l  s o i l s  a r e  d e f i n e d  as those .,oils formed by t h e  i n - s i t u  wea the r ing  o f  
r o c k s  and m i n e r a l s  o f  t h e  u n d e r l y i n g  geo logy .15  Thus, co r respond ing  w i t h  each o f  t h e  f o u r  

m a j o r  s t r a t i g r a p h i c  u n i t s  t h a t  occu r  e x t e n s i v e l y  i n  t h i s  p a r t  o f  t h e  V a l l e y  and R idge Prov ince  
i s  an a s s o c i a t i o n  o f  r e s i d u a l  s o i l s .  

M ino r  s o i l s  i n c l u d e  r e s i d u a l  s o i l s  t h a t  have a r i s e n  f r o m  mino r  g e o l o g i c a l  s t r a t a  and a l s o  two 
o t h e r  s o i l  c l a s s e s  - c o l l u v i a l  and l o c a l  a l l u v i a l .  C o l l u v i u m  i s  a heterogeneous d e p o s i t  o f  r o c k  
f ragments  and so i l  m a t e r i a l  accumulated p r i m a r i l y  th rough g r a v i t a t i o n a l  f o r c e s  a t  t he  bases of 

c o m p a r a t i v e l y  s teep  s l o p e s .  
r i a l s ,  t r a n s p o r t e d  m a i n l y  by wa te r ,  and c h a r a c t e r i z e d  by  a weak m o d i f i c a t i o n  o f  t h e  o r i g i n a l  
m a t e r i a l  b y  s o i l - f o r m i n g  processes - i s  known as a l l u v i u m . 1 5  
nar row drainageways and s t ream depress ions .  
g e o l o g i c a l  u n i t  and by  s o i l  c l a s s ,  o f  each s o i l  s e r i e s  o f  t h e  Whiteoak Creek Bas in .  S i m i l a r  p r o -  

p o r t i o n s  may be assumed For  t h e  remainder  o f  t h e  Oak Ridge r e s e r v a t i o n .  S o i l s  analagous t o  those  

An azona l  g roup o f  s o i l s  - deve loped f rom r e c e n t l y  depos i ted  mate- 

T h i s  g roup s e t t l e s  p r i m a r i l y  a long  
Tab le  3.3 i n d i c a t e s  t h e  pe rcen tage  d i s t r i b u t i o n ,  by 
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3.4 HYDROLOGY 

3.4.1 Tennessee- Rj v e r  Val  1 ey 

A l l  wa te rs  t h a t  d r a i n  f rom t h e  Oak Ridge r e s e r v a t i o n  e v e n t u a l l y  reach  t h e  Tennessee-Ohio- 

M i s s i s s i p p i  wa te r  system ( F i g .  3 . 9 ) . I 6 ' l 7  

a r i s e  f r o m  p o i n t s  i n  V i r g i n i a ,  N o r t h  C a r o l i n a ,  and Georg ia .  I n i t i a l l y ,  t h e  r i v e r  f l o w s  g e n e r a l l y  
southwestward and r e c e i v e s  i n p u t s  f rom e a s t e r n  Tennessee and n o r t h e r n  Alabama b e f o r e  bend ing  

s h a r p l y  no r thwes t  t o  c o n t i n u e  a w i n d i n g  p a t h  ac ross  wes te rn  Tennessee t o  t h e  r i v e r  mouth a t  

Paducah, Kentucky.  The t o t a l  d ra inage  area  o f  40,910 s q  m i l e s  (106,000 km2) i n c l u d e s  abou t  
80:" o f  t h e  s t a t e  o f  Tennessee, a ma jo r  segment o f  n o r t h e r n  Alabarfld, and r e g i o n s  o f  Kentucky,  
M i s s i s s i p p i ,  Georgia,  V i r g i n i a ,  and N o r t h  C a r o l i n a .  Many m u l t i p u r p o s e  dains r e g u l a t e  f l o w  on 

t h i s  r i v e r  system - t h e  Tennessee R i v e r  a lone  i s  d o t t e d  w i t h  n i n e  mains t ream r e s e r v o i r s  f ro i i i  
K n o x v i l l e  t o  Paducah, Kentucky .  

The headwater t r i b u t a r i e s  f o r  t h e  Tennessee R i v e r  

3.4.2 C l i n c h  R i v e r  

The C l i n c h  R i v e r  p r o v i d e s  t h e  immediate r e c e p t a c l e  f o r  wa te rs  d i scha rged  f rom t h e  Oak Ridge 
r e s e r v a t i o n .  The C l i n c h  o r i g i n a t e s  i n  Tazewel l  County, wh ich  i s  i n  t h e  southwest  c o r n e r  o f  
V i r g i n i a  nea r  t h e  Kentucky bo rde r ,  280 a i r  km (175 a i r  m i l e s )  n o r t h e a s t  o f  Oak Ridge. 
r i v e r  proceeds i n  an approx ima te l y  southwestward d i r e c t i o n  f o r  more than  560 km (350 miles) 

b e f o r e  merg ing  w i t h  t h e  Tennessee R i v e r  near  K ings ton  a t  Tennessee R i v e r  M i l e  (TRM) 567.7.18 

The C l i n c h  d ra inage  b a s i n  encoiiipdsses an area  of  4413 s q  m i l e s  (11,400 km2) w i t h  an average 
w i d t h  o f  30 km (18  i i i i l e s ) .  

on t h e  sou theas t  by t h e  C l i n c h  Mountains and B lackoak  Ridge. 

The 

I t  i s  bounded on t h e  n o r t h w e s t  by t h e  Cumberland Mountains and 

A dam a t  CRM 23.1 has c r e a t e d  t h e  M e l t o n  Hil l  Reservo i r ,  wh ich  f u r n i s h e s  t h e  e a s t e r n  and south-  
e a s t e r n  boundary o f  t h e  Oak R idge r e s e r v a t i o n .  T h i s  r e s e r v o i r  ex tends  71 r i v e r  km ( 4 4  r i v e r  
m i l e s )  t o  Eag le  Bend, wh ich  l i e s  about  13 kni ( 8  m i l e s )  above C l i n t o n .  

f t  of wa te r  i s  impounded a t  t h e  normal maximum e l e v a t i o n  o f  242 m (795 f t ) .  The M e l t o n  H i l l  
Dam, comple ted  i n  May 1963, was c o n s t r u c t e d  f o r  power p r o d u c t i o n ,  n a v i g a t i o n ,  r e c r e a t i o n ,  and 
some l ow- - f l ow  r e g u l a t i o n ,  b u t  i t  f u n c t i o n s  l i t t l e  i n  f l o o d  c o n t r o l .  

A volunie o f  118,600 ac re -  

Backwaters f r o m  t h e  V a t t s  Bar Dam (impounded i n  1942) on t h e  Tennessee R i v e r  d e f i n e  p a r t  o f  t h e  
southwestern  and wes te rn  boundar ies  of  t h e  DOE p r o p e r t y .  The Watts Bar  Dam i s  l o c a t e d  a t  TRM 
529.8, abou t  61 km ( 3 8  m i l e s )  downstream from t h e  mouth of t h e  C l i n c h .  Be fo re  t h e  M e l t o n  H i l l  
Rese rvo i r ,  Watts Ba r  Dam r e g u l a t e d  f l o w s  a t  t h e  Oak Ridge r e s e r v a t i o n  t o  CRM 28. 
p r i i i i a r y  purposes i n c l u d e  f l o o d  c o n t r o l ,  n a v i g a t i o n ,  e l e c t r i c - p o w e r  genera t i on ,  and r e c r e a t i o n .  
Minimum and inaxiiiiuiii r e s e r v o i r  e l e v a t i o n s  have been e s t a b l i s h e d ,  wh ich  a r e  based on n a v i g a t i o n  
and f l o o d - c o n t r o l  requ i remen ts .  The minimum e l e v a t i o n  reco rded  t o  da te  i s  223.3 m ( r e c o r d e d  on 
March 20, 1945),  whereas t h e  maximum e l e v a t i o n  was measured a t  227.0 m (745.40 f t )  on March 17, 

1973.19 I n  t h e  v i c i n i t y  o f  t he  Oak Ridge r e s e r v a t i o n ,  t h e  r e s e r v o i r  ranges i n  w i d t h  f r o m  90 t o  
180 m (300 t o  600 f t )  and i n  dep th  froii i  6.7 t o  7 .3  m ( 2 2  t o  24 f t )  a t  t h e  f u l l - p o o l  e l e v a t i o n  o f  
227 m ( 745 f t ) .  

The dam's 

3.4.3 C1 i n c h  R i  ver - t - r rb -u ta r i  es 

The l a r g e s t  t r i b u t a r i e s  o f  t h e  C l i n c h  a r e  t h e  Powel l  and Emory r i v e r s .  
e a s t  of  t h e  headwaters o f  t h e  C l i n c h ,  f l o w s  p a r a l l e l  t o  t h e  C l i n c h ,  r e c e i v i n g  w a t e r  f rom a 

The Powel l  a r i s e s  sou th -  
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93d-sq- i : i i le a rea  (2420-kii i /-), and i n t e r s e c t s  t h e  C l i n c n  above N o r r i s  Dain a t  CKM 88.8. Northyjest  
o f  cne r e s e r v a t i o n ,  t r ie Eiriory R i v e r  d r a i n s  a b a s i n  o f  865 s q  m i l e s  (2240 km') b e f o r e  j o i n i n g  t h e  
C l i n c n  a t  CKM 4 . 4  nea r  K ings ton .  

The Udl( K i o y e  r e 5 e r v a t i o n  i s  cornposed o f  a s e r i e s  o f  I i i i i i t e U  ara i r iage  O a s i n s  t h rough  wh ich  sma l l  
stredil ls t r 'dvi ' rse anu u I t i i r idce ly  rnacn  t n e  C 1  i n c h  R i v e r .  
( 6 0 0  t t )  t r w  t n e  r i a g e  c r e s t s  t o  t n e - i r  i i iout i ls .  
t r ie r e i e r . v a c i o n  a r e  g i v e n  oelow.20 

These watersneds genera I l y  f a 1  1 183 in 

B r i e f  a e s c r i p c i o n s  o t  t h e  n ia jo r  watersheds on 

the WfliteOdK Lreeic b a s i n  o t  6 . 3 1  sq i n i l e s  i t i c I u a e i  de rne l  V d l l e y  ( s i t e  o t  B u i l d i n g s  3019 dnd 

3UL6D) a n d  HeIton V a l l e y  ( s i t e  o f  B u i l d i n y s  75O1 drid / 930) .  Mel ton  V a l l e y  i s  a l s o  the l o c a t i o n  
o f  O K N L ' s  uispoial d r e a s  t o r  s o l i d  arid I i q u i u  r d a i o a c t i v e  wasLes. k n i t e o a k  Creek f l o w s  bou th  
i n t o  P l e i t o n  V a l l e y  f ro in  Be the l  V a l l e y  th rougn  a gap i n  H ~ w  K idge.  k l e v d t i o r i s  i n  t ne  wacershed 
rangc  t r u i n  3 / L  I ( I L L 0  f t )  a t  t n e  c rebL o f  L f i e3 rnu t  Kidge t o  226 III ( / 4 1  t t)  a t  the c reek  mouth 

ar. CKM 2 0 . 8 .  l h e  prirridry t r i b u t d r y  o f  WhitCodt Lrer!c i s  IY f l t on  tirdricn, wn ich  p e r m i t s  f l o w s  
troin H d w a r i a  Lopp ' r  r l o y e i  t o  u n i t e  w i t h  t n e  main  strediri a r  Nni teoaK Lreek  M i l e  (WOLM) 1.55. 

1ne w d w r s  o t  hni teodlc L reek  a r e  iiripouriueu by Nn i teoak  Darn l o c d t e d  1.0 krn (0 .6  i i i i l e )  dbove t h e  
stredi l l  mouth. I ne adiii i s  dll edr Ltien s L r  ucLure w i t h  a s w e l  corterudr i i  arid ga te  b u l l  t as d 

higriwdy t i  I I wriere w n i r e  Ming  Kodd ( lenr iessee h t a t e  Hignwdy 95) r r o s s e s  t h e  c reek .  
LdKe wds corisLruccea i n  dc rober  1°43 t o  r e g u l a t e  t n e  d i i p e r s i o r i  o f  r a d i o n u c l  l u e s  driu ct iemical  

1101 I ~ x a i l t s  a i sc i i d ryed  froln OKNL.  WhiteoaK L a w  i s  now a s rar ta ing  pool r h a t  czln t u r t c t i o n  as 
a n  f i ~ i e r y e i i ~ y  s t o r d y e  ['orid in t n e  svenc o t  a n id jo r  a c c i a e r i i d l  r e l e d h e  o t  cor i tan i inants .  

h h i t e o d k  

Poplar L r w K  r e c e i v e s  u r d i n d y e  T r o i n  a 136-sq-ihii l e  a rea  (350-km1), i n c l u d i r t g  t h e  no r thwes te rn  
secLor  o t  t r ie Oak K iuye  rese rvdL io r i .  Ihe  topograpn ic  r e l i e t  o f  t h i s  bds i r i  exc2eds t n a t  o f  a l l  
o t n e r  WdCer sysceilis i n  t n e  Ualc t i iuye  dred .  WdLers f l w  i r u m  t t i e  western  h a l f  o f  t h e  wdtershed 
( i n  t r ie Lurnuer idr id Iviouritain secL ion  o f  t n e  Appa lacn ian  P l a t e d u  t ' rovir ice) a t  e l e v d t i o r i i  exceed ing  

9 / 5  ITI ( 3 L W  t t )  t o  v d l ' e y i  i n  t r ie v d l ~ e y  arid KTage Phy3iO(jrdpniC U n i t  a t  e l e v a t i o r i s  o t  226 m 

( / 4 1  f t )  ned r  tne mouth. Ine  c reek  t l o w s  tn rougn  a b d i i n  t n a t  i s  doout  657 wuoued, t h e  rerriainder 
i s  td r r i i l dnu .  boriie coii1,diriiriatiori oLLurs t ro in t n e  e x t e n s i v e  s u r t a c e  coa l  min i r ig  t h a t  has bpen 
u n u e r t a w n  i n  m e  Lurriuerland I'loun-cain d i s t r i c t .  I n e  c reek  a l s o  r e c e i v e s  e f f l u e n t s  t ro i r i  seve ra l  
S m d l  I coi i i t i iuf i i t ics,  i r i r l u d l n g  O l i v e r  L p r i n g s .  

.Ihe t a s t  IO~K o i  Pop la r  Creek d ra i r i s  a 2Y.8-sq-mi1e ( 7 7  kinL) r o u g h l y  r e c r d n g u l a r  wdre rsn fd ,  
wriicri i s  15 kin ( Y  m i l e s )  long  and 5 . 5  km (3 .5  miles) wiae ariu i r i re r ,sec ts  P o p l a r  C r w K  a t  Pop la r  

CreeK M i l e  ( P C M )  5 . 5 .  1-ne Easr: ForK o r i g i n a t e s  on Chestnu t  Kidge, wn ich  separa tes  t h i s  u ra i r iage  
a r e d  I r w  t r ie h h i t e o a k  LreeK catcninent.  The headwaters ar'e c o l l e c t e d  i n  t h e  Y-12 P l d t i t  a rea ,  
w1ier.c rney  receive wdstes  ( p r i i r l a r i l y )  i n  t h e  f a r m  o f  coo l i ng -Lower  blowao$wn, wdste--str'eam con- 

Uerrsdte, ana process coo'l i n g  wd te r .  The c reek  then  f l o w s  nor rhwestwdru  r o u g h l y  pdra  I 1  e l  i n g  
ler i r iessee 5 t a t e  Higriway 62  i n t o  t h e  r e s i d e n t i a l  a reas  o f  Oak K idge.  

{tie /.4-itii l e - l o n g  (12-kin) urd i r idye t )ds in  o f  Bedr L reek  oeg ins  d t  t n e  souenwest bouriuary o t  "-12. 
I h i s  cr eeK rwdriders w e s ~ w d r d  th rough  l+ar Lreek  Val l e y  u n t i  1 i t reacnes M L N ~ w  H O  I I ow, wrierc i t 
s l i c ? s  a b r u p t l y  r lo r thwest  t o  L ross  P ine  K idge dnU t h e  v a l l e y  t h a t  l i e s  Detween PlcKirlriey Kidge 
and East  Fork Ridge. 
t h rough  t h e  r i d g f  h o l l o w .  
Oak Ridge l u r n p i k e  t o  j o i n  t h e  t a s t  Fork o f  Pop la r  Creek. 

I n  i t s  Lou rs f ,  i t  p a r a l l e l s  B?dr L reek  V a l l e y  Road d n d  M h i t e  Wing Kodd 

Bear L re fk  then  f l o w s  beyond t h e  i n t e r s e c t i o n  of  White Wing Kodd dnd 
Ihe  catchment i s  abou t  65, wooded; 



t h e  re i i ia inder  c o n s i s t s  of  o l d  f i e l d s .  A1thoucjh t h e  c reek  does n o t  s e r v e  as a watershed f o r  t h e  
main s i t e  of  the Y-1% P lan t ,  drainage f r o m  t h e  p l a n t ' s  waste-disposal and refuse areas  a re  col-  

lectpd i n  t i l - i s  ba!; in .  

Oak Ridge Nat i t :nal  i-aboraixry i s  located i n  a broaa va l ley  beeween t h e  Cuniot?Fland Mounta ins  

northiwest of t/i? area  arid tne  Great SriioKy 1~10~ntciit i :; t o  tiit? soutritia!; t .  

a r e  o r i o i t e d  norttieast-soutrrwest, d n d  t n e  v a l l e y  bf-cween i s  cui-ruyaeed by DroKefi r i d g e s  3110 to 

500 f t  h i y h  (90 t o  1-50 i n )  paral1e.l to %ne mairt va l ley .  Storm t r a c k s  appedu.  L O  t rave l  froin f i w t h -  

w e s t  t o  soutr iedst ;  assoc ia ted  wind velocities art' So:riewtiat ur:cr't?a:;eti by t h e  ~ i O U f i L a ~ ~ f ' I ! i  and f i d g e s .  

Torriddues r a r e l y  occur  i n  t he  ,valley ber ivren the Curnuerlaiids and the  5 i i iok ies .25  I n  w i n w r  t h e  

Curnberland Iviountains have a inucxrdt ing inf  lut?iic:i? on t k  local  cliiiiate by remrdir ig  %%e f l w  o f  
cold a i r  froin t n e  n o r t h  arid w e s t ,  

I k s e  mowi7;a.irr rdnges 

Rela t ive ly  wariii surmiiiers and cool wintef.s chdraccer i re  corrtirii?nta'l c'I i r i i d t i c  req i ons  in  t h e  south-  

e a s t e r n  U n i t e d  S t a t e s .  C o l d ,  dry a i r  i i iasses troiii Cariaua precioiii.tnaee i n   fie winter ' ,  iiley ! . isud!ly 

underyo i n o d i t i c a t i o t i  and warming as  t he  a i r  crosses the ridges o t  tnltt Luiowr la i i r ls  anu moves dowi 

t h e  e a s t e r n  s.lope!;. Anticyclonic  c i rcu ' ia t ion o f  !;tie atrnospncrc a ~ o u  t t h e  I ~ev , i r i uc id - - / i z~~~ ,~~s  high- .  

pressur':! systei i i  r e s u l t s  i r i  a predorii inance o f  warm, moist a i r  frm t h e  i;ti'if dur ' i r lq  t h e  r e s t  o f  

t h e  
a t t i w s  of  0°F (-17.8"C) or lower art? c?xpi:c:t?::l one Uay eacn y u a r .  'Iertiperatures o f  32°F (0°C) or  

loher normally O C W T  I "  82 days anrrually,  F ' re : : i p i t a r i on  arr iuun~i a r e  [irearest  during win- ie r  and 

e a r l y  spr ing  a n d  d r ' e  li~wes!, ir! ? d i  dutuinn. A >p(:!)fiijdry prec ip l  tat ' iori  i i i dx i l i iwn ,  a s j o c i  a t e d  w i  t.h 

thundersmwer a c t i v i t y ,  occurs  i n  J u l y .  'I h e  annual r e l a t i v e  humid i ty  averages i' 

For a b o u t  33 days  eaci i  y e a r ,  terrrpr 'atut-es r w c h  90°F (3?.2"C) o r  higner ,  ana  temper- 
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D i f f e r e n c e s  i n  e l e v a t i o n  have a irieasurable i n f l u e n c e  on t h e  changes i n  c l i i i i a t e  a long  a n o r t h e a s t -  
sou thwest  a x i s ;  s t a t i o n s  a t  s i m i l a r  e l e v a t i o n s  have s i m i l a r  annual mean te i i ipera ture  and p r e c i p i -  
t a t i o n  normals .  The mean area  annual  r a i n f a l l  i s  app rox i i i i a te l y  53.5 i n .  (136 ciii), and t h e  mean 
tempera ture  i s  57.9"F (14 .4"C) .  
s n o w f a l l  i s  o c c a s i o n a l l y  a s i g n i f i c a n t  c o n t r i b u t o r .  The annual p r e c i p i t a t i o n  p a t t e r n  i s  charac-  
t e r i z e d  by  wet w i n t e r s  and compara t i ve l y  d r y  s p r i n g s  f o l l o w e d  by r e l a t i v e l y  wet summers and d r y  
autuinns. J u l y  r a i n f a l l  [5.9 i n .  (15  cm)] n o r m a l l y  approaches t h a t  o f  t h e  wet w i n t e r  months, 

b u t  June [3.2 i n .  (8 .1  cm)] i s  as d r y  as t h e  autumn months. 

P r e c i p i t a t i o n  i s  p redo l i i i na te l y  i n  t h e  fo r i i i  o f  r a i n f a l l ,  a l t h o u g h  

I n t e n s e  l o c a l i z e d  weather  c o n s i s t s  m a i n l y  o f  severe  thunders to rms i n  warm seasons and l a r g e -  
s c a l e  s to rms i n  t h e  w i n t e r .  Remnants o f  h u r r i c a n e s ,  weakened by l o s s  o f  mo is tu re ,  o c c a s i o n a l l y  
a f f e c t  t h e  a rea .  Between 1953 and 1974, 54 to rnadoes o c c u r r e d  w i t h i n  t h e  10,000-sq-mi le s i t e  
a rea .25  
windstorms w i t h  speeds o f  50 kno ts  (58 mph) o r  g r e a t e r  w i t h i n  t h e  1-degree l a t i t u d e - l o n g i t u d e  
square (app rox ima te l y  62 x 75 m i l e s )  o f  t h e  s i t e  d u r i n g  t h e  p e r i o d  1955 th rough  1967. Dur ing  
t h e  p e r i o d  1871 th rough  1973, f o u r  t r o p i c a l  s to rms o r  h u r r i c a n e s  passed w i t h i n  50 i i i i l es  (80  km) 
o f  t h e  a rea .  F reez ing  p r e c i p i t a t i o n  can be expec ted  about  f i v e  t imes  each y e a r ,  and a severe  
i c e  s to rm [accumu la t i on  o f  1 i n .  (2 .5  cm) o r  more], once eve ry  5 y e a r s .  

p o t e n t i a l  can be expec ted  on 7 days a n n u a l l y .  

There were 15  r e p o r t s  o f  h a i l ,  0.75 i n .  (1 .9  a i l )  d iam or g r e a t e r ,  and 46 r e p o r t s  o f  

H igh  a i r  p o l l L r t i o n  

3 .5 .3  Weorolpgy s t a t i o n s  

There a r e  f i v e  meteoro logy  s t a t i o n s  i n  t h e  HETP and su r round ing  a rea .  These a r e :  ( 1 )  X-10 

weather  s t a t i o n  l o c a t e d  approx i i na te l y  1 m i l e  (1 .6  klii) sou theas t  o f  ORNL, ( 2 )  Oak Ridge City 

weather s t a t i o n ,  about  8 m i l e s  (12 .8  km)  n o r t h - n o r t h e a s t  o f  t h e  s i t e ,  ( 3 )  C l i n c h  R i v e r  Breeder 

Reactor  P l a n t  (CRBRP) s i t e  weather s t a t i o n ,  abou t  5 . 5  m i l e s  (8 .8 kin) southwest  o f  t h e  s i t e ,  
( 4 )  Oak Ridge Gaseous D i f f u s i o n  P l a n t  weather  s t a t i o n ,  about  6 m i l e s  ( 9 . 6  km) west -nor thwest  

o f  t h e  s i t e ,  and ( 5 )  t h e  K n o x v i l l e  A i r p o r t  weather  s t a t i o n  abou t  20 m i l e s  (32  km) eas t - sou theas t  
o f  t h e  s i t e .  The K n o x v i l l e  A i r p o r t  weather s t a t i o n  i s  a f i r s t - o r d e r  weather s t a t i o n .  

o r d e r  weather s t a t i o n s  a r e  u s u a l l y  l o c a t e d  a t  l i i a jo r  a i r p o r t s  and a r e  manned 24 h r  a day. 
s t a t i o n s  r e c o r d  h o u r l y  v i s u a l  o b s e r v a t i o n s  as w e l l  as w ind ,  tempera ture ,  dewpo in t ,  e t c .  Second- 
o r d e r  s t a t i o n s  r e c o r d  and/or  t r a n s m i t  da ta  on p h y s i c a l  phenomena o n l y . )  The X-10 weather s t a t i o n  
was a f i r s t - o r d e r  s t a t i o n  f ro i i i  1944 t o  1964. From 1964 t o  1972 o n l y  wind, tempera ture ,  dewpo i i i t ,  
and d i f f e r e n t i a l  t empera tu re  were reco rded .  The s t a t i o n  was d i s c o n t i n u e d  i n  December 1972. Data 
f rom the  X-10 weather s t a t i o n ,  as assembled by H i l s m e i e r  (1963) ,2e  supplemented by CRBRP and 
K n o x v i l l e  A i r p o r t  da ta ,  were used t o  c h a r a c t e r i z e  a i r b o r n e  r a d i o n u c l i d e  d i s t r i b u t i o n s  i n  t h i s  

r e p o r t .  Loca t ions  o f  a rea  weather s t a t i o n s  a r e  shown i n  F i g .  3 .10 .  

( F i r s t -  
These 

3 .5 .4  Tempera tu-e 

The c o l d e s t  month i n  t h e  ORNL area  i s  n o r m a l l y  January ,  b u t  d i f f e r e n c e s  between t h e  inean temper- 

a t u r e s  o f  t h e  t h r e e  w i n t e r  nionths of December, January ,  and February  a r e  compara t i ve l y  s i i i a l l .  
The l o w e s t  mean mon th l y  tempera ture  o f  t h e  w i n t e r  has o c c u r r e d  i n  d i f f e r e n t  y e a r s  i n  each o f  t h e  
months of December, January,  and February .  J u l y  i s  u s u a l l y  t h e  h o t t e s t  month, b u t  d i f f e r e n c e s  
between t h e  mean tempera tures  o f  t h e  summer months of  June, J u l y ,  and August a r e  a l s o  r e l a t i v e l y  
s ina l l .  
tempera ture  o f  t h e  y e a r  has o c c u r r e d  i n  t h e  months o f  June, J u l y ,  August,  and September i n  
d i f f 2 r e n t  yea rs .  

'Ihe h i g h e s t  mean mon th l y  tempera ture  can occ i i r  i n  June, J u l y ,  o r  August;  t h e  h i g h e s t  

Mean tempera tures  of  t h e  s p r i n g  and f a l l  months p rog ress  i n  an o r d e r l y  f a s h i o n  
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Fig. 3.10. Locations of weather s t a t i o n s  near s i te .  So!%: Projec t  Management 
Corporation, CZinoh 3ii)er Breedm ~ u a o t o r  Plant  Enviromne~,tul R z p w t ,  vol . 1 ,  179 Washington 
S t . ,  Chicago, I l l . ,  April 1975, p .  2.6-82 .  

without a secondary tnaxirnurn o r  minimum. 

a s  a r e  temperatures o f  zero o r  below. 

spr ing  and t h e  f i r s t  f r e e z e  of f a l l  i s  approximately 200. Low-elevatian temperature inversions 

occur during approximately 56% of t h e  hourly  observation^.^^ Fal l  i s  usua l ly  the  season with 

the g r e a t e s t  number o f  hours o f  low-level invers ion ,  with the number decreasing progressively 

through spr ing  and win ter  t o  a summertime minimum. 

da ta .  

Temperatures o f  100°F ( 3 7 . 8 " C )  o r  higher  a r e  unusual, 

The average number o f  days between t h e  l a s t  f reeze  of 

Table 3 . 4  presents  area temperature summary 

3.5.5 Preci pi t3a.Lqn- 

March i s  normally t h e  w e t t e s t  month and October the  d r i e s t .  P r e c i p i t a t i o n  i s  heavies t  from 

December through March when cyclonic  a c t i v i t y  i s  high and i n  Ju ly  and August when convective 

showers occur. 

These storm systems a r e  most f requent  during December and January and cause a maxiniuin monthly 

number of cloudy days and ex tens ive  p r e c i p i t a t i o n .  

Regional-scale weather systems move through e a s t e r n  Tennessee with i r r e g u l a r i t y .  

Summer storm systems a r e  usual ly  weaker 
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Glaze ( - f reez ing  ra in)  occiirred froin t h r e e  t o  s.ix tiniss per year  duriiig a 28-ycar-survey p e r i o d  

e f id ing  i n  1953. 

very siiallow l a y e r  o f  c o l d  , i i r  f‘roni an overlying warm l a y e r .  Rain then f reezes  on c o n t d c t  w i t h  
the grni ind or other ob. jects  t o  Forin a ylaze .  riecernber t h r o i i g h  e a r l y  C!arch i s  t h e  period w i t %  tiw 

highest  freqiiericies of q l aze  s torms.  

cjldzt: storms prodi ic inq glaze  thicknesses  o f  0.25  i n .  ( 0 . 6  ( ; i n )  or mcjre o n  wires occiir in  eas te rn  

Tennes.sc-e an an average o f  once every two yt?ars. 

ini l l idinn the  s i t e  a r e  a s  fo1lows:l’ 

( i n . )  

Glaze can occur during t h e  nornially colder  Imonthr whenever ra in  Fa l l s  thriiugl! ,2 

h s e d  on l i n i i t e d  periods o f  d a t a  c o l l e c t i o n ,  s i g n i f i c a n t  

Occurrences f o r  glaze storrns i n  the  a r e d  

Thickness Occurrence period 
( yed r s ) 

. .. . . . . . ... . . . .. .- .- - -. ~ ...... ~- 
0.25 
0.50 
n.75 

2 
5 

10 

T h e  s i k  i s  loca ted  i n  an area .;nfreouently subjec ted  t o  tornadoes.lg 
parison,  Tennessi?e ranked 25th among a l l  s t a t e s  i n  t h e  number o f  tornadoes fr-om 1955 t o  1967. 

Uividirig along the  86th meridian,  the western half  has reported ttirc?c? t i m e s  a s  iiiany tornadoes 

as the eas te rn  h , 3 l i  of t h e  s t a t e .  

tornado occurrence -in the  e n t i r e  s t a t e .  

one-degree square of la t i t i rdc  and longi tude f o r  the per iod 1953 t o  1952 show the s i t e  t o  be 

s i t u a t e d  in  a oiic?-deqree square with an annual frequency of 0 . 5 ,  

wi l l  s t r i k e  any point, i n  a p a r t i c u l d r  one-degree square,  such as -the s i t e ,  i s  ca lcu la ted  a s  

3.65 x 10-!) per y e a r ;  recirrrence i n t e r v a l  i s  orice i n  27,400 years.  Roane Couilty i t s e l f  tias 
n u t  recorded $3 t o rnado  i n  t h e  57-year period o f  19iG t o  1972. 

For t h t i  p u r p o s t ~  o f  cam- 

‘The O a k  Kidbjt: area has one o f  the  lowest p r o b a b i l i t i e s  o f  
Tornado frequencies  ca lcu la ted  by Thoin f o r  each 

P r o b a b i l i t y  t h a t  ‘1 tornado 

As I i revioi~sly discussed the  local  a r e a  and the region experience a l a r g e l y  bimodal wind d i r e c t i o n  

pa t te rn  t h a t  cori5ist.s o f  up-valley a n d  down-valley Flows. The s t a b i l i t y  characteri.;t:-ics o f  ttlesc? 

two d i r e c t i o n a l  channels a r e  a l s o  near ly  ident icd l  dnd  represent  t h e  c r i t i c a l  dii ;ptirsion condi- 

t i o n s .  

phenniiitlna.2’3 The down-valley d r a f t ,  i d e n t i f i e d  with drdinage o f  g r a v i t a t i o n a l  flow d o w n  local  

I t  .is l i k e l y ,  however, t h a t  the s i m i l a r  flows a r e  caused b y  d i f f e r i n g  meteorological 
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F i g .  3.11. C l imograph o f  t h e  Oak R idge area .  Source: J .  W. C u r l i n  and 
D. J .  Ne1 son, i;iriker Braizch Wztershed P r a j e c t :  Objectives, FacZZitZes, a d  
B c o h j i c a l  Chsracr%ristics, ORNL/TM-2271, Oak Ridge N a t i o n a l  Labora to ry ,  
Oak Ridge, Tenn., September 1968, p. 17. 

s lopes  and t h e  broader  Tennessee v a l l e y ,  p r e v a i l s  d u r i n g  t h e  i n v e r s i o n  c o n d i t i o n s  o f  l a t e  even ing  
th rough  ri i idinorning, a t  wh ich  t i m e  r e g i o n a l  p ressu re  p a t t e r n s  dependent on s o l a r  i n p u t s  a r e  v e r y  
weak. However, i n  t h e  day t ime u p - v a l l e y  f l o w  r e s u l t s  when t h e  r e g i o n a l  f l o w s  a l o f t  become s u f f i -  
c i e n t l y  s t r o n g  t o  dominate ove r  t h e  oppos ing  f l o w s .  S ince  these  h i g h e r  a l t i t u d e  r e g i o n a l  w inds  
do n o t  e x e r t  as pronounced an i n f l u e n c e  on v a l l e y s ,  t h e  l o c a l  v a l l e y  w i n d  reg ime can even main- 
t a i n  i t s  s t r u c t u r e  and f l o w  i n  a d i r e c t i o n  o p p o s i t e  t o  t h a t  of t h e  r e g i o n a l  w ind .  
quoted  average w ind  speed f o r  Oak Ridge o f  4.4 rnph ( 7  km/hr)  i s  t h e  mean va lue  o f  annua l  measure- 

ments t a k e n  ove r  a 16-year  p e r i o d  a t  t h e  Oak Ridge c i t y  o f f i c e .  I n v e r s i o n  c o n d i t i o n s  occu r  about  
o n e - t h i r d  o f  t h e  t i m e  th roughou t  t h e  y e a r .  T h i s  t y p e  o f  v e r t i c a l  tempera ture  d i s t r i b u t i o n  occu rs  
p r i m a r i l y  as a d i u r n a l  response t o  r a d i a t i v e  and c o n v e c t i v e  h e a t  t r a n s f e r s  a t  t h e  e a r t h ' s  su r face ,  
b u t  rnay be s e c o n d a r i l y  m o d i f i e d  by  b o t h  seasonal s o l a r  energy  i n p u t  and c loud iness .  A r e l a t i v e l y  
h i g h  p o t e n t i a l  f o r  s i g n i f i c a n t  a i r  p o l l u t i o n  r e s u l t s ,  as i l l u s t r a t e d  i n  F i g .  3.12. 

A n o r m a l l y  

3.5.9 Wind and s t a b i l i t y  c l ? ~  

A l l - s e a s o n  a rea  w ind- rose  d a t a  a r e  p resen ted  i n  F i g .  3.13. The d a t a  were assembled f rom 

107,000 o b s e r v a t i o n s  taken  over  a p e r i o d  o f  12-1/4 years .28  

d a t a  a r e  i n s i g n i f i c a n t ;  a rea  w ind  d a t a  a r e  t a b u l a t e d  i n  Tab le  3 . 5 . 2 5  

Seasonal d i f f e r e n c e s  i n  t h e  w ind  
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Fig. 3.12. Total number of f o r e c a s t  days of high irieteorological po ten t ia l  f o r  high a i r  
Pro jec t  Management Corporation, i , ' l7blCh Bluer  B P W ~ C T  pol lu t ion  in  a 5-year per iod .  

:iemtcr PlavLt Envii.o~~!an-t.z7, ,%pu&, vol .  1 ,  179 W .  Washington S t . ,  Chicago, I l l . ,  April 1975, 
Source: 

p .  2.6-84. 

Pasqui l l  s t a b i l i t y - c l a s s  data  f o r  the  ORNL area a r e  summarized below. 

-..._._I______....._..- ___ __._..._I ___._~_ _____ ___ 
Pasqui l l  Fract ion of the  year  

in  each s t a b i l i t y  c l a > r  ____. .- s t a b i l i t y  c l a s s  Def in i t ion  ~.~ __ o f  c l a s s  ~. 

A Extremely unstable  condi t ions 0.07 
B Moderately unstable  condi t ions  0.14 
C S l i g h t l y  unstable  condi t ions  0.13 
D Neutral condi t i  ons 0.28 
E S l i g h t l y  s t a b l e  condi t ions 0.20 
F Moderately s tab1 E. condi t ions 0.14 
G Extremely s t a b l e  condi t ions  0.04 

..~.. ......................................... __ ~ ~~~ ~~ 

Source: W .  F .  Hi lsmeier ,  i S q p Z r < : v ~ ~ L a i y  &tYtc?o-mlog 2 / h t a  f g r  Ouk iiidgixc, O R O ,  Atomic Energy 
Commission, Division of Technical Information, Off ice  of Technical Serv ices ,  
Department o f  Coirimerce, Washington, D . C . ,  1963. 

A inore d e t a i l e d  summary o f  wind speed and d i r e c t i o n  data  has been prepared by t h e  Atmospheric 

Turbujence and Diffusion Laboratory o f  ?,he National Oceanic and Atmospheric Adminis t ra t ion,  

Oak Ridge, Tennessee, and includes ORGDP observat ions over a per iod of  13 y e a r s ,  as  noted i n  

Table 3.6.?' 

meteorological observat ion program a t  Oak Ridge f o r  more than 70 years .  The peak gus t  (wind 

v e l o c i t y )  of record was 59 mph (95 k d h r )  during t h i s  per iod.  

approximately 10:; of  t h e  time; p a r t l y  cloudy, 25%; and cloudy, 45%. 

The National Oceanic and Atmospheric Administration has operated t h e  ORGDP 

Cdlm condi t ions preva i led  
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F i g .  3.13. Wind-rose data, 1956-1960. Source: W .  F .  Hilsmeier,  Siqi;,iimentmy ? k L a r o -  

logici l l  ~ u c a  j%r Oak ~ i d g e ,  ORO-199, Atomic Energy Coiriinission, Division o f  Technical In fo rma t ion ,  
Office o f  Technical Serv ices ,  Department: o f  Commerce, Washington, D.C., 1963. 
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Table 3.5. Monthly wind data 
_I_-___ .......... 

Oak Ridqe c i i v  officeb 

Month Average Prevailing 
speed direction 
(tnph) 

CRBRP metem ological \<>wetd 

75 f r  level 200- f t  level 
,.+ation ~ ~ l o d  .- Knoxville airport" 

... .... .- __ 
. ~~__.__.. 

Prevailirig Average Prevailing A~~~~~~ Averdye 
Average 

speed speed P reva i 1 i i ig  spt.ad Prevai l ing lmph ~ direct ion 
1mr)h) (rnp,l) direction d i i ec t  i i) t i  

direction 

( m n h )  

January 
February 
March 
Apri l  

Jlrne 
JUIV 
Auglrst 
September 
October 
November 
Dece mi her 

Ariiiudl 

M a y  

4.8 
5.0 
5.3 
5.7 
4.5 
4.2 
3.9 
3.7 
3.8 
3.6 
4.1 
4.5 

4.4 

sw 
EN E 

S'W 
sw 
sw 
5w 
sw 

E 
E 
E 
E 

sw 
sw 

8 2  
8.7 
9.2 
9.3 
7 4  
6.7 
6.3 
5 7  
5 9  
5.9 
7.2 
7.6 

7.3 

... 

-. 

.... 

'Sixteeribyear record on wind speed, 13-year record on  Drevdilitig direcrion. 
"Thirty-oi ie~year record on wirld speed, 14-year record or prevailing direction. 
dOne-year record (102 f t .  seiisor elevdtiori) 
Source: Project Management Corp., Ciimh River h??t?der I??actol-P/ai?t C-nv,ro,,rnei,tal Report, .do l .  1, 179 W ,  Waihington St., Ciiicdgri, I l l  

1975. Tdble 2.6~5. 

"One-year record 

NE 5.3 
NE 6.0 

NE 6.8 
wsw 7.0 

SW 6.2 
SW 6 2  

wsw 4 2  
NE 1.5 
NE 2.9 
NE 2.9 
NE 3.2 
NE 4.3 

NE 4.7 

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

ssw 
ssw 

wsw 
SSW 

NE 
wsw 
SSN 
SSW 
NNE 
NNE 

N 
NNE 

ssw 

4.7 S VJ 
7.6 WNbV 
7.6 sw 
7.6 sw 
7.8 sw 
6.0 SW 
7.2 SW 
3.8 sw 
3.1 E 
3.0 SW 
4.7 SLV 
4.6 WNW 

4.9 5 w 

8.7 
8.3 

14.3 
11.6 

8.4 
8.7 
8.1 
4.3 
3 4 
3.6 
8.3 
G.O 

6.7 

Table 3.6. Wind rose data - percent occurrence of wind speed for  a l l  wind directions 
(ORGDP weather station, 1957 t o  1969P' 

Cotn pass 
point .... 

dl lect lor l  1 - 

N 1.1796 
N NW 0.85 
N W 1.01 
WNW 0 53 
w 0.78 
wsw 0.71 
SW 1.84 
ssw 1.33 
S 1 .a4 
SS E 0.58 
SE 1.03 
ESE 0 63 
E 2. IS 
E N €  3.07 
NE 12.07 
NNE 3.90 

4 -  7 8--12 13 - 19 

0.7 5% 
0.8 I 
1 3 7  
0 88 
1.20 
1.12 
3.45 
1.84 
1.97 
0.40 
0 50 
0 70 

1.44 
7 24 
2.17 

0.80 

0 42ih 
0 60 
1 6 7  
123 
1 3 1  
0 98 
3 22 
1 2 9  
0 97 
0 12 
0 12 
0 05 
0 26 

0 51 
2 05 
0 66 

0 13"L 
0 1 7  
0 78 
0 / 0  
0 72 
0 38 
1 0 7  
0 34 
0 70 
0 04 

0 01 
0 06 
I) 1 1 
0 54 
0 16 

0 02 

LO 24 

0 0 1 "  
0 02 
0 1 1  
0 11 
0 15 
0 08 
0 17 
0 08 
0 05 
0 01 
0 00 
0 00 
0 01 
0 01 
0 05 
0 01 

....... 

25-  

D 00% 

0.00 
0.01 
0.02 
0.03 
0 02 
0 .I14 
0.01 
0.02 
0.00 
0.00 
0 00 
0.00 
0.00 
0 00 
0.00 
........... 

Totdl 
. 

2 40"> 

2.46 
4.99 
3.47 
4.19 
3.29 
9.79 
4.90 
5.13 
1.15 
1.67 
0 89 
3.30 
5.1d 

a1 96 
6 85 

"Wind speed dri l l  frcqur~ncy values d ie  for wind hlowiny irorn t i l e  compdss point 

Source. Aii  resource^ Atrnosplieric TUI bulence and Diffusion Labordioi-y IATDIL). 
Eiivironrnc.n?al Research LLdborarorirs, "Daily, Morbtlily and Anrilial Climdtolngical Uatii 
for Oak Ridge, Tn, lownsi te  and area stations. Jnriiiary 1951 - December 1071." (J.S. 
Depsrrmen? of Comrrierce, National Oceanic and Atmospheric Adrriinistration. A T D L  
Contr ibution File 61. July 1972. 

d I I CCI IO l l  l'mted, 
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3 . 6  ECOLOGY 

3.6.1 I e - r r e s  t r i  a 1 

3 . 6 . 1 . 1  Overview 

The Oak Ridge reserda t ion  of t h e  Department of Energy c o n s i s t s  of approximately 15,000 ha 

(37,000 a c r e s )  within the  Ridge a n d  Valley Physiographic Province of eas te rn  Tennessee. 

reserva t ion  was predominately a g r i c u l t u r a l  land p r i o r  t o  Federal a c q u i s i t i o n  in  1942 f o r  use in  

the wartime Manhattan Pro jec t .  With Federal ownership, the  land was withdrawn from publ ic  access ,  

and much of i t  was allowed t o  r e v e r t  t o  natural  p l a n t  cover. About 10,500 ha  (26,000 a c r e s )  a r e  

managed c u r r e n t l y  f o r  environmental research ,  wood-fiber product ion,  or  both. 

The 

3.6.1.2 3 e t a t i o n 3 O > j ;  

The dominant oak-hickory assoc ia t ion  in  t h e  Ridge and Valley Province conta ins  elements of the  

mixed mesophytic assoc ia t ion  coliirnonly found i n  t h e  ad jacent  Cumberland Mountains. 

n i t i e s  of the  Oak Ridge reserva t ion  a r e  c h a r a c t e r i s t i c  of those found in  t h e  intermountain regions 

of Appalachia from t h e  Allegheny Mountains in  southern Pennsylvania t o  the southern extension of 

the Cumberland Mountains i n  northern Alabama. On the  reserva t ion ,  t h e  oak-hickory assoc ia t ion  

i s  t y p i f i e d  by extensive s tands of pine,  oak, and hickory as  well a s  o ther  hardwoods. Yellow 

poplar (~ ir iodendro?i  tu2ipi:’cr.x) of ten  forms near ly  pure s tands on we1 1 -drained bottomlands and 

lower s l o p e s ,  and willow (sirlicc d i s c o l o r ) ,  sycamore (Platunus o c c i d e n t q l l s ) ,  and box e l d e r  

( ~ c e r  neguwb)  border streams a n d  a r e  dominant on poorly drained f loodpla ins .  

commonly found i n  the  mixed iiiesophytic a s s o c i a t i o n ,  such a s  beech ( F a p s  p a n d i f o l i a ) ,  sugar 

maple (Aner saccharw!i), rriagnol i a  (.Vagnoiia a c m - l n c t , ~ ) ,  buckeye (&seuhs s p p .  ) ,  and basswood 

(Y’i1ig uwi.icana) of ten  occur i n  t h e  coves and on t h e  s h e l t e r e d  s lopes .  In a d d i t i o n ,  approxi- 

mately 1740 ha (4300 a c r e s )  of t h e  reserva t ion  were planted in  l o b l o l l y  pine (Pinus zaedao) 

between 1947 and 1956, and smaller  a reas  have s ince  been planted i n  l o b l o l l y  pine,  black walnut 

( Jug lans  n i g r a ) ,  r i v e r  birch ( B e t d n  n i g r a ) ,  sycamore, and yellow poplar .  

P lan t  commu- 

Species more 

For d iscuss ion ,  i t  i s  convenient t o  group t h e  inosaic of p lan t  coiiiinunities on the  reserva t ion  i n t o  

three  c a t e g o r i e s ,  which roughly correspond t o  i d e n t i f i a b l e  successional  s t a g e s :  o l d - f i e l d  grass -  

lands ,  pine f o r e s t s ,  and hardwood f o r e s t s .  

01 d-  f i e 1 d 4 ra ss 1 a n d s  ___.....__ 

Old--f ie ld  grasslands a r e  found where l a n d  h a s  recent ly  been abandoned o r  where per iodic  mowing 

or o ther  c u l t u r a l  p rac t ices  maintain an e a r l y  successional  s t a g e ,  such as under power l i n e s  and 

along roads. P lan ts  found i n  old f i e l d s  c o n s i s t  of annual forbs  and grasses  ( e . g . ,  ~?mbz*~sia 

artemisi fgl i ir ,  Dig i tar ia  sanguinal i s ) ,  

Oenothera s p p .  , ~ s t e r  s p p .  ) , perennial g rasses  (Andropogon uirginicus,  Festitca e l a t i o r ,  

Pc ln icm s p p .  ) , and woody species  ( Diospr jy~~os  virgininnu,  Juniperus v i r g i n i u m ,  ,Sassafras nlbidwn, 
C m p s i s  rad icms ,  Rhus s p p .  , F-iizm s p p .  , and Lonicera japonica). 

biennial  and perennial forbs  (e .g . ,  Conyza camdcnsis,  

Pine f o r e s t s  __.~_~__ 

Both pine p lan ta t ions  and na t ive  sera l  pine f o r e s t s  occur on the  reserva t ion .  Natural s e r e s  a r e  

dominated by Virginia  pine ( ~ i n 7 , ~  u i rg in iar iu )  and shor t - leaf  pine (P. e c h i n a t a ) ,  b u t  the  planta-  

t i o n s  a r e  o f  l o b l o l l y .  Loblolly pine p l a n t a t i o n s  a r e  !nanaged ( th inning  and cont ro l led  burning) 
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t o  minimize understory vege ta t ion ,  whereas the natural  s e r e s  produce an understory of na t ive  

hardwoods t h a t  gradual ly  rep1 ace the  p ines .  

Hardwood f o r e s t s  ___ 

Upland hardwood f o r e s t s  a r e  dominated by var ious oaks ( S L ~ ; P ~ S  p ~ i r ~ u s ,  9. alba, Q. velutinu, 

&. ~ r i b m ,  Q. , ~oc~? ine~ , ! ,  and Q. ~teZZa+;7) and h ickor ies  (cmya s p p . ) .  Other hardwoods a r e  ash 

(PP,IX?:~US s p p .  ) ,  ye1 low poplar ,  red maple ( h e r  m b r m ) ,  tupe lo  ( N ~ S S C L  a y l m t i c a ) ,  beech, and 

dogwood (~'ou~nws f l . m i d u ) .  A c h a r a c t e r i s t i c  lowland f o r e s t  occurs on f loodpla ins  and c o n s i s t s  

o f  cottonwood (Populus d e l t o i d e z ) ,  sycamore, elm (ijlrrrgs uunericcilwr.), ash ,  willow, sugar  maple, 

and r i v e r  b i rch .  

Two plant  spec ies  have recent ly  been found on the DOE reserva t ion  which a r e  on the I % d m a L  

.%gistm l i s t  of threatened o r  endangered p l a n t s .  32 

l aceae)  and ~ i ~ ; r S f ~ w j a  cri-.reywu~ (Saxi f ragaceae)  . 
recorded froiii nearby Morgan County30 and could possibly occur on the reserva t ion .  

spec ies  have been i d e n t i f i e d  as  r a r e  on t h e  reserva t ion ,  b u t  a l l  a r e  locally abundant within 

the s t a t e  o f  Tennessee. 'j  

These a r e  C i i m k i j " ~ 4 ; p  rzthif02in (Ranuncu- 

L'onradina u m t i c i b l a t a  (Lamiaceae) has been 

Sixteen 

T h e  d i v e r s i t y  of p l a n t  communities o f  t h e  successional  mosaic has made possible  a r i c h  fauna 

t h a t  has been i n t e n s i v e l y  s tud ied .  

Fauna of upland f o r e s t s  ............ 

Conmon small mammals of upland f o r e s t s  include white-footed mouse (Pmomyscu.s Z e ~ o p u s ) ,  chip- 

munk ( T m i i i i s  , ~ t ; r i ~ r t u s ) ,  golden mouse ( & i ~ o t , c ~ m y s  nlittu17,i), s h o r t - t a i  1 shrew ( ~ l a r i ; . ~  brw1i:~mrd:7), 

f ly ing  s q u i r r e l  ( G ~ l ~ ~ . ~ . : ~ r n y s  v o L m s ) ,  and house mouse (:sfm m m d u s ) .  The white-footed mouse i s  
the  most common small mammal, w i t h  up t o  8.4 ind iv idua ls  per ha ( 3 . 4  per a c r e ) .  

next most common, with u p  t o  2 . 4  ind iv idua ls  per ha (1  " 0  per a c r e ) .  

Chipmunk i s  t h e  

S ix ty  b i rd  s p e c i e s ,  10 amphibian spec ies  and 19 r e p t i l i a n  spec ies  have been recorded f o r  upland 

f o r e s t s .  The ar thropod fauna has been ex tens ive ly  s tud ied  d n d  i s  well k n o w n  for taxonomic l e v e l s  

above the  s p e c i e s .  

Fauna .. of p i n e  forests ~ .... 

Pine f o r e s t s  a r e  used b y  fauna t o  a l e s s e r  e x t e n t  than upland deciduous f o r e s t s  or  old f i e l d s . 3 0  

Small-mamtnal s t u d i e s  showed only low populat ions of t h r e e  rodents .  Two bi rd  spec ies ,  pine 

warblers  (DencLwica p i m i s )  and white- throated sparrows [%oizotr*icl.,ila aZblcul , l ls) ,  commonly use 

pine f o r e s t s ;  b u t  few, i f  any, o thers  do so  on a r e g u l a r  b a s i s .  

not found in  pine f o r e s t s ,  and arthropod populat ions may be depressed. 

Rept i les  and amphibians a r e  
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Fa una  of o 1 d-  f i e l a r a  --~__ s s 1 and s 

Sinal1 mammals a r e  ahiJndant a n d  d iverse  in  old f i e l d s  and include cot ton r a t s  ( 
white-footed inouse, golden mouse, r i c e  r a t  (0 7~.:5tris), s h o r t - t a i l  sh 

harvest  m u s e  ( s ) .  More t h a n  100 b i rd  soecies  have becn recorded from 

reservat ion o l d  f i e l d s ,  a s  have 1 2  ainohibian specie; a n d  26 r e o t i l i a n  soecies .?O 

Rare a n d  endangered animals- 

The southern b a l d  eaq le  ( ZAnS I. v ) and the pastern cougar ( 
n the  reserva t ion .  Both a r e  endanqerpd.?' T h  

) has been recorded froiri nearby Caniobell County, Tennessee, a n d  

s u i t a b l e  h a b i t a t  e x i s t s  o n  the  r e s e r v a t i o n ,  none has been s i g h t e d ,  however. The American osprey 

, : u 7 m ; h )  i s  included i n  the  Aiidubon Blue L i s t d 5  a n d  has been seen on the  

reserva t ion .  

3 . 6 . 1  .4 r r d - c c t  s i t e s  

HETP wil l  occupy four  e x i s t i n g  bui ldings on the  Oak Ridqe reserva t ion .  Buildings 3019 and 30260 

a re  located within the  O a k  Ridge National Laboratory in  what  i s  e s s e n t i a l l y  an urban-industrial 

set , t ing.  Buildings 7503 and 7930 a r e  loca ted  i n  a snidll?r s i t e ,  b u t  s t i l l  in w h a t  i s  b a s i c a l l y  

a n  indirs t r ia l  s e t t i n g .  No bui lding i s  in c lose  proximity t o  undisturbed natural  ecosysteiiis, 

a n d  there  a r e  no plans f o r  bui ldinqs t o  be expanded i n t o  natural  a r e a s .  

3 . 6  .2 . I C l j  n c h R i ve r- ( i n c 1 u d i ng Me 1 ton H i 1 1 -Re servo ir)_ 

The Clinch River i s  the inajor source of water used in  the  Oak Ridge a r e a .  

O a k  Ridge p u m p i n g  s t a t i o n  ( C R M  41.5)  i s  de l ivered  t o  O R N L ,  Y-12 ,  and ttie c i t y  of Oak Ridge. 

Wastewater from O R N L  i s  re turned t o  the Clinch River via Whiteoak Creek; from Y-12, via  the 

East Fork o f  Poplar Creek; a n d  from ORGDP, d i r e c t l y .  The sec t ion  of the  r i v e r  pr imari ly  

a f fec ted  by  DOE operat ions extends from C R M  41.5 on  Melton Hill Reservoir t o  CRM 11.5 j u s t  

downstream from the r iouth of Poplar Creek. 

operat ions extend; downstream from CRM 20.8,  the entrance of Whiteoak Creek i n t o  Melton Hill  

Reservoir (F iq .  3 . 1 4 ) .  

Water pumped by the  

The sec t ion  of r i v e r  pr imari ly  a f f e c t e d  by ORNL 

Mater qual 1 ty  

Water q u a l i t y  data a r e  summarized in  Tables 3 .7  a n d  3.8.  The data  in  Table 3 .7  i n d i c a t e  t h a t  

Clinch River water i s  modcrately h a r d  (hardness ,  78 t o  208 mg/ l i te r  as  CaCO,), a l k a l i n e  ( p H ,  

7 . 6  t o  8 . 7 ) ,  general ly  t u r b i d  ( t u r b i d i t y ,  5 t o  70 Jackson t u r b i d i t y  u n i t s ;  suspended s o l i d s ,  6 

t o  42 i i g / l i t e r ) ,  and well oxygenated (d isso lved  oxygen, 6.1 t o  11.2 n i g / l i t e r ) .  

I n  genera l ,  a l l  physical a n d  chemical parairieters measured f o r  Clinch River water in the v i c i n i t y  

o f  the  reserva t ion  comply with EPA a n d  Tennessee S t a t e  water q u a l i t y  c r i t e r i a .  3 6 3 2 7  

however, l e v e l s  of soiw parameters exceed the  proposed c r i t e r i a  (Table 3 . 7 ) .  N i t r a t e  concentra- 

t i o n s  ( a s  N )  a t  CRM 1 1 . 3  in  1973 ranged f r o m  0 . 5  t o  2 . 8  mg/ l i te r  (iiiedn, 1 .15  m g / l i t e r ) . 2 8  

source of these high n i t r a t e  l e v e l s  (va lues  a r e  high r e l a t i v e  t o  upstream concentrat ions o f  

Occasional ly ,  

A 
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Table 3.7. Summary of C!inch River water quali ty data ( C X M  1 1-18] and water quaii ty criteria (concentrations measured as inil l igamb per Iim linless otlie:wisc iio;edI 

__ ~~ 

1 1 . 2  
8 7  

245 
1 06 
208 

70 
3 0  
0.05 

S I 0  
4 2  
0 116 5 
2 80 
0 90 
il.46 
<I I O  

2 6  
i . 3 2  
i 0.005 
I 94 
i 0 I 1  1 j 

0 079 
i u . 0 3  

0.5 
,.: 4 
S'. 0.0 I 

0.68 
c0.04 

I65 
w I 

w a 
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Table 3.8. Chemical water quality data in the Clinch River for 1975 and 1976 

0.0 I 
0 05 

0 01 
10 
0.05 
250 
500 
0.1 
1 .o 
0.095 
0.  I 

i 0 . l  Lo 0.64 t i ig/ l i ter)  cculd be e f f l u e n t s  a n d  leachatns froni !.he Y-12 P l a n t  v ia  Bear and Poplar 

creeks.  

0.9 mq/l i t e r  and 7:; Jackson t i i rbidi  t y  i l n i  ts r e s p e c t j v e l y .  3F: 

high during wirrter and e a r l y  s p v i u q  (iD.1 t o  0.46 r n g i l i t e r ) ,  b u t  dropped t o  acceptable  lt?vels 

during l a t e  spring through f a l l  ( 4 3 . 0 0 3  t o  0 .02  my/liter).?a 
t u r b i d i t y  l e v e l s  i r i  t h e  C1 inch River a r e  probably r e l a t e d  t o  runoff fruiii surrounding a g r i c u l -  

tura: lands.  Titerefgre, durinq ptiriods of excessive runoff ,  thes?  cancen t i , a t i o n s  may temporarily 

? x e e d  those rec;o~iiinended to  prevent  excessive eu-trciphication a e d  w a t e i .  q u d l  i t ? /  degradation in  

;-i-ir?r.s and v s e % t ? i r s  (Table 3 . 7 ) .  

a n d  Fe in i.iw Clinch River a r e  probably a natural  phenomenon due t.c t h e  h i g h  content  o f  A'\, Mri, 
2nd re in  the c lay  r .oi ls  of t h e  O a k  Ridge a r e a .  P,lthough maxiinur concentrat ions o f  0 .4  t o  
0 .5  m g i l i t e r  of z i n c  twre recorded d u r i n g  1973,'8 mean l e v e l s  of zir:r for  t h e  Ciirlc'n River a r e  

genera l ly  less than 0.1 mg/liter,  which i s  t h e  maxitiiutii stream l i m i t  e s t a b l i s h e d  a s  p a r t  o f  

Tmncszee S t d t e  water q u a l i t y  guide l ines .  3 7  

o f  primary concern t o  rad io logica l  dose a r e  l i s t e d  i n  Table 3.9,  The saiiiples taken a t  loca.tion 

C-2 (Meltori Hi l l  Darn 2 . 3  miles above Whiteoak. Cret?k) would be representa t ive  of ambient leve ls  

f o r  the Odk Ridge v i c i n i t y  becailsri. contaminants from Whiteoak Creek have n o t  y e t  entered the 

channel .  

Arnnionia and t u r b i d i t y  l e v e l s  in the Clinch X-iver {CRM 11 ten 15) peaked i n  March a t  
Phosphate concentraticxis were a l s o  

T h e s e  v a r i a t i o n s  i n  n u t r i e n t  and 

The r e l a t i v e l y  high backgrouric! concentrat ions of Al, Mn, 

Concentratinns i n  t h e  Clirich River ,-f r f id imucl ides  

!&odknkJ~. 
Reactor Program ( C K B H P )  monitoring e f f o r t ; l "  major genera were M ~ L O S ~ P ~  and / ~ . : ~ ~ ~ . ~ ~ ~ . ~ ( ~ ~ ( ~ ~ : , ~ ~ ~ ~  

nutihers o f  phytoplankton c e l l s  per l i t e r  ranged froiri 406 i r i  March t o  a maximum o f  2170 i n  A u g u s t .  

A t o t a l  of 132  ph.ytoplankton taxa were c o l l e c t e d  during t he  Clinch River Breeder 

Total 

Phytoplankton in  the  Clinch River probably o r i g i n a t e  from a number o f  d i f f e r e n t  h a b i t a t s ,  p a r t i c -  

u l a r l y  froin populat ions i n  low-flow areas  and froin benth ic communi t i e s .  River planktori popula- 

t i o n s  a r e ,  in  genera l ,  h ighly v a r i a b l e  i n  t i m e  and in  space.39 However, the bas ic  successional  
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Table 3.9. Average concentrations ( in microcuries per milliliter) of radioactive pollutants 
of primary concern in the Clinch River, 1975 and 1976 

C-2a C ~ Y  c 5c 
~~ _ . _ _ ~ _ _  ~~ ~~- ~ ~ ~ 

Co n t d  in i rian t 

1975 1976 1Y75 1976 1975 1976 

"sr 7 x 1 0  I '  8 x 1 0  4 2 x 1 0  l o  2 6 x 1 0  l o  3 1 x 1 0  2 4 x 1 0  

' 3 7 C F  < 2 X l O  " 2 x 1 0  " 7 x 1 0  " 3 x 1 0  5 x 1 0  ' '  2 x 1 0  

Ru 9 x 1 0  " 1 3 x 1 0  l o  1 3 X 1 0 - "  1 4 x 1 0  l o  1 9 x 1 0  l o  1 5 x 1 0  I "  
1 0 6  

j b 4  7 3 x 1 0  ' 6 1 x 1 0  ' 2 5 x 1 0  1 7 X 1 0 - 6  1 1 x 1 0  1 9 x 1 0  
- ~- _ _  ~~ - ~ - 

a A t  Mrltori H II Dam 2 3 r r i i l r s  above Whiteoak Creek 
DLocated a t  tne ORGDP rdn i td i y  w a t e r  intake 6 3 niilesaownstream from t i le entry of Whiteoak Cteek 

Located a t  Center's Fet ry near Kingston Tennessee 

p a t t e r n  observed f ro i i i  March th rough  September 1974  ( F i g .  3.15) i s  p robab ly  t y p i c a l  f o r  Tennessee. 

Chrysopnyta ( m a i n l y  d ia toms)  dominate t n e  phy top lank ton  d u r i n g  w i n t e r  and decrease i n  b o t h  nurn- 
be rs  o f  spec ies  arid p r o p o r t i o n s  o f  t o t a l  i n d i v i d u a l s  p e r  spec ies  i n  suniiiier. l Y  Cyanophyta (b lue -  
green a l g a e )  can i n c r e a s e  and become doiri inant d u r i n g  t h e  summer, b u t  t h i s  i n c r e a s e  depends on 
r a i n f a l l  and r i ver -waLet -  l e v e l s .  A sumnier i n c r e a s e  i n  Ch lo ropny ta  (g reen a l g a e )  i s  a l s o  coirinion. 
I n  e a r l y  t o  mid-autuirin, b lue -g reen  and green a lgae  decrease, ana t h e  d ia toms aga in  become t h e  
doinindnt phy top IanKton group. C o l l e c t i o n s  o f  phy top lank ton  i n  t h e  C l i n c h  R i v e r  a r e  t y p i c a l  f o r  
l a r g e ,  r e l a t i v e l y  s low-moving r i v e r s  w i t h  e x t e n s i v e  r e s e r v o i r  

APQ MAY JUN JUL AU G SEPT 

1.1 M E  ( m o n t h s )  

F i g .  3.15. Seasonal success ion  o f  phy top lank ton  i n  the  C l i n c h  R ive r ,  CRM 15 .  
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- Zooqlank ton .  
September 1314, o f  wh ich  16 were arthrGPOdS and 40 were r o t i f e r s . 1 9  Numbers o f  i n d i v i d u a l s  c o l -  
l e c t e d  p e r  l i t e r  v a r i e d  f rom 1.89 t o  113.9; mean biornass esr;iiriates rariged f rom 22.3 t o  297.4 g/ 
l i t e r ,  w i t h  t h e  l o w e s t  zoop lank ton  d e n s i t i e s  and l o w e s t  biomass reco rded  d u r i n g  t h e  Mdrch saiiipl i n y  
p e r i o d .  

A t o t a l  o f  56 zoop lank ton  spec ies  were i d e n t i f i e d  i n  sampl jng  done f rom March t o  

Species compos i t i on  and abundance o f  zoop lank ton  i n  t h e  C l i n c h  R i v e r  i n  the  v i c i n i t y  o f  ORNL a r e  
dependent p r i r n a r - i l y  on r e c r u i t m e n t  o f  zoop lank ton  f r o m  q u i e t  a reas  such as c reeks ,  main impound- 

ment a reas ,  and backwater's. R o t i f e r s  a r e  a lmos t  d lways  t h e  dorii i t idnt zoop lank ton  i n  l a r g e  r i v e r s  
and a r e  commonly r e p r e s e n t e d  b y  t y p i c a l l y  pl ank ron ic  Forms sucii as K ~ x J u - L - ~ ~ Z ~ ~ ,  QTLC 

, and 6 ~ ~ ~ h i a r i i i s .  

r i v e r s ,  and those  t h a t  a r e  found  usua l  ly be long  t o  t h e  genera C:jcZ~pa 01' + " : m n l m .  3 9  

Cruscdceans a r e  ra re . l y  numerous i n  t h e  open-watxr areas  o f  

Macrophh~Jt.s-. The growth  o f  macrophytes i n  t h e  C l i n c h  R i v e r  be low Me l ton  H f 1 1  Ddm ( C I I M  11 t o  18) 
i s  g e n e r a l l y  sparse ,33  p r o b a b l y  due t o  l i m i t e d  l i g h t  p e n e t r a t i o n  i n t o  t h e  wate r ,  s t e e p  shore.1 i nes  

a1 ong much o f  t h i s  area, occur rence o f  h a r d  s u b s t r a t e ,  and cor is i  de rab l  e f 1  u c t u a t i  Uiis of t h e  r i v e r -  
wa te r  l e v e l .  Occas iona l  g rowths  o f  t h e  a q u a t i c  iiioss L'on::?:nn77:a o c c u r  oil subirleryed branches,  arid 
a l e a f y  l i v e r w o r t  has been c o l  l e c t e d .  
s u b s t r a t e  and wa te r  depth .  I n  Me1 t o n  H i 1  1 R e s e r v o i r ,  however, iiiacroptiytc?s can o b t a i n  reasonab ly  

l a r g e  s t a n d i n g  c rops ;  comiion t a x a  i r i c l  ude Pot,,? 

spec ies .  
e x t e n s i v e  s tands ,  however. 

S c a t t e r e d  pa tches  o f  , V ~ ~ P ~ & J ~ : ~ Z Z L I , V  oLcur  i n  a reas  o f  s u i t a b l e  

F l u c t u a t i n g  w a t e r  levels and r e l a t i v e l y  h i g h  t u r b i d i t i e s  p r e c l u d e  t h e  deveiopment o f  

Pe.ripjhyJt. 
t h rough  October  1974 on p l e x i g l a s s  s l i d e s  exposed t o r  2 t o  4 weeks. 
v a r l e t i e s  c o l l e c t e d ,  t h e  g r e a t e s t  nuiriber (65 spec ies  and 4 v a r i e t i e s )  be longed t o  t h e  D i v i s i o n  
Chrysopt iyta,  and most were 

P e r i p h y t o n  samples were c o l l e c t e d  i n  t h e  C l i n c h  R i v e r  ( C K M  15 t o  18) f rom March 
O f  t h e  123 spec ies  and 

The mean number o f  a l g a l  c e l l s  p e r  square  ce r i t i i i i e te r  on t h e  p l e x i g l d s s  s l i d e s  i nc reased  f r o m  a 
l ow  o f  about  89,000 i n  March t o  a h i g h  of abou t  2,400,000 i n  August. The Chrysouhyta ( i nos t l y  
d ia toms)  reached a h i g h  d e n s i t y  e a r l y  i n  t h e  s p r i n g  and m a i n t a i n e d  t h e i r  abundance th roughou t  
t h e  summer. D e n s i t i e s  o f  Cyanophyta (b lue -g reen  a l g a e ) ,  on t h e  o t h e r  hand, i nc reased  d u r i n g  

summer and peaked i n  October .  
and where c o n d i t i o n s  a r e  o p t i m a l  and t h e n  y i e l d s  t o  o t h e r  spec ies  as the  env i ronmen t  
P e r i p h y t o n  t h e r e f o r e  o c c u r  as an i r r e g u l a r  mosaic of1 streatn and r i v e r  beds and a r e  s u b j e c t  t o  
g r e a t  seasondl  changes. M a j o r  c o n t r o l l i n g  f a c t o r s  i n c l u d e  s u b s t r a t e ,  te i r iperature,  l i g h t ,  and 

c u r r e n t .  3 9  

General l .y,  a lgae  a r e  o p p o r t u n i s t s ;  each spec ies  f l o u r i s h e s  when 

B ~ n ~ h i ~ c ~ ~ m a c r o i n v e ~ t ~ ~ J ) r ~ t ~ ~ ~ .  F lac ro inve r teb ra tes  c o l l e c t e d  from March t o  September 1974 i n c l u d e d  
mo l lusks ,  a n n e l i d s ,  i n s e c t s ,  and c o e l e n t e r a t e s .  j C  

spec ies .  A s i a t i c  clams and o l  i gochae tes  (earthworm-1 i k e )  were abundant th roughou t  t h e  sampl ing  
p e r i o d .  

samples , PoLgpediZwn, C_u.iCiol."opus, and DC~roisndlipes were t h e  on1 y abundant genera.  
o f  t h e  f a m i l y  Chironomidae, l i s t e d  by t h e  EVA4' as i n t o l e r a n t  t o  decoiiiposable o r g a n i c  wastes ,  

were c o l l e c t e d  i n  t h e  C l i n c h  R i v e r  b e n t h i c  dredge samples; e i g h t  genera were c o l l e c t e d  on a r t i -  
f i c i a l  s u b s t r a t e s .  There fo re ,  t h e  su rvey  a rea  (CRM 15 t o  18) i s  a p p a r e n t l y  n o t  h e a v i l y  con- 

tam ina ted  w i t h  decniiiposable o r g a n i c  wastes,  acco rd i r i y  t o  t h i s  i ndex .  

I n s e c t s  compr ised t h e  y r e a t e s t  nuiriber o f  

NUU~S was dominant i n  March and June, L ~ v ~ ~ . Y ~ X : G  i n  June th rough  September, and coe len-  
m)  i n  e a r l y  June arid August.  A l though  Chironomiaae were numerous i n  a l l  

Ten members 
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I n  terms o f  biomass, t h e  A s i a t i c  c lam was t h e  dominant b e n t h i c  m a c r o i n v e r t e b r a t p  1’7 t h e  stud./  

a rea  (CRM 11 t o  18) .19  
b y  1963  i t  had spread th roughou t  t h e  Tennessee R i v e r  and lower  Cumbcrland b a s i n s . 4 L  

these  sma l l  b i v a l v e s  f e e d  on p h y t o p l a n k t o n  and do n o t  appear t o  be s u b s t r a t e  s e l x t i v e .  

econolnic v i e w p o i n t ,  t h e  c lam i s  g e n e r a l l y  a l i a b i l i t y ;  t h e  l a r v a e  can be drahn i n t o  wa te r  i n t a k e i  
and cause f o u l i n g .  Very l i t t l e  i s  known abou t  t h c  iiSe o f  t h i s  c lam as a f o o d  i t e n  by o t h e r  orgar> 

isms. 
iiiay be a common f o o d  f o r  c a r p  and sinal lmouth b u f f a l o .  

The A s i a t i c  c lam was i n t r o d u c e d  i n t o  t h i s  c o u n t r y  p r i o r  t o  1935, and 
I n  T c ? n e s s w ,  

F-om a i i  

A n a l y s i s  o f  stoiriach c o n t e n t s  o f  f i s h  c o l l e c t e d  a t  CRM 15 h 18 i n d i c a t e s  t h a t  these clams 

~ F i sh .  .- 

i n g )  i n c l u d e d  t h r e a d f i n  shad, g i z z a r d  shad, s k i p j a c k  h e r r i n g ,  go lden  redhorse ,  ca rp ,  bluegill, 
sauger,  and w h i t e  b a s s . l g  A d d i t i o n a l  i m p o r t a n t  spec ies  c o l l e c t e d  i n c l u d e d  la rgemouth  bass and 
s h i n e r s .  Nongame spec ies  (i .e., f o rage  and rough spec ies )  accounted  f o r  87 .62  o f  t h e  t o t a l  number 

o f  f i s h  c o l l e c t e d  a t  CRM 15 t o  18. I n  terms o f  bioii iass, rough f i s h  compr ised 70% o f  t h e  f i s h  

c o l l e c t e d ,  and fo rage f i s h  compr ised 18%; sauger and w h i t e  bass were t h e  dominant game f i s h .  

N u m e r i c a l l y  dominant spec ies  c o l l e c t e d  i n  1974 and 1975 a t  CRM 15 t o  18 (by  e l e c t r o s h o c k -  

I n  a d d i t i o n  t o  sampl ing  a d u l t  p o p u l a t i o n s  of  f i s h ,  i c h t h y o p l a n k t o n  ( f i s h  eggs and l a r v a e )  were 

c o l l e c t e d  by s t a t i o n a r y  n e t t i n g  a t  CRM 15 t o  18 f rom March 28 th rough  August 29, 1974.19 S i g n i f -  
i c a n t  numbers o f  eggs were c o l l e c t e d  on May 16 and June 2 o n l y ,  wh ich  denotes t h e  onse t  o f  s p r i n g  

spawning f o r  t h e  spec ies  rep resen ted .  Saliiples taken  on a l l  o t h e r  da tes  y i e l d e d  few, i f  any, 
eggs. However, a second spawning peak ( a l t h o u g h  o f  l e s s e r  magnitude than  t h s  s p r i n g  peak)  i s  

p robab le  i n  e a r l y  f a l l .  

Q u a n t i t a t i v e  d a t a  on t h e  f i s h e r i e s  i n  t h e  C l i n c h  R i v c r  i n  t h e  v i c i n i t y  o f  t h e  Oak Ridge rese rka -  
t i o n  a r e  n o t  a v a i l a b l e .  The t v o  most i i n p o r t a n t  spec ies  caught  commcrc ia l l y  i v  t he  C l i n c h  R i v e r  
a r e  s inal lmouth b u f f a l o  and channel  c a t f i s h .  Other  spec ies  such as bigmouth b u f f a l o ,  b l a c k  

b u f f a l o ,  b l a c k  redhorse ,  go lden redhorse ,  sho r thnad  redhorse ,  b l u e  c a t f i s h ,  and f l a t h e a d  c a t f i s h  
a r e  a l s o  taken, b u t  i n  l e s s e r  q u a n t i t i e s .  Carp a r e  taken  by some f i she rmen  whenever a marke t  
can be e s t a b l i s h e d .  The biomass o f  f i s h  caught  cornrnercial ly i s  n e g l i g i b l e  compared w i t h  t h a t  
o b t a i n e d  b y  s p o r t  f i s h i n g . I 9  

A l a r g e  number o f  s p o r t  f i she rmen  use t h e  C l i n c h  R i v e r  and i t s  t r i b u t a r i e s  i n  t h e  Oak R idge 
v i c i n i t y  cPery y e a r .  The s p r i n g  m i g r a t i o n s  (Februa ry  th rough  June) 3 f  wa l l eye ,  w h i t e  bass, 

w h i t e  c r a p p i e ,  b l a c k  c r a p p i e ,  and sauger s t i m u l a t e  a peak i n  a n g l i n g  a c t i v i t y .  Dur ing  t h e  h o t  
summer months (June th rough  August) ,  p a n f i s h  ( b l u e o i l 1  i n  p a r t i c u l a r )  a r e  t h e  imost common f i s h  
caught .  

F i g u r e  3.16 i l l u s t r a t e s  t h e  dominant spec ies  and m a j o r  pathways o f  t h e  f o o d  web p r o j e c t e d  for 
t h e  a q u a t i c  community i n  t h e  C l i n c h  R i v e r .  A t u r b i d  modera te l y  h a r d  wa te r  system, t h ?  p h y s i c a l  
and chemica l  w a t e r - q u a l i t y  c h a r a c t e r i s t i c s  o f  t h e  C l i n c h  R i v e r  a r e  t y p i c a l  o f  many l a r g e  r i v e r s  
i n  t h e  sou theas te rn  U n i t e d  S t a t e s .  A q u a t i c  b i o t a  a r e  r e l a t i v e l y  d i v e r s e  and p r o d u c t i v e .  

- Endsnqered spec ies  

None o f t h e  f i s h  spec ies  c o l l e c t e d  i n  e i t h e r  t h e  CRBRP b a s e l i n e  env i ronmen ta l  su rvey  o r  t h e  ORNL 
sainpl ing programs a r e  des igna ted  as endangered under t h e  Endangered Spec ies  A c t  o f  1973.43 
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3 .6 .2 .2  Whiteoak Creek, blhi teoak Lake, and Me l ton  Branch 

Whiteoak L reek  b a s i n  has an a rea  o f  16 .5  km' (6 .37  s q  i n i l e s ) . ' ~  

f o r e s t e d  s lopes  o f  Chestnu t  Ridge, n o r t h  o f  OKNL ( F i g .  3 .14) ;  numerous s p r i n g s  i n t e r s e c t i n g  
w i t h  t h e  upper reacnes o f  Whiteoak Creek combine t o  y i e l d  a r e . l a t i v e ' l y  s teno the r i i i i c  a q u d t i c  

env i ronment .  
25 cm ( 4  t o  10 i n . ) .  
some e xposed oedrock.  

The headwaters occu r  on t h e  

Stream w i d t h  v a r i e s  t roei  0 .6  t o  1 . 2  m ( 2  t o  4 f t ) ,  and depth  vav ies  f ro i i i  10 t o  
The s t r e a m b e d  s u b s t r a t e  i s  p redominan t l y  rocks  ( 5  t o  8 cm d iam) ,  w i t h  

Base- f low o f  Whiteoak L reek  i s  low, and a t  t imes  i n  l a t e  f a l l ,  p e r i o d s  o f  no n a t u r a l  f l o w  h a w  
occu r red .  

d ra indge  d i v i d e  o f  t h e  bas in ,  i s  t h e  p r i n c i p a l  wa te r -bea r ing  f o r m a t i o n .  Severa l  s p r i n g s  a long  
t h e  baLe arid i n  t h e  r i d g e  v a l l e y s  a r e  t r i b u t a r i e s  t o  Whiteodk L reek .  

weatner d i scna rge  o r i g i n a t e s  as grour iawater d i scna rge  t rom tne Knox d o l o m i t e  o t  Chestnu t  Kidqe, 
f rom t n e  Chickaniauga l i i r ies to r i?  o f  Be the l  V a l l e y ,  and froin e f t l u e n t s  a t  OKNL.23 

Ihe  b e l t  o f  knox d o l o m l t e  u n d e r l y i n g  L h e s t n u t  Kidge, wh ich  tor i i is  t h e  n o r t h v e s t e r n  

N i n e t y  p e r w n t  o f  d ry -  

The Me l ton  Branch t r i b u t a r y  o f  Whiteoak Creek d r a i n s  3.83 km2 (1 .48  sq mi I r_ .s )  i n  Me l ton  V a l l e y  

and er i re rs  t i l e  creek  2.5 km (1 .5  m i l e s )  above i t s  j u n c r u r e  k i t h  t h e  C l i n c h  R i v e r .  

L i q u i d  waste5 frorn OkNL f a c i l i t i e s  t h a t  a r e  d i scha rged  t o  M e l t o n  branch o r  Whiteoak Creek con- 
s i s t  o f  coo l  i ng - tower  b lowdown That  c o n t a i n s  chr'omatPs and pheno 1 s ,  e f t 1  uerits t rom a p r  ir i iary 

sewdye t r e a m i e n t  f a c i  I i t y ,  waste t r o m  ion-exchange r e s i n  r e g e n e r a t i o n ,  arid c t t l u e n t  f rom t h e  
t rea t i i i en t  o f  l o w - l e v e l  r a d i o d c t i v e  wdstes.  N o n r a d i o a c t i v e  CheiflicaI wastes f rom OKNL o p e r a t i o n s ,  

i n c l u d i n g  a l a r g e  number o f  d i scha rges  c o l  l e c t e d  t rom research  l a b o r a t o r y  d r a i n s ,  a r e  d i scna rged  
i n t o  Whiteoak Lreek  w i t h o u t  s u b s t d n t i a l  t r e a t m e n t .  

Iri addSt ion  t o  r e c e i v i n g  r o u t i n e  d i scha rges  o f  v a r i o u s  e f f l u e n t s ,  b o t h  Me1 t o n  Brdnch and 
Whiteoak Creek r e c e i v e  d ra inage  and l e a c h a t e s  f r o m  ORNL waste d i sposa l  a reas  ( F i g .  3 .17) .  

A t  a p o i n t  abou t  1 .6  kln ( 1  m i l e )  above t h e  con f luence  w i t h  t h e  C l i n c h  R ive  
e n t e r s  bJhitcoak Lake, an &ha (20 -ac re )  r e s e r v o i r  c o n s t r u c t e d  i n  1943 f o r  
wastes f ro i i i  ORNL. The wa te rs  o f  Whiteoak Lake d i scha rge  o v e r  t h e  dam a t  a 
(15  c f s )  about  80@3 o f  t h e  t ime.*O 

, Whiteoak Creek 

nipounding l i q u i d  
r a t e  o f  0 . 4  m3/sec 

~ . .  Water qua l  iQ 

WaLev ar ia lyses  f rom f i v e  s t a t i o n s  on Whiteoak Creek and Me l ton  Branch a r e  suiiii irarized f o r  1970 

and 1971 i n  Tab les  3 .10  and 3.11. 
Dam a r e  p resen ted  i n  1-able 3 . 1 2 .  

Water q u a l i t y  da ta  lneasured i n  1975 and 1976 a t  Whiteoak 

Upstream f rom ORNL, Whiteoak Creek i s  a sma l l ,  c l e a r ,  hardwater  s t ream o f  good wa te r  q u a l i t y .  
Phosphate, n i t r a t e ,  and heavy-metal  c o n c e n t r a t i o n s  a r e  g e n e r a l l y  l ow .  L a b o r a t o r y  d ischdrges ,  
l eacha tes ,  and d ra inage  f rom waste d i s p o s a l  a reas  combine t o  render  t h e  s t ream s i g n i f i c a n t l y  
poo re r  i n  q u a l i t y  i n  t h e  l ower  reaches o f  t h e  waterway. 

Concen t ra t i ons  o f  9 0 S r ,  137Cs, Io5Ru,  and 3H a t  t h e  con f luence  o f  Whiteoak Creek and t h e  C. l inch 
R i v e r  a r e  p resen ted  i n  Tab le  3 .13  f o r  1976. These va lues  a r e  c a l c u l a t e d  va lues  based on t h e  

c o n c e n t r a t i o n s  measured a t  I l h i t eoak  Dam and t h e  d i l u t i o n  a f f o r d e d  by  t h e  C l i n c h  R i v e r .  The 
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Table 3.10. Average concentrations (in mglliter) of nonradioactive DoIIutanfs for Whiteoak Creek in 1970 

Contarnindilt 

~ 

CI ~ 

F- 
NO, ~ 

Phenols 
so42 - 
TOSb 
coo= 
Ag 
AS 
Ba 
Be 
Cd 

cu 
Fe 
Mn 
Se 
Zn 
Alkaline t i ietals 

Cft6 

(PH 

€PA 
5tcidard 

- -  

250 

10 

250 
500 

1 7  

0 001 

0 05 
0 01 
1 0  
1 0  
0 03 
0 05 
1 0  
0 3  
0 05 
0 01 
5 

6 9  

w 1  
Flume 

14 
1 1  
1 7  
0 0 0 1 7  

34 
152 

<o 002 
<o 02 

0 036 
t O  0005 
<O 03 

0 124 
0 049 
0 04 

<O 007 

<O 05 
65 6 

8 3  

VJ 2 
Sertling 

basin 
~~ 

34 
1 6  

23 3 
0 0013 

22 
202 

<o 002 
<o 02 

0 03 
<O 0005 
<O 03 

0 047 
0 120 
0 I O  

<o 02 

<O 05 
142 

8 7  

aSee Fig. 3 17 for locations of sampling stations 
bTT)S = total dissolved solids. 
‘COD =chemical oxygen dernand. 

Sampl ing statioi? 

w 3  
Whiteodk Creek 

(ORNL1 

~~ - 

21 
0 8  
1 1  
0 0015 

31 
121 

( 0  002 
<o 02 

0 026 
<O 0005 
<O 03 

0 076 
0 088 
0 09 

<o 007 

<0.05 
57 .O 

8.2 

w 4 
Meltori 
Branrh 

41 
1 2  
2.2 
0.001 1 

71 
371 

<0.002 

<0.02 
0.083 

<O 0005 
<0.03 

0.538 
0.026 
0.02 

<0.008 

<0.03 
41.3 

8.2 

b! 5 
Whitfwak 

Dam 

1 1  
0 9  
1 3  
0 0004 

29 
99 

7 5  
<O 008 
<o 02 

0 053 
<O 0005 
<O 03 

0 10 
<O 032 

0 1 7  

<0 01 

<O 05 
83 5 
8 01 

Table 3.11. Average concentrations ( in ing/l iterl of nonradioactive pollutanls for Whiteoak Creek in 1971 
~. 

Contam inan t 

_ _  
CI ~ 

F 

Phenols 

TDS 
COD 
Ag 
A5 
Ea 
Be 
Cd 
Cf 
c u  
Fe 
Hg 
Mn 
Pb 
Se 
Zn 
Alkaline metals 

NO3 

so42 ~ 

( PH 

EPA 
standard 

_ _ -  

250 

10 

250 
500 

1 7  

0 001 

0 05 

0 01 
1 0  

0 03 
0 05 
1 0  
0 3  
0 0002 
0 05 
0 05 
0 01 
5 0  

6 9  

w-1 
Flume 

2 
0 3  

51 8 
0 0001 

29 
199 

<o 01 1 
<O 053 

0 036 
<o 001 
<O 03 

0 53 
0 02 
0 10 

<O 0027 
<o 01 

0 02 

<O 07 
74 9 

7 7  

w 2  
Settllng 

basin 

6 

20 5 

33 
357 

0 0003 

0 015 
<O 053 
<O 016 
<O 0013 
<O 030 

0 33 
1 0 4 6  
0 16 

<O 005 
0 026 
0 060 

<O 13 

Sampling stationa 

w 3  
Whiteoak Creek 

(ORNL) 

-~ .~ -~ 

~ 

5 
1 1  

10 3 
0 0002 

28 
157 

<0.008 
<0.053 

0.033 
<0.001 
<0.030 

0.33 
0.012 
0.05 

<0.0022 
<0.01 

0.015 

<O 07 
73.6 

7 6  

~ 

w -4 
hlelton 
Branch 

6 
1 2  
7 2  
0 0003 

49 
245 

<O 008 
( 0  053 

0 036 
<o 001 
<O 030 

0 56 
0 013 
0 07 

<O 0016 
<o 01 
<O 016 

0 10 
66 2 

7 9  

_ _ ~  ~ 

w - 5  
Whiteoak 

Dam 

4 
1 0  
5 3  
0 0005 

34 
159 

7 1  
<O 006 
<O 053 

0 050 
<O 0007 
<O 030 

0 43 
0 006 
0 04 

<o 0019 
<o 01 
<O 016 

<o 10 
83 7 

7 9) 
__ 

aSee Fig. 3.17 for locations of sampling stations 
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Table 3.12. Chemical water quality data a t  White Oak Dam for 1975 and 1976 
~- ~ . ..- . . -  _ .,....,.......... -...... ........ ... - - ~  - .~ ... ..... 

1976 
~~ 

1975 
Standard conrentraiiuria __--- ~ - ..-.- 

Avetaye conmii t rdt inn 
irngi l t  tcr ) 

% STdndLii (i j m y / l i t c r l  

.. ....... - . .... ~ ..... ~ . .. . 

Substance 

Cr 
Zrt 
NO, (N j  
4 

.... 

0.05 
0 1  

0.005 
10 

t0 06 - 0 05 <170 @ 0 2 t 0 0 2  40 
0 02 ' 0 03 i. 20 0 0.3 + 0 0 2  30 

0 7 1 0 7  7 0 7 ' 0 3  1 

0 0 0 0 2  fOO001 4 0 0002 + 0 @0005 4 
. ~. . ..... .. _ _ ~  ~~~ ~ .. . .  ._ __ . . ... . . . . . . . . . . . . .. . . .- 

Table 3.13. Radionuclide mncentrations in the Clinch Rivet 
contributed by White Oak Creek in 1976 

Concaiitra t ion of I adio nuclldes 
of primary concern (10 -9 pCi/ml) 

~ ~ .... Nuclide 

Maximum Minimum Average 
....... . . . ~ ~  .... ..... . .... -- ~ ..... .. 

OOSr 2.6 0.17 1.28 .f 0.23 

I o 6 R u  0.08 0 01 0.04 !I 0.01 
2000 i 31 7 

'37C5 0.20 0.01 0.07 t 0.02 

3 H  4000 320 

Source: Energy Research and Development Admlnistra- 
tion. Frwironrnental Monitoring Report, United States Energy 
Research d n d  Development Adrnini.strathn, Oak RicJye 6-acif 

i t e s ,  Calendar Yew 1976, Y/UB 6, Uiiiori Cat bide Corpora- 
tion, May l ,  1977. 

year ly  average d i l u t i o n  f o r  1976 was 422. 

e n t e r  the Clinch River upstream o f  the  Whiteoak Creek o u t f a l l  a r e  not  included i n  this 

ca lcu la t ion  (see Table 3.Y, S t a t i o n  C-2) .  

Radioactive mater ia l s  ( e .g . ,  f a l l o u t )  t h a t  may 

_ _  Aquatic - .... ~~ bio ta  

........ Flora.  
waters o f  the stream proper and ( 2 )  r e l a t i v e l y  s t a t i c  impounded a r e a s .  

The creek system a s  a whole i s  comprised o f  two d i s t i n c t  h a b i t a t  types:  ( 1 )  fas t - f lowing 

Phytoplankton o f  Whitt,oak Lake were s tudied  in  a qudl i t a t i v e  manner by KrumholziJ1+ from 1950 t o  

1953 and by An(irews'i5>'"L i n  1973. 

belong t o  the  Chl orophyta .  

Seventy-nine genera were recorded, the  majori ty  of which 

Quant i ta t ive  data  for  Whiteoak Lake phytoplankton a r e  l imi ted .  In c o l l e c t i o n s  a v a i l a b l e ,  domi- 

nant genera wert? Plci id~z~i iza,  C h s t c ~ i w r i ,  and a:z*gZs~.n. For samples taken Ju ly  25 ,  197.3, t h r e e  

neustonic spec ies  of & q h i < ~  were dominant. Macroscopic filamentous mats were p r i n c i p a l l y  

S[l~l?7gLJi.W, S p .  , Ocilo?a"$*;orliion S p .  , and ~ i : j d l ? j : ~ k t : j C J r ?  Y v L ~ c L c ~ ~ ~ ~ A J ~ ! .  

Frotii 1950 t o  1953 K r u m h 0 1 z ~ ~  sampled ( q u a l i t a t i v e l y )  a t tached  a lgae  from Uhiteoak Ldke and 

periphyton and phytoplankton i n  Wtiiteoak Creek above and below O R N L .  
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The macrophytes o f  Whiteoak Creek and Whiteoak Creek-Whiteoak Lake have n o t  been s t u d i e d .  

Fauna. 
R o t i f e r s  were the  i l iost  corllinon organisms c o l l e c t e d ;  d e n s i t i e s  were h i g h e s t  d u r i n g  t h e  sumiiier. 

Q u a l i t a t i v e  samol inqs  o f  zooo lank ton  i n  Vh i teoak  l a k e  were taken  f rom 1950 t o  1953.4" 

Zoop lank ton  i n  Whiteoak Creek have n o t  been e x t e n s i v e l y  s t u d i e d .  P o p u l a t i o n s  i n  t h e  c reek  would 
l i k e l y  be l ess  dense and l e s s  d i v e r s e  than  those  found i n  t h e  l a k e .  

Ben th i c  macro inve r teb ra tes  were c o l l e c t e d  (qua l  i t a t i v e 1 . y )  by K r u n r h o l ~ ~ ~  f rom Whiteoak Lake- 
Whiteoak Creek above and below the  ORNL s e t t l i n g  bas in ,  Me l ton  Branch, Lagoon Creek, and a sma l l  
s p r i n g - f e d  s t ream on t h e  sou th  s i d e  o f  Whiteoak ILake. 
above ORNL i n d i c a t e  a d i v e r s e  fauna.  The m a y f l y ,  ~ ; . e t - i s ,  an i n s e c t  common i n  smal l  r o c k y  s t reams,  
was t h e  predorri inant soec ies .  The s n a i l  CoxicEasis clavaefomis and t h e  i sopod  Lirceus were a l s o  
common i n  c o l l e c t i o n s .  

Surber  samples taken  i n  Whiteoak Creek 

Freshwater  i sopods a r e  p r i m a r i l y  i n h a b i t a n t s  o f  u n p o l l u t e d  sha l l ow  wa te rs .  

Krumholz4' c o l l e c t e d  23 spec ies  o f  f i s h  f ro in  Whiteoak Creek a t  u n s p e c i f i e d  l o c a t i o n s .  

sampled f rom t h e  mouth o f  t h e  c reek  t o  200 ni upstream; f ron i  J u l y  1974 t o  February  1975, a t o t a l  
o f  11 spec ies  (607 i n d i v i d u a l  f i s h )  were c o l l e c t e d .  G i z z a r d  shad, t h r e a d f i n  shad, and c a r p  were 
predominant .  

F i s h  were 

3 .7  SOCIOECONOMIC PROFILE 

3.7.1 Area p o p u l a J m  

Oak Ridge N a t i o n a l  L a b o r a t o r y  i s  p a r t  o f  t h e  DOE r e s e r v a t i o n  l o c a t e d  i n  Anderson and Roane 

c o u n t i e s .  F i v e  c o u n t i e s  su r round  t h e  s i t e :  Anderson, Knox, Loudon, Roane, and Morgan. The 
combined p o p u l a t i o n  o f  t h e  f i v e  c o u n t i e s  i n  1970 was 413,359; most o f  t h e  p o p u l a t i o n  (336,593) 
was l o c a t e d  t o  t h e  e a s t  o f  t h e  s i t e  i n  Anderson and Knox c o u n t i e s .  The 1975 e s t i m a t e d  popu la-  

t i o n  f o r  t h e  f i v e  c o u n t i e s  was approx ima te l y  437,600, a 6% i n c r e a s e  s i n c e  1970. 

There a r e  two ma jo r  p o p u l a t i o n  c e n t e r s  w i t h i n  75 km (47  m i l e s )  o f  t h e  s i t e :  Oak Ridge, l o c a t e d  
i n  b o t h  Roane and Anderson c o u n t i e s ,  w i t h  t h e  n e a r e s t  r e s i d e n t i a l  s e c t i o n  b e i n g  8 km (a5  m i l e s )  

n o r t h ;  and K n o x v i l l e ,  l o c a t e d  i n  Knox County, b e i n g  approx ima te l y  35 kin ( 2 2  m i l e s )  eas t .  F i g u r e  
3.18 shows a l l  cornii iunities w i t h  a p o p u l a t i o n  above 1500 w i t h i n  100 kin (62 m i l e s )  o f  t h e  DOE 
r e s e r v a t i o n .  r a b l e  3.14 l i s t s  t h e  1960 and 1970 p o p u l a t i o n  f i g u r e s  and p r o j e c t i o n s  f o r  1980 and 

1990 f o r  a l l  t h e  c o u n t i e s  c o n t a i n i n g  coi i i i i iuni t ies w i t h i n  a 75-km (47 -m i le )  r a d i u s  o f  t h e  s i t e .  
A l so  i n c l u d e d  i s  t h e  r u r a l - u r b a n  p o p u l a t i o n  f o r  each coun ty  i n  1960 and 1970. 

3.7.1 .1 An-derson County 

I n  1970 Anderson County had a p o p u l a t i o n  o f  60,300 r e s i d e n t s ,  54% of whom were urban. The 1975 
p o p u l a t i o n  e s t i m a t e  o f  Anderson Coun ty ' s  p o p u l a t i o n  was 61,200, a 1.5% i n c r e a s e  o v e r  t h e  1970 
f i g u r e s .  
e s t i m a t e d  t o  be e s s e n t i a l l y  unchanged as o f  1975. 

Oak Ridge, Anderson Coun ty ' s  l a r g e s t  c i t y ,  had a 1970 p o p u l a t i o n  o f  26,829, a f i g u r e  

Anderson County has two f a i r l y  d i s t i n c t  p o p u l a t i o n  groups .  
t h e  u n i q u e  way i n  wh ich  t h e  c i t y  of Oak Ridge was formed. 
a c q u i r e d  approx ima te l y  23,600 ha (58,500 a c r e s )  i n  Anderson and Roane c o u n t i e s  f o r  a r e s e r v a t i o n  

T h i s  d i s t i n c t i o n  e x i s t s  because o f  
I n  t h e  19405, t h e  Federa l  government 
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ES-1931  

F i g .  3.18. Conitriunities with a populatioll q r e d t e r  than 1500 within a 60-mile rad ius  
(100 kilt) of the DOE r e s e r v a t i o n .  

t o  be used f o r  weapons development during World War 11. 

was s e t  as ide  f o r  r e s i d e n t i a l  and support-service use by employees o f  the governrnent. 

remainder o f  t h e  land was used f o r  i n d u s t r i a l  and researck purposes. 

p a r t  of the  reserva t ion ,  Oak Ridge, br?came s e l f  support ing and se l f  governing. A t  t h a t  t ime,  

t h e  e n t i r e  "Oak Ridge reserva t ion"  was designated as  the c i t y  o f  Oak Ridge, a l t h o u y h  dpproxi- 

inately 15,000 h a  (37,000 a c r e s )  remained in  the cust0d.y o f  A E C .  

One small p a r t  o f  t h i s  parcel o f  land 

1-he 
In 1959, the  coli!munity 

Anderson County r e s i d e n t s ,  exc lus ive  of Odk Ridge, share  many conlmon t r a i t s  and c h a r a c t e r i s t i c s  

with the  surrounding rura l  Tennessee populat ion.  Oak Ridge, on the  o ther  hand, has demogra[)hir, 
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Table 3.14. 1960, 1970, and projected population for counties 
containing communities within 50 miles of the O R N L  s i te  

. ~ ... 

County and 
subdivisions 

196P  1 9 7 F  1 980h 19906 

Impacted counties 

60,032 
32,067 
27,965 
4,943 
1,914 
1,389 

27,124 
336 

250,523 
172,734 
77.789 

111,827 

23,757 
8,791 

14,966 
285 

4,979 
3,812 

14,304 

14,304 

470 

39,133 
14,205 
24.928 

5,931 
2,010 

45 
82 7 

5.345 

60,300 64,909 74,988 
33,831 
26,469 

4.794 
1,923 
1,359 

26,829 
2,208 

Anderzon County 
Urban 
R u r a l  
Clinton 
L a k p  City 
Norris 
Oak Ridge' 
Oliver Springs' 

Knox Couiity 
Urban 
Rural 

Knoxville 

353.364 276,293 313,126 
190,507 
85,791 

174,587 

26.685 30,359 Loudon County 
Urban 
Rural 

Greenback 
Lenoir City 
Loudon 
Philadelphia 

24,266 
9,052 

15,214 
31 8 

5,324 
3,728 

554 

Morgan County 
Urban 
Rural 

Oliver Springs' 
Oakdale 
Wartburg 

Roane County 
Urban 
Rural 

Harriman 
Kingston 
Oa4 Ridgel 
Oliver Springs' 
Rockwood 

13,619 
34 

13,585 
34 

376 
54 1 

13,860 15,082 

40,741 44,728 38,881 
20,788 
18,093 
8,734 
4,142 
1,490 
1.163 
5,259 

Other counties and coiiii i i i inities 

Blount Couniy 
Urban 
Rural 
Alcoa 
Eagleton Village 
Friendsville 
Maryv i I le  
Townsend 

57,525 
21,81 1 
35,714 

6,395 
5,068 

606 
10,348 

283 

63,744 74.524 

26,892 
36,852 

7,739 
5,345 

575 
13,808 

26 7 

85.293 

Campbell County 
Urban 
Rural 
Caryville 
Jellico 
Jackrboro 
La Follette 

27,936 26,045 
6,204 6,302 

21,732 19.143 
648 

2.21 0 2,235 
689 

6,204 6,902 

26,394 27.806 

23,232 26.308 Cumber land County 
Urban 
Rural 
Crossville 
Pleasant Hill 

19,135 20,733 
4,668 5,381 

14,467 15,352 
4,668 5,381 

267 293 
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County and 
subdivisions 

.__ .. 

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

Fentress Couiity 
Urban 
Rural 
Allardt 
Jdrnestown 

blcMiriri County 
lJrban 
Rural 
Athens 
Cal houri 
Englewood 

Niota 
E t o W d h  

Meigz Coun ty  
Urban 
RiJral 

Oecatur 

Monroe County 
Urbari 
RlJrdl 
Madisonville 
S W e e t w a t e l  
1-el I I co PI a i i i b  

Vor iore 

Rhea County 
U r b n  
Rural 

Dayton 
Grdysville 
Spring City 

Scott Counly 
Urban 
R u r a l  

tiuntsville 
OneIda 

Seviar Couri t y 

Urbat- 
Rura l  

Gat  I in bu r g 
Piqeon Forge 
Sev i r i v i l  le  

Table 3.14 (continued) 
..... 

196W 

13,288 

13.288 

1,727 

33,662 
15,326 
18,336 
12,103 

1.574 
3,223 
679 

5,160 

5,160 
68 1 

23,316 
4,145 
19,171 
1,812 
4,145 
794 

15,863 
3.500 
12,363 
3.500 
838 

1,800 

15,413 

15.413 

2,480 

24,751 
2.890 
21,361 
1.764 

2,890 

8,498 

8,498 

620 

.... ._.... ............. ___ 

1 970a 1980h 1990h 

12,593 

12,593 
610 

1,899 

35,462 
15,526 
19,936 
1 1,790 
624 

1,878 
3,736 
629 

5,219 

5.214 
698 

23.475 
6.954 
16,521 
2,614 
4,340 
773 
524 

17,202 
4,361 
12.84 1 
4,361 
95 1 

1,756 

14,762 
2,602 
12,160 
33 7 

2,602 

28,24 I 
2,661 
25.580 
2,379 
1,361 
2 5 6  I 

9.072 

9,072 
819 
702 

uCI.S. Bureau of the Census, US. Census of Population 

Final Report PC(l)-A44. Tennesssa. 

13,616 14,944 

38.803 43,325 

6,017 

25.445 

13.100 

15,939 

34,004 

10,081 

6,752 

28.256 

70.706 

17,518 

39,533 

10,644 

hThc Tennessee State Planning Otfjce, Terrnesse? Migrat ion,  Populatioii, Farirlies, 

Income, and Manpower L)erriand Projer:tions to 19.90 for Ueveloprnent Districts 3iid 
Counties, 1974. 

c l r l  more thdri one county 
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c h a r a c t e r i s t i c s  t h a t  s e t  t h e  comniiinity a p a r t  f r o m  o t h e r  communit ies i n  t h e  area  and f rom t h e  
r u r a l  p o p u l a t i o n .  Fo r  exainole, i n  1970 Anderson County had a r u r a l  b l a c k  p o p u l a t i o n  o f  228 
( l e s s  than l:~), which i s  s i i i i i l a r  t.o t h e  r u r a l  m o u l a t i o n  o f  t h e  i-egion. 
Oak Ridge c i t i z e n ' s  a r e  b l a c k ,  Oak Ridqe c o n t a i n s  ove r  75% o f  a l l  b l a c k s  i n  Anderson County.  

A d d i t i o n a l  d i f f e r e n c e s  between t i l e  two qroups a r e  t .hat  t h e  Anderson County r e s i d e n t s  o u t s i d e  
Oak Ridqe a r e  iiiore n o r m a l l y  d i s t r i b u t e d  by  age groups, whereas Oak Ridge has p r o p o r t i o n a l l y  
more work ing-aged and p r o p o r t i o n a l l y  fewer  re t i remen t -aqed  peop le ;  o n l y  52.8% of  Oak R i d g e ' s  
c i t i z e n s  a r e  n a t i v e  Tennesseans, compared w i t h  85.9:i n a t i v e  Tennesseans i n  t h e  remainder  o f  
Anderson Coiinty; v i r t u a l l y  a l l  f o r e i g n - b o r n  r e s i d e n t s  i n  Anderson County l i v e  i n  Oak Ridge. 

A l though o n l y  5 . 5 5  of 

rhe c r e a t i o n  o f  Oak Ridge was t h e  main c o n t r i b u t i n q  f a c t o r  i n  t h e  u r b a n i z a t i o n  o f  t h e  p r e v i o u s l y  
r u r a l  a rea .  
conseauence of t h e  e s t a b l i s h m e n t  o f  t h e  Federal  r e s z r v a t i o n .  Between 1950 and 1970 t h e  popu la-  
t i o n  has i nc reased  by  o n l y  a smal l  amount, f rom 59,407 t o  60,300. 

P o p u l a t i o n  qrowth  i n  Anderson County was most d ramat i c  between 1940 and 1950 as a 

3.7.1.2 &ox C o u a  

Knox County has by f a r  t h e  l a r g e s t  p o p u l a t i o n  o f  any coun ty  i n  t h e  a rea .  

s tead i1 .y  i n  t h e  1960s f rom 250,523 i n  1960 t o  276,293 i n  1970, a 10% inc rease .  T h i s  g rowth  
has con t inued  i n t o  t h e  1970s, w i t h  a p o D u l a t i o n  e s t i m a t e d  a t  310,000 as o f  November 1, 1976, 
an average annual i n c r e a s e  o f  4935 persons .  I f  t h i s  g rowth  r a t e  c o n t i n u e s ,  Knox Coun ty ' s  popu- 
l a t i o n  w i l l  exceed by a s u b s t a n t i a l  amount t h e  1980 e s t i m a t e  o f  313,126 as proposed by t h e  
Tennessee S t a t e  P l a n n i n g  O f f i c e .  West Knox County i s  c u r r e n t l y  t h e  main  qrowth  area  o f  K n o x v i l l e  
T h i s  growt i i  i s  due t o  a v a r i e t y  of  f a c t o r s .  I n t e r s t a t e  40 has p r o v i d e d  r e s i d e n t s  easy access t o  

e i t h e r  K n o x v i l l e  o r  Oak Ridge f o r  employment o p p o r t u n i t i e s .  
s u i t a b l e  l a n d  has encouraged s u b s t a n t i a l  r e s i d e n t i a l  and commercial developinent.  

Knox County grew 

A d d i t i o n a l l y ,  t h e  a v a i l a b i l i t y  o f  

3.7.1.3 & C o w  

The p o p u l a t i o n  o f  Roane County grew s t e a d i l y  f rom 1940 t o  1960, b u t  d e c l i n e d  s l i g h t l y  by 1970. 
Accord ing  t o  t h e  1970 census, Roane County had 38,881 r e s i d e n t s .  Recent 1975 
es t ima tes  suggest a 1975 p o p u l a t i o n  o f  app rox ima te l y  40,600 r e s i d e n t s ,  a 4 .5% 

1970. L i k e  Knox County, i f  Roane Coun ty ' s  g rowth  p a t t e r n  con t inues ,  t h e  popu 
t h e  1980 e s t i m a t e  proposed by t h e  Tennessee S t a t e  P l a n n i n g  O f f i c e .  

The coun ty  i s  undergo ing  a change froin r u r a l  t o  urban, w i t h  s l i g h t l y  o v e r  ha1 

p o p u l a t i o n  
i nc rease  s i n c e  
a t i o n  w i l l  exceed 

o f  t h e  p o p u l a t i o n  
(53 .5%)  i n  t h e  1970 census c l a s s i f i e d  as urban r e s i d e n t s .  The urban areas  a r e  K ings ton  (4142),  
l ia r r iman (8734) ,  Rockwood (5259) ,  and p a r t s  o f  O l i v e r  Sp r ings  and Oak Ridge, wh ich  compr ise  t h e  
ba lance o f  urban areas w i t h i n  t h e  coun ty .  

3 .7 .1 .4  Loudon Co.unty_ 

Loudon County i s  a smal l  p redominan t l y  r u r a l  coun ty ;  i t  c o n t a i n s  two smal l  c i t i e s ,  L c n o i r  C i t y  

and Loudon. Loudon County had a f a i r l y  u n i f o r m  growth  r a t e  f rom 1950 t o  1970, w i t h  23,182 
i n  1950, 23,757 i n  1960, and 24,266 i n  1970. A r e c e n t  p o p u l a t i o n  e s t i m a t e  suggests a 1975 
p o p u l a t i o n  o f  26,300 r e s i d e n t s ,  an 8.69: i n c r e a s e  s i n c e  1970. Thc growth  o f  b o t h  u rban and 
r u r a l  a reas  o f  t h c  coun ty  has been abou t  t h e  samc, w i t h  b o t h  c a t e g o r i e s  showing approx ima te l y  
t h e  same g m v t h  f rom 1960 t o  1970. 
loudon, have n o t  grown e q u a l l y .  

However, t h e  urban areas  o f  t h e  county ,  L e n o i r  Ci ty and 
The c i t y  o f  Loudon l o s t  p o p u l a t i o n  f ror i i  1960 t o  1970, w h i l e  
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l.enoir City gsSned (Tab le  3.141. 
from Oak Ridge t o  Loudon (Fig.  3 .18) .  

Ler io i r  City i s  c l o s e r  to t h e  OKiNL s i t e ,  b e i n g  on the  w u t e  

9 f  tAe t ivc  c o ~ i t i e s  surroundi r ig  t h e  r-eservdtion, ikiUrydn County i s  ttie largest  i n  land area 

b ~ i t  t n e  s m l l e s t  i n  pop i i ' i a t - io i i .  
a recent  s t a t e  estirira-Le SIIUNS d 1975 populatloti of appwxilliately 14,400,  d 5.Y'i i nc r t?ase s i n c e  
1970. 
by t h e  Tentlessee S t a t e  Planriiricj O f f i c e .  

l'he 1970 certsus records a p o p u l a t i o r i  o f  13,619 residcitlts; 

P h i s  1 9 i 5  e:;tit i tate s l r w i i y  exceeds %ne 1980 popu la t ion  e s t~n ia t e  o f  1.3,850 ii:, proposed 

The developnient and CJpCf'at1tJll o r  t i i t !  DOE insTal!ations (previous' ly t he  kartnattan PruJect, 1J.S. 
AEC, arid ERDA) t i dw  gwedt ly  i n f  luenceb trie r y g i o n .  The plarlrs h a w  r e c w  rced numerous ;+orkers 

f r o n i  o u t s i d e  t h e  reyiciri, creaxed long-tenn perriiarient emp'loyrtient l o r .  iiiatiy l o c a i  c i t i z e n s ,  coli- 

tributed tu the  developn:er~C and growtn o t  [owns arid c i t i e s ,  arid a f f e c t e d  tl:e operat ion of a 

v a r i e t y  o f  social  ,arid pol 3 tii:a'l i ns t - i - t u t i u r l s .  T h e  fol lowing d i s c u s s i u n  d e s c r i b e s  the  c u r r e n t  

prof.  i lc:s o f  mdriy o f  t r iese i n t i  uorices. 

Employmerit i n  tne  t3tomic energ!/ progratii dl: Oak Riaqe i s  d i v i d i l d  aintmg D O E  ( p r i o r  t.0 February 

1975, the A t o m i c  t n e r y y  Cori i i l i issjon; trorn Feurxary 1975 t o  October 1 9 7 7 ,  EKDA) and i t s  principal 

opt? r a t  i ng contracKors  : IJn I on Carbi de Corpora t i  on , 1Juc.l ea r  D i  v i  s i on (M;l.;-iUl j , wh i cii oj)ciraIes t h e  

Oak Ridge Gaseous D i i - f u s i o n  P l a n t  (OKGDP) ,  t h e  Oak Ridge Y-12 Plant ,  artti tile Oak R - i d y  National 

I-aboratory ( O K N L ) ;  Oak Rioqe Assuc.iai:r?d Univers-1 c i e s  !o r{Auj ;  and t h e  b n i v e r i i t y  of rertr,t?s!;ee, 
which operaces trir CoispardLive Anirjid.1 Xesearch Laoot-atory ( C A R L ) .  i n  1976,  these irli;-cail&tions 

employeti an aver~dge n f  17,4UO persofis distributed aimii:j trie i r i s t a l l a t i o t i r  ax s h o w  i n  ' [ ab le  3.15. 

Overall, t h e  th ree  r i ia jor  i n s r a l l d t l o r l s  operated b,y UCC--NU under c o n t r a c t  w iLh  DOE have provided 

a vat t ier  s t a b l e  source o f  emp'loytiienr. f o r  30 years ,  a v e r d y i n g  aoout  13,000 enipioyees arinually 

(Tab le  3 .16) .  l'liest? f i g u r e s  do n o t  include Lne peuplrr etiipioyed t o  CGnStrUc'C the p l a n t s ;  a t  the 

peak cor!:;triictiori p e r i o d  i n  inid-1945, dri e s t i n a t e d  70,000 workers were iirvoived in tne  coitstruc- 

t l o n  O F  trie trrreci p l a n t s .  

(by  about: 4000 worriers); however, o f  ttie t h r e e  p l a n t s  o n l y  O K N L  and ORtiOP have actually expanded. 

S i n c e  1 9 ) 3  t o t a l  ernployrrlenr, a t  the t n r e e  p lan ts  has gt'uwn s u b s t a n t i a l l y  
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Table 3.15. Employee distribution among ERDA 
contractor installations, 1976 

Installation Number employed Pe rce t i  t 

ORGDP 6,000 
ORNL 5,200 
Y-12 4,800 
C A R L  102 
ORAU 355 

927 ERDA 
Total 17,384 

_ _ _  

35 

30 

28 
<1 

2 
5 

Table 3.16. Employment levels a t  ORGDP, ORNL. and Y-12 - 1943 to 19760 

Facility 1943 1947 1952 1955 1958 1960 1963 1966 1969 1973 1974 1975 1976 

ORGDP 4.900 4,000 4.900 4.280 4.952 4,150 2,700 2.570 2 750 3.000 4.300 5,000 6,000 
ORNL 3.00G 3,000 3,000 3,120 3.735 4.200 4,480 5,190 5,100 4 100 4,500 5,000 5.200 
y 12 - 3,560 3.560 3.560 3.560 - 6 , g  55,203 -5.420 3 4 4 0  2402 5.000 2i800 

Total 11.460 11,460 11,460 10.980 14,912 13,553 12,600 12,200 13,250 13,100 14 200 15.000 16.000 

“Yearly averages 
Source: C. R Meyers. Jr.. S p a t d  D/striburion and €rnp/oyrnent Trends of Manr,fxruring lndustries In f a s t  lennesee,  1943- 797’3, OR NLiNSFIEP 38, 

__ ~- ~~ - ~ -~ ..... __ _____...__ 

~. ~~ __ ___ _ _ _ ~ _ _  ___ ~- __ ~ ~ ~ _ _  .~ ~. ~ _ ~ _  

._ -___ __  

Oak Ridge National Laboratory. Oak Ridge, Ti.nn., June 1974, pp 16-17. 

3 .7 .2 .2  Eqij-les res idence  

I n  r e c e n t  yea rs ,  l e s s  than h a l f  o f  t h e  work f o r c e  r e s i d e d  i n  Oak Ridge; f o r  example, i n  1975, 

34.6% l i v e d  i n  Oak R idge,  27.4:; l i v e d  i n  K n o x v i l l e ,  and t h e  rema in ing  44% l i v e d  i n  t h e  sur round-  
i n g  c o u n t i e s  o r  i n  s m a l l e r  o u t l y i n g  towns and c o r m u n i t i e s  (Tab le  3 .17) .  

The impact  o f  geograph ica l  d i s t a n c e  and access on res idence  l o c a t i o n  o f  employees i s  n o t  e a s i l y  

d i s c e r n i b l e  f r o m  d a t a  Z v a i l a h l e  (Tab le  3 .18 ) .  W i th  r e s p e c t  t o  ORGDP personne l ,  t h e r e  i s  a 

s l i g h t l y  h i g h e r  p r o b a b i l i t y  f o r  them t o  l i v e  i n  K ings ton  o r  Harr iman than  f o r  employees o f  t h e  
o t h e r  two p l a n t s ;  however, fewer  Y-12 employees l i v e  i n  Oak Ridge than  do employees o f  ORNL and 
ORGDP, a s i t u a t i o n  sugges t ing  t h a t  occupa t iona l  c l a s s i f i c a t i o n  i s  p r o b a b l y  a b e t t e r  i n d i c a t o r  
o f  res idence  l o c a t i o n  t h a n  i s  geograph ica l  d i s t a n c e  t o  t h e  p l a n t .  

3.8 LAND USE 

The Oak Ridge r e s e r v a t i o n  c o n s i s t s  o f  app rox ima te l y  15,000 ha (37,000 a c r e s ) .  
i n d u s t r i a l  s i t e s  (Y-12 P l a n t ,  Oak Ridge Gaseous D i f f u s i o n  P l a n t ,  Oak Ridge N a t i o n a l  L a b o r a t o r y ) ,  
an a g r i c u l t u r a l  research  coinplex (Comparat ive Animal Research L a b o r a t o r y ) ,  e c o l o g i c a l  research  
areas ,  and managed f o r e s t s  p r o v i d e  f o r  i n t e n s i v e  use o f  t h e  r e s e r v a t i o n .  
o f  t h e  HETP f a c i l i t i e s  a r e  t h r e e  i n c o r p o r a t e d  towns (Oak Ridge, O l i v e r  Sp r ings ,  and L e n o i r  C i t y )  
w i t h  a combined p o p u l a t i o n  o f  37,000.19 
( 1  m i l e )  sou th  o f  t h e  r e s e r v a t i o n  and I n t e r s t a t e  75 abou t  3 .2  km (2 m i l e s )  sou theas t  o f  t h e  
r e s e r v a t i o n .  S t a t e  Highways 95, 58, and 62 pass t h r o u g h  o r  a d j a c e n t  t o  t h e  r e s e r v a t i o n .  The 
Tennessee V a l l e y  A u t h o r i t y  Me l ton  H i l l  and Watts Bar  r e s e r v o i r s  f o r m  most o f  t h e  sou the rn  and 
western  boundar ies  o f  t h e  r e s e r v a t i o n  and a t t r a c t  b o t h  f i she rmen  and b o a t e r s .  On ly  one a i r p o r t  
( t h e  Oak Ridge A i r  Park ,  a genera l  a v i a t i o n  f a c i l i t y )  i s  w i th in  16 km (10 m i l e s )  o f  t h e  f a c i l i -  
t i e s .  No cornniercial a i r  r o u t e s  pass o v e r  t h e  r e s e r ~ a t i 0 n . I ~  A f o rma l  l a n d  use p l a n 4 7  f o r  t h e  
r e s e r v a t i o n  was f o r m u l a t e d  i n  1975. 

Three separa te  

W i t h i n  16 km (10 m i l e s )  

Ma jo r  highways i n c l u d e  I n t e r s t a t e  40 abou t  1.5 km 
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Table 3.17. Payroll and residence information Oak Ridge dred 

(ERDA and CPFF contractors), December l Y E a  
.. ---. .......... 

Residancr 
Number 

of 
employeasb 

16.007 

5,536 

7.115 

2,054 
6.302 

9,795 
4,357 

868 
269 
23 5 
170 
175 
51 

227 

3,424 
1,198 

96 5 
700 
538 
592 
252 

Percent 

nf 
?rnriloyzes 

100.0 

34.6 

1.3.2 

12.8 
39.4 

W.ti 
27.2 

5.4 
1 .I 
1 5  
1.1 
0.C 

0 3  
1 .4 

21.4 
7 5  
6.2 
d 4 
4.0 
3 7  
1 6  

P2yl-0 I I b  _ ... 

$237,850.1 34 

90,846.E.24 

27,602,356 

26;,320.368 
88 ,am, 8 86 

144,769,243 
63,61 7.021 
11,164,685 
3,180,276 
3 013,727 
2,009.220 
1,430,673 

650,374 
2,934.405 

49,331,269 
16, 111 I:. 8 ci4 
13,217,354 
'1,194,683 
7,721,505 
6,846.7 6 7 
3 076.011 1 

......... 

~~ ~. 

Pel-cent 
of 

payroll 

10L).o 

39.0 

1 1 .o 

11.3 
37.8 

62.2 
27.3 

4.8 
1.4 
1.3 
0.9 
0.6 

0.3 
1.2 

21.2 
6.9 
5 7  
3.9 
3.3 
2 9  
1 3  

3 .9  WATER USE 

Major wa te r  uses in  t he  v i c j n i t y  !if ORNL includt? water withdrawals f o r  i n d u s t r i a l  a n d  puhl ic  

water supp l i e s ,  commercial arid recrea t iona l  water t r a f f i c ,  and other recrea t iona l  a c l i v i t i e s  

sucb a i  swimiiiir-iy arid Cish i r ig .  

M d j o r  w a t e r  withdrawals f ro i i i  the  Clinch R i v e r  a r e  f o r  DDE Oak Ridge Operations (5.5 Mgd a t  CRM 
11.5 and 2 . 5  Mgd a t  CRM 14.4),  the  c i t y  o f  Odk Ridge and DOE ( 7 2  Mgd a t  CRM 41.5 

i t s  water from t l i i c ,  s o u r c e ) ,  TVA B u l l  Run Steain P lan t  (572 Myd a t  CRM % 1 . 6 ) ,  and Nest Knox 

U t i l i t y  D i s t r i c t  ( 1  Myd a t  CRM 4 6 . 9 ) .  

DRNI. obta ins  

Groundwater use ( w e l l s )  within a n  approximdte PO-mile (32-km) radius  includes not only i n d u s t r i a l  

( 4 . 3 3  Mgd) arid p u b l i c  water  suppl ies  (%0.30 Mqd) b u t  d l s o  a l a r g e  number of small-capaci ty  



Oak Ridge 

CI i nton 
Oliver Springs 

Ha4 r i m a n  
Kinqcron 

Knoxville 
Lenoi r City 
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Table 3.18. Residence location for UCC-NO employees 1974 ___ ~ ~ - ~ . . . _ _ _ ~ _ _ .  ~ _ _ _ _ _ ~ ~  .... ~ 

__..____ ORGOP - . - - y 1 2 . - -  _ m L  
Number Percent NumDer Percent Number Percent 

- 

LVithin 20 m Ies 
20 to  30 mile< 
30 T O  40 miles 

40 to 50 ini les 
Over 50 miles 

I otal outside 
Oak Ridge 

Urban 

1,339 33.7 1,592 29.2 2,024 42.7 
284 7.2 514 9.4 22 1 4 7  
117 4.5 229 4.2 98 2.1 
22 7 5 7  249 4.6 88 1.9 
377 9.5 275 5.0 233 4.9 
671 16.9 1,221 22.4 1,113 23.5 
185 4.7 225 4.1 224 4.7 

Rural 

257 6 7  451 8 4  360 7 6  
233 5 9  355 6 5  183 3 9  
118 3 0  193 3 5  111 2 3  
35 0 9  74 1 4  21 0 4  
58 1 5  75 1 4  66 1 4  

2.632 66 3 3 867 70 8 2,718 57 3 
-~ ~ ~- 

Source: Union Carbide Corp , Ino'risrrial Relations Report, Nuclear  Division. Oak Ridge 

.renn.. 1975 

indiviouai  dria i i i u l t i u r r i t  domestic wel l s .  OKNL uses between 0.15 and 0.30 Mgd o f  local-wel l  

grouriwdter (aepetidiriy or1 the  time of y e a r )  i n  i t s  f i sh- research  l a b o r a t o r i e s .  

i h e  Clinch Kiver i s  the RldJOr  grouriawater sink f o r  t h e  a r e a .  Discharge frum the  aqui fe r  systein 

a t  OKNL flows d i r e c t l y  inLo the river o r  i t s  t r i b u t a r i e s  ( i . e . ,  Melton Branch, Whiteoak Creek). 

Because tne inc ised  meander of the Clinch River i s  a major topographic f e a t u r e  s e t  in  bedrock,48 

i t  i s  un l ike ly  t h a t  a s i y n i r i c a n t  groundwater flow passes beneath the  r i v e r .  No groundiJater 

wel ls  a r e  l o c a ~ e a  wnere t h e y  could p o t e n t i a l l y  i n t e r c e p t  seepages from %he p lan t  s i t e  before 

discndrge inco the Clinch River system. 

The Clinch Kiver (Meiton Hil l  Reservoir)  ad jacent  t o  the  O R N L  property i s  a component of t h e  

I n l a n d  Wacerwdy System, which allows commercial navigation t o  the Gulf of Mexico. Commercial 

t r a f f i c  I O C K e d  through Melton Dam amounted t o  3000 tons (2720 metr ic  tons)  i n  1975. In 1974, 

6 ~ 1  recredt ional  c r a f t  pdssed through Melton Hill locks.  

kecreat ional  use of the  lands and waters i n  the  Oak Ridge region i s  heavy (Sec t .  3 .8 ) .  Although 

no q u a n t i f i c a t i o n  of recrea t iona l  use such as  swimming, f i s h i n g ,  and loca l ized  recrea t iona l  boat- 

ing i s  a v a i l a b l e ,  a l a r g e  proportion of these  recrea t iona l  a reas  a r e  located along waterways, and 

trequent recrea t iona l  i n t e r a c t i o n s  with water a r e  assumed. 

3.10 R E G i U N A L  LANDMARKS 

3.10.1 His tor ic  

Among the  e a r l y  s e t t l e r s  in  what i s  now the Oak Ridge reserva t ion  were William Punnel l ,  Anne 

Iioward, Isaac Free ls ,  and Coll ins  Roberts. The descendants o f  these fami l ies  were s t i l l  i n  
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t h e  area  when t h e  Corps of  Eng ineers  a c q u i r e d  t h e  l a n d  f o r  t h e  Manhattan P r o j e c t  i n  1947. Mdny 
c u r r e n t  p l a c e  names on t h e  r e s e r v a t i o n ,  such as F r e e l s  Bend and R o b e r t s v i l l e ,  were d e r i v e d  f rom 
these  e a r l y  s e t t l e r  

A g r i s t  m i l l  e x i s t e d  on t h e  Eas t  Fork  o f  P o p l d r  Creek b e f o r e  1796 when Tennessee was s t i l l  

a p a r t  o f  N o r t h  C a r o l i n a .  Wa lke r ' s  M i l l  was b u i l t  where t h e  Eas t  Fork empt ies  i n t o  P o p l a r  
Creek near  t h e  p r e s e n t  s i t e  o f  t h e  Oak Ridge Gaseous D i f f u s i o n  P l a n t . 5 1  

Spdrse ly  wr i t - cen  n i s t o r y  o f  t h e  a r e a  i n d i c a t e s  t h a t  a M e t n o d i s t  cnurcn  e x i s t e d  i n  t h P  e a r l y  ddys 

of  s e t t l e n i e n t .  
Church f o l l o w e d  a l o n g  w i t h  George Jones i\ leniorial B a p t i s t  Church ( t h e  only s t r u c t u r e  l e f t  i n  

t h e  g roup) .  

M t .  Z ion  B a p t i s t  Church was fouriaed i n  !.ne e a r l y  185Os, and L u m b e r l m d  P r e s b y t e r i a n  

A l s o  l o c a t e d  i n  t h e  area  a t  t h e  t i i i i e  o f  t h e  .I942 a c q u i s i t i o n  by  t h e  U.S. Govert inent were t h e  Eas t  
Fa rk  Nasonic Lodge, R o b e r t s v i l l e  School ,  Wheat High School ,  Adam's S t o r e  arid Post  O f f i c e ,  arid 
many c lapboard  houses and l o g  c a b i n s .  
t h e  l a t e  1930s. 

A f e r r y  e x i s t e d  a t  t h e  p r e s e n t  G a l l a h e r  B r i d g e  s i t e  u n t i l  

A research  teaiii f rnm t h e  Department of Anth ropo logy ,  U n i v e r s i t y  of Tennessee, K n o x v i l l e ,  c o r ~ d u c t e d  
an a r c h a e o l o g i c a l  survey"  of t h e  proposed gas c e n t r i f u g e  p l a n t  s i t e  a t  the westevn end of t h e  

Oak Ridge r e s e r v a t i o n  a d j a c e n t  t o  Oak K idge Gaseous D i f f u s i o n  P l a n t .  
was t o  l o c a t e ,  i n v e n t o r y ,  and e v a l u a t e  t h e  p r e h i s t o r i c  and h i s t o r i c  cu l - tu ra l  resources  i n  t h e  
proposed impac t  a rea .  
r e q u i r e  p r e s e r v a t i o n  o r  i n i t i g a t i o n  of adverse  impac t  under t h e  c r i t e r i a  o f  t h e  ~ U ~ ~ O T L Q L  P ~ ; : ~ % s T , ~ F  

of lfi:stoPtc f ' laces. 

'The purpose o f  the su rvey  

One c o r i ~ l u s i o n ~ ~  was t h a t  t h e r e  a r e  no  h i s t o r i c  s t r u c t u r e s  o r  s i t e s  t h a t  

The o n l y  h i s t o r i c  s i t e  l i s t e d  i n  t h e  iiiLti:orz.*Z ~ ? e g i s t : ? ~  of- r;"islnr;ic Places i n  t h e  Oak Ridge a rea  

i s  t h e  G r a p h i t e  Reac to r  B u i l d i n g  a t  Oak K idge N a t i o n a l  L a b o r a t o r y .  Cons t ruc ted  d u r i n g  Warld 
War I 1  as p a r t  o f  t h e  Manhattan P r o j e c t ,  t h e  G r a p h i t e  Reactor  i s  t h e  w o r l d ' s  o l d e s t  e x i s t i n g  
n u c l e a r  r e a c t o r  and i s  now open t o  t h e  p u b l i c  on a r o u t i n e  b a s i s .  

3.10.2 Archaeoloq-iccj- 

An e a r l i e r  a r c h a e o l o g i c a l  su rvey49  o f  t h e  Oak R idge r e s e r v a t i o n  was conducted  by t h e  Department 

o f  Anthropo logy ,  U n i v e r s i t y  o f  Tennessee, K n o x v i l l e ,  f r o m  March 15 t o  June 30, 1974. 
a b o r i g i v a l  occupd t ion  t h a t  m i g h t  be a f f e c t e d  by  f u t u r e  a c t i v i t i e s  on t h e  r e s e r v a t i o n  were l o c a t e d  
and eva lua ted .  

S i t e s  o f  

Reconnaissance and t e s t i n g  were done i n  s e v e r a l  d i f f e r e n t  phys iog raph ic  zones, i n c l u d i n g  t h e  

C l i n c h  R i v e r  and i t s  la rc je r  t r i b u t a r y - s t r e a m  t e r r a c e s ,  t h e  i n t e r i o r  va'l l e y s ,  s e l e c t e d  f o v e s t e d  
r i d g e s ,  and s p e c i f i c  f a c i l i t y  a reds .  P r e v i o u s l y  r e c o r d e d  s i t e s ,  known b u t  unrecorded s i t e s ,  and 
p r e v i o u s l y  unknown s i t e s  were i n v e s t i g a t e d .  The s u v w y  techn iques  i n c l u d e d  c o l l e c t i n g  s u r f a c e  
a r t i f a c t u a l  m a t e r i a l s ,  examin ing  subsur face  so i l  s t r a t a ,  and i n t e r v i e w i n g  l o n g t i m e  r e s i d e n t s  and 
etnpl oyees . 

A l t o g e t h e r ,  45 s i t e s  o f  p r e h i s t o r i c  a b o r i g i n a l  occupa t ion  and s e v e r d l  h i s t o r i c  Ebroamerican 
homestead s i t e s  were oxamined. The p r i m a r y  emphasis o f  t h e  s t u d y  was on t h e  p r e h i s t o r i c  s i tes .  
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Most of the major archaeological  per iods in  t h e  eas te rn  Tennessee chronological sequence were 

represented i n  the mater ia l  c o l l e c t e d  during t h e  survey. 

drainage system of the  Clinch River, with the  majori ty  located on the main stream. Several 

s i t e s ,  however, were loca ted  on the  t r i b u t a r y  streams of Poplar Creek, East Fork of Poplar 

Creek, and Whiteoak Creek.49 

The s i t e s  were d i s t r i b u t e d  along the  

3.10.3 Cultural  

The tremendous d i v e r s i t y  of i n t e r e s t s  and a c t i v i t i e s  cf  Oak Ridgers i s  ind ica ted  by t h e  number 

of organiza t ions  (near ly  300 c u r r c n t l y )  l i s t e d  each year  by the  local  newspaper. The Oak Ridge 

Music Association schedules na t iona l ly  known musicians d u r i n g  the f a l l  and winter  seasons. These 

performances a r e  in te rspersed  with concerts  by the Oak Ridge Symphony Orchestra and the  Oak Ridge 

Chorus, both d i r e c t e d  by a professional  conductor. I n  Knoxville, the  Universi ty  of Tennessee's 

University Concerts s e r i e s  br ings Broadway shows, b a l l e t  cotnpanies, and noted p e r s o n a l i t i c s  t o  

the  Knoxville Municipal Coliseuiii and Auditorium. 

The Oak Ridge Playhouse i s a community-wide a c t i v i t y ,  with i t s  own t h e a t r e ,  a professional  

d i r e c t o r ,  and a business tnanager. 

The Oak Ridge Art Center houses a g a l l e r y ,  a s t u d i o ,  a n d  a g i f t  shop. Both local  and t r a v e l i n g  

a r t  shows a r e  on d isp lay  almost cont inua l ly  a t  the  Center, and courSes a re  of fe red  i n  ceramics, 

l i thography,  o i l s ,  watercolors ,  drawing, and s c u l p t u r e .  

The American Museum o f  Atomic Energy i s  a major a t t r a c t i o n  f o r  t o u r i s t s  i n  eas te rn  Tennessee. 

ihe $3.5 mi l l ion  bui lding f e a t u r e s  models, movies, demonstrat ions,  devices ,  and machines, a l l  

designed t o  descr ibe a n d  explain concepts r e l a t i n g  t o  energy phenomena. 

Another point  o f  i n t e r e s t  i s  the Universi ty  of Tennessee Arboretum, which includes one of the  

Southeas t ' s  l a r g e s t  and most complete c o l l e c t i o n s  of trees and p l a n t s  from the  Appalachian 

region and serves  a s  a l i v i n g  source of information about t r e e s  and shrubs. 

3.10.4 Sce~& 

Oak Ridge i s  s i t u a t e d  i n  the  middle o f  scenic  East Tennessee, surrounded by mountains, r i v e r s ,  

l akes ,  and heavi ly  fores ted  r idges .  

of the  22  r e s e r v o i r s  b u i l t  by the Tennessee Valley Authority on the Tennessee River and i t s  

t r i b u t a r i e s .  

l akes  and streams provide f i s h i n g ,  boa t ing ,  swirrtming, and o ther  water s p o r t s .  

Within a n  h o u r ' s  d r iv ing  d is tance  of Oak Ridge a r e  f i v e  

These f i v e  r e s e r v o i r s  have a t o t a l  shore l ine  of 3700 km (2320 miles)  and with o ther  

Oak Ridge i s  about 100 ktii (60 iniles) from t h e  n a t i o n ' s  most v i s i t e d  nat ional  park,  the  Great 

Smoky Mountains. The park embraces about 200,000 ha (500,000 a c r e s )  i n  Tennessee and North 

Carol i na . 

Oak Ridge has four  c i ty-maintained parks: Chestnut Ridge ( o f f  of Melton Lake Dr ive) ,  Ridgewood 

Park (near  the Municipal Bui ld ing) ,  Key Springs Park ( o f f  of Outer Dr ive) ,  and Scarboro Vil lage 

Park ( i n  the Scarboro community). In addi t ion  t o  municipal parks ,  Clark Center Park, developed 

by Union Carbide Corporation f o r  i t s  employees, o f f e r s  boat ing,  swimming, and o ther  f a c i l i t i e s .  
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A s u b s t a n t i a l  p a r t  o f  t h e  land i n  and around Oak Ridge i s  undeveloped. Current ly  t h e r e  a r e  

about  510 h a  (1260 a c r e s )  i n  city-owned and an almost equal amount i n  i n s t i t u t i o n a l l y  owned 

open space.  Open space i n  the  urban area  can be a t t r i b u t e d  p a r t l y  t o  pockets i n  r e s i d e n t i a l  

developments l e f t  open due t o  rough t e r r a i n ;  green b e l t s  along the urban f r i n g e  p rov ide  addi- 

t iona l  na tura l  surroundings.  
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4. ENVIRONMENTAL IMPACTS 

4.1 RADIOLOGICAL IMPACTS 

4.1.1 Impacts o n E  

4.1.1.1 Assessment methodology 

Radiological impacts on man a r e  assessed by c a l c u l a t i n g  t h e  dose t o  t h e  maximally exoosed 

individual  and t o  the  population l i v i n g  within a 50-mile rad ius  of t h e  HETP s i t e .  Rddioriuclides 

re leased t o  the environment through a i rborne  o r  aquat ic  means can r e s u l t  in  exposure t o  man via 

several  d i f f e r e n t  pathways. S i g n i f i c a n t  p o t e n t i a l  pathways f o r  in te rna l  and external  rad ia t ion  

exposure t o  iiian From radionucl ides  re leased by a nuclear  f a c i l i t y  a r e  i l l u s t r a t e d  i n  F i g .  4.1. 

Radiological impact i s  es t imated a s  t h e  50-year dose commitment t o  ind iv idua ls  o r  populations 

i n  u n i t s  of mil l i rems o r  man-rems per year  of f a c i l i t y  operat ion ( t h e  HETP i s  expected t o  r u n  

f o r  2 y e a r s ) .  The dose commitment i s  ca lcu la ted  f o r  a s p e c i f i e d  intake of radionucl ide and i s  

def ined a s  t h e  t o t a l  dose t o  a re-ference organ ( r e s u l t i n g  from one year  of in take)  which wi l l  

accrue during the  remaining l i f e t i m e  of an ind iv idua l .  The exposed person i s  assumed to  be an 

a d u l t  (20  years  of age)  a t  the  time of intake who wi l l  l i v e  t o  an age of 70 years .  Thus the  

dose commitment i s  ca lcu la ted  by i n t e g r a t i n g  the  dose r a t e  over a 50-year per iod;  the  r e s u l t  

i s  c a l l e d  the 50-year dose commitment. I n  t h i s  repor t  dose and dose commitment a r e  lused i n t e r -  

changeably, and each implies  a 50-year dose commitment. Doses t:o s p e c i f i c  organs can vary 

considerably f o r  i n t e r n a l  exposure from ingested o r  inhaled m a t e r i a l s  because some radionucl ides  

concentrate  i n  c e r t a i n  organs o f  t h e  body. Estimates of r a d i a t i o n  dose t o  the  t o t a l  body and 

major organs a r e  therefore  considered f o r  a l l  pathways of in te rna l  exposure and a r e  based on 

parameters appl icable  t o  an average a d u l t .  

Radiation doses t o  t h e  in te rna l  organs of ch i ldren  in  the population vary from those received 

by an average a d u l t  because of d i f f e r e n c e s  i n  radionucl ide metabolism, organ s i z e ,  and d i e t .  

Differences between t h e  organ doses o f  a c h i l d  and those  of an average a d u l t  may be s i g n i f i c a n t .  

[he est imated atmosphere-forage-cow-milk pathway dose t o  the thyroid of a one-year-old c h i l d  

from radioiodine i n  milk i 5  about f i v e  times t h a t  f o r  an average 

Population dose es t imates  f o r  t h e  t o t a l  body a r e  sums of the total-body doses t o  ind iv idua ls  

within 50 miles  of the p lan t .  

independent of age;3 t h e r e f o r e ,  man-rem es t imates  a r e  based on total-body doses ca lcu la ted  f o r  

a d u l t s .  

organ doses o f  the indiv idua ls  within 50 miles  of the  p lan t .  

a l s o  based on a d u l t  organ doses. 

I t  i s  assumed t h a t  r a d i a t i o n  dose t o  t h e  t o t a l  body i s  r e l a t i v e l y  

S i m i l a r l y ,  the population dose es t imates  f o r  the  var ious organs a r e  t h e  sums of s p e c i f i c  

The man-organ-rem es t imates  a r e  

Dose c a l c u l a t i o n s  f o r  aqueous rad ioac t ive  e f f l u e n t s  a r e  based on an individual  who i s  dr inking 

water (1200 mllday) and ea t ing  f i s h  (20 glday)  taken from t h e  Clinch River a t  t h e  point  where 

Whiteoak Creek i n t e r s e c t s  downstream from Whiteoak Lake. Several conservat ive assumptions 

were made i n  order  t o  f a c i l i t a t e  the  computations; t h e r e f o r e ,  dose es t imates  a r e  probably 
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Fig. 4 .1 .  Scheiiiatic representa t ion  o f  assessiiierit inethodology used t o  c a l c u l a t e  t he  
rad io logica l  impact on man. 
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higher  than those t h a t  a c t u a l l y  occur. The flow r a t e  out  of Whiteoak Lake i s  assumed t o  be 

1 x 10l3 ml/year and i s  3 . 5  x 

Instantaneous and complete mixing i s  assumed in  t h e  Clinch River. Also,  i t  i s  assumed t h a t  no 

precaut ionary measures a r e  taken t o  prevent anyone from drinking t h e  water- o r  e a t i n g  f i s h  caught 

i n  the a r e a .  Bioaccumulation f a c t o r s  f o r  radionucl ides  i n  f i s h  a r e  taken from ORNL-4992.4 

mllyear f o r  the Clinch River a t  t h e  point  o f  i n t e r s e c t i o n .  

4.11 . l .  2 Ana 1 y'i i s of.. 1 i q u i  d e f f 1 u e n t s 

Table 2.6 l i s t s  rad ioac t ive  aqueous e f f l u e n t s  re leased t o  the  environment and t h e i r  corresponding 

concent ra t ions  in  Whiteoak Lake. Radionuclides of primary s i g n i f i c a n c e  t o  the dose were obtained 

by d iv id ing  the Radiation Concentration Guide (RCG) l i s t e d  i n  Table I I ,  Column 2 of 10 CFR 20 by 

t h e  concentrat ion i n  Whiteoak Lake. I f  t h i s  r a t i o  was less than l o 5  ( i . e . ,  the  concentrat ion 

i n  Whiteoak Lake was within 100,000 of the recommended RCG), a dose was ca lcu la ted .  

nucl ides  t h a t  meet this  c r i t e r i a  a r e  "Sr, 'OSr, '35Zr, YsNb, ] . jhCs,  and 147Ce. 

The radio-  

Radiation doses t o  the maximally exposed individual  f o r  e a t i n g  f i s h  arid dr inking water (Sec t .  

4.1.1.1) a r e  l i s t e d  in  Table 4 .1 .  

s i g n i f i c a n t l y  t o  t h e  t o t a l  dose man receives  from na tura l  sources .  Liquid e f f l u e n t  doses a r e  

a l s o  i n s i g n i f i c a n t  when compared t o  the doses received from atmospheric radionucl ide r e l e a s e s ,  

a s  wi l l  be seen i n  the  following s e c t i o n .  

All dose commitments a r e  very small and would not cont r ibu te  

Table 4.1. Maximum individual 50-year dose commitments to total body and various organs 
from aqueous radioactive effluents during 1 year of HETP operations 

Dose commitments (iiiill irems) - ...~ . ....... . ~ Pathway 
Total body GI tract Bone Thyi-old Kidneys 

Eating fish 8.1 X 2.8 X 10'" 1.2 X 10'" 8.1 X 10 5.3 X I O - '  

Drinking water 2.4 X 10.' 6.G X 6.4 X l o 3  2.4 X 1 9 X I F 4  

Total 1.1 x IO-" 9 4  x 7.6  x i o +  1.1 x 7.2 x 

The impact of increased 3H r e l e a s e s  from the  waste bur ia l  ground (Table 2 . 7 1  has a l s o  been 
evaluated.  

t h e  bur ia l  ground each year .  The s t e a d y - s t a t e  concentrat ion i n  Whiteoak Lake w o u l d  be  

8.0 x lobf i  pCi/ml, and the Clinch River concentrat ion would be 2 .3  x lLi/ml (assuming a 

d i l u t i o n  f a c t o r  of 350) .  Corresponding dose commitment t o  t o t a l  body i s  6.3 x l o -+  mil l i rems.  

Again, t h i s  dose i s  small when compared t o  t h a t  from other  sources  ( ~ 1 %  o f  O R N L  3H discharges) .  

I t  i s  assumed t h a t  1Ok of the 820 Ci o f  3H from HETP opera t ions  would escape from 

4.1.1.3 Analysis-_o_f a i rborne  e f f l u e n t s  

The AIRDOS-I1 computer code5 was used t o  es t imate  50-year dose commi tments from e f f l u e n t s  

re leased  t o  the  atmosphere. 

the  dose commitment t o  ind iv idua ls  and populat ions f o r  as many a s  36 radionucl ides  re leased from 

one t o  s i x  s t a c k s .  HETP gaseous e f f l u e n t s  a r e  re leased from s tacks  3039, 7911, and a s tack f o r  

combustible off-gases  on t h e  roof of Building 7930 (Sec t .  2 .3 .3 .4) .  Annual average meteoro- 

l o g i c a l  da ta  a r e  suppl ied f o r  the  surrounding area a s  input  t o  the  computer code. 

The AIRDOS-I1 code i s  a FORTRAN-I11 computer code t h a t  c a l c u l a t e s  

O u t p u t  ddta  
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include ground-level c o n c m t r a t i o n s  i n  a i r  and r a t e s  of deoosi t ion on  ground and water sur faces  

f o r  each radionucl ide a t  var ious d is tances  and d i r e c t i o n s  from the r e l e a s e  poin t .  

values ,  doses t o  Inan a t  each d is tance  and d i r e c t i o n  spec i f ied  a r e  estimated f o r  t o t a l  body, GI 

t r a c t ,  bone, thyro id ,  lungs,  muscle, kidneys, l i v e r ,  spleen,  t e s t e s ,  and ovaries  through each 

of the f i v e  pathways depicted i n  Fig. 4 .1 .  

dose-conversion f a c t o r s  suppl ied a s  inpiit data  f o r  each radionucl ide and exposure mode. Dose- 

conversion f a c t o r s  f o r  suhlnersion in  t h e  gas-borne e f f l u e n t ,  exposure t o  contaminated g r o u n d  

sur face ,  a n d  int.ake of radionucl ides  through inha la t ion  and ingest ion a r e  ca lcu la ted  by use of 

dosimntric c r i t e r i a  of t h e  In te rna t iona l  Commission on Radiological Protect ion ( I C R P )  and o ther  

recognized a i i thor i t ies .  These f a c t o r s  a r e  coniolited and summarized in  two computer codes, one 

f o r  external  exposure, EXREM-III,6 a n d  one f o r  i n t e r n a l  exposure, I N R E M . 7  

From these 

The dose c a l c u l a t i o n s  a r e  m d e  with the  use of 

Radioactive p a r t i c u l a t e s  a r e  removed from the  atmosohere and deposi ted on the  ground t h r o u g h  

mechanisms of d r y  deposi t ion and scavenqing. Dry depos i t ion ,  a s  used i n  t h i s  a n a l y s i s ,  repre-  

s e n t s  a n  in teqra ted  deoosi t ion of rad ioac t ive  mater ia l s  b y  processes of g r a v i t a t i o n a l  s e t t l i n g ,  

adsorpt ion,  p a r t i c l e  in te rceot ion ,  d i f f u s i o n ,  and chemical e l e c t r o s t a t i c  e f f e c t s  and i s  calcu-  

l a t e d  from the deposi t ion ve loc i ty  f o r  a 1-,year tiirie i n t e r v a l .  Deposition ve loc i ty  values f o r  

p a r t i c l e s  and r e a c t i v e  gases commonly range from 0.1 t o  6 . 0  cm/sec.8 

the  e f f e c t  of deposi t ion v e l o c i t i e s  on es t imates  of radioloqical  impact, a value of 1 ciii/sec 

i s  used f o r  ca lcu la t ion  of g r o u n d  concentrat ions of rad ioac t ive  p a r t i c l e s  f o r  t h i s  f a c i l i t y .  

Scavenging of radionucl ides  in  a plume i s  the  process through which ra in  or snow washes out 

p a r t i c l e s  or d isso lves  gases and depos i t s  them on  the ground or  water sur faces .  Methods f o r  

es t imat ing the  scavenging c o e f f i c i e n t  can be found in  i&teoroloi;y nnd Atomic Faergs (1968) .  

A scavenging c o e f f i c i e n t  o f  2.0  x lo-! sec-’  i s  used f o r  p a r t i c u l a t e s ,  3 H ,  1 4 C ,  and radioiodines .  

Based on an ana lys i s  of 

Many o f  the  basic  incremental parameters used in  AIRDOS-I1 a r e  conservat ive;  t h a t  i s ,  values 

a r e  chosen t o  maximize in take  by man. Many f a c t o r s  t h a t  would reduce the  rad ia t ion  dose, such 

a s  sh ie ld ing  provided by dwellings and time spent  away from the reference l o c a t i o n ,  a r e  not 

considered.  I t  i s  assumed t h a t  an individual  l i v e s  outdoors a t  t h e  reference loca t ion  100% of 

the  time. Moreover, i n  es t imat inq the  doses t o  ind iv idua ls  via  ingest ion of vegetables ,  beef ,  

a n d  milk, a l l  the  food consumed by t h e  individual  i s  assumed t o  be produced a t  the  reference 

loca t ion  spec i f ied  i n  the  ca lcu la t ion .  T h u s  t h e  dose es t imates  ca lcu la ted  by these methods 

a r e  l i k e l y  t o  be higher than the  doses t h a t  would a c t u a l l y  occur. 

A summary of the  assumptions, models, and codes used t o  es t imate  rad ia t ion  doses i s  given in  

ORNL-4992. 

4 .1 .1 .4  Demographic assumptions 

Oak Ridge National Laboratory i s  located i n  an area of r e l a t i v e l y  hiqh average population 

dens i ty .  ihe AIRDOS-I1 population dose-calculat ion methodology includes p r o v i s i o n  f o r  a 

s p e c i f i c  and d e t a i l e d  numerical descr ip t ion  of the  population within a given radius  of the  

labora tory .  The descr ip t ion  used i s  based o n  a n  updated version of the 1970 U.S. census f o r  

the area and includes a population of 690,000 indiv idua ls .  This population i s  subdivided by 

residence within one of 1 6  wedges, v i sua l ized  as  r a d i a t i n g  outward t o  a d i s tance  of 50 miles 

from the  laboratory a n d  centered on the 16 compass points .  The population i s  f u r t h e r  subdivided 

by residence within one of 10 concent r ic  d i s c s ,  v i sua l ized  a s  ccntered on the  labora tory ,  with 

r a d i i  increasing t o  a maximum of 50 miles .  
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P o p i r l a t i o r  dose es t imates  i n  t h i s  document are t h e r e f o w  based or] surrrilations o f  aver-age doses 

to 5 ;ti i)popa 1 a t i  on s r e s  i d i fly  w i t h i n these  1 60 su bd i v i  s i oris , us i 11 g c o w  e rva 1: i ve  dose- e s  t i mat i on 
DrocPcliure:: a ?  iescr- ibed.  

7f?e  o t i i w  r e l e a s e  p o i n t  o f  radioact1v.it.y t o  the atniosptteve frorn t i l e  Hot Engineerirty Test Projt2ct 

i s  a t  tne 3039 st.ack in beLhel Valley. 

an4 has an e f f i n e n t  veloc i ty  o f  13.7 m/sec (45  f p s ) .  The source terms f o r  -t!tis s tack d r e  l i s t e d  

in  Table  2 . 5 .  The p o i n t  o f  rridximu1:i exposure occiirs 41-15 m (2-1 /2  mi les )  southwest o f  t h e  1039 

s tack .  

l h i s  stdck i s  76 rrl (250 -ft) high, 2 . 4  111 ( 3  f t )  d i i m ,  

Dose coiimi tments f o r  the m x i i i t a i  !y exposeu inn-iviciual to  t o e  t o r a l  body and t.0 various organs 

r e s u l t i n g  f r o ! !  radioacLivi ty  r e l e a s e s  trvrn t h c i  Hot Enginei?v.inq Test  Pro jec t  a r e  listed i n  Table 

4 .2 .  By coiriparison of these  d a t a ,  i t  i s  obv io i is  t h a t  esst?rii:ially d l l  o f  the r a d i a t i o n  exposure 

would be d u e  t o  rele;?!:es friim t h e  7411 s tack ,  

during HETP o p e r a t i o n  cont r ibu te  only aurout 0.0025 millirem to the  t o m 1  hotly and o ther  organs. 

A breakdown o f  coritribu1:ors to orgarr doses i s  l i s t e d  i n  Table 4.3. 

t r i b u t o r s  t o  each organ a r e  j.'C, 3 3 P ,  and 3 5 S "  

Re-lease:; ot r a d i o a c t i v i t y  from the 3035, si;d(:k 

The three primary con- 

Ingest ion i s  the c r i t i c a l  pathway, cont r ibu t ing  more than 082 o f  the dose t o  each organ l i s t e d  

i n  T a h l ~ s  4 . 2  and 4.3.  

Maximum annual total-body arid organ doses resul  t i n y  tram radionucl ides  re leased t o  -the armospiiere 

by o t h e r  ORNI. operat ions hive beer1 c a l c u l a t e d .  Q u a n t i r i e s  o f  raoionucl  i des  relc!asi:.j t o  t h e  

atniosphere a r e  l i s t e d  i n  . l ab l e  4 . 4 .  Table 4 .5  gSves the estiiiiaced naxinrurn annual total-body 

and organ doses resul  t l n y  frorn exposure t o  these O K N L  a i rborne  eff!ueni,s. These ca1c:tilated 

doses a r e  the most receril: data  o f  t h i s  kind a v a i l a b l e  and a r e  s t i l l  representa t ive  o f  the  rad io-  

log ica l  impact of OKNL. opera t ions .  

year ,  and t h i s  corresponds t o  4.2% of the s t a t u t o r y  l i m i t  f o r  ind iv idua ls  l i v i n g  i n  u n r e s t r i c t e d  

ar?as . i l  Organ dose es t imates  a r e  comparable t o  total-body doses with t he  except-ion o f  the 

thyro id  dose,  which i s  21 mi'llirems per- year .  l r i t iu rn  i s  resporisible f o r  ,+34% o f  the  estjtiiaLed 

total-body dose and  from 79 t o  90% o f  the individual  organ doses ,  except .the chyroid. 

f i v e  percent  of the dose- t.o t h e  thyro id  and 42 o t  the total-body dose i s  f r o i n  I 3 1 I .  

gases B5Kr and I3"e c o n t r i b u t e  12% to t h e  total-body est imate .  

es t imate  o f  0.94 mil l i rem per year  approximates present  rad io logica l  impact frijni O K N L  opera t ions ,  

t h e  addi t ion  o f  the  H E l P  source term (Table 4 . 2 )  i s  an increase  o f  about 15% i n  the  total-body 

dose t o  t h e  maximally exposed ind iv idua l .  T h i s  increase  i s  expected t o  l a s t  f o r  only 2 years .  

l h e  rriaxirnum est imated total-body dose i s  0.94 mil 1.irern j ~ e r  

Ninety- 

The noble 

Assuming t h a t  the total-boay 
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Table 4.2. Maximum individual 50-year dose comniitments to total body and various organs f rom 
radioactivity released to the atmosphere during 1 year of  HETP operationsd 

Fifty-year dose commitments 
(millirems) 

Total body GI tract Bone 1-hyroid Lungs Muscle Kidneys 

~____..__.___.____..__..___-- Release point 

Building 791 1 stackb 0.14 0 57 1.10 0.12 0.11 0.14 0 1 1  

Building 3039 stack' 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 0 0025 
. . .~. . . .__I_ ..__- -... __.__. 

aHETP IS expected t o  operate for 2 years. 
bThe point of maximum exposure occurs 3660 m from the stas!< 
'The point of maximum exposure occurs 41 15 r n  from the stack. 

Table 4.3. Ptiniary contributors t o  the dose commitment to various organs 
for individuals exposed during HETP operationa 

.. . ... . . .. ___... 

Contribution to dose commitment (?6) 

Total body GI tract Bone Thyroid Lungs Muscle Kidiieys 

..... Radionuclide __ ..--.. ..___.. 

3 H  <.< 1 <1 <1 <1 
l 4 C  45 9 10 24 
33P 2 3  1 2  80 27 
3 5 s  30 19 10 35 
8 5 K r  1 111 <1 2 

1 2 9 (  <1 < I  <1 11 
1311 <1 <1 <1 1 

<1 
26 
30 
40 

4 

<1 
<1 

aConsidering releases f rom the 791 1 stack only. 

Table 4.4. Quantities of radionuclides released t o  the 
atmosphere f rom ORNL during 1973 

<1 <1 
46 32 
23 29 
30 38 

<1 1 
<1 '1 
<1 <1 

__ ... -~ 

Quantity 
(CII 

Releare point Radionuclidea 

Building 3039 stack 3H 
"Kr 

131 I 

'33Xe 

Building 791 1 stdck 8 5 K r  
1 3 1 1  

133xe 

Building 7025. roof vent 3 H  

9,000 
12,000 

1 5  
59,000 

2.000 
0 7  

9,590 

10 

'Radionuclides contributing <O 02% of dose are not listed. 
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Table 4.5. Contribution of radionuclides to the estimated maximum annual total-body 
and organ doses to individualsfrom ORNL airborne effluents during 1973 

Oos8 (millirems) 

Total body Bone Kidneys ThytfJtfl Lunys GI rfdct 

90 d t L I ~ U S I  id$ _- -_- 
I__ ___ _..__.._.I_ __ 

3 w  0.79 0.79 0.79 0.79 0.73 0.79 

1 3 1 1  0.04 0.05 0.04 70 0.04 0 02 
a . 0  I <0.01 10.01 a . o  1 i o .01  10.01 

0.08 0 06 

-rota G.94 1 .0 0.91 21 o 92 0.88 

m K r  

II - . .. ___ 0.10 0.17 0.07 0.12 

aAt ar ne?: ’he ORNL boundary. 
*5ad;nnuc!i&: cont:.lbut;nq <-0.02’?5 of dose are  not listed 

This dosc ’ s  small comparPd ,with r_he naturd’ background exposure, which f o r  the  Oak Ridge area 

i s  aboi i t  1 1 5  iriillirenls per ynar, 402 frorn cqsmic rad ia t ion  and 60% from natural  t e r r e s t r i a l  

r a d i o a c t i v i t y .  1 0  

F a b l e  4.6 l i s t s  population dose commitments t o  the t o t a l  body and t o  various organs i n  man- 

rems, assuming a population o f  approximately bS0,r:OO person5 l i v i n g  within a 50-mile rad ius .  

The bone r e c  IVC’C, t h e  highest  organ dose t o  Ihe population f o r  re leases  from the  TURF s t a c k ,  

7 .0  inan-rems As with thr. rnaximurn individudl  i!ases, populd t - ion  doses f r o m  3039 s tack re leases  

are n o t  s i c f i  f icar i t  compared  wit:^ those from t h e  T:JEF. 

Table 4.6. Population dosc commitments to total body and vatious organs from radioactivity 
released to the atmosphere during 1 year of HETP operations 

Flfty-year dosz cwnmiiments 
(man rems) 

Total body GI t ract  Bone Thyroid Lungs Muscle Kidneys 

I -- R e l m  st‘ poi l i t  

Building 791 1 stack 1 .F 3.7 7 -0 1.1 1 .1  1.6 1 . 1  

Buiiding 302? $tack n 05% 0.054 0.054 0.054 0.054 0.054 0.054 
.-.__-- _-.____l_____l-l. 

I rges t ion  i s  again the  domjnant wode o f  exposure f o r  the organs Il’sted i n  Table 4 .6 ,  cont r ibu t ing  

more than Y5.L o f  the dose t o  each orgdn with the  exception o f  the  lungs ( fo r  t h i s  organ, 87% of 

the doje  i s  by the  ingest.ian pat.hway). 

exposures a r e  again 14C, 33P,  and 3 5 s .  

The three most important radionucl ides  f o r  population 

An estlrnate o f  the  hea l th  e f f e c t s  t o  t h e  population within a 50-mile rad ius  can be obtained using 

cancer  and genet ic  r i s k  f a c t o r s  recommended by Cohen-ll 

deaths  per man-rem and 150 x 10-6 genet ic  d e f e c t s  per man-rem, and they a r e  based on data  pub- 

l i s h e d  in  t h e  B E I R 1 2  and UNSCEARI3 reports. 

4.5 by t h p  risk f a c t o r s  y i e l d s  2.9 x l V 4  cancer deaths  and 2 .5  x 

a SO-mile rad ius  per year  of HETP operat ion.  

These f a c t o r s  a r e  180 x IOA6 cancer 

Multiplying t h e  t o t a l  body dose l i s t e d  i n  Table 

gene t ic  d e f e c t s  within 
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Corresponding total-body population doses estimated f o r  r a d i o a c t i v i t y  re leases  from a l l  Oak 

Ridge f a c i l i t i e s  f o r  1973 (assumed t o  be about the  same a s  c u r r e n t  r e l e a s e s )  have been calcu-  

l a t e d  t o  be 30 inan-rems (Table 4 . 7 ) .  Therefore, t h e  addi t ion  of HETP operat ions would increase  

the  annual total-body dose by a5Z. 

Table 4.7. Contribution to ert imard annual population doses from Oak Ridge facilitiesJ 
.. __. ..~ ___..~. ~_.__ ......... ___ .... ~___.___ .... __ 

Dosu (man t e i i i )  
__.._ .... __ ........ -. Principal .. 

Facility 
radionuclideb Totdl body G I  tract Bone l - h y t o , d  L~ i i lg r  k'luiclt> K l c l l l t ~ y ~  
...... __ ___ ..... ... _______~~...__~ ~ .-- 

O R G D P ~  99 r c  0.02 4.7 0 OG 0 0 2  0 0 3  1 1  
2 3 4 "  1 1  1 0  5 4  1.1 4 0  1 9  
23511  0 49 0.49 0 65 0.49 0 6 3  0 52 
2 3 6 ~  <0.01 a 0 1  0.01 . roo1  0 01 - 0 0 1  

SUOtOtdl 1 7  6 2  6 8  1 7  6 2  3 7  

2 5 8 ~  0.04 0 03 0.68 0 04 0.50 0 15 

7.2 
.____._ 

234 u 4.5 42 19 4.5 23 
. . .___~~~~~___~~~...___ ..... __ __ Y-12 Pldt l t '  

ORNL' 3H 15 15 15 15 15 15 
8 5 ~ ~  0.0 7 0 0 7  0 0 7  0 07 0.14 0 07 

1 3 1 1  0 66 0 4 8  0 ti6 233 0 71 0.66 
' 3 3 X e  7 8  7.8 7 8  7 8  a 0  1.8 

SUDlOtal 24 23 24 250 24 24 

lhree r i la i i t  total 30 71 50 260 53 35 

HE 1W 4c 0 72 0 3 3  0 7  0 2 6  0 2 9  0 7 4  0.35 
33P 0 37 2.7 5.6 0 3  0 3 3  0 3 7  0 32 
3 s s  o 48 0.7 0 7  0 3 9  0.44 0 4 8  0 42 
85Ki 0 02  0 02 0.04 0 01 

1 2 9 ,  0 12 
1 3 7 1  0 01 

Su oto t a I 1 6  3.7 7 0  1.1 1 1  1 6  1 1  
~ _____~ ..___ ~ ~__  ~ ___. _ _ _ _ ~ ~ _ ~ -  

aPopulation viithin 50 mi les of  fac i l i ty  
DRadionuclides conti ibuting <U 01 man rein to  the totdl-body or organ dosr d i e  not listed 
'Contributions from ai rborne eftluents for 1973 (assumed to be tcpresPntative of present efflurnts) 

4.1.2 Impacts o n  b ~ o t a  o t h e r  than man 

No adequate methodology e x i s t s  f o r  the  est imat ion of cumulative doses to  t e r r e s t r i a l  animals; 

therefore ,  doses nave not been est imated i n  t h i s  r e p o r t .  I t  may be genera l ly  assumed, however, 

t h a t  the r a d i o s e n s i t i v i t y  of organisms o ther  than man i s  l e s s  than t h a t  f o r  man himself ,  and 

t h a t  i f  man i s  protected from the p o t e n t i a l l y  harmful e f f e c t s  o f  r a d i a t i o n ,  o ther  organisms 

wi l l  a l s o  be protected.  

Because no d i r e c t  l iqu id  radionucl ide re leases  from the  HEIF' f a c i l i t i e s  occur during normal 

opera t ions ,  t h e  poten t ia l  f o r  impact via l i q u i d  e f f l u e n t s  needs t o  be assessed only f o r  

mater ia l s  ca lcu la ted  t o  pass through the  ORNL. Intermediate-Level Waste ( ILW) System. Table 

2 . 6  l i s t s  ca lcu la ted  re leases  t o  the ILW (coluinn 2 )  via the  aqueous waste streams of so lvent  

e x t r a c t i o n  during reprocessing.  

waste streams from both reprocessing and r e f a b r i c a t i o n  a r e  estimated t o  be i n s i g n i f i c a n t  i n  

r e l a t i o n  t o  solvent  e x t r a c t j o n .  

Quant i t ies  and concentrat ions released v ia  o ther  HETP aqueous 

Carryover of radionucl ides  i n t o  the  condensate of the ILW evaporator  i s  conservat ively e s t i -  

mated t o  r e s u l t  in  a decontamination f a c t o r  ( D F )  of l o 7 .  

with respec t  t o  t h e  radionucl ides  l i s t e d  and r e s u l t s  i n  the  column 3 (Table 2 . 6 )  es t imates  of 

annual radionucl ide re leases  t o  Whiteoak Creek. 

This DF i s  assumed t o  be nonspecif ic  
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Assuming an annual  f l o w  o f  1013 m l  i n  Whiteoak Creek and making t h e  c o n s e r v a t i v e  assumptions of 

( 1 )  no  d i l u t i o n  i n  Whiteoak Lake and ( 2 )  no removal  froii i  s o l u t i o n  v i d  b i o p h y s i c a l  mechanisms, 
d i l u t i o n  o f  t h e  condensdte i n  Whiteoak Creek r e s u l t s  i n  c reek  (HEPP-related) r a d i o n u c l i d e  con- 
c e n t r a t i o n s  as l i s t e d  i n  column 4 (Tab le  2 .6 ) .  

To e s t i m a t e  t h e  hazard  l e v e l  o f  t hese  r a d i o n u c l i d e  c o n c e n t r a t i o n s .  r e f e r e n c e  i s  inade t o  t h e  
ERDA Manual, "S tandards  f o r  R a d i a t i o n  P r o t e c t i o n  ," Chapter  0524 ( A p r i l  1975).  
t o  l i m i t i n g  waterborne r a d i o n u c l i d e  c o n c e n t r a t i o n s  l i s t e d  i n  t h i s  manual f o r  p o p u l a t i o n  groups 

i n  unco r i t ro l  l e d  areas  i n d i c a t e  t h a t  y O S r  c o n c e n t r a t i o n s  a t  t h e  Whi teoak  Dam may approach 0.2% 
o f  t h e  3 x uCi/ml l i m i t s  recomiiiended. Other  nuc l i des ,  a s S r ,  134Cs, and 137mBa, approach 

0.01 t o  0.02% o f  t h e i r  r e s p e c t i v e  l i m i t s .  The rema in ing  r a d i o n u c l i d e s  l i s t e d  a r e  p r e s e n t  c n l y  
i n  v e r y  l ow  e s t i m a t e d  c o n c e n t r a t i o n s  r e l a t i v e  t o  t h e i r  r e s p e c t i v e  s tandards ,  even under  these 
c o n s e r v a t i v e  c o n d i t i o n s .  

Comparisons made 

Department o f  Energy s tandards  f o r  r a d i a t i o n  p r o t e c t i o n  a r e  t h e r e f o r e  n o t  expec ted  t o  be exceeded 
by  H tTP- re la ted  l i q u i d  re leases ,  even under c o n s e r v a t i v e  c o n d i t i o n s .  
e f f l u e n t s  i n t o  t h e  C l i n c h  R i v e r  shou ld  be con t inued .  Should excess i ve  r a d i o n u c l i d e  c o n c e n t r a t i o n s  
be measured, s p e c i f i c  p r e t r e a t m e n t  p rocedures  ( p r e c i p i t a t i o n ,  i o n  exchange, e t c . )  wou ld  be 

per fo rmed on s p e c i f  i c  cdrnpaigns p r i o r  t o  i n t r o d u c t i o n  o f  1 i q u i d  e f f l u e n t s  i n t o  t h e  ILW system. 
The campaign n a t u r e  of HETP o p e r a t i o n s  p e r m i t s  s e q u e s t e r i n g  n u c l i d e s  such as 9 8 S r  p r i o r  t o  
t r a n s f e r  o f  l i q u i d  wastes t o  t h e  ORNL ILW. 

M o n i t o r i n g  of Whiteoak Dam 

4.2 NONRADIOLOGICAL IMPACTS 

4.2.1 Impacts  on l a _ ? p _ - u ~ e - . a - n d . . t ~ t - r i a l  ecosystems 

Impact  on . l and  use 

The HETP w i l l  m o d i f y  and use f o u r  e x i s t i n g  b u i l d i n g s  w i t h i n  t h e  ORNL complex. None i s  b e i n g  
s i g n i f i c a n t l y  en la rged .  
a t  t h e  ORNL s i t e  s i n c e  t h e  Manhattan P r o j e c t  o f  Wor ld  War I 1  and a r e  w e l l  removed f rom p u b l i c -  
access areas .  
p o t e n t i a l  f r o m  t h e  proposed p r o j e c t .  

The a c t i v i t i e s  o f  H E r P  a r e  n o t  g e n e r i c a l l y  d i f f e r e n t  f rom a c t i v i t i e s  

I t  i s  t h e r e f o r e  conc luded t h a t  t h e r e  w i l l  be  no impac t  on l a n d  use o r  land-use 

- I m l a c t s  f rom c o n s t r u c t i o n  -- 

A l t hough  remode l i ng  w i l l  be e x t e n s i v e  i n  t h e  v a r i o u s  b u i l d i n g s ,  o n l y  one o f  t h e  f o u r  w i l l  be 
expanded t o  unoccup ied  l a n d .  B u i l d i n g  7930 w i l l  have a s t a i r w e l l  added, wh ich  w i l l  consume 
<18 m2 (200 f t 2 )  o f  lawn. The impact  i s  cons ide red  t o  be i n s i g n i f i c a n t .  

Laydown a reas  f o r  c o ~ , . ~ t r u c t i o n  m a t e r i a l s  w i l l  be r e q u i r e d .  The e x a c t  a red  r e q u i r e d  i s  unknown 
a t  p resen t .  HETP w i l l  be a r a t h e r  sma l l  c o r i s t r u c t i o n  p r o j e c t  compared w i t h  o t h e r s  i n  p rog ress  
a t  ORNL. No s i g n i f i c a n t  a d d i t i o n a l  o r  un ique  impacts  a r e  a n t i c i p a t e d .  

Impact  f rom o p e r a t i o n  

The b u i l d i n g s  and systems t o  be used f o r  HETP a r e  des igned f o r  h a n d l i n g  and conta inment  o f  
h i g h l y  r a d i o a c t i v e  m a t e r i a l s .  Consequent ly,  n o n r a d i o a c t i v e  m a t e r i a l s  t h a t  m i g h t  impac t  t h e  
nearby  t e r r e s t r i a l  ecosystems w i l l  a l s o  be con ta ined .  I t  has been e s t i m a t e d  (Tab le  2 .4 )  t h a t  
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t h e  major nonradioact ive gaseous e f f l u e n t  wil l  be C02 (a13,000,000 l i t e r s  per y e a r ) .  A f o r e s t  

ecosystem on t h e  O a k  Ridge reservat ion"+ r e s p i r e s  approximately 2500 l i t e r s  of CO: m - 3  year ' ' .  

The expected r e l e a s e  from HETP i s  therefore  equivalent  t o  the  annual r e s p i r a t i o n  of 0 . 5 2  ha 

( 1 . 3  a c r e s ) ,  an i n s i g n i f i c a n t  amount. 

Addit ional ly  ( s e e  Table 2.4), 210 l i t e r s  per year of NOx a n d  239 l i t e r s  per year  of NH3 

(equiva len t  t o  280 g of ni t rogen per y e a r )  a r e  expected t o  be w i t t e d .  

Ridge reserva t ion15 has a normal annual input  from a l l  soutct 's  of 5.4 g of ni t rogen per squaw 

meter. That re leased from HETP would be equivalent  t o  the norlml i n p u t  t o  52 ro2 :3.01 acrc;:,  

an i n s i g n i f i c a n t  amount. Other s tack re leases  a r e  expected t o  be of l e s s e r  q u a n t i t i e s  a n d  a r e  

not expected t o  r e s u l t  i n  a measurable irripdct on t e r r e s t r i a l  ecosystems. 

One f r8wZt  ,n the  Oak 

Because the  majori ty  o f  the  bui?dings required f o r  the H E W  already e x i s t ,  new construct ion 

wi l l  be minimal a n d  wil l  c o n s i s t  l a r g e ? y  of a l t e r a t i o n s  t o  the e x i s t i n g  s t r u c t u r e s  (Sec t .  

2 .3 .3 ) .  Thus the  quant i ty  of land dis turbed wi l l  be very small (Sec t .  4 . 2 . 1 ) .  Runoff from 

the  construct ion s i t e  i n t o  nearby waters wi l l  not be contaminated and wil l  be cont ro l led  t o  

minimize impacts and should not r e s u l t  i n  s i g n i f i c a n t  adverse impacts f o r  downstream water 

users  or  t o  aquat ic  ecosystems. 

rhere a r e  no d i r e c t  operat ional  discharges t o  sur face  streams (Sec t .  2 . 3 . 2 . 7 ) .  All discharges 

a r e  throunh o ther  s y s t e m  (ILW and low--level process wastes)  which t r e a t  the  wastes before d i s -  

charge. The s t a f f  expects t h a t  the  w a l l  increments of po l lu t ion  r e s u l t i n g  from HETP operat ions 

wi l l  have no e f f e c t  on water use and aquat ic  ecosystems and concludes that: construct ion and 

operat ion of the pro jec t  a r e  acceptable .  

4.3 COMMUNITY EFFECTS 

Modifications and addi t ions  t o  four  e x i s t i n g  bui ldings a t  O R N L  wi l l  requi re  a t o t a l  of 278 nian- 

years  of work over a 5-year period (1981 t o  1985) .  The peak labor  r e q u i r m e n t  wil l  occur i n  

1983, when a t o t a i  of 88 construct ion personnel wi l l  be employed. Much of t h i s  construct ion 

work force  wil l  c o n s i s t  of e x i s t i n g  ORNL o r  Rust Engineering Company personnel. 

Operation of the  t e s t  f a c i l i t i e s  wi l l  employ 30 t o  35 people f r o r  1984 t o  1987. This should 

not r e s u l t  i n  an increase  i n  employment because i i iobt  of the  pos i t ions  wil l  be f i l l e d  by c u r r e n t  

O R N L  s t a f f .  The t o t a l  construct ion and operat ion personriel r e q u i r m e n t s  a r e  small compared 

w i t h  the  e x i s t i n g  D O E  work force  (Sect .  3 . 7 . 1 )  and the  area population (Sec t .  3 . 7 . 1 ) ;  therefarb, 

no de tec tab le  impacts on the  area cornmunitits silould be caused by the  work force .  

Because the  DOE f a c i l i t i e s  a r e  tax exempt, construct ion and operat ion of the t e s t  f a c i l i t i e s  

wi l l  not r e s u l t  in  any d i r e c t  t a x  payments. 

4 . 4  POTENTIAL EFFECTS O F  ACCIDENTS 

In t h e  absence of a formal s a f e t y  ana lys i s  f o r  t h e  HETP, several  

pos tu la ted ,  a l l  of which have a low probabi l i ty  of occurrence. 

with acc idents  a r e  rad io logica l  in nature .  Quant i t ies  o f  nonrad 

be released i n  any one accident  a r e  expected t o  be small .  

types of acc idents  have been 

he major hazards assoc ia ted  

oac t ive  chemicals 1 i kely t o  
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4.4.1 f?ad io log i ca l  acc idents -  

R a d i o l o g i c a l  hazards t o  an i n d i v i d u a l  l i v i n g  a t  t h e  p l a n t  boundary i n  t h e  a c c i d e n t  scenar ios  
g i v e n  below have beeri c a l c u l a t e d  by  use o f  d o s e - e s t i m a t i o n  techn iques  as desc r ibed  p r e v i o u s l y  
(Sec t .  4 .1 ) .  
hours  a f t e r  an a c c i d e n t  i s  c o n s e r v a t i v e  because c o o r d i n a t i o n  o f  t h e  ORNL einergency p l a n  d i t h  
l o c a l  a u t h o r i t i e s  inc.1udes e v d c u a t i o n  o f  p o t e n t i d l l y  a f f e c t e d  o f f s i t e  i n d i v i d u a l s  t o  rn in i in ize  
exposures .  

The assumpt ion  t h a t  an i n d i v i d u a l  remains  a t  t h e  boundary f o r  more t h a n  ~ few 

Soiiie o f  t h e  p o s t u l a t e d  a c c i d e n t s  a r e  o r i g i n a l  t o  t h i s  s t u d y  (cases A t o  F ) ,  b u t  o t h e r s  a r e  
e x t r a c t e d  f rom p r e v i o u s  s a f e t y  ana lyses  o r  env i ronmen ta l  impac t  s ta te i i ien ts  f o r  o t h e r  p r o j e c t s  
u s i n g  t h e  same O R N L  f a c i l i t i e s .  E x t r a c t e d  s c e n a r i o s  a r e  c l e a r l y  i n d i c a t e d .  

The f a c i l i t i e s  and system and process  des igns  a r e  such t h a t ,  shou ld  an a c c i d e n t  occu r ,  o f f s i t e  

e f f e c t s  would be min ima l .  
t i m e  o n l y  a r e l a t i v e l y  sma l l  q u a n t i t y  o f  i r r a d i a t e d  F o r t  S t .  V r a i n  (FSV) f u e l  wou ld  be i n  process 

and t h e r e f o r e  p o t e n t i a l l y  s u b j e c t  t o  a c c i d e n t a l  r e l e a s e .  
would p r e v e n t  most u n c o n t r o l l e d  r e l e a s e s  t o  t h e  env i ronment ,  shou ld  an a c c i d e n t  occu r .  

The campaign n a t u r e  of  t h e  p i l o t  o p e r a t i o n  ensures  t h a t  a t  any g i ven  

Shutdown and i s o l a t i o n  o f  thcl p l a n t  

As t h e  l o c a l e  exper iences  p redominan t l y  no r theas t - sou thwes t  winds o f  l ow  average speed, c o n d i -  
t i o n s  d u r i n g  an a c c i d e n t a l  r e l e a s e  f o r  t h e  scenar ios  o r i g i n a l  t o  t h i s  r e p o r t  were assuriied t o  
i n c l u d e  1-meter-per-second w ind  v e l o c i t y  i n  a southwest  d i r e c t i o n ,  t h e  d i r e c t i o n  o f  t h e  n e a r e s t  
s i t e  boundary.  

P a s q u i l l  s t a b i l i t y  c o n d i t i o n  B was found t o  indximize dose i n  a l l  a c c i d e n t  cases and lyzed.  As 
r e l e a s e s  were p o s t u l a t e d  from t h e  7911 s t a c k ,  from t h e  3039 s tack ,  and f rom a t r a n s p o r t a t i o n  
f i r e  o c c u r r i n g  en rou te  between Me l ton  and Be the l  V a l l e y s ,  d i s t a n c e s  t o  t h e  s i t e  boundary f r o m  

p o i n t s  o f  r e l e a s e  were chosen t o  be 3660 i n ,  4115 m, and 3500 m r e s p e c t i v e l y .  
o f f s i t e  l o c a t i o n  of a h y p o t h e t i c a l  max ima l l y  exposed i n d i v i d u a l  i s  nea r  t h e  southwest  bank o f  
t h e  C l i n c h  R i v e r ,  app rox ima te l y  1 / 2  t o  3 /4  m i l e  (800 t o  1200 in) downstream f rom t h e  TVA M e l t o n  
H i l l  Dam. Severa l  f a r r i i l i e s  a r e  l i v i n g  a t  t h i s  approx imate  l o c a t i o n .  C a l c u l a t i o n s  were made t o  

con f i r rn  t h i s  as t h e  l o c a t i o n  o f  t h e  max ima l l y  exposed i n d i v i d u a l  f o r  r e l m s e s  under  t h e  assumed 
c o n d i t i o n s  of meteoro logy ,  s t a c k  h e i g h t ,  plume r i s e ,  r a d i o n u c l i d e  decay, plume d e p l e t i o n ,  and 
plume meander. The assumpt ion  t h a t  an i n d i v i d u a l  remains i n  t h e  area  f o r  t h e  d u r a t i o n  o f  h i 5  
l i f e t i m e ,  s u b s i s t s  on foods  ha rves ted  e n t i r e l y  f r o m  t h e  area, and d r i n k s  wa te r  f r o m  an area  

sou rce  p r o b a b l y  r e s u l t s  i n  a c o n s e r v a t i v e  e s t i m a t e  o f  t h e  dose commitment. 
c a n t  hazard  would r e s u l t  i n  evacua t ion  o f  t h e  a f f e c t e d  area .  
r a d i o l o g i c a l  dose commitments a r e  c a l c u l a t e d  v i a  t h e  AIRDOS-I1 code5 f o r  an a d u l t  l i v i n g  i n  t h e  
area  d e s c r i b e d  above. Es t ima ted  inc reased  r a d i o n u c l i d e  r e l e a s e s  (ove r  and above o p e r a t i o n a l  
r e l e a s e s  g i v e n  i n  Tablet 2 . 5 ) ,  w i t h  co r respond in3  50-year dose commitmeritr,, a r e  p resen ted  f o r  
cases A th rough  F i n  Tab les  4 . 8  th rough  4.11. 
h a n d l i n g  f o u r  f u e l  e lements i n  c e l l  A, B u i l d i n g  30260, i s  r o u t i n e l y  r e l e a s e d  th rough  t h e  3039 
s tack .  The case A f i r e  would r e l e a s e  t h i s  q u a n t i t y  o f  t r i t i u m  p l u s  an a d d i t i o n a l  0.16 C i .  

?he co r respond ing  

Releases o f  s i q n i f i -  
A l l  a c c i d e n t - r e l a t e d  5 0 - y ~ a r  

To i l l u s t r a t e  (case A ,  Tab le  4.8), t r i t i u r n  f r o m  

Dose commitments f r o m  o p e r a t i o n a l  r e l e a s e s  a r e  g i v e n  i n  Sec t .  4.1. 
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l ah le  4 8. Estimated increased releases of radlonuclldes to atmosphere from postulated 
accidents and increased 5n year done commitm~nt to maximally exposed individual 

lnrreased d o c ~  commitment Increased 
Rdd!onucl!dP quantity released (rniilirerni - CacP 

- 

A-Fire in cell A o f  Building 3H 
3026D which engulfs 129,  

1 3 1 1  (but doe, not  consume) 
four spent fuel elrrnents 

13 Failure of t r i t ium !emoval 3 H  
system in 1 U R F  

1 2 g 1  C-Fdilure of todine removal 
1 3 1  I cystem in r U H F  

D-Fire in cell D of TUHF.  
which engulfs (but do?s not 
consume) 12 spent fuel 
elements 

t i  
12g1  

1 3 1 1  

F-Vehlcle accidrnt and fire 3 H  
1 2 g 1  during onsite transportation 

of one s p c v  tup1 rlmnent 1 3 1 1  

~ ~~ 

(CI 1 Total bodv 

1.6 X 10 
6.4 X lo-' 3.6 X 

2.2 x 10 

2 3 x 1.3 x 10- 

7 6 X  10' 1.4 X 10- 

5 8 x 1 0  3 9 x 1 0  
9 1 x 1 0  3 9 X 1 0 - '  

4 7 x 1 0  ' 8 3 x 
1 9 x low3 1 4 x 1 0  
3 8 X 1 0 - 3  8 7 x 1 0  

3.9 X 10 6.6 X 

3 2 X lo- '  
1.2 x 1.6 x 
7.6 X l o - ?  

2 2 x 1 0  
8 6 X lo-'  
1 1 x 1 0  l 

1 4  x 

9 9 x 1 0 - '  
1 0  x l o - '  
8 3 X 
3 2 X  10' 
4 2 X l o - '  

6 6 x 1 0  
2 8 X lo- '  
3 7 x 1 0  

Table 4.9. Estimated increased radionuclide 
releases to atmosphere from secondary burner 

burn-through accident (case E )  
... 

Q u d  r t i t y r e  1 v dwd 
Radionuclide 

( C , I  

- -~ 
Thyroid 

7 6  X 10' 

3 8 x 1 0  ', 
5 1 x 1 0  
6 8 x 1 0  " 
1 3 X  10 

1 6 x 1 0  
5 5 x 1 0  
5 8 X  10 
0 1  x 10 
1 7 x loo 

1 2  x 10 (> 

2 7  X 10 r' 

2 7 x 1 0  
6 6 X  10 

2 5 x 1 0  
1 2 x 1 0  
6 4  X 70 ' 

1 6 x 1 0  ' 
1 3 x 1 0  ' 
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Table 4.10. lncreaserl 50-year dose commitment 
to each organ to maximally expasod individual 
through all pathways from secondary burner 

burn-through accident (case E )  ' 

? 0  

13 
19 

70 

13 
25 
15 
24 

73 
70 
14 

Table 4.11. Radionuclide contributors to increased dose cammitnietitr froin 
secondary burner burn-through accident (cas,: E )  I % )  

0 0068 

0 0000 

0 0000 
0 0000 

0 0001 
00012  

n m o l  

o 0203 
n 001 i 

09 9694 

0 on00 
0 0000 
0 0000 
0 nooo 

0 0000 

0 0000 
0 0000 

n 0003 

n no01 

0 0102 

0 0000 
0 no01 
0 oono 
0 0001 

0 0026 
0 1478 
0 0028 

99 8368 
0 000'3 

n onco 

n 0000 
0 0005 

0 0000 

0 0000 

0 0000 

0 0000 
0 0002 

n 0000 

n 0071 
0 0001 
0 00lG 
0 0000 
0 0000 

n no01 
0 no21 
0 0282 

0 001 1 
99 9409 

0 0000 

n 0001 
0 nono 
0 0000 

0 0000 
0 0104 
0 0001 

0 0000 
00015 

0 0069 
0 0000 
0 UO01 
0 0000 
I1 0000 

0 0001 

5 0314 

94 4496 

0 0000 

0 0000 
0 0000 

00013  

o 5102 

n 0000 

0 0000 

0 0003 
0 0000 
0 0000 
n on0 I 

0 0105 

0 0002 

0 0000 

0 0002 
0 0032 
00211 
n 0016 

99 9621 

0 0000 
0 0001 
0 0000 
0 0000 

0 0000 
0 0005 
0 0000 
0 0000 
0 0001 

0 oono 

0 no00 

0 0053 
0 0000 
0 0001 
0 0000 
0 u000 

0 0001 

00149 
0 0008 

39 9775 

0 0000 
0 0000 
D 0000 
0 0000 

0 0000 

i) 0007 
0 0000 
0 0000 
0 000' 

0 on08 
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4.4.1.1 A c c i d e n t  s c e n a r i o s  f o r  B u i j d i n g  3026D 

Case A - F i r e  e n g u l f i n g  f o u r  spent  f u e l  e le inents __ ___ 

A f i r e  e n g u l f i n g  one o r  iiiore f u e l  e le l i ients i s  probab ly  t h e  maximurn c r e d i b l e  a c c i d e n t  t h a t  can 
be p o s t u l a t e d  f o r  t h e  HETP o p e r a t i o n s  i n  B u i l d i n g  30260 ( S e c t .  2 .3 .3 .2 ) .  
assumed t o  engu l f  b u t  n o t  consume fou r  f u e l  e le inents s t a n d i n g  open i n  c e l l  A .  The e f f e c t  of  
t h e  f i r e  dou ld  be t o  bake o u t  gases t rapped  i n  t h e  g r a p h i t e  and i n  t h e  broken f i s s i l e  and 
f e r t i l e  p a r t i c l e s .  
by t h e  CO, l o o p  o f f -gds  system. 
gas s y s ~ e m  t o  wh ich  t h e  bk< ld i l - l g  o f f - g a s  j ys tem ven ts  would remain  i n t a c t  and o p e r a t i n g  n o r m a l l y .  
A f i r e  c o n t i n u i n g  f o r  more than  a few minutes  would be c o n t r o l l e d  by t h e  c e l l ' s  C02 f i r e -  
p r o t e c t i o r ,  system desc r ibed  elsewhere. l 6  For  these  c a l c u l a t i o n s ,  however, i t  was c o n s e r v a t i v e l y  

assumed t h a t  t h e  f i r e  l a s t e d  30 min. 

The wors t  f i r e  i s  

Becalrce t h e  f i r e  wol i ld be w i t h i n  t h e  c e l l ,  t h e r e  would be no i o d i n e  c o n t r o l  
However, t h e  b u i l d i n g  o f f - g a s  system and t h e  3039 s t a c k  o f f -  

I s o t o p e s  and inc reased  q u a n t i t i e s  o f  gases expec ted  t o  be r e l e a s e d  i n  such a f i r e  a r e  p resen ted  
as case A i n  Tab le  4.8,  as a r e  i nc redsed  dose e s t i m a t e s  a s s o c i a t e d  w i t h  these r e l e a s e s .  The 
inc reases  i n  t h e  doses a r e  low and due l a r g e l y  t o  r e l e a s e  o f  r a d i o i o d i n e s .  

Other  a c c i d e n t s  

Other a c c i d e n t s  such as c r i t i c a l i t y  excu rs ions ,  f l o o d i n g ,  to rnado,  and ear thquake d i s a s t e r s  
were a l s o  cons ide red  f o r  B u i l d i n g  302bD, b u t  were conc luded t o  be e i t h e r  i n c r e d i b l e  o r  o f  
n e g l i g i b l e  r a d i o l o g i c a l  hazard .  

4 .4 .1 .2  A c c i d e n t  scenar ios  f o r  B u i l d i n g  3019 

Most o f  t h e  processes and equipment t o  be used by t h e  HET i n  B u i l d i n g  3019 (Sec t .  2.3.3.1) 
a l r e a d y  e x i s t ,  hav ing  been used f o r  many y e a r s  i n  suppor t  o f  seve ra l  programs. I n  a r e c e n t  
s a f e t y  a n a l y s i s 1 7  f o r  t h e  [L ight-Water Breeder Reactor  Program ( L h l B R ) ,  t h e  f a c i l i t i e s  and t h e  
s a f e t y  and e n v i r o n m e n t a l - p r o t e c t i o n  measures employed i n  B u i l d i n g  3019 were desc r ibed  i n  d e t a i l  
and w i l l  n o t  be repea ted  here .  

Hydrogen e x p l o s i o n  i n  r e d u c t i o n  f u r n a c e  

A hydrogen e x p l o s i o n  ( p o s t u l a t e d  as a p a r t  o f  r e c e n t  ongo ing  env i ronn ien ta l  a n a l y s i s  of a l l  oper -  

a t i o n s  i n  t h e  Oak Ridge a rea )  i n  t h e  r e d u c t i o n  f u r n a c e  i n  t h e  2 3 3 U  d i o x i d e  powder l i n e  i n  t h e  
basement o f  t h e  b u i l d i n g  i s  p resen ted  he re  as r e p r e s e n t a t i v e  o f  an HETP a c c i d e n t  i n v o l v i n g  
2 3 3 U .  The e x p l o s i o n  i s  assumed t o  b reach t h e  HEPA f i l t e r s  i n  t h e  process  equipment systeln, 
r e l e a s i n g  10 t o  100 iiig/m3 o f  2 3 3 U  d i o x i d e  t o  t h e  f i l t e r  bank a t  t h e  3020 s t a c k .  Repor ted  
i n f o r m a t i o n l a  shows t h a t  t h e  p r e d i c t e d  c o n c e n t r a t i o n  o f  p a r t i c u l a t e s  i n  t h e  e f f l u e n t  from 
a b s o l u t e  f i l t e r s  i s  0 .02 mg/m3, wh ich  i s  based on t h e  maximurn c o n c e n t r a t i o n  o f  p a r t i c u l a t e s  as 
a f u n c t i o n  o f  p a r t i c l e  s i z e ,  assuming t h a t  t h e  e f f i c i e n c y  o f  HEPA f i l t e r s  i s  100% f o r  p a r t i c l e s  

>0.3 urn i n  diam and 99.95:: f o r  p a r t i c l e s  ~ 0 . 3  i n  diam. On t h e  b a s i s  o f  t h e  above in fo rma-  
t i o n ,  about  700 ing o f  2 3 3 U  as U02 would be r e l e a s e d  f rom t h e  s t a c k  t o  t h e  env i ronment  over  an 
assumed 5-min p e r i o d .  
be 5.0 x l o - ?  m i l l i r e m s  t o  t h e  t o t a l  body, 4.0 x 10-1 m i l l i r e m s  t o  t h e  bone, 1.0 m i l l i r e m  t o  

t h e  l ungs ,  and 1 .1  x 10-1 m i l l i r e m s  t o  t h e  k idneys .  
56 and 44% o f  t h e  t o t a l  body dose, r e s p e c t i v e l y .  

Maximum i n d i v i d u a l  doses froi i l  t h i s  p o s t u l a t e d  a c c i d e n t  a r e  es t ima ted  t o  

Sur face  exposure and i n h a l a t i o n  c o n t r i b u t e  
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. . C r i t i c a l i t y  ........ . .... exc:ursion 

,q\ s?para te  report1' on t h e  c r i t i c a l i t y  hardrds i n  B u i l d i n g  3019 Wab; a l s o  Cr'i3[)iir?d for t h e  
Pwgraiii. A c r i t i c a l i t y  inc ident  W ~ S  p o s t u . ! a t p d  as  pari. o f   he t-ticent environment21 dricilysi s 

o f  t h e  Oak Ridge Operations t,o occur i n  a 240-ga1 s t a i n l e s s - 5 t e e l  tank. i n  thi! s t o r a g p  arrr'a iii 
Building 5019. 

v e s s e l .  

wind dose commitment ( f o r  an individual  located a t  a d i s t a n c e  o i  abou t  4l)U in froiii the 5 i a c . k )  o f  

0.0043 iiiillirem from part . ic i i la tes  n n d  9 ~ 2 2  iiii Ilirem from gaseous eii:issions. 

Consequences were ca lcu la ted  f o r  b o t h  nonrupture arid r u p i u r . i i  o f  the  contdiriirie~it. 

A burst, of  1g1,? f i s s i o n s  was c a l c u l a t e d  in  the  worst case t o  produce a riaxiriiurr; do;rn- 

I n  view of the  siiia11 p r o b a b i l i t y  o f  a tornado ( S e c t .  3 . 5 . 7 )  a n d / o r  ear thquakc ,  ( S e c t .  3 . 3 . 2 )  i n  

t h e  Oak Ridge a r e a ,  t he  al teraLioris  t o  be made t o  Building 3019, t h e  i j i i i i t e d  t.ii:iti of thi. t:,:.?.. 

arid the r e l a t i v e l y  smal 1 anioiints o f  material  t o  be handled i n  3019, t-he consequences o f  tyl?d.,.cs:; 

due tci such n a t u r a l  d i s turbances  were not assessed.  Because bui lding loca t ion  flooding wds L o r 8 . -  

cluded riot c r e d i b l e ,  the  consequences of f looding were not asstisscid. 

The b u l k  of the  opera t ions  in  t h e  HCTP wil l  b e  conducted i n  t.he Thorium-Uranium Recycle F a c i l i t y ,  

Building 7930 ( S e c t .  2 . 3 . 3 . 4 ) ,  

a n d  r e f a b r i c a t i o n  operat ions involving thoriuiii-based f u e l s .  A forilia1 s a f p t y  a n a l y s i s  of t h e  

f a c i  1 i  t ,y has k e n  prepared?0 ,  a:; has a f u l l  environiiiental impact sta.teiiient-' f o r  H T G K  r e f a b r i i a -  

t i o i i  t e s t s  of d rniich g r e a t e r  s c a l e  than those proposed f o r  HETP. Environmental impact s t a t e m e n t s  

have a l s o  been prepared f o r  s i m i l a r  l a r g e - s c a l e  i l T G R  reproccissing t e s t s "  a n d  f o r  a coiimer1:ial 

f a c i l i t y  f o r  f r e s h  fue l  re fabr ica t ion . : '  These documents e s t a b l i s h  t h a t  the acc idents  w i t h  L!IP 

rriaxiiiiuiii iconsequences art? i : r i t . ical i  t y ,  f i r e s ,  explosions,  a n d  f a i l u r e s  o f  c e r t a i n  c r i t i c a l  pieces  

of operatirig equipment. P r o b d b i l i t i e s  were n o t  determined f o r  t i i t i s t z  p r inc ipa l  ha2dr.d:. 

The bui lding was s p e c i f i c a l l y  desigfted f o r  t e s t s  of reprocessing 

I n  t h i s  scenar io  the tritium-rwrioval SyStI?Iil i i sed  in  the b u r n e r  off -gas  syrtei i i  ( S i i c t .  A.9 .1 )  w a s  

assumed t o  f J i l  dlrring the  secondary burning o f  the  f i s s i l e  stream frorn one fue l  element. The 
r .,j.teiii ! '. consi!,ts e s s e n t i a l l y  of a hea te r  preceding a c a t a l y s t  bed t h a t  oxidizes  ttic? t r i t iu rn  t o  

water and a condpnser.-adstirption bed t h a t  removes the water froni the  off-gas  stream. The 

estiiiiated iricreased t r i  t i r i i r i  r e l e a s e  a n d  the  assoc ia ted  increase  in the  dose commitment due t o  

t h i s  systeiii f a i l u r e  are prt?sented i n  'Table 4.8,  case B .  

Case C ~~~ F a i l u r e  .. o f  iodine-removal system i n  ~ ......... reprocessing 

.The reprocessing biirner of f -gas  system i s  equipped wit-h a s i l v e r  zeo1it.e bed f o r  veinoval o f  
99.9'. of t h e  gaseous iodine from t h e  off-gas  streams from several  p rocesses ,  p d r t i c u l a r l y  the  

primary a n d  secondary burning (Sec t .  A . 9 . 1 ) .  The system wds assumed t o  become inoperable  

during the  worst case  o f  tile secondary crushing and burning. 

t o  be a l l  the  iodine in  t h e  f i s s i l e - p a r t i c l e  stream from a s i n g l e  fuel  element. q u a n t i t i e s  o f  
rad io iodine  releatied and the  r e s u l t i n g  increases  in  the doses a r e  presented in  Table 4 . 8 ,  case C .  

The quant i ty  re leased  was assumed 
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Case D ~ F i r e  involving 1-2 segmented 2 u e l  eleriierits 

A f i r e  l a s t i n g  30 ri i in  i s  assumed t o  engulf b u t  not consume 1 2  segmented fuel  elements i n  s torage .  

The r e s u l t i n g  e f f l u e n t s  a r e  exhausted through the  c e l l  v e n t i l a t i o n  system t o  the  7911 s t a c k .  

The priinary e f f e c t  would be the  l o s s  o f  gases from the  graphi te  and from t h e  broken p a r t i c l e s  

within the  eleinents. No l o s s  of niater ia ls  which a r e  v o l a t i l e  a t  e levated temperatures ,  such 

a s  oxides of ruthenium a n d  cesiuiii, was assumed. The increase  over rout ine  r e l e a s e s  i s  then 

due t o  losses  o f  tr i t ium and iodine normally removed b y  the  burner off-gas  systems. The in-  

creased q u a n t i t i e s  of radionucl ides  re leased under these  hypothet ical  condi t ions a r e  l i s t e d  i n  

Table 4 . 8 ,  case D.  The increased thyroid dose i s  3 . 7  mi l l i rems.  

Lase E - - s e c  ond  a ry bu rne r bu r n - t h r o u g h 

An acc ident  was considered in  which the  contents  of t h e  secondary burner were assumed t o  b u r n  

t h r o u g h  the s ides  o f  tile furnace v e s s e l ,  f a l l  on the  f l o o r  of the c e l l ,  a n d  continue burning 

f o r  a period of 30 ii i in.  

spent  fuel  e l m e n t .  

acc ident  was e s s e n t i a l l y  t h e  same .as t h a t  made a i rborne  in a rou t ine  secondary burning opera t ion .  

However, i n  the  postulated acc ident  the  pro tec t ion  usual ly  provided by the  f i l t e r s  of t h e  

secondary burner a n d  the burner off-gas  system ( S e c t .  A . 9 . 1 )  would be absent .  

t i o n  a v a i l a b l e  was assumed t o  be t h a t  provided by the  c e l l ' s  exhaust roughing f i l t e r  and the  

two--stage H E P A  f i l t e r s  a t  the  7911 s tack .  I t  was assumed t h a t  5% of the  p a r t i c u l a t e  mat te r ,  

96.. o f  the  ruthenium, and  35:; of t h e  cesium were released and en t ra ined  in  t h e  c e l l  off-gases  

b u t  decontaminated by the  c e l l  and s tack  f i l t e r s  (an overa l l  decontamination f a c t o r  of l o 7  wa5 

assunied, 10" f o r  the  c e l l  roughing f i l t e r  and l o 5  f o r  the  s tack H E P A  f i l t e r s ) .  All f i s s i o n -  

product and decay-product gases ,  including iodine present  i n  the  f i s s i l e  p a r t i c l e  stream, were 

assumed t o  become a i rborne  in  the c e l l .  The radionucl ide re leases  over and above rout ine  a r e  

l i s t e d  i n  Table 4 .9 .  

The quant i ty  assumed t o  be involved was t h e  f i s s i l e  p a r t i c l e s  from one 

I t  was assumed t h a t  the amount of r a d i o a c t i v i t y  made a i rborne  by t h i s  

The only protec-  

The estimated dose commitment t o  the  maximally exposed o f f s i t e  individual  i s  presented i n  

Table 4.10. 

a s  2 5  iiiillirem5 estimated f o r  a 50-year period. 

f o r  e s s e n t i a l l y  a l l  of the  estimated increased doses. 

Total-body dose i s  approximately 20 mil l i rems,  w i t h  in tegra ted  organ doses as  high 

As i s  evident  i n  Table 4 . 1 1 ,  13'iCs i s  responsible  

- C r i t j  c a 1 i t y  i n c i d e s  

Effec ts  on the  general population from a c r i t i c a l i t y  inc ident  involving 1019 f i s s i o n s  has been 

hypothesized." 

water-moderated bed of microspheres ( a  "dry" c r i t i c a l i t y  was concluded t o  be i n c r e d i b l e ) .  

e i t h e r  case ,  i t  i s  expected t h a t  the heat  re leased would boil the water ,  the  c r i t i c a l  inass 

would be d ispersed ,  and the  chain reac t ion  would cease.  

and halogens ( o r  h a l i d e s )  would be discharged from the  p lan t  s tack  15 min a f t e r  t h e  i n c i d e n t .  

A decontamination f a c t o r  of l o 7  was used t o  determine the f r a c t i o n a l  r e l e a s e  of a l l  o ther  

f i s s i o n  products. For these  c a l c u l a t i o n s ,  i t  was a l s o  assumed t h a t  the accident  occurred 

during F s t a b i l i t y  condi t ions with a windspeed of 4 . 4  m/sec in  the nor theas t  d i r e c t i o n .  

I t  was assuiiied t h a t  the  c r i t i c a l  mass occurred e i t h e r  in  a so lu t ion  or in  a 

I n  

I t  was assumed t h a t  a l l  noble gases 
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The maximum individual  doses f o r  a l l  pathways of exposure except  prompt neutrons and secondary 

gammas would occur 3000 rn from the  TURF. 

rems. 

mil l i rem from the  f i r s t  year  o f  exposure following the  postulated acc ident  and propor t iona te ly  

l e s s  each following year  a s  t h e  radionucl ides  decayed and entered t h e  s o i l  p r o f i l e .  

would r e s u l t  i n  the l a r g e s t  dose: 

3.2 mil l i rems t o  thyroid ( iod ine  r a d i o n u c l i d e s ) ,  and 0.082 mil l i rem t o  t h e  lung. 

The ex terna l  dose from submersion would be 0.45 m i l l i -  

A person res id ing  continuously a t  t h i s  loca t ion  would rece ive  an ex terna l  dose of 0.39 

Inha la t ion  

0.0099 millireiii t o  t h e  whole body, 0.011 mil l i rem t o  bone, 
a 

Maximum c r e d i b l e  f i r e  

The consequences o f  a f i r e  were assessed i n  t h e  s a f e t y  a n a l y s i s  f o r  T U R F . * O  In th i s  a n a l y s i s ,  

i t  was assumed t h a t  4% of t h e  nonvola t i le  f i s s i o n  products and fue l  mater ia l  would be released 

i n t o  the c e l l  atmosphere a s  smoke and t h a t  1 %  o f  the  smoke (0.01- t o  0.1-micron p a r t i c l e s )  would 

be released through the f i l t e r s  t o  t h e  s t a c k .  

l e s s  than 200 mil l i rems t o  the  t o t a l  body, 3 rems t o  bone, and 7 rems t o  t h e  l u n g s .  

II _l-l 

The maximum downwind dose was ca lcu la tedz1  t o  be 

Explosion 

The consequences of a maximum c r e d i b l e  acc ident  involving a chemical explosion were assessed 

i n  the TURF s a f e t y  a n a l y s i s  r e p o r t . 7 0  

i r r a d i a t e d  fuel-element d i s s o l v e r  s o l u t i o n  i n t o  the c e l l  a i r .  One c e l l  a i r  volume, o r  about 

100 m3, was assumed t o  exhaust through the c e l l  v e n t i l a t i o n  systetn and out  the 7911 s t a c k .  

The maximum personnel dose downwind was shown t o  be l e s s  than 1 mil l i rem.  

The acc ident  was assumed t o  d isperse  an aerosol  of 

4 .4 .1 .4  A a e n t s  i n  Building 7503 

Building 7503 (Sec t .  2.3.3.3) wi l l  be used t o  s t o r e  only whole o r  segmented fuel  elements and 

burned-back f i s s i l e  and f e r t i l e  p a r t i c l e s .  

p a r t i c l e s  a r e  combustible o r  explosive,  and no o ther  combustible o r  explosive mater ia l  wi l l  be 

present  w i t h i n  the  c e l l s  o r  t h e  bui lding.  

nonexis tent .  

Nei ther  the fue l  elements nor the  burned-back 

The l ike l ihood o f  a f i r e  o r  explosion is  v i r t u a l l y  

There w i l l  be no l i q u i d s  present  i n  t h e  c e l l s ,  so t h a t  the p o s s i b i l i t y  of  a water-moderated 

c r i t i c a l i t y  does not e x i s t .  

was considered i n  t h e  Safe ty  Analysis Report f o r  t h e  Idaho I r r a d i a t e d  Fuels Storage Fac i l i ty .2 '  

Based on t h e  f ind ings  i n  t h a t  r e p o r t  and given the l imi ted  q u a n t i t i e s  of mater ia l  t o  be s tored  

i n  7503 during HETP, the l ike l ihood o f  such a "dry" c r i t i c a l i t y  i s  extremely remote. 

The p o s s i b i l i t i e s  o f  a "dry" c r i t i c a l i t y  involving such mater ia l  

The l ike l ihood of acc idents ,  including f lood ,  tornado (Sect .  3 . 5 . 7 ) ,  and earthquake (Sec t .  3.3.2), 

was judged extremely low. Because of t h e  physical form o f  the mater ia l s  s tored  i n  Building 7503, 

rad io logica l  hazards r e s u l t i n g  from na tura l  d i s a s t e r s  would probably be smal l .  

4.4.1.5 Transportat ion acc idents  

O f f s i t e  t r a n s p o r t a t i o n  acc idents  involving i r r a d i a t e d  FSV fue l  elements have been considered 

elsewhere.25 

p o t e n t i a l  hazards, a r e  assessed below. 

Only two o n s i t e  t rucking acc idents ,  which a r e  considered t o  represent  the  g r e a t e s t  
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%ent  Fuel elements wi l l  be trucked s ingly  between bui ldings 30260, 7503, and 7930. 

will be sealed in  a welded s t e e l  drniii contained i n  a shielded t r a n s p o r t  cask. An acc ident  i s  

iiostulated i n  which both conta iners  a r e  punctured; a gasol ine f i r e  o-F 30-rnin durat ion engulfs  

the  conta iners ,  and released gaseous e f f l u e n t s  r i s e  with the  f i r e  plume t o  an e f f e c t i v e  height  

o f  230 m a n d  d i sperse  i n t o  the  atmosphere. 

t h a t  no p a r t i c u l a t e s  a r e  re leased ,  t h a t  t h e  graphi te  block does not b u r n ,  and t h a t  the  high- 

teriiperature v o l a t i l e s  a r e  not dr iven o f f .  

gases trapped within both t h e  graphi te  and t h e  broken fuel  p a r t i c l e s .  

a l ~ i i u a I  doses as displayed i n  Table 4.8, case F ,  a r e  siiia11 and a r e  due pr imari ly  t o  re lease  Qf 

rddioiodine.  

Each e1c::icr:t 

I t  i s  assumed t h a t  t h e  fuel  element remains i n t a c t , z b  

The e f f e c t  o f  t h e  f i r e  i s  e s s e n t i a l l y  a bake-out of 

The r e s u l t a n t  increased 

K u p t u r z  of s o l u t i o n c a s k  in  t r a n s p o r t  

flcidic n i t r a t c  so lu t ions  o f  2 3 3 U  a n d  Th will  be trucked i n  casks between Buildings 3019 and 

7330. 

I t  i s  conceivable t h a t  a rupture  could occur during a t r a n s p o r t  acc ident  and r e s u l t  in  s p i l l a g e  

of the  contents .  

ihe maximum quant i ty  moved i n  any one cask wil l  be 80 l i t e r s  containing 16 kg of 2 3 3 U .  

lwo poss ib le  patn: t o  the  general environment a r e  apparent ,  namely, sur face  water and t h e  

ground. 

heavy r a i n  o r  i f  the  s p i l l  was d i r e c t l y  i n t o  Whiteoak Creek or a drainage d i t c h  leading t o  White 

oak Creek o r  Melton Branch. I n  such an event ,  mclcii of the  so lu t ion  would e n t e r  Whiteoak lake  

i n  !which i t  would be contained by c losure  of Whiteoak Dam. 

The surface-water pathway would be more severe i f  the  rupture  should occur during a 

ZLin5erudtively, assuming drainage of the e n t i r e  16 kg o f  2 3 3 U  i n t o  Melton Branch and t ranspor t  

a t  t h e  bolus down Whiteoak Creek i n t o  Whiteoak Lake during a two-hr per iod,  d i l u t i o n  of the  

iliaterial i n  t h e  101l-~iil lake volume can be pos tu la ted ,  which wou ld  r e s u l t  i n  a peak concentra- 

t ion  of 1 .64 nCi/ml in  the  lake.  Assuming no ac t iun  i s  taken t o  prevent the  2 3 3 U  contamindtcd 

!rater from escaping i n t o  t h e  Clinch River and assuming a l l  of t h e  2 3 3 U  remains i n  s o l u t i o n ,  the  

llidxiiiium doses t o  an individual  who dr inks  water and e a t s  f i s h  taken from the  point  of in te rsec-  

t i o n  of Whiteoak Creek a n d  the  Clinch River a r p  333 mil l i rems t o  bone and 20 mil l i rems t o  t o t a l  

L N X ~ ~ .  

I f  the  s p i l l  occurred onto dry ground, i - t  would u l t imate ly  soak i n t o  the  s o i l  and  spread v ia  

qround seepage. 

so lu t ion  has been made for the s o i l  condi t ions found a t  ORNL.18 
exihdngc ? r o p e r t i e s  of the underlying sha le  would permit the a c i d i c  so lu t ion  t o  be neut ra l ized  

about 30 f t  from the  point  of s p i l l a g e .  Uranium, f o r  example, would p r e c i p i t a t e  from so lu t ion  

arid depos i t  i n  t h e  ground. 

wou ld  inove the  bulk of t h e  r a d i o a c t i v i t y  from t h e  s p i l l a g e  s i t e  a t  r a t e s  of 10 t o  100 f t  per 

year .  A s p i l l a g e  t h i s  magnitude would requi re  removal of much of t h e  s o i l  around t h e  

df fec ted  a r e a ,  b u t  the r e s u l t s  show t h a t  t h e r e  would be ample time t o  accomplish such reinoval. 

A study of the  consequences of the poten t ia l  seepage o f  rad ioac t ive  acid 

The study showed t h a t  the  

Further movement would be by weak ion exchange with groundwater and 
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4 . 4 . 2  =adio loyica l  accidents  

The iriajor nonrddiological accident  hdzards i n  the  HETP would be assoc ia ted  Ivith the  use o f  

various process chemicals.  

i n  Tables 2.1 and  2 . 2 .  Gases w i l l  be s tored  i n  individual  c y l i n d e r s ,  a n d  most of t i l t ?  l iquid;  

w i l l  be s tored  in 55-gal druins or  100-gal tanks within the  bui ldings.  The quantit.ie5 released 

i n  any one inc ident  would therefore  l i k e l y  be only a sillall f r a c t i o n  o f  the t o t a l s  l i s t e d .  

Q u a n t i t i e s  of chemicals designated for  the  2-year proqrani art> given 

Gases would be rap id ly  dispersed and d i l u t e d  i n  the  a i r ;  t he re  might he some temporary concern 

f o r  ORNL personnel,  but the  e f f e c t s  on the  general population outs ide  the complex dre estimated 

t o  be insf gnif  i can t .  

The e f f e c t s  o f  s p i l l a g e  of t he  l i q u i d s  would be mit igated by h o l d u p  and d i l u t i o n  i n  Witeoak 

Lake; t he  s p i l l a g e  could be t r e a t e d  within the lake ( i . e . ,  ac ids  could he n e u t r a l i i e d ,  e t c . )  

i f  necessary.  

Sol ids  wi l l  n o t  be present  i n  r e a d i l y  a i r - e n t r a i n e d  forms; t he re fo re ,  d i spersa l  %o the  general 

population v i a  t he  atmosphere i s  considered negl ig ib le .  

by d isso lu t ion  and subsequent s p i l l a g e ,  in which case the  above discussion f o r  l i qu ids  would 

The possibili%y e x i s t s  f o r  d i spersa l  

apply. 

The l ike l ihood o f  environmental e f f e c t s  on the general population as  a consequenee o f  norrradio- 

log ica l  acc idents  i s  t h e r e f o r e  considered negl ig ib le .  
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5. UNAVOIDABLE AOVCRSE ENVIRONMENTAL EFFECTS 

5.1 RADIOI.OG1Cfi.I. EFFECTS 

The HETP w u i d  increase the t o t a l  individual  body dose received o f f s i t e  aril a t t r j b u t a b l e  to 

ORN1. opei-ation by 15% ( c u r r e n t  0RlilL operat ions cont r ibu te  0.94 mil l  i rem per ,year cufr1;parrJ wit21 
trrf area background dose o f  115 mi.Ilirerns per y e a r ) .  

a i i n i  .atma1 increase  i n  t h e  t o t a l  do:;e. S imi la r ly ,  t o t a l  body populatian doses (iiii--milc r a d i u s )  

wil l  increase  the contr ihi ; . iot i  from a l l  Oak Ridge f a c i l i t i e s  by about  5? (ci~rl-ent UOE opfra  

resiilt in a populafior! dose o f  about 30 man-rems). Radionuclide re leases  a rc  s i 'milar ly  nut  
zxpected 1;o r e s u l t  i n  s ign i  f i c a n i  impacts t o  t e r r e s t r i a l  ecosystems. Releases f rom t h e  HETP 
io a q i i a t i c  s.ystemc, may result  i n  concentrat ions o f  gost- in Whiteoak !.ske approaching 0.22 of 

t h e  reconwneiiderl 1 i n i i  t. HE.1-P wastes will be combined with o ther  ORNL wastes, b u t  c o n c ? i r i r ' a t i o n i  

o f  rirdinriinclides i n  receiving waters a r e  expected t o  be well below recnn!mr?ndi.d 1 irri i7i .  &idio.- 

log ica l  impacts al-r3 discussed in  d e t a i l  in  Sect .  4 .1 .  

T h e  p r o j e c t  wi l l  thewfor t?  r e s u l t  i n  G I I ~ Y  

5 7 N ON RA D I LOG I C,AL r Fr E CT s 

The HETP wil! requi re  only a minimum of cons t ruc t ion  a c t i v i t y ,  not exceedi.?g fiormal cons t ruc t ion  

ro i i t?nf ly  occurr ing a t  ORNIL. 
cons t ruc t ion  on land and water use or an aquat ic  and t e r r e s t r i a l  ecosystems. 

Therefore, no s i g n i f i c a n t  adverse e f f e c t s  a r c  expected froiii such 

'i'hle m l y  e f f l u e n t s  t o  be released during the  r o u t i r i r i  operat ion of the  HETP dr.e Ar, CO; . ,  NO,, 

NH,, (Table  2 . 4 )  and a few other  gases i n  very small quaritit;ier;. The arnounts t o  be re leased 

a re  j u d g e d  t o  be i n s i g n i f i c a n t ,  and no adverse impacts shou ld  occur. No d i ~ c l  i.(?1wsiis a r e  
t o  be wade t o  sur face  o r  groundwaters ; the smal 1 incrementdl r e l e a s e s  froil: the? i i P Y  b j i  11 result  

i n  no innpacts on water use o r  on aquat ic  ecosysteriis from pro jec t  operatiiln 
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6. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

I n  g e n e r a l ,  those resources  t h a t  might be i r r e v e r s i b l y  committed o r  rendered i r r e t r i e v a b l e  by a 

p r o j e c t  such a s  the  HETP include: (1)  b io logica l  spec ies  destroyed,  ( 2 )  cons t ruc t ion  mater ia l s  

t h a t  cannot be recovered, ( 3 )  mater ia l s  rendered rad ioac t ive  which cannot be decontaminated, 

( 4 )  mater ia l s  consumed o r  converted t o  unrecoverable waste, ( 5 )  atmosphere and water bodies 

used f o r  disposal  of heat  and waste e f f l u e n t s  t o  the e x t e n t  t h a t  o ther  benef ic ia l  uses a r e  

c u r t a i l e d ,  ( 6 )  land areas  rendered u n f i t  f o r  o ther  uses, and ( 7 )  manpower resources .  

Because s i g n i f i c a n t  impacts a r e  not  expected from cons t ruc t ion  or  rout ine  operat ion of the 

p r o j e c t ,  the  number o f  organisms destroyed wi l l  be minimal. S imi la r ly ,  the  atmosphere and 

water bodies wi l l  no t  be rendered u n f i t  f o r  o ther  uses. Only a very small land arpa (-cl ha) 

w i l l  be consumed by new cons t ruc t ion ,  and only a l imi ted  quant i ty  of mater ia l s  wi l l  be neces- 

sa ry  f o r  t h e  cons t ruc t ion  a c t i v i t y .  Some mater ia l  wi l l  be rendered rad ioac t ive  and  wi l l  requi re  

d i s p o s a l ,  b u t  t h e  overa l l  goal of t h e  p r o j e c t  and the program o f  which i t  i s  a p a r t  i s  t o  

recyc le  mdter ia l s  t h a t  would otherwise be wasted. 

a r e  consumed during the process (Tables 2 .1  and 2.2) a r e  necessary t o  prevent t h e  waste of 

p o t e n t i a l l y  usable  spent  HTGR f u e l .  

a l l o c a t e d  t o  t h e  p r o j e c t  (over a 5-year p e r i o d ) ,  and operat ion of t h e  f a c i l i t y  wi l l  r e q u i r e  up 

t o  35 persons f o r  4 y e a r s .  These manpower needs a r e  small compared t o  the average a c t i v e  work 

f o r c e  a t  ORNL. 

The p r o j e c t ' s  waste and the mat,eridls t h a t  

Construction work e f f o r t  t o t a l i n g  278 man-years wi l l  be 

No l a r g e  q u a n t i t i e s  o f  s t r a t e g i c  or r a r e  resources  a r e  t o  be consumed or  rendered use less  by the  

pro jec t .  Furthermore, bui lding modif icat ions,  instrumentat ion,  e t c .  wi l l  probably be useful t o  

f u t u r e  p r o j e c t s  conducted a t  ORNL and wi l l  t h e r e f o r e  not become obsole te  upon terminat ion of t h e  

HETP. 
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7.  RELA7'IONSHIP OF LAND-USE PLANS, POLICIES, AND CONTROLS 

P r i o r  t o  194% the pr inc ipa l  land uses of the  a rea  were small-fanu a g r i c u l t u r e  (pas tur ing  c a t t l e  

and hogs) and l imi ted  tobacco and vegetable  growing. Between 1942 and 1950 the Federal govern- 

ment acquired about 23,600 ha (58,500 a c r e s )  in  Anderson and Roane count ies  For t h r e e  p lan ts  

(X-10, K-25, and Y-12) and an employee housing corimiunity. In 1959 the  c i t y  o f  Oak Ridge was 

incorporated.  

b u t  allowed indiv idua ls  t o  buy t h e i r  homes and land arid gave the  c i t y  .the municipal f a c i l i t i e s ,  

including u t i l i t i e s ,  s t r e e t s ,  sewers, schools ,  and a h o s p i t a l .  

(37,1300 a c r e s )  remain under t h e  control  of the Department o f  Energy. 

AEC retaint!d cont ro l  of apprcxiniately three- four ths  of the o r i g i n a l  23,600 ha, 

Curren t ly ,  about 15,000 ha 

Ownership and control  of t h i s  15,000-ha reserva t ion  has been re ta ined  by the governrnent to 

accommodate p r o j e c t s  of i n t e r e s t  t o  the  government. 

c u r r e n t  use of t h e  land and loca l  land-use plans and p o l i c i e s .  

f u t u r e  c o n f l i c t  w i t h  local  land-use plans and p o l i c i e s .  Clear ly ,  the  reserva t ion  is  larid t h a t  

cannot be developed p r i v a t e l y  o r  used by the  c i t y  of Oak Ridge without spec ia l  arranagements. 

Since 1968 several  reques ts  f o r  land have heen made and  granted:  two s i t e s  near Y-12,  s i t e s  X 
and M of 93 and 11 ha respec t ive ly ;  a 35-ha s i t e  known a s  the I n d u s t r i a l  Park; and 65 ha located 

behind t h e  Federal Off ice  Building in Oak Kidge. I n  1974, however, the c i t y ' s  request  f o r  

4000 ha (10,000 a c r e s )  o f  AEC land f o r  an unspecif ied purpose was denied. 

p o s s i b i l i t y  t h a t  DOE might have 1.0 r e t a i n  v i r t u a l l y  a l l  i t s  remaining land f o r  f u t u r e  energy- 

f a c i l i t y  developnient. 

No c o n f l i c t s  present ly  e x i s t  between Doll's 

There i s  no  reason t o  expect 

There i s  ii. d i s t i n c t  

The p r o j e c t  operat ions a r e  f u l l y  confined t o  the a r e a  i n s i d e  t h e  reserva t ion  designated f o r  use 
by O R N L .  

The land i s  a l ready  c o n t r o l l e d  by O R N L .  

T h u s  t h e  HET Pro jec t  p resents  no c o n f l i c t s  with present  land-use p o l i c i e s  o r  plans.  

I n  1976, the Division of Water Q u a l i t y  Control of the rennfssee Department o f  Public Health 

published tile o f f i c i a l  S t a t e  Water Q u a l i t y  Manageiiient Pian f o r  the Clinch River Basin. T h e  

mater ia l  quoted below i s  taken from t h i s  r e p o r t .  

The presence of var ious radionucl ides  i n  the  Clinch River downstream of i t s  
t r i b u t a r i e s ,  White Oak Creek and Poplar Creek, has been noted f o r  many years  
and s tudied  in  d e t a i l .  
above <and below the confluence with White Oak Creek by the  Tennessee 
Division of Occupational and Radiological Health, and by the U.S. Energ.y 
Research and Development Administration in  corijunction with the proposed 
loca t ion  of a breeder r e a c t o r  p l a n t  near mile  18. 
i s  shown in Table 16, with t h e  S t a t e  water q u a l i t y  s tandards f o r  each 
parameter a l s o  l i s t e d .  

Monitoring has been r e c e n t l y  undertaken of waters 

A suriimary of these  da ta  

The r a d i a t i o n  s tandards o f  t h e  S t a t e  of Tennessee e n t i t l e d  " S t a t e  Regulations 
f o r  Protect ion Against Radiation" ( S R P A R )  and s tandards o f  the U.S.  Nuclear 
Requldtory Corninission ( N R C )  apply a t  t h e  l o c a t i e n  where a waste stream e n t e r s  
an u n r e s t r i c t e d  a rea .  I n  t h i s  p a r t i c u l a r  ins tance  i t  i s  the  confluence o f  
White Oak Creek w i t h  the Clinch River. Under nornidl cirzumstances, i . e . ,  
with t h e  S t a t e  o r  NKC regula t ing  contamination t o  a stream by p r i v a t e  indus t ry ,  
such e f f l u e n t s  a s  those released by the Oak Ridge National Laboratory via White 
Oak Creek would be required t o  conform t o  S t a t ?  o r  MRC s tandards p r i o r  t o  any 
mixing with the  Clinch Rivw.  
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However, a s  t h e  Oak Ridge National Laboratory i s  a priiiie cont rac tor  of the  
Federal Government, i t  claims t o  be exempt frorn S t a t e  regula t ions  in  respect  
t o  rad ioac t ive  r e l e a s e s .  Therefore, a l l  the  Oak Ridge f a c i l i t i e s ,  designated 
as  prime cont rac tors ,  a r e  regulated by separa te  and l e s s  s t r i n g e n t  regula t ions  
adopted by the U.S.  Energy Research and Developinent Administration (ERDA). 
regula t ions  a r e  i d e n t i f i e d  a s  Chapter 0524, "Standards f o r  Radiation Protec- 
t i o n . "  These E R D A  regulat ions permit discharges t o  s t a t e  streams a s  long a s  
"average concentrat ions of rad ioac t ive  mater ia l  a t  t h e  point  o f  r e l e a s e  a r e  
as  low as p r a c t i c a b l e . "  

Monitoring data  re leased by E R D A  thus f a r  appear t o  i n d i c a t e  t h a t  S t a t e  
s tandards a r e  n o t  being v io la ted  by the Oak Ridge f a c i l i t i e s  i n  t h e i r  
re leases  t o  t h e  Clinch River. However, E R D A  data  published f o r  the  White 
Oak Creek discharge point  takes  c r e d i t  f o r  the  d i l u t i o n  of the  O . R . N . L .  
waste with the  average flow of the  e n t i r e  Clinch River. T h u s ,  ERDA moni- 
to r ing  data  f o r  t h i s  point  i t  not reported as d i r e c t  nieasurements of e f f l u -  
e n t s  re leased b u t  as  ca lcu la ted  nullibers which take i n t o  account the  r a t i o  
of the  flow r a t e s  of the  two streams. 
perinit such manipulation of r a d i o a c t i v i t y  da ta .  

I n  o rder  f o r  c i t i z e n s  of Tennessee t o  be afforded t h e  same pro tec t ion  froin 
ERDA-regulated f a c i l i t i e s  a s  they a r e  from Sta te -  and  NRC-regulated p r i v a t e  
indus t ry ,  i t  i s  recommended t h a t  ERDA f u r t h e r  cooperate w i t h  the  s t a t e  by 
l i m i t i n g  the rad ioac t ive  re leases  from i t s  f a c i l i t i e s ,  and not take advan- 
tage of the l e n i e n t  requirements of i t s  own regula t ions .  

Because i t  i s  extremely d i f f i c u l t  t o  monitor the e f f l u e n t s  d i r e c t l y  a s  they 
leave the O.R.N.I.. reserva t ion  v ia  White Oak Creek due t o  periods of n o  flow 
and back flow condi t ions of the  White Oak Creek embayment ( these  flow condi- 
t i o n s  e x i s t  a t  c e r t a i n  times due t o  r i v e r  level  f l u c t u a t i o n s  caused by 
manipulations a t  Watts Bar and Melton Hil l  darns), t h e  S t a t e  wi l l  need t o  
have d i r e c t  access t o  iilonitoring data  co l lec ted  by ERDA a t  White Oak dam. 

These 

Neither S t a t e  nor N R C  regula t ions  

From the above, the discharges from O R N L  appear t o  c o n f l i c t  with t h e  Tennessee Water Q u a l i t y  

Standards. 

f o r  concentrat ions of radionucl ides  and do not see any real  c o n f l i c t .  

cont r ibu te  t o  the  O R N L  discharges b u t  wi l l  be only a small p a r t  of the  t o t a l .  

We do not know o f  any measurements i n  the Clinch River t h a t  exceed S t a t e  s tandards 

The H E T  e f f l u e n t s  wi l l  

R E F E R E N C E  FOR SECTION 7 

1 .  Tennessee Department of Public Health Division of Water Q u a l i t y  Control ,  k t a r  Q u a l i t y  

ihmgiment  :;,?art for  the CZineh R i v e r  3r,sin, Oct. 2 7 ,  1976, p p .  V-8, V-9.  



8. R E L A T I O N S H I P  BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

Since t h e  HETP wi l l  opera te  f o r  on ly  a 2-year per iod,  i t  wi l l  r e s u l t  i n  a short- term use o f  
the f a c i l i t i e s .  Because o f  t h e  minirrial amount of cons t ruc t ion  necessary f o r  t,he p r o j e c t ,  t h e r e  

wi l l  be only a small aiiiount of land and cons t ruc t ion  resou ces  which wi l l  be unavai lable  for  

o ther  uses. The pro jec t  wi l l  U S E  f a c i l i t i e s  t h a t  a r e  now arge ly  unused or  underused, and 
renovat ions of these f a c i l i t i e s  t o  accoirrmodate the  pro jec t  wil l  be useful f o r  l a t e r  p r o j e c t s  

conducted a t  ORNL. 

No s i g n i f i c a n t  a1 t e r a t i o n s  t o  t h e  environrrient around the HETP s i t e  a r e  expected; t h e r e f o r e ,  

no loss  i n  long-term product iv i ty  of these a reas  should occur .  

No c r i t i c a l  resources  wi l l  be consumed o r  rendered use less  by the  p r o j e c t ,  which would l i m i t  

t h e  product iv i ty  of future opera t ions  employing those resources .  
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9. ALTERNATIVES 

Plaus ib le  a l te rna t , ive i ;  f o r  the  HETP include:  

ment of the  c u r r e n t  p r o j e c t  schedule,  ( 3 )  no ac t ion  ( p r o j e c t  c a n c e l l a t i o n ) ,  and ( 4 )  chemical 
f l o w h e e t  va r i a t ions .  

( 1 )  re locdt ion  of t h e  projec t  s i t e ,  ( 2 )  post$?;n?- 

9.1 RELOCATION 

The range o f  a c t i v i t i e s  c a l l e d  f o r  by the pro jec t  ~ t ~ ~ o l v e s  product s torage ,  waste  treatiiient., 
fue l  element segmenting, and separa te  r e f a b r i c a t i o n  and reprocessing c a p a b i l i t i e s .  

p r o j e c t  operat ions requi re  r e c e i p t  of i r r a d i a t e d  For t  S t .  Vraiii (FSV) ?-eactor fuel  as fetdstrr:b. 

t o  the  reprocessing operat ion and f resh  uranyl n i t r a t e  a s  f e e d s t w k  t o  the r e f a b r i c d f i a n  opera- 
t i on .  

o f  environrriental impact. As proposed, t he  p r o j e c t  would l a r g e l y  use e x i s t i n g  f a c i l i t i e s ;  with 

the exception of FSV fuel  r e c e i p t s ,  a l l  opera t ions  could be performed on DOE's Oak Ridge 

reserva t ion .  

I n  addj.i{::i.? 

The O R N L  s i t e  i s  thought t o  be capable o f  acconn~odating these requirements w i t h  r7 minimi : , -  

b l o c a t i o n  o f  t he  H E W  t o  another s i t e  ( including another nat ional  labora tory  s i t e )  would l ikel i .  

n e c e s s i t a t e  a niajor cons t ruc t ion  a c t i v i t y  f o r  new f a c i l i t i e s .  

f a i l u r e  t o  s a t i s f y  equivalent  O R N L  c a p a b i l i t i e s  rrould r e s u l t  i n  an increased impact on the 

environment via  increased construct ion a c t i v i t y .  

Thus a new s i t e  l o c a t i o n ' s  

9.2 RESCHEDULE PROJECT ANU NO ACTION 

The HETP s u p p o r t s  t he  National Program Plan objec t ive  for  HTGR Fuel Recycle. 

of t he  pro jec t  t o  ( 1 )  detertiline the  e f f e c t s  of s i g n i f i c a n t  l e v e l s  of  rad ia t ion  on s p e c i f i c  

operat ions and equipment in the  reprocessing,  r e f a b r i c a t i o n ,  and primary waste treatment of the  

HTGR fuel  recycle  process and ( 2 )  r e l a t e  t h i s  information t o  the  design of a follow-on f a c i l i t y  

c a l l e d  f o r  i n  the National P l a n  [ i d e n t i f i e d  as the  HTGR Recycle Reference F a c i l i t y  (WRKF)] .  

Detailed design of t he  WRRF i s  scheduled f o r  t he  year's 1985 through 11191. T h u s  t imely i n p v t  O F  
ilE'rP r e s u l t s  t o  HRRF design does not permit rescheduling o r  de le t ion  of the  p ro jec t ;  these 

a l t e r n a t i v e s  a r e  therefore  n o t  v iab le  ap t ions  in  the  context  of the overa l l  National Program 

P l i i n .  

I t  i s  the intent. 

9 .3  CHEMICAL FLOMSHEET VARIATIONS 

Al te rna t ives  to  the  proposed chemical processing involve v a r i a t i o n s  i n  the  r e f a b r i c a t i o n  a n d  

reprocessing procedures. The following process des ign  changes were considered as  a l t e rna t jvcs .  

9 .3  . 1 Rg-f&ri c a t  i on. 

The a l t e t m t i v e s  t o  the fuel  r e f a b r i c a t i o n  flowsheet for- the  proposed p i l o t  p lan t  involve the  

processes of kernel or  microsphere prepardt ion and coat ing and  f i le1 -rod f a b r i c a t i o n  and cac.bol7- 

i za t ion .  A l t h o u g h  a1 t e r n a t i v e  processes f o r  f a b r i c a t i n g  recycle  fuel would have d i f f e r e n t  
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chemical e f f l u e n t s ,  these e f f l u e n t s  would be handled by the waste-handling f a c i l i t i e s  of t h e  

p i l o t  p lan t  i n  such a manner t h a t  the environmental impact would not be s i g n i f i c a n t l y  d i f f e r e n t  

from t h a t  f o r  the  reference processes. 

T h e  reference microsphere preparat ion process i s  f o r  t h e  preparat ion of thorium dioxide-uranium 

dioxide f i s s i l e  p a r t i c l e s .  These microspheres a r e  then coated and blended with thorium dioxide 

f e r t i l e  p a r t i c l e s ,  which a r e  fed i n t o  t h e  r e f a b r i c a t i o n  p i l o t  p lan t  from a separa te  f a c i l i t y .  

This blended mixture i s  then formed i n t o  fuel  rods. 

T h e  blending s t e p  could be e l  irninated by increasing the  thorium-to-uranium r a t i o  in  the wicro- 

spheres so t h a t  t h e  fue l  rods from the  r e f a b r i c a t i o n  p i l o t  p l a n t  would contain only one type 

of p a r t i c l e .  

r i c a t i o n  p i l o t  p l a n t ,  and t h a t  might be economically undesirable .  

This would g r e a t l y  increase  t h e  amount of heavy metal passing through the  refab-  

Another a l t e r n a t i v e  would be t o  e l imina te  a l l  thoriuiii from t h e  f i s s i l e  p a r t i c l e s ,  thereby 

minimizing the  aiiiount of heavy metal passing through t h e  microsphere preparat ion and coat ing 

s t e p s  in  the p i l o t  plant .  An advanced process ,  the  weak-acid res in  process ,  appears t o  be 

economically a t t r a c t i v e  f o r  t h i s  purpose, b u t  p a r t i c l e s  prepared in  t h i s  manner must be proved 

acceptable  through extended i r r a d i a t i o n  t e s t i n g  before changes a r e  made i n  the  cur ren t  

reference designs.  

The reference microsphere-coating process i n  the p i l o t  p lan t  c a l l s  f o r  the  appl ica t ion  of  a 

mul t i layer  coat ing cons is t ing  of a buffer  layer  followed by a pyro ly t ic  carbon l a y e r ,  a s i l i c o n  

carb ide  l a y e r ,  and another  pyro ly t ic  carbon layer .  This i s  c a l l e d  a TKISO-coated p a r t i c l e  

(Sec t .  8.4). 

An a l t e r n a t i v e  t o  the  TKISO-coating process i s  the  BISO-coating process ,  which includes no 

s i l i c o n  carb ide  layer  and only one pyro ly t ic  carbon layer .  The BISO-coating process i s  con- 

s iderably  cheaper, b u t  i t  does n o t  have the  added coat ing s t r e n g t h  and r e s i s t a n c e  t o  f i s s i o n  

product d i f fus ion  provided by the s i l i c o n  carbide layer .  Should the reference r e f a b r i c a t i o n  

flow sheet  be changed t o  r e f l e c t  the use of a BISO-coated recycle  p a r t i c l e ,  s i l i c o n  carbide 

would be eliiminated from t h e  source term. 

9 .3.1.3 Fxel-rod fabricat i~on-  

The reference fuel-rod f a b r i c a t i o n  process i s  the s lug- in jec t ion  process. Al te rna t ive  processes 

a r e  a v a i l a b l e ,  b u t  the  e f f l u e n t s  from these  processes a r e  ident ica l  t o  those from the  reference 

processes .  

9 .3 .1 .4  Eugl-rod carboni -zaon .  

The reference fuel-rod carbonizat ion process c a l l s  f o r  the  fuel  rods t o  be heated i n  the  graphi te  

fue l  block. The a l t e r n a t i v e  process c a l l s  f o r  carbonizat ion out-of-block in packed alumina. 
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This out-of-block procedure produces about 10 cm3 o f  alumina per rad carbonized. 

alumina would be contaminated, i t  would be added t o  s o l i d  waste s torage .  

Becduse t h e  

3.3.2 ReprocgssjnJ 

A f l u o r i d e  v o l a t i l i % y  process was considered a s  an a l t e r n a t i v e  t o  the d i s s o l u t i o n ,  so lvent  

e x t r a c t i o n ,  and s o l i d i f i c a t i o n  por t ions  of t h e  proposed process. The t h e o r e t i c a l  advantage of 

t h e  f l u o r i d e  v o l a t i l i t y  process i s  the i n i t i d l l y  siiialler volume of waste generated. However, 

the v o l a t i l i t y  process i s  not t e c h n i c a l l y  f e a s i b l e  a t  t h i s  time because t h e  nonvola t i le  thoriurn 

t e t r a f l u o r i d e  r e s u l t s  i n  low uranium recnvery. 

A l t e r n a t i v e l y ,  a number of v a r i a t i o n s  of t h e  reference process a r e  poss ib le ;  f o r  ins tance ,  

( 1 )  t h e  secondary burner could be el iminated t o  convert  the headend system t n  a so-cal led 

crush-burn-grind-leach system; ( 2 )  ari a1 t e r n a t i v e  cyc le  of so lvent  e x t r a c t i o n  could be used, 

which would reduce t h e  amount of waste b u t  would not recover thorium; (3)  t h e  d e n i t r a t i o n  

system could be el iminated and the uranium product shipped a s  a l i q u i d ;  ( 4 )  the  uranyl n i t r a t e  

could be converted t o  the  recyc le  fuel  p a r t i c l e  (microsphere) by the  sol-gel  process; o r  

( 5 )  var ious processes could be used in  the  off-gas  cleanup system. 

Eliminating t h e  secondary burner would d r a s t i c a l l y  reduce the  uranium-recovery e f f i c i e n c y  of 

t h e  process ,  a n d  the  unburned carbon would add t o  the  amount of s o l i d  rad ioac t ive  waste from 

the  process .  Also, d i s s o l u t i o n  o f  carb ide  leads t o  foaming prohlems i n  t h e  d i s s o l v e r  and 

emuls i f ica t ion  problems i n  t h e  so lvent  e x t r a c t i o n  system. 

An a l t e r n a t i v e  cyc le  of so lvent  e x t r a c t i o n  could be used, which would reduce the amount of  

waste b u t  would n o t  allow recovery of thorium. This would not be a demonstration o f  t h e  pro- 

posed commercial reprocessing system, because t h e  economics f o r  p lan ts  favor  t h e  recovery o f  
thorium a s  well a s  uranium. 

The uranyl n i t r a t e  product s o l u t i o n  from t h e  so lvent  e x t r a c t i o n  system could be converted 

t o  a s o l i d  and then t r a n s f e r r e d  t o  t h e  nat ional  uranium-233 repos i tory  a t  Oak Ridge National 

Ldboratory. 

d e n i t r a t i o n  process could be el iminated.  The re ference  process i s  based on l i q u i d  shipwent. 

The re ference  process (shipping l i q u i d )  would be economically super ior  because t h e  

Various processes could be used f o r  t h e  off-gas  cleanup system; no processing wi l l  be necessary 

t o  keep the  off-gas  w - i t h i n  recommended guide l ines  f o r  an uncontrol led a rea .  Al te rna t ive  pro- 

cesses  t o  the  proposed krypton absorpt ion in  liquid carbon dioxide ( K A L C )  process for  removing 

krypton - such a s  membrane permeation, sorp t ion  in  charcoal or molecular s i e v e s ,  and physical 

absorpt ion by a t h i r d  component - a r e  precluded by the s i m i l a r i t y  of carbon dioxide behavior t o  

t h a t  o f  krypton i n  these a l t e r n a t i v e  processes .  Al te rna t ive  processes f o r  iodine removal could 

be t h e  KALC process ,  the  z e o l i t e  bed process ,  and t h e  mercuric n i t r a t e  process .  The mercuric 

n i t r a t e  process was not se lec ted  because o f  the  inherent  environmental pr-oblem o f  triercut-y 

consulliption and d isposa l .  

Experimental t e s t i n g  wi l l  be done t o  determine the f e a s i b i l i t y  o f  iodine removal by t h e  KALC 

and z e o l i t e  bed processes and t o  compare these  processes with the Iodex process. 
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A n  a l t e r n a t i v e  t o  molecular s ieves  f o r  t r i t i a t e d  water removal could be the IC4LC process. 

Experimental inves t iga t ions  wil l  be made t o  determine the technical  f e a s i b i l i t y  o f  removing 

t r i t i a t e d  water by l i q u i d  carbon dioxide and t o  compare t h i s  process with the  reference 

Drocess. 

In conclusion, the  a l t e r n a t i v e  process systems were not chosen f o r  the  following major reasons:  

(1 1 several  components represent  technology t h a t  i s  l e s s  proven than t h A t  c u r r e n t l y  proposed 

and ( 2 )  some components would r e s u l t  in  g r e a t e r  environmental impacts. 



10. ENVIRONMENTAL TRADE-OFF ANALYSIS 

10.1 SUMMARY OF PURPOSE AND PRINCIPAL IMPACTS OF HETP 

Sect ion 2 of t h i s  Environmental Statement has descr ibed the proposal t o  modify and equip four  

e x i s t i n g  bui ldings a t  Oak Ridge National Laboratory f o r  demonstrating the f e a s i b i l i t y  of 

commercial-scale recycl ing of High Temperature Gas-Cooled Reactor (HTGR) fue l  m a t e r i a l s .  The 

proposed program, Hot Engineering Tes t  Pro jec t  (HETP), wi l l  involve the  reprocessing of spent  

HTGR fuel  rods from t h e  F o r t  S t .  Vrain r e a c t o r  and the f a b r i c a t i o n  of fuel  rods from urdnyl 

n i t r a t e  s o l u t i o n  obtained from NUR and makeup thorium. Section 2 a l s o  conta ins  a descr ip t ion  

of  t h e  r e l a t i v e l y  small amount of m a t e r i a l s  consumed i n  the process (Tables 2 .1  arid 2 . 2 )  a s  

well a s  the e f f l u e n t s  re leased t o  the environment during the  proposed two years  of operat ion 

(Sec t .  2 . 3 . 2 ) .  I t  i s  O R N L ' s  p r a c t i c e  t o  combine nonradioact ive wastes (except  s a n i t a r y )  with 

rad ioac t ive  wastes and process them together  through O R N L ' s  r ad ioac t ive  waste-handling 

f a c i  1 i t ies .  

Sect ion 3 descr ibes  t h e  s i t e  loca t ion  and c h a r a c t e r i z e s  the  e x i s t i n g  environment around the 

proposed s i t e .  This environmental descr ip t ion  provides the basel ine upon which environmental 

impacts of t h e  proposed ac t ion  a r e  evaluated.  

Sect ion 4 analyzes the environmental impacts o f  the proposed a c t i o n .  

c o n s i s t s  o f  modif icat ion and use o f  e x i s t i n g  bui ldings a t  O R N L ,  the s t a f f  has concluded t h a t  

t h e r e  i s  very l i t t l e  impact of cons t ruc t ion  on land o r  water use o r  on t e r r e s t r i a l  and  aquat ic  

ecosystems (Sect .  4 . 2 ) .  In addi t ion ,  the p r o j e c t ' s  cons t ruc t ion  work f o r c e  (maximum of 88) i s  

expected t o  be only a port ion of t h e  cons t ruc t ion  manpower t h a t  i s  employed on t h e  DOE r e s e r -  

va t ion  most o f  the  time. 

Because t h e  proposal 

With respec t  t o  operat ion,  t h e  major nonradiological e f f l u e n t s  from HETP which wi l l  be released 

a f t e r  t reatment  i n  the  ORNL waste-handling f a c i l i t i e s  wi l l  be CO,, NO,, and NH3. Compared with 

t h e  normal output  o r  consumption from the f o r e s t  on t h e  reserva t ion ,  the  incremental eff luent ,  

r e l e a s e  a t t r i b u t a b l e  t o  HETP opera t ions  i s  i n s i g n i f i c a n t  (Sect .  4 .2 .1) .  

The pr inc ipa l  impact of HETP operat ion wi l l  be the  addi t ion  of  rad ioac t ive  mater ia l  t o  t h e  

environment. Table 10.1 i s  a summary of the s t a f f  a n a l y s i s  f o r  the  rad io logica l  impact on man 

(Sec t .  4.1.1) r e s u l t i n g  from gaseous r e l e a s e s  due t o  the  proposed ac t ion  f o r  both the maximally 

exposed individual  and the t o t a l  population within a 50-mile rad ius  o f  the s i t e .  The ca lcu la ted  

exposures a r e  a l s o  displayed a s  percentages of the est imated exposures a s  a r e s u l t  of a l l  ORNL 

opera t ions .  T h e  impacts of  rad ioac t ive  gaseous e f f l u e n t s  due t o  HETP operat ion a r e  shown t o  be 

genera l ly  l e s s  than t h e  impacts of o ther  O R N L  opera t  

t h e  measure of impact, HETP opera t ions  cont r ibu te  on 

commitment t o  man i n  t h e  Oak Ridge a r e a .  The  ORNL a 

a dose commitment t o  the maximally exposed individua 

a n d  only about 1% of t h e  natural  background exposure 
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ons .  I f  total -body dose i s  considered as  

y a small increase  t o  the man-made dose 

rborne e f f l u e n t  with HETP would r e s u l t  i n  

of only about 0.21  of t h e  s t a t u t o r y  l i m i t  

(Sect .  4 .1 .1 .6) .  
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Table 10 1 Rddioloairal iiiitmx on r n m  resulting from one year of HETP ooeratlonal qaspous effluent 

Toral body GI t ract  Bone Thvroid Lunqs Muscle Kidneys 
~ 

0 14 0 5 7  1 1 0  0 1 2  0 1 1  0 14 0 1 1  
15 65 110 0 6  12 12  

M a l i  u rns  1 6  3 7  7 0  1 1  1 1  1 6  1 1  
P+r i  riit of r l i r i o l  t DOF d C t l V  t y  5 5 14 0 4  2 3 

Po,nlc~ttuti 50 vedr  dosr coinin t r n e i i t  

~ -~ -~ 

A5slJlllilly t ~ h a t  the  s e n s i t i v i t y  t o  r a d i o a c t i v i t y  of orqanisms o ther  than illan i s  l e s s  t h a n  f o r  Ilian 

hiinqclf, the  s t a f f  concluded t h a t  o ther  biota  wi l l  n o t  be adversely a f fec ted  by HETP-related 

gaseous e f f l u e n t s .  

Liquid rad ioac t ive  e f f l i i en ts  r e l a t e d  t o  the HETP i n  combination with o ther  O K N L  a c t i v i t i e s  

wil l  increase the  conccntrat ions of c e r t a i n  radionucl ides  a t  Nhiteoak Dam. T h u s ,  continued 

monitoring of the re leases  from the Whiteoak Creek reservoi r  i s  required t o  avoid excessive 

re lease  of radionucl ides  t o  the  uncontrolled a reas  downstreax of the  dam. The monitoring 

r e s u l t s  can also i n d i c a t e  whether o r  n o t  s u e c i f i c  HETP waste pretreatment  should be undertaken 

before re lease  t o  the  OKNL waste-handling f a c i l i t i e s .  B o t h  the  analyses i n  t h i s  st,atement a n d  

the  rccon!nic:!ded 1 iini t s  a r e  conservat ive,  a n d  radionucl ide concentrat ions downstream of Whi teoak 

Oani a r e  expfcted t o  be iiiirch l e s s  than the magnitude believed t o  have an e f f e c t  on e i t h e r  man or 

o ther  h i o t a .  

I n  suinri'8ary, the s t a f f  f inds  t h a t  construct ion a c t i v i t i e s  and operat ion of the  proposed HFTP 

r e s u l t s  i n  a n  acceptable  level  of impacts on man and the  natural  environment. 

Although f inding t n ~  environmental impact of the  proposed ac t ion  t o  be acceptable ,  the s t d f f  

d i d  consider a l t , e rna t ives  t h a t  w o u l d  r e s u l t  i n  reduced or  d i f f e r e n t  impacts. These a l t e r n a -  

t i v e s  included pro jec t  cance l la t ion  o r  postponeinent, s i t e  re loca t ion ,  and process v a r i a t i o n s .  

Ttip HETP i s  an interiiirididte steD in a n  e x i s t i n g  National Program Plan f o r  HTGR Fuel Recycle. 

T h e  o r o i e c t  i s  desiqned t o  ob ta in  data  on reprocessing a n d  r e f a b r i c a t i o n  operat ions a n d  equip- 

rrierit i r i  CI rad ia t ion  environment. The r e s u l t i n g  d a t a  wi l l  be used in  the  design of t h e  H T G R  

KecyLfe Reference Faci1it.y ( H R K F ) ,  which i s  scheduled f o r  the l a t e  1980s. Cos t -e f fec t ive ,  

s a f e ,  environmentally sound, a n d  timely design o f  the  HRKF depends upon a n  improved inforiliation 

base. Therefore ,  reschedulinq o r  cance l la t ion  o f  t h e  HETP i s  not considered a v iab le  a l t e r n a t i v e .  

Conduct of  the  HETP a t  O R N L  u t i l i z e s  c u r r e n t l y  underused or  unused bui ld ings ,  personnel exper i -  

enced in rad ioac t ive  chemtcal opera t ions ,  and support of an in tegra ted  research a n d  development 

labora tory .  S i t e  re loca t ion  poses the  problem of f a i l u r e  of another  s i t e  t o  be equiva len t  t o  

O K N L  i n  t e r m  of a v a i l a b i l i t y  of bu i ld ings ,  equipinent, and personnel and could r e s u l t  in  in -  

creased environmental impacts. 

A nimber of process var iabl25 in  both the reprocessing and r e f a b r i c a t i o n  port ions of the  H E W  

wPre i d e n t i f i e d  dtid asse:sed (Sec t .  9 . 3 ) .  However, the s t a f f  found t h a t  these process a l t e r n a -  

t i v e s  were genera l ly  not a s  acceptable  as  the bas ic  proposal f o r  one or more of the  following 



10-3 

reasons:  ( 1 )  less proven technology, ( 2 )  potentially increased enviroriiiiental impacts, 

( 3 )  p o t e n t i a l l y  increased financial c o s t ,  (4) redticed recovery o f  Iri-aniuili a n d  thor ium. 

d e f m t i n q  the purpose  o f  t h o  National Fuel Recycle Prograin, and ( 5 )  no c b v i o i i s  env;i-oncientsl 

C Y  economic advantage for an a1 ternative o v e r  the t -e fewnc? d c s i q q .  

f 
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Appendix A 

DESCRIPTION OF SPENT-FUEL R E P R O C E S S I N G  

Spent fuel  elements a r e  reprocessed t o  reclaim a n d  pur i fy  uranium a n d  thoriiim. 

systeirir, necessary t o  achieve the overa l l  reprocessing objec t ive  (Systern 1000) a r e  shown in  

Fig. A. l .  The major s t e p s  used to  process fuel  elements i n  the reprocessinq phase a r e  l i s t e d  

below. 

The var ious 

1 .  

2 .  

3. 

4. 

5. 

6. 

7 .  

The f u e l  block i s  sawed i n t o  smallr?r. segments, and each segment i s  crushed i n t o  p a r t i c l e s  

of a s p e c i f i e d  s i z e  range. 

The g r a p h i t e  iiiatrix i s  b u r n e d  t o  expose t h e  s i l i c o n  (carbide ( S i c )  coat ing surrounding 

the  fuel  kerne ls .  

The burned back fut.1 p a r t i c l e s  a r e  then separated i n t o  f i s s i l e  and f e r t i l e  f r a c t i o n s  

which a r e  subsequently processed 5eparat.el.y. 

The f i s s i l e  and f e r t i l e  f r a c t i o n s  undergo p a r t i c l e  crushing t o  f r a c t u r e  t h e  S i c  hulls, 

and t h e  inner  carbon coat ings a r e  burned away i r i  t h e  secondary burner .  

The remaining ina te r ia l s  a r e  acid-leached in  t h e  disso lu t ion  s t e p s  t o  r'eiriove uraniuiii or 

.thor i um. 

The so lu t ions  a r e  adjusted t o  !;pecificdl:ions f o r  so lvent  e x t r a c t i o n ,  a n d  ur>anium, 

thorium, and f i s s i o n  products a r e  s e l e c t i v e l y  reliioved. 

The solvent  e x t r a c t i o n  product s o l u t i o n s  a r e  conceritriited; the uraniuni s o l u t i o n s  are 

s tored  and t h e  thciriuir s o l u t i o n s  are e i t h e r  s tored  or discarded i o  t h e  intermediat.e- 

level  wdste systeiii. 

Various support  systriiis a r e  assoc ia ted  with the  above s t e p s .  The reprowssing systems 

described below a r e  located i n  Building 7Y311 urileys otherwise ind ica ted .  

A. 1 SEGMENTING - SIJBSYSTEM 4106 

Both uni r rad ia ted  and i r r a d i a t e d  fuel  elements from t h e  Fort S t .  Vrain (FSV) reac tor  wi l l  he 

sawed remotely (Building 3026D) i n t o  s i x  p ieces ,  each approxiniately 8 i n .  (Q.0 cm) i n  d i m e t e r  

by 31 i n .  (40 cm) long,  so t h a t  they can be charged i n t o  the  primary jaw crusher  f o r  s i z e  

reduct ion.  A containment shroud, with a c i r c u l a t i n g  carbon dioxide loop and d u s t  treatiiient 

system, wi l l  enclose t h e  segmenting equipinent t o  c o l l e c t  d u s t  p a r t i c l e s  and gases produced by 

t h e  segmenting operat ion.  The c e l l  containl'ng the  segmenting equipment wi l l  be maintained 

under negat ive pres!;;,. 2. 

Small-volume high-capacity in take  nozzles (1,300 cfm or  923.5 m3/rnin), arranged t o  follow t h e  saw 

toget t ier  with fixed and movable shrouds, wi l l  contain thi bulk o f  t h e  grapl i i te  dus t  as  i t  i s  

generated.  

metal f i l t e r .  l h e  f i l t e r e d  stream containing 5-urn and siiialler p a r t i c l e s  wi l l  be passed through 

NBS and HEPA f i l t e r s  and a charcoal adsorber  t o  c o l l e c t  t h e  small airiount of gaseous f i s s i o n  

The in take  gas stream ( C 0 2 )  wil l  be passed throuclh a cyclone r ; e [ ~ r a t o r  and a s in te red  

A- 3 
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Fig. A.l. Generalized HET fuel  reprocessing process b l o c k  diagram. 
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p r o d u c t s  p resen t .  An a d d i t i o n a l  HEPA f i l t e r  w i l l  
c u l a t i n g  t h e  C02 back t o  t h e  segment ing shroud. 

C e l l  v e n t i l a t i o n  a i r  ( . ~ 1 2 0 0  cfrn o r  q.34 !i13/min) w i  

be used f o r  f i n a l  p u r i f i c a t i o n  b e f o r e  r e c i r -  

1 be exhausted th rough  e x i s t i n g  HEPA f i l t e r s ,  
cha rcoa l  f i l t e r s ,  and then  th rough  more IiEPA f i l t e r s  t o  t h e  3039 s t a c k .  

I n  t h e  u n l i k e l y  ever i t  t h a t  t h e  c u t t i n g  process  i s  done i m p r b p e r l y  and 5onie f u e l - b e a r i n g  n a r t i c l e s  
a r e  c u t ,  a c o n s e r v a t i v e l y  h i g h  e s t i m a t e  of t h e  a c t i v i t y  r e l e a s e d  i n  one complete pass o f  a saw 
b l a d e  i s  100 C i .  T h i s  i s  based on a f u e l  e lement  d i scha rged  a f t e r  one e q u i v a l e n t  f u l l - p o w e r  
y e a r , l  coo led  180 days, and c o n t a i n i n g  66,000 C i  o f  a c t i v i t y .  
t o  t h e  o f f - g a s  t rea tmen t  system and would be d e t e c t e d  immed ia te l y  (and o p e r a t i o n s  h a l t e d )  
un less  s imu l taneous i n s t r u i i i e n t a t i o n  f a i l u r e  occu r red .  Even i f  t h e  f u l l  100 C i  i s  re leased ,  i t  

wou ld  be c o n t a i n e d  by t h e  o f f - g a s  t r e a t m e n t  systwi i .  

Aga in ,  t h i s  a c t i v i t y  i s  re leased  

A.2 FUEL SIZE REDUCTION - SYSTEM 1100 

Segmented f u e l  e lements from t h e  segment ing o p e r a t i o n  a r e  f e d  i n t o  a c r u s h e r  where t h e y  a r e  
c rushed  i n t o  a g r a n u l a r  f o rm s u i t a b l e  f o r  pr i r r iary bu rn ing .  The s o l i d  p r o d u c t  i s  <3/15 i n .  

( n d 5  mm) r i n g - s i z e  m a t e r i a l .  

a r e  necessary.  

To accompl ish  t h i s  t a s k ,  t h e  t h r e e  subsystems shown i n  F i g .  A.2 

Segmented f u e l  e lements  f i r s t  undergo jaw  c r u s h i n g  t o  o b t a i n  <3/4- in.  ($2-cm) r i n g - s i z e  
p a r t i c l e s .  A l l  p a r t i c l e s  >3 /4  i n .  a r e  separa ted  and r e c y c l e d  f o r  fu r ther .  c r u s h i n g  by  a 
v i b r a t o r y  sc reen and a v i b r a t i n g  s p i r a l  e l e v a t o r .  P a r t i c l e s  <3/4 i n .  a r e  t h e n  r o l l - c r u s h e d  t o  
t h e  f i n a l  s i z e  o f  <3/16 in .  

A l l  o p e r a t i o n s  a r e  per fo rmed i n  an enc losed,  a i r - t i g h t  d u s t  shroud. 

f l o w  of  CO2 purge  gas p r o v i d e s  b o t h  an i n e r t  atmosphere and a means o f  c o n t r o l l i n g  d u s t  genera ted  
d u r i n g  c r u s h i n g  o p e r a t i o n s .  
b e f o r e  be ing  r e l e a s e d  t o  t h e  bu rne r  o f f - g a s  system (Sec t .  A.9.1).  

A 1-cfm ( n o 2 8 - l i t e r / m i n )  

The purge gas i s  f i l t e r e d  th rough  a bank o f  rough and HEPA f i l t e r s  

A.3 PRIMARY BURNING -- SYSTEM 1200 

Batches o f  c rushed f u e l  e lements a r e  burned i n  a f l u i d i z e d  bed t o  o x i d i z e  exposed g r a p h i t e  and 

carbon c o a t i n g s  on f u e l  p a r t i c l e  su r faces .  The subsystems used i n  t h e  p r i m a r y  b u r n i n g  opera- 
t i o n  a r e  shown i n  F i g .  A.3. The f l u i d i z i n g  gas i s  a m i x t u r e  o f  0 2  and C O 2 .  The o x i d a t i o n ,  
i n  comb ina t ion  w i t h  a secondary 0, stream, occu rs  above t h e  bed where carbon f i n e s  e l u t r i a t e d  
f r o m  t h e  bu rne r  a r e  suspended. The s o l i d  p r o d u c t  c o n s i s t s  o f  burned-back f i s s i l e  and f e r t i l e  
p a r t i c l e s  and ash c o n t a i n i n g  <1 w t %  carbon. A l l  o f f - g a z  i s  ven ted  t o  t h e  bu rne r  o f f - g a s  

t r e a t m e n t  system (Se-t .  A.9.1). 

A. 4 PARTICLE CLASSIFICATION -- SYSTEM 1300 

P a r t i c l e  c l a s s i f i c a t i o n  i s  a c e n t r a l  o p e r a t i o n a l  system w i t h  v a r i e d  f u n c t i o n a l  r e s p o n s i b i l i t i e s  
t h a t  i n t e r f a c e s  w i t h  o t h e r  r e p r o c e s s i n g  o p e r a t i o n s  as f o l  lows: 
s t o r e s  ba tches  o f  c rushed f u e l  e lements  (Sec t .  A.2) i n  s to rage  hoppers;  ( 2 )  t r a n s f e r s  c rushed 
fue l  t o  t h e  p r i m a r y  bu rne r  o p e r a t i o n  (Sec t ,  A .3) ;  ( 3 )  r e c e i v e s  burned-back f i s s i l e  and f e r t i l e  
p a r t i c l e s  frail p r i m a r y  bu rn ing ;  ( 4 )  c l a s s i f i e s  f i s s i l e  and f e r t i l e  p a r t i c l e s  i n t o  two separa te  

( 1 )  r e c e i v e s ,  weighs, and 
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FROM SEGMENTING 
SUBSYSTEM 4106 

JAW 
C R U S H I N G  

S U B S Y S T E M  1 1 1 1  i T O  BURNtR OFF GAS 
SUSSYS?Eib? 1921 

S C A I  7 '  Y G  
ANI) 

R F C Y C L E  
S U B b Y S T E M  1 l ? )  

TO PARTICLE CLASSIFICATION 
SYSTEM I300 

F i q .  A . 2 .  Fuel s i ze  reduction ~ S y s t w  1100 

streams; ( 5 )  c o l l e c t s  c l a s s i f i e d  f e r t i l e  and f i s s i l e  p a r t i c l e s  i n  receiving hoppers. Some 

graphi te  and ash f i n e s  a r e  co l lec ted  and  s tored  f o r  discharge t o  s o l i d  waste and  scrap d i s p o j a l .  

The process block diagram i s  shown i n  Fig. A . 4 .  

A.5 P A R T I C L E  C R U S H I N G  AND SECONDARY B U R N I N G  ~ SYSTEM 1400 

Batches of c l a s s i f i e d  p a r t i c l e s ,  b o t h  f i s s i l e  and f e r t i l e ,  a r e  crushed f o r  a second t i r ?  t o  

crack the  S ic  coat ing of the  once-burned fuel kernels a n d  expcse any inner carbonaceous niaterial 

Once crushed, the  p a r t i c l e s  a r e  fed d i r e c t l y  t o  the second f luidized-bed burner. 4 block 

di3grari qhowing subsystelii r e l a t i o n s h i p s  i s  shown i n  F i g .  A.5. 

F u c l - p a r t i c l e  crushing i s  accoliiplished by e i t h e r  of t w o  double-rol l  crushers:  one f o r  crushing 

f e r t i l e  iriateridl a n d  one f o r  crushing f i s s i l e  mater ia l .  The r o l l  gap must be prec ise ly  s ized 
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FROM PORTICLE CLASSIFICAT1ON 

SYSTEM 1300 

PRIMARY 
BUHNFR FEEDING 
SUBSYSTEM lzOi 

SUBSYSTEM 1941 PRIMARY 
(BIIRNER SUPPORT) EURNlNG 

SUESYSTFM 1211 

FINES COLLECTION 
RECYCLE 4ND 
SAMPLING 

SUBSYSTEM 1221 

TO SUBSYSTEM 1971 
ISAMPLE H&NDLING) 

TO SYSTEM 1300 

F i g .  A.3. Priniary b u r n i n g  - Systerri 1200. 

f o r  each type o f  p a r t i c l e  t o  prevent a l a r g e  percentaqe of unbroken p a r t i c l e s  o r  overcrushinq,  

r e s u l t i n g  i n  d l a r q e  quant i ty  o f  f i n e s  and consequent poor f l u i d i z a t i o n  c h a r a r t e r i s t i c s  i n  the  

f luidized-bed burner. Each r o l l  crusher  i s  completely enclosed,  which dllows f o r  v e n t i l a t i o n .  

The crushing operat ion i s  accomplished i n  a COi atmosphere. 

Crushed fuel  kernels  a r e  gravi ty-fed t o  the  burner from the p a r t i c l e  c rusher ;  a1 1 carbondceouS 
material  i s  burned away while simultaneously convert ing heavy iiitrtals and f i s s i o n  products t o  

t h e  oxide form. Upon introduct ion i n t o  the burner, t h e  crushed f ue l  p d r t i c l e s  a r e  f l u i d i z e d  in  

a C02 stream t o  the height  o f  t h e  induct ion hedter  ( loca ted  i n  t h e  lower p a r t  o f  the burner) .  

The temperature i s  r a i s e d  by induct ion heat ing u n t i l  the 600°C i g n i t i o n  temperature ir; reached. 

Oxygen i s  t h e n  added t o  t he  f l u i d i z i n g  gas t o  obtain a s t e a d y - s t a t e  b u r n  r a t e  a t  dpproximately 

900°C. The oxygen supply is cont ro l led  throughout the  burning operat ion t o  maintain a low O 2  
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SUBSYSTEM l3Cl 

OR 
SUBSYSTEM 1961 (SOLID PRODUCT HANDLING) 
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(SAMPLE HANDLlNGl 
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SUBSYSTEM SUBSYSTEM 1321 

(MOTIVE GAS 
SUPPLY1 SUBSYSTEM 1991 
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SUBSYSTEM 19 

SUBSYSTEM 1961 
(SOLID PRODUCT HAN 

FISSILE 
COLLECTION 

SUESYSTEM 1341 
FERTILE 

COLLECTION 
SUBSYSTEM 1331 

Fig. A.4. P a r t i c l e  c l a s s i f i c a t i o n  and inaterial hand1 
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suewsrw 

ES 4 1 SOR 2 

TO 

1921 
(0 F F -GAS I 

+ SUBSYSTEM 

FROM PARTICLE CLASSIFICATION 
SYSTEM 1300 

SOLID PRODUCT HANDLINC; 
SUBSYSrEM 1961 

T U  
SOBSYSTEM 
1921 
(OFFGAS) 

FERTILE 
CRUSHING 

SUSSYSTEM 
1401 

FISSILE 
CRUSHING 

SUBSYSTEM 

I I 

SAMPLING 
SUBSYSTEM 1451 

TO 
SUBSYSTEM 1971 

(SAMPLE HANDLING) 
TO PARTICLE CLASSIFICATION 

SYSTEM 1300 

F i g .  R.5. P a r t i c l e  c r u s h i n g  and secondary b u r n i n g  - Systerri 1400. 

c o n c e n t r a t i o n  in t h e  of f -gas. 
wh ich  i s  s i g n a l e d  by an oxygen b reak th rough  i n  t h e  o f f - g a s .  
f i s s i o n - p r o d u c t  v o l a t i l i z a t i o n  from t h e  bed i s  perfornled w i t h  i n d u c t i o n  h e a t i n g .  
ven ted  t o  t h e  bu rne r  o f f -gas  t r e a t m e n t  system (Sect .  A.9.1), a f t e r  wh ich  t h e  p r o d u c t  bu rne r  ash 

i s  ready  f o r  t h e  n e x t  phase of rep rocess ing .  

O x i d a t i o n  i s  con t inued  u n t i l  a low carbon c o n t e n t  i s  ach ieved,  
F u r t h e r  carbon o x i d a t i o n  and 

Of f -gas  i s  

A.6  DISSOLUTION AND FEED ADJUSTMENT -SYSTEM 1500 

A b l o c k  d iagram f o r  t h e  d i s s o l u t i o n  and f e e d  ad jus tmen t  s teps  i s  shown i n  F i g .  A.6. 
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F i g .  A.6.  D i s s o l u t i o n  and feed  ad jus tmen t  ~ System 1500. 

F o l l o w i n g  t h e  secondary bu rn ing ,  t h e  p roduc t  ash i s  t r e a t e d  w i t h  a n i t r i c  a c i d  s o l u t i o n  ( f i s s i l e  
and f e r t i l e  p a r t i c l e  p roduc t  ash a r e  processed s e p a r a t e l y  i n  t h e  same equipment)  t o  d i s s o l v e  
heavy m e t a l s  and f i s s i o n  p roduc ts  f rom t h e  i n s o l u b l e  S i c  h u l l s .  N i t r i c  a c i d ,  h y d r o f l u o r i c  a c i d ,  
and aluininuii i n i t r a t e  a r e  p r o p o r t i o n a l l y  added t o  o b t a i n  t h e  d i s s o l v e r  a c i d  compos i t i on  f o r  
t ho r ium-bear ing  f u e l  ash o f  13 ;.; HN03, 0.05 :.! F-, and 0.10 A! A 1 3 - t ,  a long  w i t h  a s o l u b l e  n e u t r o n  
po ison,  cadinium ( 0 . 8  g / l i t e r  f o r  f i s s i l e ,  3.6 g / l i t c r  f o r  f e r t i l e ) ,  t o  ensure  n u c l e a r  c r i t i c a l i t y  
s a f e t y .  Enough a c i d  i s  added t o  t h e  d i s s o l v e r  t o  y i , - l d  a 1 &' t ho r iu i i i  s o l u t i o n  upon complete 
d i s s o l u t i o n .  Fo r  p a r t i c l e s  bea r ing  uraniui l i  o n l y ,  t h e  a c i d  volume i s  based on a f i n a l  concen t ra -  
t i o n  of  0.06 '.! uranium, and t h e  d i s s o l v e r  a c i d  compos i t i on  i s  4.6 !.; HNO, p l u s  a s o l u b l e  n e u t r o n  
po ison ,  cadniiuiii o r  gado l i n ium.  D i s s o l u t i o n  occurs  a t  t h e  s o l u t i o n  b o i l i n g  p o i n t  w i t h  t h e  
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condensable vapors being returned t o  the  d i s s o l v e r .  Noncondensed gases a r e  vented t o  t h e  

d i s s o l v e r  of f -gas  t reatment  system (Sect .  A.9.1). 

Upon completion of d i s s o l u t i o n ,  the  s o l u t i o n  i s  cooled and fed t o  a continuous cent r i fuge  alon3 

w i t h  the inso luble  mater ia l  ( S i c  h u l l s ,  res idual  g r a p h i t e ,  and some f i s s i o n  products) .  T h e  

c l a r i f i e d  d i s s o l v e r  so lu t ion  i s  then c o l l e c t e d  and s e n t  t o  the feed adjustment subsystem; t h e  

inso luble  mater ia l  i s  co l lec ted  f o r  washing, drying,  and s torage ,  preliminary t,o f i n a l  d i sposa l .  

The wash so lu t ion  i s  combined with t h e  d i s s o l v e r  s o l u t i o n ,  and t h e  dryer  of f -gas  i s  t r e a t e d  by 
t h e  d i s s o l v e r  off-gas  system. 

The feed adjustment subsystem rece ives  t h e  f e r t i l e  and f i s s i l e  s o l u t i o n s  from t h e  cent r i fuge  

and prepares thein f o r  so lvent  e x t r a c t i o n .  

through feed adjustment t o  reduce t h e  n i t r i c  acid concentrat ion t o  1 M and t o  increase  t h e  

concentrat ion t o  1 .5  M Th"' ( a g ) .  

t o  a. molten s a l t  and then sparged with steam t o  vaporize t h e  excess n i t r i c  ac id .  

f o r  addi t ion  of formic acid i s  provided f o r  the  cont ro l  o f  ruthenium v o l a t i l i t y .  

The thorium-bearing d i s s o l v e r  s o l u t i o n  i s  processed 

The d isso lver  s o l u t i o n  i s  concentrated batchwise by evaporation 

The c a p a b i l i t y  

RuO, ( v o l a t i l e )  + ZHCOOH -i- RuO, + 2C0, + 2H,O 

Vapors a r e  condensed and co l lec ted  f o r  intermediate- level  waste d isposa l .  

n i t r i c  ac id  has been reirioved, the  s o l u t i o n  i s  d i l u t e d  with d i s t i l l e d  water t o  1 .5  ?,f Th4+  ( a q ) ,  

and then sampled f o r  composition determinat ion.  

When s u f f i c i e n t  

Fuel containing only uranium does not  requi re  removal of excess n i t r i c  acid.  The feed adjust- .  

rnent u n i t  i s  used only t o  e f f e c t  any necessary uranium concentrat ion changes. 

A.7 SOLVENT EXTRACTION - SYSTEM 1400 

The so lvent  e x t r a c t i o n  system i s  designed t o  process ,  i n  separa te  campaigns, both thorium- 

bearing fue l  and fuel  containing uranium only. For thorium-bearing f u e l s ,  the  acid Thorex 

process i s  used t o  recover ,  p a r t i a l l y  p u r i f y ,  and separa te  thorium and uraniurii from f i s s i o n  

products arid chemical impur i t ies  a s  well as t o  separa te  uranium and thorium from each other. 

For uranium f u e l s ,  t h e  modified Purex process i s  used t o  separa te  uranium From f i s s i o n  products 

and chemical impur i t ies .  Iri the modified Purex process ,  a d i l u t e  feed i s  requi red ,  and the 

plutonium i s  not recovered. The quant i ty  o f  plutonium ( ~ 1 0  51 Pu/fuel element o r  qO.1 w t  X of 

heavy metal conten t  i n  a fuel  element) not removed during e x t r a c t i o n  i s  l e f t  unremovcd as  p a r t  

of the general waste, and i s  sent  t o  the  intermediate- level  waste (ILW) system. 

use t h e  same so lvent ,  s d l t i n g  agent ,  and equipment, but t h e  stream compositions and flow r a t e s  

d i f f e r .  

Both processes 

The f i v e  major subsystems of so lvent  e x t r a c t i o n  a re :  

and so lvent  regenerat ion.  

e x t r a c t i o n ,  p a r t i t i o n ,  sc rub ,  s t r i p p i n g ,  

The subsystem r e l a t i o n s h i p  can be seen i n  Fig. A.7 .  

In the e x t r a c t i o n  column, uraniutri and thorium ions a r e  p r e f e r e n t i a l l y  ex t rac ted  from the aqueous 

stream a s  i t  countercur ren t ly  contac ts  the nonaqueous so lvent  stream (30 vol :4 t r ibu ty lphosphate  

i n  a normal p a r a f f i n  hydrocarbon d i l u e n t ) .  

impur i t ies  remain in the  aqueous phase. 

of the  e x t r a c t i o n  column t o  provide the s a l t i n g  s t rength  needed f o r  e x t r a c t i n g  uranium and 

thorium ions from the a c i d i f i e d  aqueous so lu t ion  i n t o  the nonaqueous phase. 

The bulk of t h e  f i s s i o n  products and chemical 

A 13 ? b l  HN03 streaiii i s  metered i n t o  the lower por t ion  

A 1 HN03 stream 
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Fig. A . 7 .  Solvent ex t rac t ion  System 1 G W .  

i s  rrieier-til i n t o  the  t o p  o f  the  ex t rac t ion  coluiiin t o  scrub back i n t o  the aqueous  phase the  sinal1 

f r a c t i o r i  of the f i s s i o n  products t h a t  were ex t rac ted  i n t o  the  solvent  i n  t h e  lower port ion of 

the  c o l m n .  The waste streaiii containing t h e  f i s s i o n  products i s  then t ransfer red  f o r  disposal 

t o  the  ILL^ systeili ( S e c t .  2 . 3 . 2 . 2 ) .  

The iuranium- a n d  thorium-bearing solvent  stream leaves the  e x t r a c t i o n  colunin and e n t e r s  the  

bottom of  t h e  p a r t i t i o n  coluiiin. Into the  top o f  t h e  p a r t i t i o n  colunrn i s  metered 0 . 2  ?: HN03- 
5 x l o - '  ., '  F -  s o l u t i o n ,  which f l o w s  countercurrent  t o  the  organic solvent  a n d  p r e f e r e n t i a l l y  

s t r i p s  a l l  of  the  t n o r i u m  and a slriall ariiount o f  the  uraniuni frorri t h e  so lvent .  I t  leaves the 
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bottom of t h e  p a r t i t i o n  column and e n t e r s  the  top of t h e  p a r t i t i o n  sc rub  column and i s  counter-  

c u r r e n t l y  contacted with clean so lvent ,  which ext,racts the small amourri o f  uranium ( 0 . 4  g / l i t e r )  

s t r ipped  from the  solvent  i n  the  p a r t i t i o n  column. This stream then e x i t s  t h e  t o p  of t h e  

p a r t i t i o n  scrub coluilin and i s  introduced again t o  t h e  bottom o f  t h e  p a r ' t i t i o r i  column i n  cornbinti- 

t i o n  with the  feed stream. The aqueous stream From the  p a r t i t i o n  scrub colimn contains  near ly  

a l l  of t h e  thorium and only a t r a c e  o f  uraniuni arid i s  normally s e n t  t o  the  ILSJ systeiri f o r  

d i sporial (Sec t .  2 . 3 . 2 . 7 ) .  

The uraniuiii-bearing solvent  e x i t s  the  top o f  t h e  p a r t i t i o n  column and e n t e r s  the  bottoni o f  t h e  

s t r i p  coluiiin where i t  countercur ren t ly  ineetr; a 0.01 !,I HN(I3-l x 10-3 M F-  st ream, which s t r i p s  

t h e  uraniurn from the so lvent .  The urariiurn-bearing aqueous stream Flow:; out o f  the  bottom of 

t.lie s t r i p  column and i s  c i r c u l a t e d  t o  the  product concentrator  f o r  the  next reprocessing s t e p .  

The s t r ipped  so lvent  then leaves  t h e  s t r i p  column and eriters t h e  bottom of the so lvent  I:f?gent?ra- 

tiori coluinn and  couri tercurrent ly  contac ts  a 0.25 ic! Na,CC3 s o l u t i o n ,  which scrubs out  solverit 

decomposition products (pr iniar i ly  dibutyl  phosphate) .  The regenerated solvent  i s  then recir-  

cu la ted  t o  be used dgain throughout the solvent  e x t r a c t i o n  process. 

A.9 PRODUCT HANDLING --- SYSTEM 1800 

The f i n a l  s t e p  i n  t h e  reprocessing phase of thi? I-IET i s  product concentrat ion.  The subs,ystem 

r e l a t i o n s h i p  i s  shown in F i g .  A.8. The concentrator  i s  a therrnosiphon evapovator,  wi tti the 

condensate being s e n t  t o  ILW f o r  disposal  ( s e c t .  A.9.2) .  Thoriulii n i t r a t e  so lu t ion  Froin solvent  

e x t r a c t i o n  i s  genera l ly  sen t  to ILW, but on occasion wi l l  be concentrated and blended with 

uranium t o  give a so lu t ion  composition of 1 .3  M heavy metal and 3 .V HNO,. 
stor't!d (Subsystem-1081 1 as uranyl n i t r a t e  at ' / o r  thorium n i % r a t e  s o l u t i o n .  

The f i n a l  product i s  

A.  9 REPROCESSING SUPPORT - SYSTEM 'I 900 

W?ste tredtrrient subsystems f o r  gases ,  l i q u i d s ,  and s o l i d s  a r e  included in  process support 

(System 1909) a s  s h o w  i n  Fig. A.9 .  

Burner o f f - g a s  (Subsystem-1921 1 a n d  d i s s o l v e r  off-gas  (Subsystem-19.31) are t r e a t e d  separa te ly .  

Off-gas from t h e  f luidized-bed burners and from t h e  d i s s o l v e r  comprises most  o f  the  volume o f  
gas requi r ing  treatment. Off-gas frorn vcsse ls  i s  t r e a t e d  Nith the  d i s s o l v e r  off-qas .  

T h e  d i s s o l v e r  (and v e s s e l )  o f f -gas  ( D O G )  t r a i n  wi l l  t r e a t  t h e  vented gases frcjrn aqueous procesl; 

vesse ls  i n  t h e  d i s s o l u t i o n ,  t h e  solvent  e x t r a c t i o n ,  and the product concentrat ion processes .  

The verited gases  a r e  passed through a de-mister t o  remove moisture and then a preheater  before 

passing through an N O  conver te r ,  which reduces t h e  oxides of nit rogen t o  ni t rogen w i t h  aiiimonia. 

Iodine wi l l  be adsorbed on s i l v e r  z e o l i t e  and t h e  radon held on a molecular s ieve  u n t i l  decayed. 

The remaining gases w i l l  be vented through HEPA f i l t e r s  t o  Building 7930 hcl t  o f f -gas  system 

(Sect .  2.3.2.1 ) . 

X 

The burner off-gas  (BOG) t r a i n  wi l l  t r e a t  t h e  off-gas  from the priniary and secondary burners 

s e p a r a t e l y  f o r  the  re ten t ion  of t h e  v o l a t i l e  f i s s i o n  products and o f  rad ioac t ive  iodine and f o r  

t h e  conversion of CO and t r i t i u m  t o  CO, and water' respec t ive ly .  A common system w l l  c o l l e c t ,  
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Fig. A.8. Product handling - System 1800 

in  c a r t r i d g e s ,  t r i t i a t e d  'A'ater absorbed on rrolecular s ieve  and provide f o r  radon adsorpt ion and 

f i n a l  H E P A  f i l t r a t i o n  before t h e  g a s  i s  discharged t o  the Building 7930 hot off-gas  system 

(Sec t .  2 .3 .2 .1) .  

A.9.2 Liguid waste disposal  Subsystem 1951 

Liquid wastes from reprocessing operat ions a r e  a s  follows: steam condensate from vessel j a c k e t s  

and t h e  product concentrator  reboi ler- ,  in termediate- level  waste froln d i s s o l u t i o n ,  solvent  

e x t r a c t i o n ,  and product concentrat ion,  organic wastes from solvent  e x t r a c t i o n ,  and o ther  process 

wastes .  Liquid organic wastes a r e  weighed, assayed, and absorbed on vermicul i te  which i s  

encapsulated in  concrete  o r  p l a s t i c  and placed i n  30-gal conta iners .  These 30-gal conta iners  

a r e  sealed in  55-gal d r u m  which a r e  decontailiinated and sen t  t o  the  s o l i d  waste s torage  area 

(Sec t .  2 .3 .2 .3) .  Other process Mastes a r e  t r e a t e d ,  i f  necessary,  by t h e  support f a c i l i t y  

( S e c t .  C.8) before being discharged t o  e i t h e r  the  ILW o r  low-level process waste treatiiient 

f a c i l i t i e s  (Sec t .  2 .3 .2 .2) .  
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F i g .  A.9. Process suppor t  - Syste:n 1900. 



A-16 

A . 9 . 3  Solid waste disposal  ~- Subsysteni 1956 

Solid wastes consis t i f iq  of f a i l e d  process equipirient, spent f i l t e r s ,  e t c .  a re  baggei. a n d  buried 

i n  t renches in the SWSA ( S e c t .  2 . 3 . 2 . 3 ) .  The organic l i q u i d s  absorbed o n  vermicul i te  ( S e c t .  

A . 9 . 2 ) ,  
dryer  a r e  placed i n  30-qal or 55-ga l  drums a n d  a l s o  buried in the  S W M .  

t r i t i a t e d  water c a r t r i d g e s  (Sec t .  A.9 .1) ,  a n d  p a r t i c l e  h u l l s  frorii t h e  disso lver  i p s o l s  







Appendix B 

DESCRIPTION OF FUEL-ROD REFABRICATION 

The r e f a b r i c a t i o n  s e c t i o n  o f  t h e  HET manufac tures  f r e s h  f u e l  rods  f rom f r e s h  t h o r i u m  and 

uran ium o b t a i n e d  f rom t h e  N a t i o n a l  Uranium-233 Repos i to ry .  

m a j o r  systems as n o t e d  i n  F i g .  B . l .  

T h i s  i s  accompl ished th rough  seven 

I n i t i a l l y ,  t h e  uran ium f e e d  system p repares  u r a n y l  n i t r a t e  t o  p r o p e r  s p e c i f i c a t i o n s  f o r  d e l i v e r y  
t o  t h e  r e s i n  f u e l  k e r n e l  p r e p a r a t i o n  system, where in  u ran ium i s  t r a n s f e r r e d  t o  r e s i n  beads v i a  
i o n  exchange. 
t h e  ca rbon ized  r e s i n  i s  t h e n  t r a n s f e r r e d  t o  t h e  m ic rosphere  convers ion  and c o a t i n q  system f o r  
conve rs ion  o f  t h e  ca rbon ized  spheres f r o m  t h e  UO, fo rm t o  t h e  UC2 fo rm and f o r  a p p l i c a t i o n  o f  
f o u r  separa te  c o a t i n g s  i n v o l v i n g  v a r i o u s  fo rms o f  carbon. 
t o  t h e  f u e l - r o d  f a b r i c a t i o n  system f o r  f r e s h  f u e l - r o d  fo rma t ion .  
a r e  t h e  process  suppor t  system and t h e  sample i n s p e c t i o n  system. 
desc r ibed  below, a r e  l o c a t e d  i n  B u i l d i n g  7930 u n l e s s  o t h e r w i s e  i n d i c a t e d .  

The loaded r e s i n  t h e n  undergoes c a r b o n i z a t i o n  i n  t h e  r e s i n  c a r b o n i z a t i o n  system; 

These coated  p a r t i c l e s  a r e  t h e n  sen t  
Complementing these  systems 
The r e f a b r i c a t i o n  systems, 

B . l  URANIUM FEED - SYSTEM 4400 

The uran ium f e e d  system i s  a rad iochemica l  p rocess ing  f a c i l i t y  l o c a t e d  i n  B u i l d i n g  3019, wh ich  

i s  des igned t o  p r o v j d e  p u r i f i e d  ? 3 3 U  u r a n y l  n i t r a t e  feed s o l u t i o n .  

f ou r  subsystems, as shown i n  F i g .  B.2.  
i s  accompl ished i n  Subsystem 4421; t h e  o t h e r  subsystems i n v o l v e  o n l y  m a t e r i a l  t r a n s f e r  and 

s to rage .  

The system i s  composed o f  

A l l  p rocess ing  ( s o l v e n t  e x t r a c t i o n  and i o n  exchange) 

The p u r i f i c a t i o n  subsystem r e c e i v e s  U03 powder and/or  u r a n y l  n i t r a t e  s o l u t i o n  f rom t h e  N a t i o n a l  
Uranium-233 Repos i to ry .  
o f  G250 y / l i t e r  o f  uranium. 
and/or  i o n  exchange f o r  p u r i f i c a t i o n  o r  s to rage .  

The U03 i s  d i s s o l v e d  i n  h o t  n i t r i c  a c i d  and a d j u s t e d  t o  y i e l d  a s o l u t i o n  
Urany l  n i t r a t e  s o l u t i o n s  a r e  t r a n s f e r r e d  t o  s o l v e n t  e x t r a c t i o n  

Once t h e  f e e d  s o l u t i o n  has been a d j u s t e d  t o  s o l v e n t  e x t r a c t i o n  s p e c i f i c a t i o n s  (<lo g / l i t e r  o f  

U) ,  i t  e n t e r s  t h e  h e a r t  o f  t h e  s o l v e n t  e x t r a c t i o n  subsystem, wh ich  c o n s i s t s  o f  t h r e e  p u l s e  
columns. I n  t h e  f i r s t  column, u r a n y l  i o n s  a r e  s e l e c t i v e l y  e x t r a c t e d  by 5E d i - s e c - h u t y l -  
phenylphosphonate (DSBPP) i n  t e c h n i c a l  g rade d ie thy lbenzene  (DEB). 
by c o u n t e r c u r r e n t  c o n t a c t  o f  t h e  aqueous f e e d  s t ream and t h e  i m m i s c i b l e  s o l v e n t  i n  t h e  p e r f o r a t e d -  
p l a t e ,  a i r - p u l s e d  co’ilmn. 
o r g a n i c  e x t r a c t  above i s  con tac ted  w i t h  dqueous aluminum n i t r a t e  s o l u t i o n  t o  sc rub  t h o r i u m  and 
o t h e r  i m p u r i t i e s  froin t h e  e x t r a c t .  In t h e  t h i r d  column, t h e  uran ium i s  s t r i p p e d  f rom t h e  
o r g a n i c  t o  t h e  aqueous phase. 

(DEB) t o  remove any e n t r a i n e d  s o l v e n t ,  t hen  t o  a thermos iphon evapora to r  f o r  c o n c e n t r a t i o n  t o  

s p e c i f i c a t i o n s .  The p u r i f i e d  uran ium i s  n o r m a l l y  t r a n s f e r r e d  t o  t h e  i o n  exchange f e e d  makeup 
tank ,  b u t  may be t r a n s f e r r e d  t o  s to rage  when a s o l v e n t  e x t r a c t i o n  r u n  does n o t  c o i n c i d e  w i t h  
t h e  need f o r  an i o n  exchange ba tch .  

E x t r a c t i o n  i s  accompl ished 

F u r t h e r  p u r i f i c a t i o n  i s  ach ieved i n  t h e  sc rub  column, where t h e  

The s t r i p p e d  p roduc t  i s  passed th rough  a s t a t i c  column of  d i l u e n t  

E-3 
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I f  f u r t h e r  p u r i f i c a t i o n  i s  needed, i o n  exchange i s  employed. 
app rox ima te l y  20 kg o f  U a t  110 g / l i t e r  o f  U i s  used f o r  f eed  t o  t h e  column, i n  wh ich  essen- 

t i a l l y  100% o f  t h e  228Th and 224Ra a r e  s e l e c t i v e l y  removed f rom t h e  s o l u t i o n ,  b r e a k i n g  t h e  
'"&daughter decay cha in .  
i n  t h e  r e s i n  f u e l  k e r n e l  p r e p a r a t i o n  system. A f t e r  p u r i f i c a t i o n  o f  each ba tch ,  -the i o n  exchange 
column i s  e l u t e d  t o  regenera te  i t s  s o r b i n g  c a p a c i t y ,  and t h e  e l u t r i a n t  i s  r e c y c l e d  t o  s o l v e n t  
e x t r a c t i o n  f o r  uranium recove ry .  

Fo r  each i o n  exchange run ,  

The p roduc t  becomes t h e  f e e d  s o l u t i o n  f o r  t h e  r e s i n  l o a d i n g  o p e r a t i o n  

6.2 R E S I N  LOADING - SYSTEM 2200 

Urany l  i o n  i s  loaded on r e s i n  beads v i a  i o n  exchange i n  t h e  r e s i n  f u e l  k e r n e l  p r e p a r a t i o n  
system. The system comprises f i v e  subsystems: UNH s o l u t i o n  s to rage  and feed ing ,  n i t r a t e  
e x t r a c t i o n  and s o l v e n t  regenera t i on ,  r e s i n  l o a d i n g ,  r e s i n  d r y i n g  and t r a n s f e r r i n g ,  and evapora- 
t i o n  ( F i g .  8 .3 ) .  

From the uran ium f e e d  system ( v i a  u r a n y l  n i t r a t e  s t o r a g e )  u r a n y l  n i t r a t e  f e e d  s o l u t i o n  i s  

i n t r o d u c e d  t o  t h e  c e n t r a l  p rocess  p o i n t  i n  t h i s  system ( t h e  process  surge  v e s s e l )  a t  an i n i t i a l  
u ran ium Concen t ra t i on  o f  100 q / l i t e r .  To ach ieve  optimum l o a d i n g  c o n d i t i o n s ,  t h e  feed s o l u t i o n  

i s  made a c i d  d e f i c i e n t  (mo la r  r a t i o  o f  HN03:UC7+ c 2 .0 )  th rough  s o l v e n t  e x t r a c t i o n  u s i n g  0 .4  Y 
A m b e r l i t e  LA-2 i n  d i e t h y l  benterie as t h e  o r g a n i c  e x t r a c t a n t .  A c i d  i s  removed by e x t r a c t i o n  of  
n i t r i c  a c i d  i n t o  t h e  o r g a n i c  phase u n t i l  t h e  optimum r a t i o  f o r  l o a d i n g  i s  a t t a i n e d .  E x t r a c t i o n  
o f  n i t r i c  a c i d  i s  con t inued  th roughout  t h e  l o a d i n g  process .  The o r g a n i c  i s  regenera ted  by 
r i n s i n g  w i t h  water ,  sc rubb ing  w i th  1 .5  V NaOH, and r i n s i n g  a g a i n  w i t h  water .  

A c i d - d e f i c i e n t  u r a n y l  n i t r a t e  (ADUN) i s  c i r c u l a t e d  th rough  pro tonated-Form r e s i n  beads i n  t h e  
r e s i n - l o a d i n g  subsystem, and uran ium i s  loaded on these beads th rough  an i o n  exchange i n v o l v i n g  
U02+ arid H+ i o n s .  
f l ow  r a t e  i nc reases  a c c o r d i n g l y  u n t i l  t h e  r e s i n  beads a r e  f u l l y  loaded.  These loaded beads a r e  
t h e n  t r a n s f e r r e d  f o r  washing and microwave d r y i n g  i n  t h e  r e s i n - d r y i n g  subsystem. 

As t h e  d e n s i t y  o f  t h e  bead inc reases  d u r i n g  t h e  l o a d i n g  o p e r a t i o n ,  t h e  ADUN 

The ADUN uran ium c o n c e n t r a t i o n  i s  c o n t r o l l e d  th roughou t  t h e  l o a d i n g  o p e r a t i o n  by semicont inu-  
o u s l y  evapora t i ng  wa te r  f rom t h e  AOUN i n  a thermos iphon evapora to r  a t  an approx imate  r a t e  o f  30 
l i t e r s / h r .  Evapora t i on  condensate i s  r e c y c l e d  t o  t h e  s o l v e n t  r e g e n e r a t i o n  scrub  c o n t a c t o r s  and 
t o  t h e  microwave d r y e r  f o r  r i n s i n g  purposes .  
t h e  n e x t  s tep  i n  t h e  r e f a b r i c a t i o n  process ,  r e s i n  c a r b o n i z a t i o n .  

'The f u l l y  loaded,  d r i e d  r e s i n  beads a r e  sen t  t o  

B.3 RESIN CARBONIZATION - SYSTEM 2300 

The b a s i c  purpose o f  t h e  r e s i n  c a r b o n i z a t i o n  system i s  t o  produce a f i s s i l e  f u e l  k e r n e l ,  
u ran ium d i o x i d e  d i s p e r s e d  i n  an e lementa l  carbon m a t r i x ,  from the  r e s i n  beads loaded w i t h  ur-any1 
i o n s .  
atrliosphere, f l u i d i z e d - b e d  i n d u c t i o n  fu rnace.  Hea t ing  t o  a maximum tempera ture  o f  800°C i s  done 
a t  a c o n t r o l l e d  r a t e  so t h a t  no hydrogenous m a t e r i a l  remains i n  t h e  r e s i n  and such t h a t  t h e  
r e s i n  beads do n o t  a g g l u t i n a t e .  
and a d e n s i t y  o f  1 .7  g/cm3, and t h e  ca rbon ized  r e s i n  p a r t i c l e s  have a d ia i i ie te r  o f  370 
d e n s i t y  of  2 . 5  g/cm3. 

T h i s  i s  accompl ished ( F i g .  6 .4 )  by h e a t i n g  t h e  loaded r e s i n  p a r t i c l e s  i n  an i n e r t -  

The loaded r e s i n  p a r t i c l e s  have a nominal  d iamete r  o f  550 pm 

and a 



ES-4 184 R 

UNH RECEIVING 
AND DISPENSING 
SUBSYSTEM 'MO1 

URANIUM FEED 
SYSTEM 4400 

UNH SOLUTION STORAGE 
AND FEEDING 

SUBSYSTEM 2201 

NITRATE EXTRACTION 
A N 0  SOLVENT 

REGENERATION SUBSYSTEM 2816 
SUBSYSTEM 2211 

LI(IUI0 WASTE DISPOSAL 

EVAPORATION RESIN LOADING 
PARTICLES SUBSYSTEM 2221 SUBSYSTEM 2231 

TO REFABRICATION SUPPORT 
SYSTEM 2800 

RESIN DRYING 
AND TRANSFERRING 

SUBSYSTEM 2241 

TO RESIN CARBONIZATION 
SYSTEM 2300 

W 
I 
U 

F i g .  5.3. Resin fuel kernel preparation - Systeni 2200. 
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Fig. B . 4 .  Resin carbonizat ion - System 2300. 

I n  t h i s  heating o r  carbonizins  s t e p ,  many d i f f e r e n t  hydrocarbon impounds a r e  dr iven o f f .  

Since 2 z c i R n  i s  a decay product of the  i32U present ,  t h e  f l u i d i z i n g  gas  (argon with l e s s  than 

100 ppni oxygen because the carbonized res in  i s  pyrophoric even a t  room teinperature) wil l  contain 

small amounts of 223Rn .  

i n  t h e  2 3 3 U ,  t h e  amount of time between loading and processing o f  the  r e s i n ,  and the  r a t e  a t  

which radon d i f f u s e s  from tire r e s i n .  

a l s o  contain t r a c e  amounts of radon, After  heating and cooling in  the  furnace ,  the  p a r t i c l e s  

art? weighed a n d  sampled. 

The s p e c i f i c  radon concentrat ion depends on the  concentrat ion of 2 3 2 U  

Air or argon used as  a pneumatic t r a n s f e r  medium wil l  

The furnace e f f l u e n t  and the spent pneumatic t r a n s f e r  gas a r e  t r e a t e d  i n  t h e  off-gas  t reatment  

subsysteni (Sect .  8.4). 

t r a n s f e r  gas i s  considered noncombustible. The t r a n s f e r  gas i s  f i l t e r e d  p r i o r  t o  discharge t o  

t h e  f a c i l i t y  conibustible off-gas  handling equipment (Sec t .  6 . 7 . 4 )  f o r  radon removal and r u r t h e r  

f i l t e r i n g .  Furnace off-gas  i s  cooled and scrubbed t o  remove hydrocarbons. Perchloroethylene 

i s  used a s  a scrubbing solvent  because i t  i s  a poor neutron moderator. This subsystem includes 

an intermediate  organic  cooling loop  t o  remove t h e  waste heat from t h e  scrubber a n d  i n t e r f a c e s  

with the solvent  reclamation equipment. The off-gas  i s  passed t h r o u g h  a detrainment column and 

The furnace e f f l u e n t  i s  considered a combustible of f -gas ,  and t h e  



after-iooler ti: reinwe most of t h e  en t ra ined  solvent  and so lvent  vapors froni the eF1'1iwnt arid 

i 5  ++>en routed t i t  t,he F.Lcili ty r:oii!bu;tible off-gas  equipiiient ror f i l t i ' a t i o n  ;:nd r a d o n  rwigsi.:ll. 

csciting st?ps, rciclfiy arcmatic hydrocarbons ( inc luding  polyndclear aromatic 

s a t u r a t e d  and sa turd ted  n.jidi-ocar'bons, intermediate  s i l a n e  c x n p o  

-en zhloricie,  carb[:n s o o t ,  and t r t i i e s  of ? 2 s R n  can be found in t t i i?  furnace o f f - g ~ .  
t of r o o t  ? n d  carbonaceous wastes jetisrdtec! depends on  t h e  coat ing e f f i c i e n c y  o f  t h e  

5s.  The pneumatic t ransrev  qas ( f r o m  part i ( : l t?  t r a n s f e r s )  wi l l  a l s o  have t r a c e  amounts of 

The 

:!nLil t h e  fucil kerr;els rece ive  a t  l e a s t  two coat ings.  

T h e  off-gas  t r t+dtmmt subsystem consists b a s i c a l l y  o f  t w o  scri.~bber-s: ( 1 )  a perchloroethylene 

scrt!b!jer t o  cjii~iticti t h e  of f -gas  a n d  reimove soo t  and tiydrc;carbons ,and ( 2 )  a caus l . i i  scrubber  t o  

remove hydrogen ch lor ide  g d s .  Each scrubber has d heat exchanger i n  t h e  so lvent  loop  t o  remove 

ii s e n s i b l e  heat from the  t . fF l?rent and t h e  heat of reac t ion  in  neut rd l iz ing  hydrcchlot'ic 

ac id .  The  perchloroerhylcne scrubber i s  used during dl1 furnace opera t ions ,  b u t  t h e  c a u s t i c  

scrubber i s  used only during s i l i c o n  carbide coat ing dnd i s  b.y-passed during t h g  o ther  ptacess  

s t e p s .  A f t e r  t reatment ,  the furnace off-gas  i s  routed t o  t h e  f a c i l i t y  combustible off-gas  

eqiiipnient ( S e c t .  0 . 7 . 4 ) .  The spent t r a n s f e r  gas  and any vessel  o f f -gas  i s  routc?d t o  t h e  

f a c i l i t y  nonccmbusti b le  aff-gas  equipment (Stict:. R . 7 . 5 )  f o r  radori removal and o ther  pr.ocessing. 

The spent  perchloroethylene solvent  i s  putiil)ed t o  the  process support system f o r  reclaii!atiori 

(Sect .  8 . 7 . 6 ) .  Spen t  sodium hydroxide scrub solution i s  a l s o  pumped t o  t h e  process support 

system f o r  d i sposa l .  

T h e  furnace l i n e r  i s  cleaned p e r i o d i c a l l y  t o  remove carbonaceous soot  t h a t  acciirnulates froni the  

cracked coat ing gases .  This soot  i s  co l lec ted  along with t h e  waste carbon co l lec ted  from 

screening t h e  p a r t i c l e s  and i s  sen t  t o  the process suppoint systern (Sec t .  B .7 .3 ) .  

B. 5 F!JCL-ROD FP.BRICATION SYSTrM 7500 

The purpose of the  fuel-rod l 'abricatioli system i s  t o  i'ortii a liiiiited number of "green" (iincar- 

bonized) fue l  rods a s  needed t o  t e s t  t h e  s u i t a b i l i t y  of conversion and coat ing (System 2400) 

product f o r  continued processing and t o  p r q a r c .  fuel  rods t o  supply t h e  needs o f  t h ?  rrondest~-uc- 

t i v e  assay devc?lopirient program. This i s  accomplished (Fig.  R.5)  through t h e  following systein 

func t ions :  ( 1 )  receiving coat,ell fissile inicrospheres f r u i l  conversian and coat ing system i n  
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C A R B O N I Z E D  P A R T I C L E S  
F R O M  S Y S T E M  2 3 0 0  

C A U S T I C  M A K E U P  S O L U T I O N  

S P E N T  C A U S T I C  S O L U T I O N  

W A S T E  H A N D L I N G  
TO A Q U E O U S  L i a u i D  

C O O L A N T  L O O P  

A N D  F U R N A C E  
T O  S C R U B B E R S  O F F - G A S  T O  W A S T E  A N D  

S C R A P  D I S P O S A L  S Y S T E M  4 9 0 0  

I N E R T  A N D  
C O A T I N G  G A S E S  

TO S A M P L E  I N S P E C T I O N  
S Y S T E M  2 7 0 0  

S C R A P  A N D  EXCESS P R O D U C T  
TO R E F A B R I C A T I O N  S U P P O R T  
S Y S T E M  2800 

T O  F U E L  R O D  F A B R I C A T I O N  
S Y S T E M  2 5 0 0  

F i g .  8.5. Convers ion  and c o a t i n g  - Systein 2400. 
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>:oras? hoppers  c o n t d i n i n g  approxinidtely 0 .5  kg of uranium ( 2 . 5  kg of p a r t i c l e s ) ,  ( ? )  receiving 
L - u t c J  * f ? r t i : =  d:i: shi i i i  p a r t i c l e s  in  hoppers s i m i l a r  t o  the  s torage  hoppers from out -of -ce l l  

saurces ,  ( 3 )  dispensing cont ro l led  q u a n t i t i e s  of each p a r t i c l e  type and blending these i n t o  a 

m i i j j a w o u s  z i i t u r 2 ,  (4) forming a 5/8 in.-diam x 2-1/2-in.-long (1.59-cm x 6.35-cm) qreen fuel  

roc! by t h e  s lug- in jec t ion  process in  a mold loaded f i r s t  with t h e  homogeneous mixture of 

, x i r t i c l e s ,  (5) separa t  

t h e  green rods t o  Samp 

tngineer ing Test Facil 

n . c s ,  (8) Lollect ing a 

: r-eJse. a n d  (10)  LO 

>upport (System 2800).  

n g  the  mold components from t h e  green rod,  ( 
e Inspection (System 2700) f o r  l a t e r  inspec t  

t y ,  ( 7 )  providing a means of containment and 

1 unused p a r t i c l e s  in  s torage  hoppers, ( 9 )  c 

l e c t i n g  a l l  scrap and waste and t r a n s f e r r i n g  

) t r a n s f e r r i n g  samples of 

on ex terna l  t o  t h e  Hot 

shielded s torage  of product 

eanirig a1 1 mold co:ipurtints 

t h e  mater ia l  t o  Refs5ricatic,ri 

8.6 SAMPLE INSPECTION SYSTEM - SYSTEM 2700 

Tne sample inspect ion system (Fig .  8 . 7 )  receives  samples from a l l  s tages  of r e f a b r i c a t i o n  and 

provides Ehe required inspect ion a c t i v i t i e s  such a s :  ( 1 )  t r a n s f e r  of samples; ( 2 )  d iv is ion  of 
p a r t i i u l a t e  smp12s as  required;  ( 3 )  weighing, packaging, a n d  dispatching samples t o  o ther  O R N L  

Inbordtor ies ;  ( a )  performing p a r t i c l e - s i z e  ana lys i s ;  ( 5 )  weighing, packaging, a n d  dispatching 

drcbive samples t u  s torage;  ( 6 )  *weighing and t r a n s f e r r i n g  excess sample mater ia l  t o  waste and 

furme:l f u e ;  rods froin t:ie fuel  rod f a b r i c a t i o n  system, ( 2 )  p a r t i c l e  samples from the  r e s i n  

.:arcsr;iz.i:i;rl, and corivi:-sion and coat ing systems, a n d  ( 3 )  l i q u i d  samples frirm r e s i n  loading 

~ r i 3  vefdbricat ion support systems. 

~ 3 , i c  ty$es o f  s m p l e s  a r e  taken from t h e  re fabr ica t ion  equipment: ( 1 )  

A;] sample t r a n s f e r s  a r e  performed under negative pressure with argon a s  the  t r a n s f e r  rmediuirl t o  

areserve riert atmasphere condi t ions throughout the  system, which permits hdridl irtg of pyrophoric 

icciteridi. iChemicd1 3nalyses a r e  trailsported t o  and performed in  e x i s t i n g  l jbora tory  f a c i l i t i e s .  

F a r t i c l e - s i r e  anai,Lii, saiiiple subdiv is ion ,  and packaging a r e  performed i n  three  iner t -a twosphere 

c j l c ~ f  box?:. 

during normaI work s h i f t s .  

asJ! !rig i n i t i a l  purge and i n t e r m i t t e n t l y  f o r  bag i n  and bag out operat ions.  The equipment 

Each box op2rates  with a constant  purge r a t e  of 0 . 5  scfin (14 l icers / in in)  a f  a rg i ln  

High purge r a t e s  o f  3 t o  4 scfm (85 t o  110 l i t e r s / m i n )  a r e  reqbired 

.: , r L s c l f  hdt- nc Ligni f icant  flow requirements. No l i q u i d  e f f l u e n t  strearis have been i d e n t i f i s d .  

8 ; '  S L ~ S ! ~  d P d  waste mater ia i s  a r e  handled by r e f a b r i c a t i o n  support (System 2800). 

i jst t in Z C . : . ~  hanale; feed mater ia l s  between uranyl n i t r a t e  feed prepar?t i?n (Sec t .  B . ' i )  and 

~ e . : ~ i ~ i  ie~.p-.el >reparaL!(in ( S e c t .  B . 2 )  as  well as  a wide var ie ty  of wastes. A block diagram f o r  

+tie ~ ~ a ~ , r i c d t i ~ r i  silppcrt system i s  shown i n  Fig. 8.8.  The wastes from Building 7930 a r e  

:-rocessEd by f i v c  subsys tem:  ( 1 )  Liquid-waste treatment - Subsystein 2816, ( 2 )  Solid-waste 

nandiincj ~~ Subsystem 2826, ( 3 )  Combustible off-gas  t reatment  - Subsystein 2841, ( 4 )  Noncombustible 

off-gzs  t reatment  Subsystem 2351, and ( 5 )  Perchloroethylene reclamaticn - Subsystem 2861. 

l d b l e  3.1  1is t .s  t h e  sources and types of waste handled by the  subsystems serving Building 7930. 

! b r i e f  i c l ~ :  i r i p t i o r i  u t  t he  indididudl subsy5teiris fol lows:  
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TRANSFER 
SUBSYSTEM 2701 
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PROCESS M A T E R I A L S  
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A N D  PACKAGING 
SUBSYSTEM 2711 
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A R C H I V E  STORAGE 
T O  R A D I O A C T I V E  M A T E R I A L S  

SYSTEM 4100 
H A N D L I N G  A N D  STORAGE SUBSYSTEM 2741  

F ig .  B.7.  Sample inspect ion . Systeni 2700. 
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c o a t i n g  chambers, e t c . ,  i s  sampled as r e q u i r e d  t o  s a t i s f y  d i s p o s a l  requ i re i r ien ts .  A l l  waste 
i s  packaged so t h a t  o i t h e r  inethod o f  d i s p o s a l ,  b u r i a l  o r  l ong - te rm s to rage ,  may be se lec ted .  
A t  t h i s  p o i n t ,  waste and sc rap  d?;posal ( S y s t w  4900) c o n t i n u e s  t h e  h a n d l i n g  o f  t h e  i n d i v i d u a l  
d r u m  o f  waste i n a t e r i a l .  

Scrap m a t e r i a l  i s  product. o r  by-produc t  m a t e r i a l  known t o  be h i g h  i n  u ran ium c o n t e n t  t h a t  must 
be accounted f o r  and u l t i m a t e l y  r e c y c l e d  t o  a more usab le  form. 
2826) per fo rms t h e  process  f u n c t i o n s  of  r e c e i v i n g  t h e  scrap  m a t e r i a l  t h a t  come5 froi i i  conve rs ion  
and c o a t i n g  and f u e l - r o d  f a b r i c a t i o n .  7ackag ing  i t ,  and t r a n s f e r r i n g  t h e  m a t e r i a l  t o  waste and 
scraD d i sposa l  (System 4900) f?r s to rage  i n  c e l l  "F . "  

S o l i d  waste d i s p o s a l  (Subsystem 

Organ ic  w3:te l n a t e r i a l  coiiies t o  s o l  i d  waste d i s p o s a l  (Subsystem 2826) f rom two sources ,  p e r -  

c h l o r o e t h y l e n e  r e c l a m a t i o n  'Sep-t. 6 . 7 . 6 )  and r e s i n  k e r n e l  p r e p a r a t i o n  (Sec t .  B .  3 ) .  Organ ic  
l i q u i d  waste i s  p laced  i n  30-q31 drums t h a t  c o n t a i n  an absorbent  such as v e r m i c u l i t e .  A f t e r  
be ing  absorbed i n t o  t h e  v e r m i c u l i t e ,  t h e  l i - y i d  waste i s  hand led  as s o l i d  waste .  F u r t h e r  
p rocess ing  c o n s i s t s  of  decorltami q a t i q g  t h e  o u t e r  s u r f a c e s  o f  t h e  waste c o n t a i n e r s .  

6 .7 .4  Combust ib le  o f f - g a s  t r e a t m e n t  _I (TURF) ~ Subsystem 2841 

S u b s y s t m  2841 i s  e s s e n t i a l l y  t h e  i n t e r c o n n e c t i n g  p i p i n g  between t h e  fu rnaces  o f  r e s i n  c a r b o n i -  
z a t i o n  (System 2300) and ccrivF'^;i,)n and c o a t i n g  (System 2400) and t h e  gaseous waste t r e a t m e n t  
(Subsystem 4921) (Sec t .  C.9). 

B.7 .5  Nofigonbu-stiblf :J-jac t r ea tmen t  (TURF) - S u b s y s t m  2851 

Subsystem 7851 i r  e s s e n t i a l l y  t h e  i n t e r c o n n e c t i n g  p i p i n g  between t h e  aqueous waste t a n k  o f  
r e s i n  l o a d i n g  ( S y s t e r  2200) aqd t h e  p e r c h l o r o e t h y l e n e  r e c l a m a t i o n  subsystem and t h e  radon t r a p  
o f  gaseous waste tl-p;ltr>prt, (System 4921) (Sec t .  C.8).  

6.7.6 P e r c h l o r o e t h y l e n e  r e c l a m a t i o n  ~~ Subsystem 2861 

I n  o p e r a t i o n ,  t h e  p e r c h l o r o e t h y l e n e  r e c l a m a t i o n  systeii i  r e c e i v e s  d i r t y  s o l v e n t  f rom t h e  carbon 
scrubbers  (see B . 4 ) ,  f i l t e r s  o u t  f ue l  p a r t i c l e s ,  d i s t i l l s  t h e  d i r t y  p e r c h l o r o e t h y l e n e ,  separa tes  
t h e  w a t e r  f rom t h e  condensed s o l v e n t ,  and s t o r e s  a n d  t r a n s f e r s  t h e  c l e a n  s o l v e n t  back t o  t h e  
carbon scrubbers  as r e q u i r e d .  The system i s  a ba tch  process .  

Most o f  t h e  equipnieni  i s  ven ted  t o  a scrubber  system t o  remove p o s s i b l e  c h l o r i n e  gas con tamina t ion .  
The s t i l l - f e e d  tank ,  condensate ca tch - tank  coa lesce r ,  r e c l a i m  surge tank ,  and ca l c ium o x i d e  
c o n t a c t o r  a r e  vented. From the  scrubber,  t h e  noncombust ib le  o f f - g a s  (Subsystem 2851) i s  heated  
t o  p r e v e n t  condensat ion ,  i s  passed th rough  a HEPA f i l t e r ,  and i s  sen t  t o  gaseous waste t r e a t m e n t ,  
(System 4900) (Sec t .  C.8).  







Appendix C 

SUPPORT FACILITIES 

C.1 PROCESS SUPPORT - SYSTEM 4000 

Support f a c i l i t i e s  used f o r  var ious HETP reprocessing arid r e f a b r i c a t i o n  operat ions c o n s i s t  of 

seven major systems as shown i n  F i g .  C.l .  

t o  accomplish t h e  following inajor r e s p o n s i b i l i t i e s :  

The support f a c i l i t i e s  i n t e r f a c e  with niany operat ions 

C .  2 RADIOACTIVE MATERIALS H A N D L I N G  AND SrORAGF. - SYSTEM 4100 

Responsible for  rece iv ing ,  handling, !;egmenting, and s t o r i n g  radioac;tive mater ia l s .  The sen- 

rrieriting (Subsystem 4106) o f  fuel  elements i s  discussed i n  g r e a t e r  de- ta i l  in  Sec t .  A.l a s  p a r t  

o f  the reprocessing procedure. 

C.3 MATERIALS IHANDLING --- SYSTEM 4200 

Responsible f o r  providing e q u i p i i ~ i t  and f a c i l i  tier; t o  rece ive ,  handle, and s t o r e  ( o u t - o f - c e l l )  

a l l  packaged cold m a t e r i a l s  such a s  chemicals, equipirient, and spare  p a r t s ;  and t o  s t o r e  and 

t r a n s f e r  these i tems i n  appropr ia te  p laces ,  such a s  t r a n s f e r r a l  t o  rad ioac t ive  mater ia l s  

handling and s torage  (System 4100) f o r  in -ce l l  handling. 

C .4  PROCESS MAKEUP -- SYSTEM 4300 

Responsible f o r  supplying measured q u a n t i t i e s  o f  cold chemicals required to  feed %he various 

processes  within the  shielded alpha area o f  t h e  HET and t o  provide chemical so lu t ion  t reatment  

f o r  the waste-storage tanks.  

C.5 URANIUM FEED - SYSTEM 4400 

Respons ib i l i t i es  are discussed i n  Sect .  8 .1 .  

C.6 UTILITIES - - -  SYSTEM 4600 

Responsible f o r  furnishing the HET p lan t  with a l l  u t i l i t y  s e r v i c e s  f o r  t h e  t e s t  program: 

provides f o r  t h e  r e c e i p t ,  s torage ,  and de l ivery  of fue l  chemicals, m a t e r i a l s ,  and process 

gases required by t h e  p l a n t ,  t h e  process ,  and support systeins. 

l i g h t i n g ,  e l e c t r i c i t y ,  communicat!ons, u t i1 i t .y  gases such as  p lan t  and i n s t r m e n t  a i r ,  water 

( c h i l l e d ,  heated, t r e a t e d ,  demineral ized,  et;c.), stearn, heat ing and a i r  condi t ioning v e n t i l a -  

t i o n ,  s a n i t a r y  and "cold" i n d u s t r i a l  sewers and drainage,  vacuum, o ther  heat ing and cooling 

itiediums, f u e l s ,  and equipment and s e r v i c e s  f o r  decontamination purposes. 

Required s e r v i c e s  include:  

c-3 
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c .7  TRANSPORTATION SYSTEM 4800 

Responsible f o r  providing a means of conveyance f o r  s a f e l y  t ranspor t ing  casks ,  conta iners ,  and 

packaged mater ia l s  between bui ldings within the 0RNL s i t e .  

Sect .  2.4.  

Further discussion a p p e a r s  i n  

C.8 WASTE A N D  SCRAP DISPOSAL - SYSTEM 4900 

Responsible f o r  providing equipment and f a c i l i t i e s  f o r  r w p i v i n g ,  decontaminating, sampling, 

monitoring, assaying,  t r e a t i n g ,  and disposing o f  s o l i d ,  l i q u i d ,  arid gaseous wastes generated 

by t h e  reprocessing and r e f a b r i c a t i o n  operat ions and support f a c i l i t y  func t ions .  The main 

subsystems a r e  ( 1 )  Subsystem 4901 (Subsystem 4906 i n  Building 3019) whose primary funct ion 

i s  receiving and t r e a t i n g ,  i f  necessary,  a l l  aqeuous waste f o r  disposal  ttrrough the ORNL waste 

c o l l e c t i o n  and treattilent system (Sec t .  2 .3 .2 .23 ,  ( 2 )  Subsystem 4911 (Subsystem 4916 i n  Cuildinq 

3019) whose priinary funct ion i s  re re iv ing  and properly disposing o f  a l l  tiFT s o l i d  waste arid 

f a i l e d  equipment (Sect .  2 . 3 . 2 . 3 ) ,  and ( 3 )  Subsystem 4 9 1  (Subsystem 4926 in  Building 3019) 

which t r e a t s ,  i f  necessary,  noncombustible gaseous wdstes before  f i n a l  disLharge t o  t h e  

atmosphere (Sect .  2 .3 .2 .1 ) .  Subsystem 4921 d lso  separa te ly  t r e a t s  combustible gaseous wastes 

frotii r e s i n  carbonizat ion (Sect .  B. 3 )  and kernel conversion (Sect .  5 .4)  and discharges t h e w  

wastes through a vent on the  roof of Building 7930 ( S e c t .  2 . 3 . 2 . 1 ) .  Arqon i s  the pr inc ipa l  

d i l u e n t  from the combiistible waste yases. 
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