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ABSTRACT 

FRANCIS,  C .  W . ,  and R .  G. STANSFIELD. 1986. C h a r a c t e r i z a t i o n  
Plan f o r  t h e  Old H y d r o f r a c t u r e  F a c i l i t y .  ORNL/TM-9991. 
Oak Ridge N a t i o n a l  Laboratory ,  Oak Ridge, Tennessee. 
91 PP. 

U. S .  Department o f  Energy ( D O E )  f a c i l i t i e s  a r e  r e q u i r e d  t o  comply 

f u l l y  w i t h  a l l  f e d e r a l  and s t a t e  r e g u l a t i o n s .  I n  response t o  t h i s  

requi rement ,  t h e  Oak Ridge N a t i o n a l  Labora to ry  (ORNL) has e s t a b l i s h e d  

t h e  remedia l  a c t i o n  program, t o  p r o v i d e  comprehensive management o f  

areas where p a s t  research,  development, and waste management a c t i v i t i e s  

have been conducted and have r e s u l t e d  i n  r e s i d u a l  con tamina t ion  o f  

f a c i l i t i e s  o r  t h e  environment.  One o f  t h e  o b j e c t i v e s  o f  t h i s  program 

i s  t o  d e f i n e  t h e  e x t e n t  o f  con tamina t ion  a t  t hese  s i t e s .  The i n t e n t  i s  

t o  document t h e  known envi ronmenta l  c h a r a c t e r i s t i c s  o f  t h e  s i t e s  and 

i d e n t i f y  t h e  a d d i t i o n a l  a c t i o n s ,  such as sampling, a n a l y t i c a l  

measurements, and model ing,  necessary t o  c o n f i r m  con tamina t ion  and t h e  

p o s s i b l e  m i g r a t i o n  o f  contaminants f rom t h e  s i t e s .  One o f  these s i t e s  

i s  t h e  Old H y d r o f r a c t u r e  F a c i l i t y  ( O H F ) .  

The OHF was used f o r  t h e  permanent d i s p o s a l  o f  l i q u i d  r a d i o a c t i v e  

waste i n  impermeable sha le  fo rma t ions  a t  depths rang ing  f rom about 230 

t o  300 m (750 t o  1000 f t ) ,  f rom 1964 t o  1979. The l i q u i d  waste was 

blended i n t o  a pumpable g r o u t  by m i x i n g  i t  w i t h  cement and s p e c i a l  

c l a y s  used t o  immob i l i ze  r a d i o n u c l i d e s  a g a i n s t  groundwater t r a n s p o r t .  

Th is  r e p o r t  summarizes t h e  r e s u l t s  o f  seve ra l  s t u d i e s  a t  ORNL t h a t  

have measured t h e  c o n c e n t r a t i o n  o f  r a d i o n u c l i d e s  and, t o  some e x t e n t ,  

c o n c e n t r a t i o n s  o f  hazardous chemicals i n  t h e  sediment o f  t h e  

impoundment, as w e l l  as t h e  c o n c e n t r a t i o n s  i n  s o i l s  and groundwater 

x i  



near  t h e  facility. l h e  r e p o r t  addresses o n l y  t h e  contarn inat ion o f  and 

t h e  p o t e n t i a l  re leases  t o  the  environment t h a t  migh t  r e s u l t  f ro in t h e  

f a c i l i t y  p e r  se and mdkes no a t tempt  t o  address p o t e n t i a l  re leases  t h a t  

m igh t  r e s u l t  f rom pernidncnt d i s p o s a l  o f  wastes ( i . e * ,  t h e  g r o u t  sheets)  

d u r i n g  i t s  o p e r a t i o n .  O u t l i n e d  i n  t h e  r e p o r t  a r e  t h e  a d d i t i o n a l  

a c t i o n s  needed t o  o b t a i n  t h e  i n f o r m a t i o n  r e q u i r e d  t o  c o n f i r m  t h e  e x t e n t  

o f  con tamina t ion  w i t h i n  t h e  f a c i l i t y .  The m a j o r  e f f o r t s  i n c l u d e  t h e  

measurement o f  r a d i o n u c l i d e s  and p o t e n t i a l l y  hazdrdous cheinicals 

contd ined i n  t h e  f i v e  underground waste s to rage  tanks a t  t h e  f a c i l i t y  

and de te rm in ing  o f  t h e  l a t e r a l  and v e r t i c a l  con tdmina t ion  due t o  

seepage o f  was te  f r o m  t h e  impoundment. 

x i  i 



1. INTRODUCTION 

U. S .  Department o f  Energy (DOE) f a c i l i t i e s  a r e  r e q u i r e d  t o  comply 

f u l l y  w i t h  a l l  f e d e r a l  and s t a t e  r e g u l a t i o n s .  I n  response t o  an 

a p p l i c a t i o n  t o  the U. S .  Environmentdl  P r o t e c t i o n  Agency (USEPA) by  t h e  

Oak Ridge N a t i o n a l  Labora to ry  (ORNL) f o r  a p e r m i t  t o  ope ra te  a 

hazardous waste s to rage  f a c i l i t y ,  the USEPA has r e q u i r e d  QRNL t o  comply 

w i t h  the 3004 ( u )  p r o v i s i o n  of t h e  1984 Hazardous and S o l i d  Waste 

Amendment o f  t h e  r e a u t h o r i z a t i o n  o f  t h e  Resource Conservat ion and 

Recovery A c t  (RCRA). Under these r e g u l a t i o n s  t h e  P e r m i t t e e  i s  r e q u i r e d  

t o  i d e n t i f y  and c h a r d c t e r i z e  a l l  s o l i d  waste management u n i t s  c u r r e n t l y  

o r  p r e v i o u s l y  l o c a t e d  w i t h i n  ORNL's boundary. The i n t e n t  o f  t h i s  

r e g u l a t i o n  i s  t o  determine whether a p r i o r  o r  c o n t i n u i n g  r e l e a s e  o f  

hazardous waste o r  hazardous c o n s t i t u e n t s  have occu r red  and/or t o  

c h a r a c t e r i z e  t h e  n a t u r e  and e x t e n t  o f  t h e  re leases .  

One of the f a c i l i t i e s  t h a t  may pose an undue r i s k  t o  h e a l t h ,  

s a f e t y ,  and environment as a r e s u l t  of  t h e  m i g r a t i o n  o f  hazardous 

substdnces t o  groundwater i s  the Old Hydro fac tu re  F a c i l i t y  ( O H F ) .  

[ h i s  r e p o r t  documents t h e  e x i s t i n g  env i ronmentd l  i n f o r m a t i o n  on 

the  OHF and d e f i n e s  a d d i t i o n d l  a c t i o n s ,  such a s  t h e  i n s t d l l a t i o n  o f  

mor) i t o r  i ng we 1 1 s , c o 1 1 ec t i on o f  s amp 1 e s , and ana 1 y t i c a 1 mea s u remen t s , 

r e q u i r e d  t o  c o n f i r m  con tamina t ion  and p o s s i b l e  m i g r a t i o n  o f  

contaminants f rom the s i t e .  A l so  i n c l u d e d  a r e  d e s c r i p t i o n s  o f  

a c t i v i t i e s  r e q u i r e d  t o  c o l l e c t  a d d i t i o n a l  geo log i c  and h y d r o l o g i c  

i n f o r m a t i o n  necessary t o  model t h e  s i t e  performdnce. 
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2 -  D E S C R I P T I O N  OF THE FACEILTTY 

The o l d  h y d r o f  rac ture  f a c i  1 i t y  ( O H F )  w s  used f a r  t h e  pernidnent 

disposal o f  l i q u i d  r a d i o a c t i v e  w a s t e  i n  impermeable sha le  formations a t  

depths rang ing  f r o m  approx ima te l y  229 t o  300 m (750 t o  10 

1964 t o  1379 (Neeren 1976 and Meeren 1'380). 1he l i q u i d  w a s t e  was 

formed i n t o  d pumpable g r o u t  by b l e n d i n g  w i t h  cement, and s p e c i a l  c l a y s  

used t o  iivlrnobil i z e  r a d i o n u c l i d e s  a g a i n s t  yroundw?tur t r a n s p o r t .  l h e  

g r o u t  was; i n j e c t e d  through a s l o t t e d  w e l l  cas i r rg  i n t o  t h e  sha le  where 

i t  s o l i d i f i e d  i n t o  n e a r l y  h o r i z o n t d l l y  t h i n  sheets,  depending on t h e  

o r i e n t d t i o n  o f  t h e  sha le  far indt ion,  around t h e  i n j e c t i o n  w e l l  i n  a 

g e n e r d l l y  e l l i p t i c a l  p a t t e r n .  The dver'age c o n c e n t r d t i o n  of 

r d d i o n u c l  ides  i n  the g r o u t  m i x t u r e  p r i o r .  t o  i n j e c t i o n  was approx ima te l y  

I O  WBq/rrrL ( 0 . 2 6  mCi/cnL) o r  l e s s  f o r  beta-gamma - e m i t t i n g  r a d i o n u c l i d e s  

and 370 By/g (10  nCi/g) o r  l e s s  f o r  t r a n s u r a n i c  a lpha - e m i t t i n g  

r a d i o n u c l i d e s .  Fo r  a s i n g l e  i n j e c t i o n ,  as  much as  7 .6  x 10  L 

( 2  x 10 g a l )  o f  waste g r o u t  c o n t a i n i n g  as  much as 2.2 x 10  GBq 

(6 .0  x 10 U i )  were disposed o f .  

6 

6 4 

5 

The OHF i s  l o c a t e d  approx ima te l y  1.1 miles southwest o f  t h e  main  

complex o f  the Oak Ridge National I-abor'atory a t  t h e  con f luence  o f  

Melton Rranch and W h i t e  Oak creeks ( s e e  F i g .  1 ) .  Imniediately t o  the 

e d s t  o f  t h e  8HF i s  the western fenced boundary o f  t h e  S o l i d  Waste 

Storage Area 5 (SWSA 5 ) .  where l ow- leve l  r a d i o a c t i v e  s o l i d  wastes were 
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b u r i e d  between 1958 and 1973. The f a c i l i t y  i s  app rox ima te l y  120 m 

(400 f t )  e a s t  o f  White Oak Creek and approx ima te l y  the  same d i s t a n c e  

n o r t h  o f  t h e  Mel ton  Branch. Whi te  Oak Creek f l o w s  i n t o  White Oak Lake 

and hence i n t o  teie C l i n c h  R i v e r .  

The ObiF s i t e  c o n s i s t s  o f  t h r e e  b u i l d i n g s  ( B u i l d i n g s  1 8 5 2 ,  7853, 

and a piimp house) and seine waste r e l a t e d  containment f a c i l i t i e s  ( w a s t e  

p i t s ,  tanks,  and an impoundment t h a t  was cons t ruc ted  t o  serve as an 

emergency containment b a s i n  i n  t h e  event  o f  a s p i l l  f r om t h e  

r a d i o a c t i v e  g r o u t  i n j e c t  ons.  The s i t e  p l a n  and a photograph o f  t h e  

OHF a r e  i l l u s t r a t e d  i n  F gs. 2 and 3, r e s p e c t i v e l y .  

The focus o f  t h i s  p an i s  l i m i t e d  t o  t h e  b u i l d i n g s ,  equipment, and 

waste r e l a t e d  f a c i l i t i e s  near su r face ,  such as t h e  waste p i t s ,  waste 

tanks and t h e  waste impoundment. I t  does n o t  address t h e  

c h a r d e t e r i z a t i o n  o f  d isposed waste i n j e c t e d  d u r i n g  t h e  f a c i l i t y k s  

1 i f e t  i me. 

2 , l .  BUILDINGS 

2.1 . I .  B u i l d i n g  7 8 5 2  

B u i l d i n g  7 8 5 2  c o n t a i n s  a m i x i n g  c e l l ,  a pump c e l l  f o r  t h e  head end 

o f  t h e  i n j e c t i o n  pump, a w e l l  c e l l ,  a t r a n s i t - r o o f - c o v e r e d  engine pad 

( a t  t h e  south end),  and a c o n t r o l  room ( a t  t h e  n o r t h  end). The t h r e e  

c e l l s ,  which were used f o r  t h e  m ix ing ,  pumping, and i n j e c t i o n  o f  t h e  

g r o u t ,  have a 30-crn ( 1 2 - i n )  t h i c k  conc re te  w a l l s  and a r e  covered w i t h  a 

meta l  r o o f  ( t r i p l e - l a y e r e d  s t e e l ,  two 1 /4 - - i n .  p l a t e s  on e i t h e r  s i d e  o f  

a s t e e l  g r a t i n g ) .  The w a l l s ,  however, a r e  o n l y  p a i n t e d  and a r e  n o t  

l i n e d  w i t h  meta l  as i s  t h e  c e i l i n g .  The h o t  c e l l s  have windows 
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c o n s t r u c t e d  o f  b u l l e t p r o o f  g l a s s .  

i n  p lace ,  b u t  t h e  r o o f s  o f  t h e  pump c e l l  and t h e  w e l l  c e l l  can be 

removed. The c o n t r o l  room r o o f  i s  me ta l  decking. On t h e  r o o f  o f  

b u i l d i n g  7852 a r e  a h o i s t ,  an a i r  f i l t e r  and b lower ,  and t h r e e  

d isconnected s o l i d s  conveyers used t o  t r a n s p o r t  s o l i d s  f rom t h e  

a d j a c e n t  b u l k  s to rage  b i n s .  L i s t e d  i n  Table 1 a r e  t h e  dimensions f o r  

b u i l d i n g  7852. 

The r o o f  o f  t h e  m i x i n g  c e l l  i s  f i x e d  

W i t h i n  t h e  m i x i n g  c e l l  a r e  l o c a t e d  a m i x e r  assembly and a g r o u t  

m i x  " t u b + "  The m i x e r  assembly i s  app rox ima te l y  2 . 1  m ( 9  f t )  h l g h  and 

tias t h e  shape o f  a cone t h a t  i s  1.5 rn ( 5  f t )  i n  d iamete r  a t  t h e  t o p .  

The g r o u t  " t u b "  . is approx ima te l y  1 m ( 3  f t )  i n  d iamete r  and 2 m 

(6 .5  f t )  h igh .  The tops o f  both o f  these  vessels  and t h e  motor  f o r  t h e  

a g i t a t i o n  o f  t h e  g r o u t  mix  extend th rough  t h e  r o o f  o f  t h e  m i x i n g  c e l l .  

The c e l l  a l s o  c o n t a i n s  va l ves  and p i p i n g .  

The w e l l  c e l l  c o n t a i n s  a sma l l  drum-sized tank,  p i p i n g ,  va l ves ,  

and t h e  t o p  o f  t h e  i n j e c t i o n  w e l l .  The pump c e l l  a l s o  c o n t a i n s  some 

equipment, ndrnely, hoses, p i p i n g ,  and va lves.  

Around b u i l d i n g  7852 a r e  l o c a t e d  f o u r  c y l i n d r i c a l  b u l k  s to rage  

b i n s  w i t h  c o n i c a l  bot toms (see Fig.  2 ) .  These a r e  e l e v a t e d  t o  p e r m i t  

g r a v i t y  f l o w  o f  t h e  s o l i d s  (cement, f l y  ash, c l a y ,  and o t h e r  a d d i t i v e s  

used d u r i n g  the process)  th rough  a i r  s l i d e s  t o  b u i  d i n g  7852. Only one 

a i r  s l i d e  i s  now connected t o  t h e  m i x  hopper i n  bu l d i n y  7852. Each 

bin i s  3.6 m (12  f t )  i n  d iamete r  by 6 m (20 f t )  h i g h .  The b i n s  a r e  

i n t e r c o n n e c t e d  by  p l p i n g  and by a ca twa lk .  Under b i n  4 i s  a smal l  

vessel  once used t o  c o n t a i n  a s h o r t - l i v e d  r a d i o a c t i v e  t r a c e r  f l u i d ;  

conc re te  s h i e l d i n g  b l o c k s  surround t h i s  vessel .  D i r e c t l y  t o  t h e  eas t  
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l a b l e  1.  Dimensions f o r  rooms i n  b u i l d i n g  7852  

Roam Lentj t h  
( m l  

Width 
(m) 

M i x i n g  c e l l  3.8 

Piimp c e l l  3.0 

Well c e l l  3 . 3  

Control room 4 . a  

Engine pad 9.1 

3,5 

2.3 

3 " 4  

3 - 3  

3.0 

2 - 4  

2 -4 

3 . 0  

3 . 1  

2 . 7 - 3 . 0  
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o f  b u i l d i n g  7852 i s  a 97,000-L (25,000-gal) wa te r  t ank  and pump f o r  

d e l i v e r i n g  wa te r  t o  t h e  f a c i l i t y  d u r i n g  m i x i n g  and i n j e c t i o n .  

2.1.2. B u i l d i n g  7853 

This  b u i l d i n g  was used as a change room f o r  o p e r a t o r s  o f  t h e  OHF 

d u r i n g  g r o u t  i n j e c t i o n s .  It i s  now used f o r  s to rage .  

2.1.3. Pump House 

The pump house, l o c a t e d  t o  t h e  no r t t iwes l  o f  b u i l d i n g  7852, 

c o n t a i n s  two 30--hp p r o g r e s s i v e - c a v i  t y - t ype  pumps t h a t  were used t o  feed 

waste f rom the  nearby b u r i e d  s to rage  tanks, v i a  underground p i p i n g ,  t o  
2 2 b u i l d i n g  7852.  T h i s  33-m ( 3 6 0 - f t  ) conc re te  b l o c k  house was b u i l t  

i n  an excavd t ion  w i t h  o n l y  t h e  r o o f  and southeast  c o r n e r  ( a t  t h e  door)  

be ing  f u l l y  exposed. A v a l v e  p i t  [ 6  f t  4 i n .  by 21 f t  ( 1 . 9  by  6 . 4  m ) ]  

i s  l o c a t e d  a t  t h e  southwest c o r n e r  o f  t h e  pump house. T h i s  p i t  i s  

covered w l t t t  meta l  p l a t e s  th rough  which v a l v e  handles extend f o r  

opening and c l o s i n g  va lves.  

2.2. MAST€ PITS 

Approx imate ly  6.2 m (20 f t )  t o  the  n o r t h e a s t  o f  t h e  pump house a r e  

t h e  waste p i t s  t h a t  a r e  composed o f  t h ree  separate conc re te -wa l l ed  c e l l s  

( 1 2  by 1 2  f t  wide and approx ima te l y  9 f t  deep, 3.7 x 3.7 x 2.7 m) .  

rhese p i t s  were used t o  a l l o w  mdxirnum r e c y c l e  o f  contaminated wa te r  

d u r i n g  s l o t t i n g  and wash-up, m i n i m i z i n g  the  need t o  i n j e c t  waste 

wa te r .  The o r i g i n a l  p i t ,  t h e  southern c e l l ,  was f i l l e d  w i t h  g r o u t  

d u r i n g  an exper imen td l  i n j e c t i o n ,  and two d d d i t i o n a l  c e l l s  were b u i l t  

t o  t h e  n o r t h .  These two p i t s  now c o n t a i n  water-covered sludge. The 
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two n o r t h e r n  c e l l s  a r e  covered w i t h  a co r ruga ted  p l a s t i c  r o o f ,  w h i l e  

t h e  s o u t h  cc?! 1 rema i n >  uncovered.  

2 . 3 .  HASTE TANKS 

F i v e  b u r i e d  carbon s t e e l  tanks were used f o r  s t o r i n g  l i q u i d  

r a d i o a c t i v e  w a s t e  p r i o r  t u  i n j e c t i o n  by t h e  OHF. These tdnkc, a r e  

l o c a t e d  abou t  18 m (60 f t )  d i r e c t l y  w e s t  o f  b u i l d i n g  7852. These 

b u r i e d  s tordge tdnks, which were p l a c ~ d i  h o r i z o n t a l l y ,  a r e  s t i l l  

connected t u  t h e  In termediate-Level  Waste (ILlrJ) t r a n s f e r  l i n e ,  a l l o w i n g  

t h e  tdnks t o  serve a s  a p o s s i b l e  emergency s to rage  s i t e ,  There remains 

i n  each o f  t h e  tanks approx ima te l y  d f o o t  (30 cm) o f  r e s i d u a l  ILM,  

amounting t o  l e s s  thdn  10% o f  t h e  t o t a l  volume i n  t h e  tanks .  The tanks 

were i n s t a l l e d  on conc re to  pads i n  open p i t s  t h a t  were equipped w i t h  

conc re te  d i v i d i n g  wdlls t o  separate the tdnks and a l l o w  f o r  m o n i t o r i n g  

o f  p o s s i b l e  leakage. The tdr iks,  which a r e  covered w i t h  app rox ima te l y  

1.2 ~n ( 4  f t )  o f  s o i l ,  a r e  under ca thod ic  prote~tion and vented through 

a HEPA f i l t e r  t o  t h e  atmosphere. The voltage/amperage a p p l i e d  t o  t h e  

ca thod ic  p r o t e c t i o n  system and t h e  genera l  r d d i a t i o r i  background o f  the 

s to rage  tank d r y  w e l l  systems ( m o n i t o r i n g  w e l l s  l o c a t e d  w i t h i n  the 

conc re te  enc losu re  b u i l t  t o  c o n t d i n  each o f  t h e  t a n k s )  a r e  moni tored 

d a i l y .  The ven t  l a t i o n  system i s  dlso checked d d i l y ,  and any 

accumulated l i q u  ds i n  t h e  s to rage  tank  d r y  w e l l  systems a r e  sampled 

and analyzed f o r  r a d i o a c t i v i t y .  
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2 .4 .  MASTE IMPOUNDMENT 

2.4.1. Irnpoundrnent C o n s t r u c t i o n  

The impoundment was c o n s t r u c t e d  as p a r t  o f  t h e  h y d r o f r a c t u r e  

o p e r a t i o n  i n  1963, by excava t ing  a r e c t d n g u l a r  b a s i n  i n t o  t h e  base o f  

the v a l l e y  w a l l .  C o n s t r u c t i o n  dimensions o f  t h e  bot tom o f  t h e  b a s i n  

a r e  6 m (20 f t )  i n  w i d t h  by 30 m (100 f t )  i n  l e n g t h ,  w i t h  s i d e s  s l o p i n g  

a t  1 v e r t i c a l  on 1.5 h o r i z o n t a l .  The depth o f  t h e  impoundment i s  

s l i g b t l y  g r e a t e r  than 1.5 m ( 5  f t )  a t  t he  l ow  (west)  s i d e .  The s i d e s  

a r e  l i n e d  w i t h  l imes tone  r i p - r a p .  Design c a p a c i t y  was 379,000 L 

(100,000 g a l ) .  I n f l o w  was t o  t h e  south end o f  t h e  impoundment v i a  a 

b u r i e d  46-cm (18- in . )  diam l i n e  f rom t h e  i n j e c t i o n  w e l l  c e l l .  A 20-cm 

( 8 - i n . )  d idm l i n e  f rom t h e  waste p i t s  upslope f r o m  t h e  impoundment i s  

a l s o  shown on drawings as e n t e r i n g  t h e  impoundment a t  t h e  same 

l o c a t i o n .  C o n s t r u c t i o n  drawings s p e c i f i e d  t h a t  t h e  impoundment bot tom 

be sprayed w i t h  l i q u i d  a s p h a l t  t o  c o n t r o l  e ros ion ,  and a p l a s t i c  l i n e r  

was p laced  i n  t h e  impoundment p r i o r  t o  exper imenta l  i n j e c t i o n s .  

However, no evidence o f  e i t h e r  o f  these t rea tmen ts  was observed by  

S t a n s f i e l d  dnd F r a n c i s  (1986) w h i l e  sampl ing t h e  sediment. A 1.5-m 

( 5 - f t )  h igh,  conc re te  s tandp ipe  was p r o v i d e d  as an emergency o u t f l o w  a t  

the n o r t h  end o f  t h e  impoundment. ORNL drawing S-10,916 EA 001 D shows 

t h i s  v e r t i c a l  s tandp ipe  connected t o  an 8 - i n  (20-cm) v i t r i f i e d  c l a y ,  

p i p e l i n e .  rtie drawing a l s o  shows t h i s  l i n e  ex tend ing  t o  t h e  west f o r  a 

d i s t d n c e  o f  app rox ima te l y  15  m (50 f t )  where i t  empties i n t o  a shal low,  

n a t u r a l  swale a t  an approximate e l e v a t i o n  o f  233 m (763 f t ) .  Probings 

made by S t d n s f i e l d  arid F r a n c i s  (1986) i n d i c a t e  t h a t  t h e  bot tom o f  t h e  

impouridment i s  a t  an approximate e l e v a t i o n  o f  231.1 m (764.6 f t ) .  
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2.4.2 Impoundment Operdt i on  

The irripoundrnenk was cons t ruc ted  t o  serve as an emergency 

contd inment  bas in  i n  t h e  event  o f  a s p i l l  f rom t h e  r a d i o a c t i v e  y r o u t  

i n j e c t i o n s ,  f o r  example, one caused by back- f low of  rout. Due t o  

m a l f u n c t i o n  o f  pumping equipment o r  p i p i n g ,  the impoundment d i d  r e c e i v e  

r d d i o a c t i v e  g r o u t  From i n j e c t i o n s  rriade i n  1955 (de  Layund e t  a l .  1971) 

and 1971 ( L .  C Lasher, Operat ions D i v i s i o n ,  persona l  communication). 

P r i o r  t o  a g r o u t  i n j e c t i o n  a t  t h e  f a c i l i t y ,  t h e  water  l e v e l  i n  t h e  

impoundment was r e q u i r e d  t o  be low enough t h a t  t h e r e  would hl? 

s u f f i c i e n t  c a p a c i t y  i n  t h e  impoundment t o  h o l d  t h e  r a d i o a c t i v e  y r o u t  

should an emergency a r i s e  t h a t  r e q u i r e d  such a c t i o n  d u r i n g  the  

opera t i on .  P r i o r  t o  some i n j e c t i o n s ,  depending on the  water  l e v e l ,  t h i s  

necess i td ted  decant ing  t h e  water  f rom the impoundment. Before  

contd in ina t ion  o f  t h e  impoundment by r a d i o a c t i v e  waste, t h e  pond water 

was siphoned t o  t h e  White Oak Creek f l o o d  p l a i n .  Subsequent t o  

contaminat ion  o f  t h e  impoundment, t h e  water  was pumped t o  t h e  l o w - l e v e l  

waste system f o r  p rocess ing  ( L .  C Lasher, o r a l  communication, 1985). 

Opera t ion  o f  t h e  OHF f a c i l i t y  ceased by 1980 (Myr i ck  1984). I n  

the  w i n t e r  o f  1984-85, t h e  impoundrnent rece ived  d r i l l i n g  f l u i d  and 

d r i l l  c u t t i n g s  from an e x p l o r a t o r y  co re  b o r i n g  (5.7-cm-diam core  and 

8.6-cm-d iarn ho le )  th rough t h e  r a d i o a c t i v e  g r o u t  sheets  u n d e r l y i n g  t h e  

OHF s i t e .  Probings rndde by S t a n s f i e l d  and F ranc i s  (1986) i n d i c a t e  t h a t  

the  t h i ckness  o f  t h e  sediment i n  t h e  impoundment averdges 27 cm (0.9 f t ) .  

Th is  amounts t o  approx imdte ly  55,000 L (14,500 g a l )  o f  sediment. 
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3 .  CURRENT STATUS OF INFORMATION ON S I T E  

Considerable s i t e  s p e c i f i c ,  env i ronmenta l  i n f o r m a t i o n  on t h e  

f a c i l i t y  e x i s t s  i n  pubaished r e p o r t s  (WcPIdster and Wallet- 1965; 

S t a n s f i e l d  and F r a n c i s  1986) -  I n  addition, S a  F .  Huang [Environmentdl  

and Qccupa t iana l  S a f e t y  Division (E0.3),  personal  c o ~ ~ ~ ~ ~ ~ a t i ~ n ,  

September 19841 has conducted c o n s i d e r a b l e  r a d i o l o g i c a l  and chemical  

a n a l y s i s  a t  t h e  f a c i l i t y .  

3.1. CONTAMINANT INVENTORY 

3.1.1. B u i l d i n g s  

A p r e l i m i n a r y  r d d i o l o g i c a l  survey was completed on the b u i l d i n g s  

by S. F .  Huang (EQSU, personal  communication, September 1984). 

Standdrci ORNL r a d i a t i o n  survey i r is t rurnents were used f o r  a17 surveys. 

Beta-gaaind reddings were made w i t h  a GPI meter ,  a V i c t o r e e n  440 ( a  

low-range a i r  i o n i z d t i o n  chamber), o r  a G u t i e  P i e  (Gupton 1961). Smear 

samples were taken ove r  areas o f  app rox imd te l y  100 cm and counted i n  

a lpha arid b e t d  -gamma sample counter5 o r  w j  t h  a p o r t a b l e  survey  

i ns t rumen t  f o r  the samples w i t h  h igh  l e v e l s  o f  contaminat ion.  

2 

3.1.1 .l. B u i l d i n g  7852 

R a d i a t i o n  and con tdmina t ion  l e v e l s  i a s  the  i n t e r i o r s  of  t h e  c o n t r o l  

room, m i x i n g  c e l l ,  pump c e l l ,  w e l l  c e l l ,  and pump room were measured, 

To measure t h e  h i g h  l e v e l s  o f  t r a n s f e r a b l e  c o n t m i n a t i o n  on t h e  rough 

su r faces  o f  t h e  i n t e r i o r  w a l l s ,  wet paper’ towel smears were used.  

These st-riedrs were surveyed w i t h  a p o r t d b l e  i ns t rumen t  r a t h e r  than w i t h  

sriiedr coun te rs  t o  p r e v e n t  contdrninat i on  o f  t h e  smear counters .  
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f rom 330 t o  820 

0.7 Bq ( 8  t o  22 

be ta  -gamma read 

Bq (8.9 t o  22.3 nC 

p C i )  o f  a lpha  (see 

ngs rang ing  f rom 1 

were observed i n  t h e  m ix ing ,  pump, 

I n  t h e  c o n t r o l  room, the absorbed dose r a t e s  ranged f rom 0 .75  t o  

G inGy/h ( 7 5  t o  600 mrad/h).  Smearable a c t i v i t y  p e r  100 cm2 v a r i e d  

) o f  beta-gamma and f rom 0.3 t o  

F i g .  4 ) .  H igh l e v e l s  o f  d i r e c t  

5 t o  40 mGy/h (150 t o  4000 rnrad/h) 

arid we1 1 c e l  Is .  Removable be ta  -gamma 

d c t i v i t y  measured f rom 0.05 t o  0.35 mGy ( 5  t o  35 mrad). 

most p a r t ,  removable a lpha a c t i v i t y  was l e s s  than 1.7 Bq/ lOO cm 

(<50 pCi/lOO cm ) 'rn these rooms (see F i g s .  5, 6 and 7 ) .  A t  10 crn 

above t h e  erayine pad, dose r a t e s  ranged f rom 0.2 t o  3 mGy/h 

(20  t o  300 mrad/h). Removable beta-gamma a c t i v i t y  on t h e  engine pad, 

us ing  the  wet towel smear technique p r e v i o u s l y  descr ibed,  v a r i e d  f rom 

5 t o  10 pGy/h (0.5 t o  1 mrad/h) p e r  100 cm . Alpha a c t i v i t y ,  us ing  

the same smear technique, was u s u a l l y  l e s s  than 0.5 8q (14  pC i )  p e r  

100 cm (see F i g .  8 ) .  

For. the 

2 

2 

2 

2 

I t  i s  no t  c l e a r  how t h o r o u g h l y  S .  F .  Huang (EOSD, personal  

coinmunication, September 1984) surveyed t h e  f o u r  b u l k  s to rage  b i n s  o r  

t h e i r  connec t ing  a i r  s l i d e s ,  ca twa lk ,  e t c .  Fo r  example, i t  was s t a t e d  

i n  t h e  S .  F. Huany ( E O S D ,  persor ia l  communication, September 1984)  t h a t  

these b i n s  and t h e  water  tank w e r e  nconsidered t o  be r e l a t i v e l y  

unLontarninaLed, w i t h  no s e r i o u s  r a d i o l o g i c a l  impacts expected."  

3 .1.1.2.  B u i l d i n g  7853 

Th is  b u i l d i n g ,  which was used as a change room d u r i n g  OHF 

ope ra t i ons ,  was a l s o  "considered t o  be r e l a t i v e l y  uncontaminated, w i t h  

no s e r i o u s  r a d i o l o g i c a l  impacts expected . I t  
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ORNL-DWG 84-12881 

CONTROL ROOM t 
N 

**80 mrad/h ""75 mrad/h 
f **80 mrad/h t + 

*SMEAR SAMPLE LOCATION 
""READING AGAINST THE WALL 

"""READING FRQM FIVE STORED ITEMS 

SMEARABLE ACTIVITY 
PER 100cm2 

L 0 CAT1 ON BETA-GAMMA ALPHA 

1 49,200 dpm < 20 dpm 
2 32,200 dpm < 20 dpm 
3 63,320 dpm 30 dpm 
4 27,600 dpm 21 dpm 
5 20,650 dpm 36 dprn 

F i g .  4. Radiological survey r e s u l t s  o f  the c o n t r o l  room (1 mrad = 1 O l ~ G y ) .  
O i r e c t  beta-garmid readings are marked. 
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ORNL-DWG 84-12880 

Q 

3000 rnrad/h 

0 
4800 mrad/h 

2000 mrad/h 

900 mrad/h 

"SMEAR SAMPLE LOCATION 

LOCATION ALPHA 

N 

1 15 mrad/h 102 dpm 
2 15 mrad/h < 20 dpm 
3 15 mrad/h < 28 dpm 
4 5 mrad/h < 20 dpm 
5 30 mrad/h < 28 dprn 

F i g .  5 .  R a d i o l o g i c a l  survey results o f  the m i x i n g  cell  ( 1  mrad = 10 wGy). 
D i r e c t  beta-gamma read ings  a r e  marked. 
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ORNL-DWG 84-12879 
PUMP CELL 

I 

@* 
200 mrad/h 

0 0 
500 mrad/h 

600 mrad/h 300 mrad/h 

150 mrad/h 

*SMEAR SAMPLE LOCATIO 

t 
N 

SMEARABLE ACTIV ITY 
PER 100cm2 

L 0 CAT1 0 N BETA-GAMMA 

1 2 mrad/h < 20 dpm 

4 3 mrad/h < 20 dprn 

2 4 mrad/h < 20 dpm 
3 3 mradh < 20 dpm 

5 5 mrad/h < 20 dpm 

f i g .  6. R a d i o l o g i c a l  survey results o f  the pump c e l l  ( 1  riirad = pGy). 
D i r e c t  beta-gamma read ings  a r e  marked. 
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BRNL-DWG 84-12878 

300 mrad/h 

Q 

2600 mrad/h 
0 

"SMEAR SAM LE LOCATION 

s 

LOCATIO BETA-GA ALPHA 

1 35 mrad/ti < 20 dprn 
2 35 rnradh < 20 dprn 
3 15 mrad/h < 20 dpm 
4 20 mrad/h < 20 dprn 
5 10 mrad/h < 20 dpm 

F i g .  7 .  R a d i o l o g i c a l  survey resul ts  o f  t h e  well c e l l  ( 1  mrad = 10 pGy).  
Direct beta-gamma readings a r e  marked. 
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ORNL-DWG 84-12876 
ENGINE PAD 

0 t 
300 mrad/h* 

"READING AGAINST THE WALL 
**SMEAR SAMPLE LOCATION 

t 
N 

SMEARABLE ACTIVITY PER 
100 em2 

LOCATl ON BETA-GAMMA ALPHA 

1 0.75 mrad/h < 20 dpm 
2 0.5 mrad/h < 20 dpm 
3 1 .O mrad/h 27 dpm 
4 1 .O mrad/h < 20 dpm 
5 1 .O mrad/h < 20 dprn 

Fig. 8 Radiological survey r e s u l t s  o f  the engine pad ( 1  mrad = 10 vGy). 
Smear sample locations and d i r e c t  beta -gamma dose rates are marked. 
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3.1 . l  .3 .  Pun@ House 

The i n t e r i o r  sur faces o f  t h e  pump house were contdrninated w i t h  

f i x e d  and removable a c t i v i t y  f ro in 0.2 t o  80 mGy/Oi (20  t o  $000 mrad/h) 

and 5 t o  150 pGy/h (0.5 t o  15 rnrad/h), r e s p e c t i v e l y  ( F i g .  9 ) .  A 

r a d i a t i o n  read ing  o f  50 ~ G y / h  ( 5  rnrad/h) was measured d i r e c t l y  above 

t h e  sheet meta l  c o v e r i n g  t h e  conc re te  b locks  o f  t h e  v a l v e  p i t .  The 

i n t e r i o r  o f  t h e  p i t  was considered l i k e l y  t o  be contaminated w i t h  f i x e d  

and removable a c t i v i t y .  

3.1.2. S o i l s  

S .  F .  Huang ( E O S D ,  personal  cotnmunication, September 1984) 

made d i r e c t  beta-gamma reddings on 6 -  by 6-m g r i d s  c o v e r i n g  a 9 6 -  by 

60-in area t h a t  encompassed t h e  OHF (see F ig .  10 f o r  readings i n  excess 

o f  3 pGy a t  i t o  3 cm above t h e  s o i l  su r face ) ,  A l so  i l l u s t r a t e d  in 

F i g .  10 a r e  t h e  l o c a t i o n s  o f  17 deep s o i l  cores taken near p o t e n t i a l  

r a d i a t i o n  hazards.  Sect ions of t hese  s o i l  cores,  o f  v a r y i n g  s o i l  

depths,  were counted on a 15- x 15-cm NaI(T1)  d e t e c t o r  for 5 min, f rom 

which t h e  ganm- - ray  spectrum (and t o t a l  i n t e g r a l  coun ts )  over  t h e  

cps/kg energy range o f  100 t o  1500 keV was obta ined.  The a c t i v i t y  i n  

i s  presented i n  Table 2.  

3.1.3. Waste P i t s  

I n  Janudry o f  1984 S .  F .  Huang (EOSD, personal  communicat 

September 1984) measured t h e  absorbed dose r a t e s  under t h e  roo 

waste p i t  rang ing  f rom 0.1 t o  0 ,4 mGy/h (IO t o  40 mrad/h). I n  

on 

o f  t h e  

t h e  

south p i t ,  45 cm o f  wa te r  covered a 10-ccn l a y e r  o f  sediment. I n  t h e  

n o r t h  p i t ,  app rox imd te l y  t w i c e  a s  much wa te r  (90 cm) covered a 10-cm 
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PUMP ROOM 

ORNL/TM-9991 

ORN L-DWG 84-1 2877 

8000 mrad/h * ?(- * I 

EAR SAMPLE LOCATION 
""READING A ST THE PUMP 

"""READING F UNDERNEATH A LEAD S H I E L D  

1 0.5 rnrad/h << 20 dprn 
2 15,O rnrad/h 
3 18.0 mrad/h < 28 dpm 
4 10.0 rnrad/h < 263 dprn 
5 8.0 rnrad/h < 20 dpm 

t 
N 

F i g .  9. Radiological survey resul ts  o f  t h e  pump room ( 1  mrad = 10 pGy). 
Direct beta-gamma readings a r e  marked. 
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ORNL-DWG 84 - i2845 

SITE OF OLD HYDROFRACTURE FACILITY 

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

UNDERGROUND W A S T E  T R A N S F E R  L I N E S  ._.I- 

0 C O R E - S I T E  1 
9 WATER AND SEDIMENT SAMPLES 

0 6 12 A8 24 30 METERS 
I I 1 I I I 

... 

3 -  

--- I I 1 

I I I I I I I @ l  I 

t 
I 
N 

CONTROL 
ROOM 

WELL 
CE CL 

MIXING 
CELL 

ENGINE 
PAD 

F i g .  IO. Betd-garnma d i r e c t  readings exceeding 0 .3  inrad/h 
( I  mrad = 10 utiy) a t  1 t o  3 cin above t h e  sur face .  
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Table 2 .  Gama screening of deep s o i l  cores 

Deep soi l  core  s i t e s  

1 3 5 6 7 8 9 10 11 12 13 14 15 76 17 1 8  20 

0.0-0.3 
0.3-0.6 
0.6-1.2 
1.2-1.8 
1.8-2.4 
2.4-3.1 
3.1-3.7 
3.7-4.3 
4.3-4.9 
4.9-5.5 

<80 66 35 41 96 NS 130 470 NSb NS NS NS 51 88 29 43 <30 
33 29 41 32 38 MS 28 120 NS NS NS NS 43 43 29 32 20 
44 55 30 34 38 44 60 240 35 36 130 81 40 36 30 41 27 
44 420 28 37 31 24 31 34 36 39 68 84 33 42 32 33 36 
34 65 32 29 32 34 37 38 38 34 70 43 40 53 40 30 31 
42 45 33 45 34 28 35 25 38 34 46 45 31 54 NS 34 31 
NS 32 31 46 34 53 37 32 34 87 69 37 64 NS NS 31 37 
NS 34 NS NS NS 26 35 38 30 240 260 41 41 33 NS 31 39 
NS NS NS NS NS 37 28 66 30 NS 40 34 42 32 NS 34 41 
NS NS NS MS NS 35 NS 46 2'3 MS 50 53 35 67 NS NS NS 

Mean 
concentrat ions 39 93 33 38 43 35 36 117 34 77 92 52 42 50 32 34 33 

Coordinates 
i n  meters 

North 5298 5273 5262 5256 5268 5262 5255 5246 5244 5229 5225 5236 5223 5217 5232 5246 5202 
East 8708 8690 8682 8690 8711 8717 8708 8697 8720 8717 8722 8737 8681 8697 8678 8623 8723 

0 
A 
z 
r 
\ 
--I 
x 

aGamma a c t i v i t y  i s  i n  counts per second per kilogram o f  moist s o i l  (cps /kg) .  Natural  background was 
approximately 20 t o  40 cps /kg  on the  15- by 15-cm NaI ( T l )  d e t e c t o r  over the energy span o f  100 t o  1500 keV 
(S .  F. Huang, EOSD, personal communication, September 7984) .  

bNS = not  sampled. 
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Table 3 .  Waste p i t  i n v e n t o r i e s  o f  r a d i o n u c l i d e s a  
I__I__-._. ~ ____ _I__ __I.. ~ -- - ..._ L__ -_I.- 

b Concent r a t i o n  
I n ven t  o -_-- Average depth Radio- (Bq/mL o r  

and volume n u c l i d e  Bq/9) W q )  
---__ _1__.1--_ -I__- _I_- l_l_____..l.-..-. 

South c e l l  
wa te r  

South c e l l  
sediment 

Nor th  c e l l  
wa te r  

Nor th  c e l l  
sediment 

45 cm 
6.3 x 103 L 

10 cm 
1.4 103 L 

90 cm 
1.3 x 104 I- 

10 cm 
1.4 103 L 

135cs 
239Pu 
238Pu 
241 Am 
244~111 

9% r 

137cs 
9 0  

239Pu 
238Pu 
24 Ani 
244cm 
90s r 

137cs 
239 Pu 
238Pt.l 
241 Am 
244cm 
9 0 ~ r  

137cs 
6OCO 

239Pu 
238Pu 
241 Am 
244~m 
90s I" 

1.2 x 102 
1.1 
2.2 
1 .o 
1 .o 

15.0 

4.0 103 
31 .O 
97 .O 
30.0 
17.0 
54.0 
7.8 x 102 

2.1 x 102 
1 .o 
1.5 
1 .o 
1 .o 

16.0 

3.1 x 103 
14.0 
42 .O 
17.0 
13.0 

6.0 x l o2  
4.0 x I O 2  

0.8 
0.007 
0.01 
0.006 
0.006 
0.09 

6.0 
0.04 
0.1 
0.04 
0.02 
0.08 
1 .o 
3.0 
0.01 
0.02 
0.01 
0.01 
0.2 

4.0 
0.02 
0.06 
0.02 
6.02 
0.8  
0 . 6  

20.0 
0 .2  
0 .4  
0.2 
0.2 
3.0 

200 .o 
1 .o 
4 .O 
1 .o 
0.6 
2 .o 

30.0 

80.0 
0,4 
0,5 
0.4 
0.4 
6.0 

100.0 
0.6 
2.0 
0.6 
0.6 

20.0 
20.0 

aTaken f rom S .  F .  Huang (EOSD, personal  cammunication, 

b I n v e n t a r y  i n  the sediment was es t ima ted  by assuming t h a t  t h e  

September 1984).  

t o t a l  volume was equal  t o  t h e  t o t a l  d r y  we igh t .  
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l a y e r  o f  sediment. The t o t a l  r a d i o a c t i v i t y  i n  t h e  wa te r  and sediment 

was es t ima ted  t o  be 5 GBq (0.1 C i )  and 10 GBq (0.3 C i ) ,  r e s p e c t i v e l y  

The c o n c e n t r a t i o n s  and i n v e n t o r i e s  o f  t h e  v a r i o u s  rad ionuc 

i n  t h e  wa te r  and sediment taken f r o m  these  p i t s  a r e  l i s t e d  

3.1 ,4. Waste Tanks 

des measured 

n Table 3. 

S. F. Huang (EQSD, personal  communication, September 1984) es t ima ted  

t h e  r a d i o a c t i v i t y  i n  each t ank  t o  be between 22 and 37 TBq (600 t o  

1000 C i ) .  The t o t a l  q u a n t i t y  o f  s ludge i n  the  tanks was es t ima ted  t o  be 

2 x 10  L, c o n t a i n i n g  on t h e  o r d e r  o f  170 'IBq (4.6 k C i ) .  An est i rnate 

o f  t h e  a c t i v i t y  i n  each o f  t h e  tanks,  and t h e  assumptions used i n  making 

t h e  es t ima tes  a r e  p resen ted  i n  Table 4 .  Water taken  f r o m  t h e  "dry w e l l s "  

( m o n i t o r i n g  w e l l s  l o c a t e d  w i t h i n  t h e  conc re te  enc losu re  b u i l t  t o  c o n t a i n  

each of t h e  tanks )  have shown s l i g h t l y  e l e v a t e d  l e v e l s  o f  be ta  a c t i v i t y  

(maximum o f  1.2 Bq/mL). Also,  t h e  s o i l  co re  taken  d i r e c t l y  t o  t h e  

southwest o f  t ank  T-4 ( s o i l  co re  16) showed some e l e v a t e d  l e v e l s  of 

6 

a a c t i v i t y  a t  s o i l  depths o f  app rox ima te l y  5 an (see Table 2 ) .  The 

p o s s i b i l i t y  ( o r  l i k e l i h o o d )  has t o  be taken i n t o  c o n s i d e r a t i o n  t h a t  t h e  

carbon s t e e l  tanks,  which a r e  i n c l i n e d  t o  r u s t  ( a l t h o u g h  c a t h o d i c a l l y  

p r o t e c t e d ) ,  may have developed leaks  o v e r  t h e  years.  

3 . l . 5 .  Maste Impoundment 

3.1.5.1. Pond Water 

Pond wa te r  f rom t h e  OHF impoundment was sampled i n  Play o f  1985 by 

S t a n s f i e l d  and F r a n c i s  (1986).  The sample was taken f rom t h e  c e n t e r  o f  

t h e  impoundment when t h e  depth o f  w a t e r  was approx ima te l y  1 m ( 3  f t ) .  

The sample, which was n o t  f i l t e r e d ,  was analyzed f o r  heavy meta ls ,  
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Table 4 .  Est imate o f  r e s i d u a l  r a d i o a c t i v i t y  i n  waste tanks  a t  t h e  o l d  h y d r o f r a c t u r e  f a c i l i t y a  

Ta R k Tank T a n k  S7 udge s1 udgc 
Tank capac’l t y  d .i arnete r 1 e n g t h  volume a c t i v i t - i e s  

( L )  (m> (m) (L) ( T m l  (kCi f 

T-1 5.9 104 2.4 13.0 4 .2  x 103 40 1 .o 

nJ 
Q1 

T-2 5.9 x 104 2.4 73.5 4.2 103 40 1 .o 
7-9 4 . 4  104 3.1 5.9 2.2 103 30 0.6 

I--3 3.1 x 105 3.2 13.0 4.9 x 103 48 1 .o 
T -4 1 .1  105 3.2 13.0 4.9 103 45 1 .o 

aFrom S .  F. Huang (EOSD, persona l  communication, September 7584). The estimate was 
based on t h e  assumption o f  30 crn t h i ckness  o f  r e s i d u a l  sludge ( a  rough es t ima te  f rom 
opera t i ona l  exper ience)  a t  a c o n c e n t r a t i o n  o f  8 - 2 5  C1/L.  
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Table 5.  Concen t ra t i on  and i n v e n t o r y  o f  n o n r a d i o a c t i v e  
contaminants i n  OHF pond watera 

Concen t ra t i on  - 
Pond N I PDWS I n v e n t o r y b  

C o n s t i t u e n t  (m9/L) (9)  

Me ta l s  

Antimony 
Arsen ic  
Bar ium 
B e r y l l i u m  
Boron 
Cadmi um 
C a l c i  urn 
Chromi urn 
Coba l t  
Copper 
I r o n  
Lead 
L i t h i u m  
Magnes i um 
Manganese 
Mercury 
Molybdenum 
N i c k e l  
Potass i um 
S e l  e n i  urn 
S i l v e r  
Sod i um 
S t r o n t i u m  
T i  t a n l  urn 
Vanadi um 
Zinc 

Anions 

C h l o r i d e  
F 1 u o r i  de 
N i  t r a t e - N  
Phosphate 
S u l f a t e  

<0.3 
<o .001 

0.539 
0.0021 

0.001 5 

0.0219 

<0.1 

26.3 

<o. 02 
<o .02 
9.25 

do. 001 
<o. 2 

8.99 
0.2 
0.0001 

<o .02 
<O .06 

6.5 
0.016 

40.07 
d0.5 

<o. 02 
CO. 03  

0.316 

Q.134 

64 
1 

4 
<O. 93 
19 

NDC 
0.05 
1 

NO 
N D  

0.01 
N D  

0.05 
N D  
ND 
ND 

0.05 
ND 
N D  
ND 

0.002 
NO 
ND 
N D  

0.01 
0.05 

N D  
N Q  
ND 
ND 
NC 

<74 
4 

132 
1 

<2 5 
<1 

6444 
5 

<5 
<5 

2266 
<1 
<49 

2203 
49 
4 
<5 

4 5  
1593 

4 
4 1  

4 2 3  
71 
<5 
<1 
33 

ND 15680 
1 .2-?.4 24 5 

10 <245 
ND <228 
ND 4655 

taken  f rom R. G. S t a n s f i e l d  and C .  W .  Franc is ,  
1986, C h a r a c t e r i z a t i o n  o f  t h e  Old H y d r o f r a c t u r e  F a c i l i t y  ( O W )  
Impoundment, ORNL/TM-9990, Oak Ridge Na t iona  1 Labora to ry ,  
Oak Ridge, Tennessee. 

b I n v e n t o r y  based an pond wa te r  volume o f  2.45 x l o5  L. 

CND l e v e l  n o t  d e f i n e d  by NIPDWS ( N a t i o n a l  I n t e r i m  
Pr imary D r i n k i n g  Water Standards) .  
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Table 6. Concen t ra t i on  and i n v e n t o r y  o f  o rgan ic  
chemicals i n  OMF pond Matera 

I._. Concen t ra t i on  _s_ 

Pond N I PDWS ~n vento r y b  
C o n s t i t u e n t  ( fw/L)  (9) 

H e r b i c i d e s / p e s t i c i d e s  

Endr in  <o. 0001 
Lindane <o. 0001 
Methoxychlor  <0.0002 
Toxaphene <o .002 

Organic compoundsd 

PC85 0.0001 
Phenols <o .OO01 
TOC 16.5 
TOX 0.132 

0 002 
0.904 
0.1 

NDC 

ND 
ND 
NO 
NO 

CO.1 
<0.1 
<0.1 
<0.5 

<0.1 
CO.1 

4043 
32 

aData taken f rom R .  6. S t a n s f i e l d  and C .  Franc is ,  1986, 
C h a r a c t e r i z a t i o n  o f  t h e  Old H y d r o f r a c t u r e  F a c i l i t y  (OHF) Impoundment, 
ORNL/TW-9990, Oak Ridge N a t i o n a l  Laboratory ,  Oak Ridge, Tennessee. 

b I n v e n t o r y  base on pond wa te r  volume o f  2.45 x l o 5  L.  

cND = l i m i t  n o t  d e f i n e d  by NIPOWS ( N a t i o n a l  I n t e r i m  Pr imary 

dPCB = p o l y c h l o r i n a t e d  b ipheny ls ,  TOC = t o t a l  o rgan ic  carbon, 

D r i n k i n g  Water Standards) .  

TOX = t o t a l  o rgan ic  h a l i d e s .  
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h e r b i c i d e s / p e s t i c i d e s ,  PCBs, and r a d i o n u c l i d e s  (Tables 5, 6, and 7 ) .  

The pH o f  t h e  pond wa te r  was n e u t r a l  (7.05) w i t h  s p e c i f i c  conductance 

of 224 1~.S/cm. The analyses i n d i c a t e d  t h a t  a r s e n i c ,  barium, cadmium, 

chromium, f l u o r i d e ,  mercury, lead,  and n i t r a t e ,  as w e l l  as t h e  

p e s t i c i d e s  and h e r b i c i d e s ,  were below t h e  maxiinurn a l l o w a b l e  NIPOWS 

( N a t i o n a l  I n t e r i m  Pr imary D r i n k i n g  Water Standards) .  The measured 

c o n c e n t r a t i o n  of selen ium (0.016 my/L), s l i g h t l y  ove r  t h e  NIPDWS l e v e l  

(0.01 mg/L) ,  and t h e  d e t e c t i o n  l i m i t  o f  s i l v e r  (0.07 mg/L) determined 

i n  the pond wa te r  were t h e  o n l y  i n d i c a t i o n s  t h a t  chemical c o n s t i t u e n t s  

exceeded the a l l o w a b l e  NIPDWS l e v e l s .  De tec tab le  c o n c e n t r a t i o n s  o f  

PCBs were observed i n  t h e  pond wa te r  (0.0001 mg/L) and counts o f  

c o l i f o r m  b a c t e r i a  ( 8  counts p e r  100 mL) were i n  excess of t h e  NIQDWS. 

The c o n c e n t r a t i o n  sf  t o t a l  o rgan ic  h a l i d e s  ( T O X )  was 0.13 mg/b, and t h e  

t o t a l  o rgan ic  carbon con ten t  (TOC)  was 16 ing/L. Other  than t h e  

r a d i o n u c l i d e  concen t ra t i ons ,  which a r e  d iscussed below, t h e  wa te r  

q u a l i t y  o f  pond wa te r  f rom t h e  impoundment (based on these  chemical  

analyses)  was s u r p r i s i n g l y  h igh .  

The p r i n c i p a l  r a d i o n u c l i d e s  measured i n  t h e  pond wa te r  w e r e  

cesium-137 and s t ron t i um-90  (Tab le  7 ) .  S t a n s f i e l d  and F r a n c i s  (1986) 

observed s i m i l a r  c o n c e n t r a t i o n s  o f  t h e  two r a d i o n u c l i d e s  [app rox ima te l y  

4000 Bq/L ( e q u i v a l e n t  t o  109 pCi/mL)], w h i l e  S .  F .  Huang ( E O ,  

personal  corrrnunication, September 19841, who sampled t h e  impoundment i n  

September 1983, observed approx ima te l y  f o u r  t imes more cesium-137 than  

s t ront ium-90 [29000 and 7108 Bq/L, r e s p e c t i v e l y  ( e q u i v a l e n t  t o  800 and 

193 pCi/rnL). The c o n c e n t r a t i o n s  o f  these two r a d i o n u c l i d e s  measured by 

Huang e t  a l .  were two t o  seven t imes t h a t  measured by S t a n s f i e l d  and 
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F r a n c i s  ( see  Table I ) .  On t h e  o t h e r  hand, coba l t -60  c o n c e n t r a t i o n s  i n  

t h e  pond wa te r  were i d e n t i c a l .  S t a n s f i e l d  and F r a n c i s  (1986) also 

measured gross a lpha  and gross be ta  a c t i v i t y  i n  t h e  pond water .  Gross 

b e t a  a c t i v i t y  was approx ima te l y  t w i c e  t h e  a c t i v i t y  o f  s t ron t i um-90 ,  

i m p l y i n g  t h a t  t h e  gross be ta  a c t i v i t y  r e s u l t e d  l a r g e l y  f rom t h e  decay 

o f  s t ron t i um-90  and y t t r i um-90 .  Gross a lpha a c t i v i t y  was l e s s  than  1% 

o f  t h e  gross be ta  and cesium-137 a c t i v i t i e s  combined. Curium-244 

appeared t o  be t h e  dominant t r a n s u r a n i c  r a d i o n u c l i d e  measured (6.8 Bq/L 

o r  10.2 pCi/mL). The volume o f  pond wa te r  r e t a i n e d  i n  the impoundment 

was es t ima ted  by S t a n s f i e l d  and F r a n c i s  t o  be approx ima te l y  t h r e e  t imes 

t h d t  es t ima ted  by S. F. Huang (EOSD,  personal  coinmunication, September 

1984).  The d i f f e r e n c e  between t i m e  o f  t h e  yea r  i n  sampl ing,  Nay f o r  

S t a n s f i e l d  and F r a n c i s  and September f o r  S. F. Huang (EOSD,  personal  

communication, September 1984), i s  l i k e l y  t h e  ma jo r  cause f o r  t h e  

d i f f e r e n c e s  i n  es t ima tes  o f  pond w a t e r  volumes. A s  a consequence, 

t h e r e  was n o t  a ma jo r  d i f f e r e n c e  i n  es t ima tes  o f  t h e  r a d i o n u c l i d e  

i n v e n t o r y  between t h e  two s t u d i e s .  f o r  example, t h e  t o t a l  i n v e n t o r y  o f  

s t r o n t i u m 4 0  and cesium-137 (app rox ima te l y  1 GSq o r  0.03 C i  f o r  each 

r d d i o n u c l i d e )  was n o t  s u b s t a n t i a l l y  d i f f e r e n t  f rom t h e  e s t i m a t e  by Huang 

e t  a l .  (2.1 and 0.5 GBq, f o r  cesium-137 and s t ront ium-90,  r e s p e c t i v e l y ) .  

3.1 .5 - 2 .  lmpxundment Sediment 

5 .  F .  Huang (EOSD, personal  communication, September 1984) and 

Stansfield and F r a n c i s  (1986) have measured c o n c e n t r a t i o n s  of p o t e n t i a l  

contaminants i n  t h e  sedirnent of  t h e  O H f  impoundment. The p r i n c i p a l  

purpose o f  the l a t t e r  s tudy  wa5 t o  determine i f  t h e  sediment would be 

c l a s s i f i e d  as a hazardous waste under R C R A  r e g u l a t i o n s .  Thus, t h e  
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emphasis i n  t h i s  s tudy  was centered more a long  t h e  analyses o f  sediment 

f o r  n o n r a d i o a c t i v e  contaminants,  whereas t h e  e a r l i e r  s tudy  was 

p r i n c i p a l l y  concerned about t h e  r a d i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  

impoundment i n  suppor t  a f  decontaminat ion and decommissioning ( O & D )  

a c t i v i t i e s .  I n  t h e  f e d e r a l  r e g u l a t i o n  40 CFR 261 promulgated under 

R C R A  (USEPA 1980), a s o l i d  waste .is hazardous i f  i t  e x h i b i t s  any o f  the 

d e f i n e d  c h a r a c t e r i s t i c s  o f  i y n i t a b i l i t y ,  c o r r o s i v i t y ,  r e a c t i v i t y ,  o r  

e x t r a c t i o n  procedure ( E P )  t o x i c i t y .  The EP t o x i c i t y  i s  o f  p r imary  

concern because t h e  i n h e r e n t  p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  of  

t h e  sediment r u l e  o u t  c l a s s i f i c a t i o n  as a hazardous waste based an 

i g n i t a b i l i t y  o r  r e a c t i v i t y .  S ince t h e  pW o f  t h e  sediment was 5.2,  t h e  

waste w i l l  n o t  be c l a s s i f i e d  as hav ing t h e  c h a r a c t e r i s t i c  o f  c o r r o s i v i t y  

as d e f i n e d  urider t h e  r e g u l a t i o n s .  The EP t o x i c i t y  c h a r a c t e r i s t i c  i s  

based on measured c o n c e n t r a t i o n s  o f  e i g h t  elements o f  t h e  N a t i o n a l  

I n t e r i m  Pr imary D r i n k i n g  Water Standard (NIPBWS) and s i x  h e r b i c i d e s  and 

pes . t i c i des  i n  t h e  f i l t r a t e  o f  a 24-hr s o l i d  waste e x t r a c t i o n  t e s t  

(USEPA 1982) .  I f  t h e  l e v e l s  o f  these c o n s t i t u e n t s  exceed e s t a b l i s h e d  

max-imum p e r m i s s i b l e  c o n c e n t r a t i o n s ,  t hen  t h e  waste i s  considered 

hazardous based on t h e  c h a r a c t e r i s t i c  o f  t o x i c i t y .  

The sediment was t h o r o u g h l y  t e s t e d  f o r  i t s  t o x i c i t y  c h a r a c t e r i s t i c s  

by r e p l i c a t e  samplings and e x t r a c t i o n s  o f  t h e  sediment by the EP.  f o r  

example, t h e  sediment was t e s t e d  f o r  c o n c e n t r a t i o n s  o f  me-tals i n  i t s  E P  

e x t r a c t s  a t o t a l  o f  s i x  t imes (sediment c o l l e c t e d  From t h r e e  sample 

l o c a t i o n s  a t  two d a t e s ) .  Analyses f o r  t he  h e r b i c i d e s / p e s t i c i d e s  i n  t h e  

e x t r a c t s  were conducted t h r e e  t imes  (sediment c o l l e c t e d  f rom t h r e e  

sample l o c a t i o n s  i n  t h e  impoundment a t  a s i n g l e  sampl ing da te ) .  
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Table 8. Concen t ra t i on  o f  R C R A  r e g u l a t e d  c o n s t i t u e n t s  
i n  EP e x t r a c t s  o f  sedi inent f rom t h e  OHF impoundment 

C o n s t i t u e n t  Maximum a l l o w a b l e  Measured 
c o n c e n t r a t i o n  c o n c e n t r a t i o n a  

( m g / l )  ( m W - 1  

A r s e n i c  
B a r i  um 
Cadinl um 
Chromi urn 
Lead 
Mercury 
S e l  e n i  um 
S i  1 ve r  
Endr in  
Lindane 
Methoxyc h l  o r  
Toxaphene 
2,442 
2,4 , 5-DTP 

5 
100 

1 
5 
5 
Q e 2  
1 
5 
0.02 
0.04 

10 
0.5 

10 
1 

<o. 60 
0.307 
0,0092 
0.0492 

a . 0 2 3 2  
0.065 

C1.2 
<0.2 
<o .0001 

0.0001 
<O . 0002 
<a. 002 
<O. 005 
<O. 005 

“Paken f rom k. G. S t a n s f i e l d  and C.  44, Franc is ,  
1986, C h a r a c t e r i z a t i o n  o f  t h e  O l d  H y d r o f r d c t u r e  
F a c i l i t y  (OHF) Irnpoundrnent, ORNt/TM-9990, Oak Ridge 
N a t i o n a l  Laboratory ,  Oak Ridge,  Tenriessee. Means 
c o n c e n t r a t i o n s  from s i x  r e p l i c a t e d  E P  e x t r a c t s  f o r  
me ta l s  (sediment f rom t h r e e  sample l o c a t i o n s  a t  
two d a t e s ) .  For t h e  h e r b i c i d e s / p e s t i c i d e s ,  t h e  
c o n c e n t r a t i o n s  a r e  mean c o n c e n t r a t i o n s  f rom t h r e e  
r e p l i c a t e d  EP e x t r a c t s  ( s e d i n e n t  f r o m  t h r e e  sample 
l o c a t i o n s  at. a s i n g l e  da te ) .  
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Sediment sampling l o c a t i o n s  a r e  i l l u s t r a t e d  i n  F i g .  11. Sampling was 

conducted i n  November 1984 and February 1985. 

measurements a r e  presented i n  Table 8 .  

A summary o f  these 

Where a n a l y t i c a l  d e t e c t i o n  l i m i t s  were low enough, t h e  

concen t ra t i ons  o f  t h e  RCRA r e g u l a t e d  c o n s t i t u e n t s  measured i n  t h e  

E P  e x t r a c t s  were w e l l  below t h e  RCRA maximum a l l o w a b l e  concen t ra t i ons .  

Selenium concen t ra t i ons  i n  t h e  EP e x t r a c t s  o f  t h e  sediment samples 

c o l l e c t e d  i n  November 1984 were determined by i n d u c t i v e l y  coupled plasma 

( X C P )  spectroscopy. For these samples, t h e  d e t e c t i o n  l i m i t  was 2.4 mg/L, 

1.4 mg/L i n  excess o f  t h e  RCRA l i m i t .  The E P  e x t r a c t s  o f  sediment 

samples taken i n  February 1985 were analyzed f o r  se len ium by atomic 

a b s o r p t i o n  spect roscopy (AA) i n  which t h e  d e t e c t i o n  l i m i t  was 0.01, w e l l  

below t h e  maximum a l l o w a b l e  RCRA concen t ra t i on .  I n  a l l  s i x  EP e x t r a c t s ,  

t h e  se len ium concen t ra t i ons  were below d e t e c t i o n  by t h e  p a r t i c u l a r  

a n a l y t i c a l  techn ique used. The mean o f  t h e  two d e t e c t i o n  l i m i t s  

(2 .4  and 0.01) i s  1.2 mg/L. Thus, t h e  mean se len ium c o n c e n t r a t i o n  

r e p o r t e d  i n  Table 8 (1.2 mg/L) i s  an a r t i f a c t  i n  r e p o r t i n g  t h e  d e t e c t i o n  

l i m i t s  o f  t h e  a n a l y t i c a l  procedure, and should n o t  imp ly  t h a t  t h e  

concen t ra t i ons  o f  se len ium i n  t h e  E P  e x t r a c t s  a r e  i n  excess o f  t h e  

maximum a l l o w a b l e  RCRA c o n c e n t r a t i o n .  

T o t a l  concen t ra t i ons  o f  n o n r a d i o a c t i v e  contaminants  i n  sediment 

samples o f  t h e  OHF impoundment were determined by b o t h  S .  F .  Huang 

(EOSD, persona l  communication, September 1984) and S t a n s f i e l d  and 

F ranc i s  (1986). The method o f  express ing  t h e i r  concen t ra t i on ,  however, 

d i f f e r e d .  S t a n s f i e l d  and F r a n c i s  expressed t h e  concen t ra t i ons  on t h e  

d r y  we igh t  bas i s ,  w h i l e  S .  F. Huang (EOSD, persona l  communication, 
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Table 9 .  Concen t ra t i on  and i n v e n t o r y  o f  n o n r a d i o a c t i v e  contaminants 
i n  sediment f rom t h e  OHF impoundment 

a b Contaminant S t a n s f i  e l d  and . fxanci s ( 1  986) S.-F. Wuan 
Concen t ra t i on  I n v e n t o r y  c o n c e n t r a t i o n  ? n v e n t o t y  

(mg/kg) ( k9 )  (mgm!)  ( kg) 

Antimony 
Arsenic  
6a r i  um 
6oron 
Cadmi urn 
Chromi um 
Coba l t  
Copper 
I r o n  
Lead 
Manganese 
Mercury 
Molybdenum 
N i c k e l  
PCB 
Sel  e n i  urn 
S i  1 v e r  
Vanad i urn 
li nc 

<194 
4 2 0  

320 
132 

342 

140 
11 200 
4 5 6  

370 
NR 

4 5 . 5  
149 

2.9 
<240 

c40.9 
79.1 

162 

6 . 1  

22.4 

<3 * 69 
<2.28 

6.07 
25 
4 . 1 2  

6.50 
0.43 
2.66 

c2.97 
7.03 

NR 
<O. 29 

2.84 
0,05 

<4.55 
4 . 7 8  

1 SO 
3.07 

403 

<'I .o 
NR 
NR 

<2 .o 
17.0 

NR 
18.0 

NR 
6.0 

NR 
c2.3 

NR 
NR 

3.5 
c0.8 

NR 
MR 

16.0 

1 .lc 
<o .08 

0.09 
NR 
NR 

4 . 6 0  
1.30 

NR 
1.40 

N8 
0.48 

NR 
<0.18 

NR 
NR 

2.80 
<O. 06 

NR 
NR 

1.20 

aSediment c o n c e n t r a t i o n s  by R .  G. S t a n s f i e l d  and C .  M. F r a n c i s  
[1986, C h a r a c t e r i z a t i o n  o f  t h e  O l d  H y d r o f r a c t u r e  F a c i l i t y  (OHF) 
Impoundment, ORNL/TW-9990, Oak Ridge N a t i o n a l  Laboratory ,  Oak Ridge, 
Tennessee]. 

communication, September 1984) a r e  on d r y  we igh t  b a s i s  and rep resen t  a 
mean o f  t h r e e  sediment samples taken  f rom t h e  n o r t h ,  cen te r ,  and south 
s e c t i o n s  o f  t h e  impoundment. I n v e n t o r y  c a l c u l a t e d  by S t a n s f i e l d  and 
F r a n c i s  was based on a t o t a l  volume o f  sediment equal  t o  5.5 x l o 4  L, 
a wet b u l k  d e n s i t y  o f  1.2 kg/L, and a m o i s t u r e  c o n t e n t  o f  71%. 

and rep resen t  a mean o f  f i v e  sediment samples taken from %he c e n t e r  o f  t h e  
pond f rom a southwest t o  n o r t h e a s t  d i r e c t i o n .  I n v e n t o r y  c a l c u l a t e d  by 
Huang e t  a l .  was based on a t o t a l  volume o f  sediment equal  t o  3.7 x l o 4  L 
and a wet b u l k  d e n s i t y  o f  2.16 kg/L. 

bSediment c o n c e n t r a t i o n s  by S. F. Huang ( E O S O ,  persona l  

bSediment c o n c e n t r a t i o n s  by Huang e t  a l .  a r e  on a w e t  we igh t  basis  

CNR = n o t  repo r ted .  
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September 1984) expressed the concentrations on a wet weight b a s i s  

(Table 9 ) .  All thlngs considered equal, the concentrdtions expressed on 

a dry w e i g h t  basis should be higher than those on the same sediment on a 

wet weight basis. T h i s  i s  generally the case excep t  for the case o f  

PCBs in the sediment. Here, t h e  concentrations d ~ ~ ~ r ~ ~ ~ n ~ ~  by S. F. Huan 

(EUS0, personal c o ~ ~ ~ ~ ~ ~ ~ ~ t ~ o ~ ,  September '1984) are higher than t hose  

determined by Stansfield and Francis. S .  F. Huang (EBSD, personal 

communication, September 1984) sampled the sediment in September 1983, 

while Stansfield and Francis sampled in February 9985, which should 

not be a major factor assuming the degradation rates o f  PCBs to be 

relatively s l o w .  Different volumes o f  sedirntrnt and b u l k  densities o f  

the sediment were also used by each study to determine t h e  total 

inventory. The bas i s  o f  calculation for each  o f  the studies i s  

footnoted a t  the bottom of  Table  9. Generally speaking, there was no t  a 

profound difference i n  t h e  conhiminant inventory between the two 

s tud iex , .  The e x c e p t l o r !  was the m a j o r  difference i n  the e s t i m d t e d  

i n v e n t o r y  o f  PCBs. S .  I;. Huang (EOSO,  personal c o ~ ~ ~ ~ ~ i c ~ ~ ~ ~ ~ ~  September 

1984) estirriated the PCB inventory to be close t a  3 ky, while thdt 

calculated by Stansf i e l d  and F r a n c i s  was approximately 50 grams. 

A similar t rend in the concentrations o f  radionuclides in sed 

taken f rom the OH6 impoundment was noted between the t w o  studies. 

ple, measurements by S .  F.  Huanry (EOSO, personal co 

ment 

F o r  

September 1984) were gene ra l ly  higher- thdn t b s e  determined by  Stdnsfield 

and Francis, even though S. F .  Huang (EBSQ, persona l  communication, 

September 1984) expressed the concentration on the wet cJeight bas is  and 

Stansfield arid Francis on a dry weight b a s i s  (see Table  IO), The major 



ORNL/TM-9991 38 

Table 10. Concen t ra t i on  and i n v e n t o r y  o f  r a d i o n u c l i d e s  
i n  sediment f rom t h e  QHF impoundment 

a b Rad ionuc l i de  S t a n s f i e l d  and F r a n c i s  (1986)- S.  F .  Huang 
Concent r a t i o n  I n v e n t o r y  Concen t r a  t i on I n v e n t o r y  

(Bq/g) ( G Q )  ( C i )  (Q /g )  (GBq) ( C i )  

Gross a lpha  
Gross be ta  
Cesi urn-1 34 
Ces i um-1 37 
Europium-1 54 
Uran i  urn-234 
Uran i urn-238 
Arne r i c i um- 24 1 
Cobal t - -60 
Stront ium--90 

102 
92700 

<20 
125000 

<22.7 
<33.3 

<612 
C20.0 
608 

38800 

1.93 

<O .38 
1161 

2310 
<O . 4 3  
<O. 63 

4 1 . 6  
<O. 38 
11.6 

737 

0.05 NUC NR NR 
48 NR NR NR 

0.01 100 8.1 0.22 
64 180000 14000 3 88 
<Q 01 390 31 1 
<o. 01 NR NR NR 
<1 0.23 0.0055 CO.01 
<o . O l  2.8 0.22 <0.01 

0.31 740 60 1.6 
20 9700 770 21 

aSediment c o n c e n t r a t i o n s  by R .  G. S t a n s f i e l d  and C .  bJ. Franc is ,  
[1986, C h a r a c t e r i z a t i o n  o f  t h e  Old H y d r o f r a c t u r e  F a c i l i t y  (OHF) Impoundment, 
QRNL/TM-.9990, Oak Ridge N a t i o n a l  Labora to ry ,  Oak Ridge, lennessee] a r e  on 
d r y  we igh t  basis and rep resen t  a mean o f  t h r e e  sediment samples taken from 
t h e  n o r t h ,  cen te r ,  and south s e c t i o n s  o f  t h e  impoundment. I n v e n t o r y  
c a l c u l a t e d  by S t a n s f i e l d  and F r a n c i s  was based on a t o t a l  volume o f  
sediment equal  t o  5 . 5  x l o 4  L, a wet b u l k  d e n s i t y  o f  1 .2 kg/L, and a 
m o i s t u r e  c o n t e n t  o f  71%. 

bSediment concen t ra t i ons  by S. F. Huang (EOSD, personal  
communication, September 1984) a r e  on a w e t  we igh t  b a s i s  and rep resen t  
a mean o f  f i v e  sediment samples (excep t  t h e  Europium-154 a n a l y s i s  which i s  
f rom a s i n g l e  sediment sample) taken f rom the  c e n t e r  o f  t h e  pond f rom a 
southwest t o  n o r t h e a s t  d i r e c t i o n .  I n v e n t o r y  c a l c u l a t e d  by Huang was based 
on a t o t a l  volume o f  sediment equal  t o  3.1 x l o 4  L and a w e t  b u l k  d e n s i t y  
o f  2.16 kg/L. 

CNR = n o t  r e p o r t e d .  
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. -  e x c e p t i o n  was t h e  measurements f o r  s t ront ium-90.  I n  t h i s  case, 

c o n c e n t r a t i o n s  determined by  S .  F .  Huang (EOSO, personal  communication, 

September 1984) were f o u r  t imes s m a l l e r  than those determined by 

S t i n s f i e l d  and F r a n c i s .  I r o n i c a l l y ,  t h e  i n v e n t o r i e s  o f  s t ront iun i -90 i n  

t h e  sediment by b o t h  s t u d i e s  were v e r y  c l o s e  ( 7 3 7  and 770 GBy o r  20 and 

21 C i ) .  The b a s i s  f o r  c a l c u l a t i o n  o f  the  i n v e n t o r i e s  a l s o  d i f f e r e d  

w i t h  r e s p e c t  t o  volume o f  sediment, d e n s i t y ,  e t c ,  ( see  footnotes  a t  

bottom o f  T d b l e  10 f o r  an e x p l a n a t i o n  f o r  t h e  b a s i s  o f  c a l c u l a t i o n ) .  

As i n  the pond water,  t h e  b u l k  o f  t h e  r a d i o a c t i v i t y  i s  due t o  

uin-137 and stront iurn-90, and o n l y  a sma l l  b u t  d e t e c t a b l e  f r a c t i o n  

1 i s  t r a n s u r a n i c  r e l a t e d .  

5.3. Groundwater 

bra i n d i L a t i o n  t h a t  groundwater i n  t h e  v i c i n i t y  o f  t h e  OHF i s  

possibly contaminated a r e  t h e  s t ron t i um-90  measurements i n  samples o f  

shdllaw groundwater tdken immediate ly  dawn-slope southeast  o f  t h e  OHF 

i n  t h e  floodplain a long  Melton Branch (Spa ld ing  and Munro 1984).  

Stront iurn-90 c a n L e n t r a t i o n s  (determined by a Gherenkov c o u n t i n g  

~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ }  i n  groundwater sdmples taken i n  e a r l y  s p r i n g  o f  1980 From 

s h d l l o w  bore holes (3 .2  cm diarn and 45 cm deep) were q u i t e  h i g h  (on t h e  

order o f  10 k B Q / L )  arid were though t  t o  be r e l a t e d  t o  p a s t  o p e r a t i o n s  o f  

the  fdcility. I t  was impossib le  t o  a s e e r t d i n  whether con tdmina t ion  

resulted f ro in subsur face con tamina t ion  (e,y.,  f r o m  the  migration o f  

rstd ieanuc'l i d e s  f rom t h e  waste j ~ ~ o ~ ~ ~ ~ ~ ~ i @ n ~  o r  l e a k i n g  waste s to rage  

t d n k s )  o r  froprn s u r f a c e  con tamina t ion  o f  t h i s  a r e a  by s p i l l a g e  o f  l i q u i d  

w a s k  durdng t e s t i n g  and i n j e c t i o n  processes, For  example, i n  t h e  

e r  and f a l l  o f  1968, two c u r i e s  of  s t ron t i um-90  was d i v e r t e d  



ORNL/l  M-9991 40 

" i n t o  a smal l  channel d r a i n i n g  toward Mel ton Creek" from a t e s t  w e l l  

apyroxJmately 6 rn (20  f t )  f rom Mel ton Branch t h a t  exper ienced 

cons ide rab le  "b leed back" (unpubl ished January 7, 1969 correspondence 

t o  A .  M .  We.inberg f rom a committee t o  i n v e s t i g a t e  t h e  r e l e a s e ) .  Test  

w e l l s  were used t o  i n v e s t i g a t e  the  g r o u t i n g  c h a r a c t e r i s t i c s  o f  c e r t a i n  

i n j e c t i o n s .  Th is  p a r t i c u l a r  t e s t  w e l l  was made f o l l o w i n g  an i n j e c t i o n  

by t h e  h y d r o f r a c t u r e  u n i t  i n t o  a f r a c t u r e  t h a t  con ta ined  approx ima te l y  

130,000 L (35,000 g a l )  o f  r e s i d u a l  water .  Considerable pressure 

rema.ined on t h e  f r a c t u r e ,  and a "b leed back" o f  contaminated wa te r  

came up t h e  t e s t  w e l l ,  which was d i v e r t e d  t o  Mel ton Branch. 

Po de-termine t h e  s t a t u s  o f  groundwater q u a l i t y  around the DHF 

impoundment, S t a n s f i e l d  and F r a n c i s  (1986) . i n s t a l l e d  f o u r  groundwater 

m o n i t o r i n g  w e l l s  a t  t h e  OHF s i t e .  One w e l l  was l o c a t e d  t o  sample 

groundwater upg rad ien t  o f  t h e  impoundment, and t h e  o t h e r  t h r e e  were 

l o c a t e d  t o  t h e  west and south o f  t h e  impoundment t o  sample groundwater 

downgradient t o  the impoundment (see F i g .  1.1) .  The i n i t i a l  b o r i n g  f o r  

the w e l l s  rariged i n  depth f rom 7.3 t o  10.4 rn (24 t o  34 f t ) .  I n  each o f  

t h e  bo r ings ,  m o n i t o r i n g  w e l l s  were cons t ruc ted  o f  3 - i n  (7.6-cm) diam 

f i b e r g l a s s  w e l l  screen and cas ing.  A summary o f  t h e  c o n s t r u c t i o n  

d e t a i l s  and measured groundwater e l e v a t i o n s ,  as w e l l  as surveyed 

l o c a t i o n s  arid e l e v a t i o n ,  i s  l i s t e d  i n  Table '11. 

M o n i t o r i n g  w e l l  1 (MW-1) was l o c a t e d  t o  p r o v i d e  a groundwater 

sampl ing p o i n t  p o s i t i o n e d  upgrad ien t  ( i . e . ,  i n  t h e  d i r e c t i o n  o f  

i n c r e a s i n g  h y d r o s t a t i c  head o f  t h e  groundwater t a b l e )  o f  t h e  

impoundment. I t s  p o s i t i o n ,  however, i s  o n l y  27 m (95 f t )  downgradient 

f rom t h e  neares t  w a s t e  t r e n c h  .in a f o r m e r l y  used low- leve l  r a d i o a c t i v e  

waste b u r i a l  ground (SWSA 5, s o l - i d  wastes s to rage  area number 5 ) .  
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The l o c a t i o n  o f  t h e  o t h e r  t h r e e  m o n i t o r i n g  w e l l s  were s e l e c t e d  t o  

determine i f  contaminants f rom t h e  inipounclment had rnigrdted i n t o  the  

groundwater.  The w e l l s  comply w i t h  t h e  r e g u l a t i o n s  promulgated i n  

accordance w i t h  RCRA t h a t  s p e c i f y  t h a t  t h e r e  be at: l e a s t  t h r e e  

h y d r a u l i c a l l y  downgradient w e l l s  ( i . e . ,  i n  t h e  d i r e c t i o n  o f  decreas ing 

s t a t i c  hedd o f  t h e  groundwater t a b l e ) .  These downgradient w e l l s  were 

l o c a t e d  a t  the boundary o f  t h e  impoundment f a c i l i t y ,  which i s  desc r ibed  

i n  t h e  R C R A  Pe rm i t  W r i t e r ' s  Manual Groundwater P r o t e c t i o n  40 C F R ,  

P a r t  264, Subpart  F ,  D r a f t  (USEPA 1983) t o  be no more d i s t a n t  than t h e  

o u t s i d e  toe o f  any containment d i k e  t t id t  may e x i s t ,  p l u s  9.14 m (30  f t ) ,  

f o r  p h y s i c a l l y  s e l e c t i n g  an a p p r o p r i a t e  d r i l l  s i t e .  

The p r imary  goal  i n  a n d l y z i n g  groundwater samples taken f rom t h e  

moni t o r i  ng we1 1 s was t o  de termine whether t h e  groundwater had been 

contdinindted. t o  do t h i s ,  samples were analyzed f o r  those 30 

c o n s t i t u e n t s  promulgated under RCRA r e g u l a t i o n s  (USEPA 1980). The mean 

c o n c e n t r d t i o n s  determined i n  groundwater sampled t h e  f i r s t  two q u d r t e r s  

o f  1985 f rom t h e  t h r e e  downgradient w e l l s  a r e  presented i n  2.  The mean 

c o n c e n t r a t i o n s  o f  a l l  RCRA r e g u l a t e d  c o n s t i t u e n t s  Mere below niaximurn 

d l l o w a b l e  l e v e l s  except those f o r  gross alpha, gross beta,  and c o l i f o r m  

o a c t i v i t y  as w e l l  as PCBs were de tec ted  i n  t h e  

, i n d i c a t i n g  p o t e n t i a l  con tamina t ion  by e i t h e r  leakage 

p i t s  o r  f rom t h e  many underground p ipes  i n  t h e  OHF 

t h e  underground p ipes  l ead  t o  t h e  waste p i t s  l o c a t e d  

1 and s l i g h t l y  t o  t h e  southeast  o f  t h e  impoundment. A c t i v i t y  i n  

w e l l  cou ld  a l s o  have been caused by t h e  l e a c h i n g  o f  r a d i o n u c l i d e s  

wastes p r e v i o u s l y  disposed o f  i n  t h e  abandoned SWSA 5 b u r i a l  

b a c t e r i a .  Rad 

upgrad ien t  we1 

t h e  waste 

Many o f  
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ground. Counts o f  c o l i f o r m  b a c t e r i a  i n  groundwater upg rad ien t  as w e l l  

as downgradient were i n  excess of  t h e  NIPDWS. These counts may r e s u l t  

f ro in  w i l d l i f e  h a b i t a t  such as wa te r fow l  and t e r r e s t r i a l  an imals  known 

t o  be i n  t h e  area.  R a d i o a c t i v i t y  was de tec ted  i n  a l l  m o n i t o r i n g  w e l l s ;  

however, w e l l  number 4 con ta ined  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  

ces '1 um-137 and s t r o n  t i um-90. 
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Table 12. Groundwater concentrations i n  wel ls  downgradient 
from the QHF impoundmenta 

Widximum fleas u red 
l eve l  mean 

National I n te r im  Primary Dr inking Water Standards (NIPOWS) 
Arsenic 0.05 <0.0017 
Barium 1 0.3907 
Cadmi urn 0.01 <0.0037 
Chromi urn 0.05 <O .O456 
Fluor ide 1.4-2.4 <1 
Lead 0.05 0.0267 
Mercury 0.002 <o .OOOl  
N i  t rate-N 10 3.83 
Sel eni um 0.01 <O. 0023 
S i  1 ver 0.05 <O. 07 
Endrin 0.0002 <o .OOOl 
Lindane 0.004 <o .OOOl  
Hethoxyc h 1 o r  0.1 <o. 0002 
Toxaphene 0.005 <o .002 
2,4-D 0.1 0.005 
2,4,5-TP Si lvex 0.01 0.005 
Radium-226, 8q/L 0.19 0.104 

Gross beta, mR/yr 4 382 
Col i form bacter ia,  counts per 100 mL) 1 12.7 

Gross alpha, 8q/L 0.556 a. oa 

Parameters establ ishing groundwater q u a l i t y  
Chloride N Qb 14.7 
I r o n  ND 12.1 
Hang a ne s e ND 2.37 
Phenols ND <o . 001 
Sod i urn ND 22.8 
Sul fa te N D  1 7  

Parameters used as ind icators  o f  groundwater contamination 
PH ND 6.49 
Speci f ic  conductance, vS/cm N D  376 
Total organic carbon ND 6.37 
Total organic halogen N D  0.03 

Nonregulated parameters 
PCBs 
T r l  t i  urn, Bq/L 
Cesi urn-1 37 ,  8q/L 
Strontium-90, Bq/L 

ND 0.0001 
ND 94333 
MD 1.71 
NO 223 

ablean concentrations [ i n  mg/L, unless otherwise noted 
(gross beta i s  i n  Bq/L)] taken from three monitoring wel ls  the 
f i r s t  two quarters o f  1985 ( t o t a l  o f  s i x  analyses). Data taken 
from R. G. Stansf ie ld  and 6, W .  Francis, 1986, Characterization 
of  the Old Hydrofracture F a c i l i t y  (OHF) Impoundment. ORNL/TM-9990, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

bNO = not  determined. 
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3.2. GEOLOGY AND SOILS 

3.2J. Regional Geology 

Oak Ridge National Laboratory lies in the Ridge and Valley 

Physiographic Province, In Tennessee, the province consists of 

northeast--southwest striking rock s t r a t a  o f  limestone, sandstone, 

and shale extending from the  Virginia border on the nor th  t o  the 

Georgia-Alabama border on the south. The striata i s  tilted t s  ancg?es 

o f  30 degrees and greater throughout its length, resulting j n  t h e  

erosion-resistant beds forming para l le l  ridges, and t hese  less 

resistant beds becoming intervening valley floors. 

3.2.2. Site Geology 

3.2.2.1, Bedrock 

lhe  QWF site lies i n  Melton Valley approximately 1280 rn (400 

southeast o f  the Coppel- Creek f a u l t .  A s  shown on the geologic rnap o f  

F i g .  12, t h e  site i s  underlain by u n i t  “Ccb” o f  the Conarauga Group. 

The lithology of  t h i s  u n i t  is descr ibed by Me: Haste t  and Mailer ( 1 9 6 5 )  

as follows: 

Variable l i t h o l o g y ,  ranging from shale and siltsidsne 90 
limestone. Limestone i s  characteristically pebble  c o n g l a m r a t e  
o r  edgewise cc;ngloawerate t iav in  i rvegulldr bedd ing  surfaces  
c c a t e d  w i t h  t h i n  film o f  ddrk rey C1d.y and mrked by abunclan-t 

5altskone. Siltstone i n  t i l l s  u n i t  i s  con%monly caacareaus and 
w h i t e  o r  light g r e y  when fresh. Shale ? r  t h i n l y  bedded, 
C O ~ O ~ E ~  brown, olive, and tan,  and locally ~ltaroon. I n  p’dces 
the  u n i t  i s  ~~~~~~~~~ by v e r y  small, sharp fo lds  and f a u l t s  o f  
sma?l displacecnect.  

t r a i l s ’ .  L i m e s t m e  OCCUTS i n  zones o f  sha le  a n d  
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They d e s c r i b e  t h e  r e s i d u a l  m a t e r i a l  as f o l l o w s :  

U n i t  weathers t o  a bedded sha le  appearance, l e a v i n g  
l i t t l e  o r  no i n d i c a t i o n  o f  o r i g i n a l  ca lcareous na tu re .  
Limestone weathers t o  porous brown s i l t s t o n e  o r  t o  a l i g h t  
arange-yel low i l l i t i c  c l a y .  
t o  ye l low-brown b u t  l o c a l  v a r i a t i o n s  i n c l u d e  maroon and green 
bands. B lack manganese o x i d e  s t a i n s  common on j o i n t  su r faces .  

Residuum i s  g e n e r a l l y  l i g h t  t a n  

OWF was c o n s t r u c t e d  i n  t h e  upper beds o f  t h e  Ccb u n i t  as mapped by 

Mcklaster and W a l l e r  (1965).  f rom l a t e r  work i n  the area by o t h e r s  

(Haase e t  a l .  1985; Davis e t  a l .  1984; and R o t h s c h i l d  e t  a l .  1984) t h e  

upper beds o f  t h j s  mapped u n i t  can be c o r r e l a t e d  w i t h  t h e  upper p o r t i o n  

o f  t h e  M a r y v i l l e  Limestone Format ion o f  t h e  Conasauga Group. Davis and 

S t a n s f i e l d  (1984) r e p o r t e d  on t h e  excava t ion  and c o n s t r u c t i o n  f o r  a 

French d r a i n  i n  t h e  M a r y v i l l e  Format ion a t  S o l i d  Waste Storage Area 

(SWSA) 6, app rox ima te l y  1200 m (4000 f t )  southwest o f  t h e  OHF s i t e  and 

along g e o l o g i c  s t r i k e .  They found t h a t  t h e  a t t i t u d e  o f  t h e  beds va ry  

l o c a l l y  f ro in  h o r i z o n t a l  t o  d i p p i n g  t o  t h e  southeast  as s teep as 

60 degrees due t o  f o l d i n g  o f  t h e  s t r a t a .  They a l s o  found two, 

n e a r - v e r t i c a l  j o i n t  s e t s  i n  t h e  weathered rock .  S l i d e s  i n t o  t h e  French 

d r a i n ,  a l o n g  bedding planes, i n d i c a t e  t h a t  e i t h e r  a t h i r d  j o i n t  system 

o r  bedding p l a n e  f a u l t s  e x i s t e d  a l o n g  those su r faces .  Both v e r t i c a l  

j o i n t  systems were ve ry  c l o s e l y  spaced ~ a ~ p ~ ~ ~ i i ~ ~ t ~ l y  1 cm) i n  t h e  

weathered rock .  A t  t h e  l o c a t i o n  t h a t  was subsequent ly  t h e  s i t e  o f  t h e  

O W -  f a c i l i t y ,  Cawser e t  a’l. (1961) mapped t h e  bedrock s t r a t a  as 

s t r i k i n g  approx ima te l y  n o r t h  43 degrees east ,  and d i p p i n g  15 degrees 

t o  t h e  southeast .  
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A g e o l o g i c  s e c t i o n  th rough  t h e  impoundment i s  shown i n  F i g .  13. 

The e l e v a t i o n  o f  t h e  sediment and bot tom o f  t h e  impoundment, as shown 

i n  t h e  f i g u r e ,  i s  f rom S t a n s f i e l d  and F r a n c i s  (1986).  

1.5 t o  2.7 m ( 5  

c l a s s i f i e s  as c 

( S t a n s f i e l d  and 

residuum o f  t h e  

t o  9 f t )  

3.2.2.2. S o i l s  

The s o i l  depth around t h e  impoundment ranges f rom approx ima te l y  

The s o i l  c o n s i s t s  o f  m a t e r i a l  which 

ay under t h e  U n i f i e d  S o i l  C l a s s i f i c a t i o n  System 

F r a n c i s  986). Th i s  c l a y  s o i l  overburden i s  t h e  

u n d e r l y i n g  bedrock. S o i l s  d e r i v e d  f rom t h e  Conasauga 

Group c o n t a i n  i l l i t e  and v e r m i c u l i t e  a s  t h e  predominant c l a y  m i n e r a l s  

(McMaster and M a l l e r  1965). 

3 . 3 .  HYDROLOGY 

From 1948 th rough  1983, t h e  mean annual p r e c i p i t a t i o n  a t  Oak Ridge 

was 138.71 crn (54.61 i n ) .  I n  t h i s  r e g i o n ,  t h e  h e a v i e s t  p r e c i p i t a t i o n  

mum 

ng 

n o r m a l l y  occurs d u r i n g  w i n t e r  and e a r l y  sp r ing ,  w i t h  t h e  month ly  max 

norrnal ly  o c c u r r i n g  d u r i n g  t h e  p e r i o d  January t o  March. However, d u r  

some years t h e  month ly  maximum has occurred i n  J u l y  because o f  

thunderstorms. September and October a r e  u s u a l l y  t h e  d r i e s t  months, 

According t o  t h e  C l i m a t i c  A t l a s  o f  t h e  U n i t e d  S t a t e s  (U.S Department o f  

Commerce 1979), mean annual l a k e  evapora t i on  i n  t h e  Oak Ridge area i s  

89 cm (33  i n ) .  From t h e  above da ta  i t  can be es t ima ted  t h a t  t h e  n e t  

annual p r e c i p i t a t i o n  i n p u t  t o  t h e  QHF impoundment i s  56 cm (22 i n ) .  

N u l t i p l y i n g  t h i s  amount by t h e  s u r f a c e  area o f  t h e  impoundment y i e l d s  

an average y e a r l y  r e t a i n e d  p r e c i p i t a t i o n  c o n t r i b u t i o n  o f  app rox ima te l y  

140,000 L (37,000 g a l ) .  I n  l a t e  summer o f  1985, t h e  wate r  s u r f a c e  o f  
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t h e  impoundment laas measured a t  e l e v a t i o n  234.2 m (758.4 f t )  above m s l .  

A t  t h i s  e l e v a t i o n ,  t h e  c a p a c i t y  o f  the impoundment i s  approx i inate ly  

300,000 I- (77,000 g a l ) .  Therefore,  t h e  average n e t  annual p r e c i p i t a t i o n  

i n p u t  amounts t o  s l i g h t l y  l e s s  than one-hal f  t h e  c a p a c i t y  o f  t h e  

imgoundinent a t  t h i s  l e v e l .  The o n l y  des ign o u t f l o w  system appears t o  

be by t h e  v e r t i c a l  s tdndpipe,  and t h i s  o v e r f l o w  system does n o t  come 

i n t o  a p e r a t i o n  u n t i l  s l i g h t l y  below t h e  e l e v a t i o n  a t  which o v e r f l o w  o f  

t h e  west wall o f  t h e  impoundment occurs.  As t h e r e  have been ti0 

wi thd rawa ls  o f  wa te r  f rom t h e  impoundment s i n c e  o p e r a t i o n  o f  t h e  

f a c i l i t y  ceased, i t  appears t h a t  on a annual b a s i s  a n e t  volume o f  

app rox ima te l y  140,000 I, (37,000 g a l )  i s  l e a k i n g  From t h e  impoundment 

and e n t e r i n g  t h e  groundwater. 

3.3.1. Groundwater Movement 

Two w a t e r - t a b l e  maps a r e  shown i n  F igs .  14 and 1 5 .  The map i n  

F i g .  14, f rom a r e p o r t  by Cowser e t  a1 (1961),  d e p i c t s  t h e  wa te r  t a b l e  

f o r  SWSA 5 p r i o r  t o  t h e  c o n s t r u c t i o n  o f  t h e  OHF impoundment on t h e  

western bo rde r  o f  t h e  area.  F i g u r e  15 i s  based on wa te r  l e v e l  

obse rva t i ons  f rom t h e  f o u r  m o n i t o r i n g  w e l l s  c o n s t r u c t e d  i n  1985 

( S t a n s f i e l d  and F r a n c i s  1986) and i s  l i m i t e d  t o  t h e  immediate s i t e  o f  

t h e  OHF impoundment. Water l e v e l  obse rva t i ons  upon which F i g .  15 i s  

based a r e  p rov ided  i n  Table 11. Both F i g s .  14 and  15  show t h e  

h y d r a u l i c  g r a d i e n t  a t  t h e  impoundment t o  be g e n e r a l l y  towards White Oak 

Creek, which i s  a l s o  t h e  genera l  d i r e c t i o n  o f  geo log i c  s t r i k e  o f  t h e  

bedrock s t r a t a ,  A t  t h e  impoundment, as shown i n  F i g .  15, t h e  g r a d i e n t  

a l s o  has a component i n  t h e  d i r e c t i o n  o f  Mel ton Branch, which i s  i n  t h e  

genera l  d i r e c t i o n  o f  t h e  geo log ic  d i p  o f  t h e  bedrock s t r a t a .  
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F i g .  1 5 .  W a t e r - t a b l e  map o f  the o l d  h y d r o f r a c t u r e  f a c i l i t y  impoundment. 
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As shown i n  t h e  g e o l o g i c  s e c t i o n  th rough  t h e  impoundment ( F i g .  1 3 ) ,  

and the impoundment's w a t e r - t a b l e  map ( F i g .  15). t h e  wa te r  t a b l e  i s  

below t h e  bot tom o f  t h e  impoundment on t h e  downgradient (west and 

south)  s i d e s .  The wa te r  l e v e l  on t h e  u p g r a d i e n t  s i d e  i s  seve ra l  f e e t  

above t h e  bot tom of t h e  impoundment. I n  t h e  summer o f  1985, t h e  wa te r  

s u r f a c e  o f  t h e  i ~ p o ~ n ~ ~ ~ e n t  was approx ima te l y  a t  t h e  same e l e v a t i o n  as 

t h e  u p g r a d i e n t  m o n i t o r i n g  w e l l .  S t u d i e s  on t h e  ORNL r e s e r v a t i o n  

(Webster 1976; Dav is  e t  a l .  1984) show t h a t  i n  t h e  bedrock, t h e  

d i r e c t i o n  o f  groundwater movement i s  g r e a t l y  a f f e c t e d  by  t h e  

d i r e c t i o n a l  p e r m e a b i l i t y  o f  t h e  s t r a t a .  Therefore,  t h e  o v e r a l l  

g r ~ ~ ~ ~ w ~ ~ e ~  ~ o ~ ~ ~ e n t  th rough  the bedrock i s  o f t e n  i n  a d i r e c t i o n  a t  

some acu te  a n g l e  t o  t h e  groundwater con tou rs .  The Conasauga s t r a t a  i s  

a n i s o t r o p i c  i n  r e s p e c t  t o  h y d r a u l i c  c o n d u c t i v i t y  w i t h  c o n d u c t i v i t i e s  

p a r a l l e l  t o  t h e  d i r e c t i o  of  g e o l o g i c  s t r i k e  be ing  r e p o r t e d  as 3 t o  

20 t imes  g r e a t e r  t h a n  i n  a d i r e c t i o n  normal t o  t h e  s t r i k e .  Such 

movement would n o t  n o r m a l l y  be expected t o  be i n  a s t r a i g h t  l i n e  o f  

f l o w ,  but r a t h e r  would follow i r r e g u l a r  pathways a l o n g  j o i n t s  and 

bedding p lanes because t h e  bedrock s t r a t a  has ve ry  law p r i m a r y  

p e r m e a b i l i t y .  

3.3.2. Uppermost A q u i f e r  

The s o i l  a t  t h e  impoundment c o n s i s t s  o f  m a t e r i a l  t h a t  has 

been v i s u a l l y  c l a s s i f i e d  as clay ( a c c o r d i n g  t o  the U n i f i e d  S o i l s  

C l a s s i f i c a t i o n  System), which c a t e g o r i c a l l y  has a low h y d r a u l i c  

c o n d u c t i v i t y *  However, as shown i n  F i g .  13, the wate r  t a b l e  i s  below 

t h e  s o i l ,  except  a% t h e  edge o f  t h e  impoundment. Therefore,  t h e  

uppermost aqudfer  a t  t h e  s i t e  i s  t h e  "Ccb" u n i t  ( p r o b a b l y  the 
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M a r y v i l l e  Limestone Format ion) .  Davis e t  a l .  (1984) conducted 

h y d r a u l i c  c o n d u c t i v i t y  t e s t s  i n  36 m o n i t o r i n g  w e l l s  i n  t h e  M a r y v i l l e  

Limestone. C o n d u c t i v i t i e s  ranged f rom 1 x t o  238 x cm/s 

w i t h  a geomet r i ca l  mean o f  6 - 3 1  x cm/s, and t h e  e f f e c t i v e  

p o r o s i t y  was es t ima ted  t o  be 0.03. 

b e l i e v e d  t o  be r e p r e s e n t a t i v e  o f  t h e  OHF s i t e .  

These a q u i f e r  c h a r a c t e r i s t i c s  a r e  

3.4.  ECOLOGY 

The OHF impoundment has n o t  been a s i t e  f o r  i n t e n s i v e  rad ioeco logy  

s t u d i e s  such as those conducted a t  t h e  3513 impoundment (Gar ten 1982, 

Kaye and Ounaway 1962, and Trabalka  e t  a l .  i n  p r e s s ) .  However, the  

f l o r a  and fauna occupying t h e  OMF impoundment a r e  g e n e r a l l y  cons idered 

s i m i l a r  t o  those  i n  t h e  3513 impoundmenk. The ma jo r  d i f f e r e n c e  i s  t h a t  

t h e  OMF impoundment i s  cons ide rab ly  m a l  l e r  t han  t h e  3513 impoundment. 

The OHF impoundment i s  l o c a t e d  on a no r thwes te rn  s lope,  surrounded by 

some t r e e s ,  whereas t h e  3513 impoundment i s  l o c a t e d  a t  t h e  bo t tom o f  a 

small f l o o d p l a i n ,  making f o r  some d i f f e r e n c e s  i n  t he  q u a n t i t y  and 

i n t e n s i t y  o f  s u n l i g h t  s t r i k i n g  t h e  impoundments. S .  F. Kuang (EOSD, 

personal  comrriuni ca t7  on, September 1984) remarked t h a t  t h e  impoundmerit 

con td ined  l a r g e  q u a n t i t i e s  o f  f i l a m e n t o u s  a lgae  and measured t h e  l e v e l  

o f  cesium-137 i n  t h e  a lgae  t o  be approx ima te l y  60 kBq/g ( 2  uCi/g) on 

t h e  d r y  w i g h t  b a s i s .  
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4. ADDITIONAL INFORMATION NEEDED 

I n  f u t u r e  phases o f  t h e  ORNL remedia l  a c t i o n  program, t h e  i n t e n t  

i s  t o  e v a l u a t e  t h e  t r a n s p o r t  and dose pathways f o r  hazardous substances 

f rom each o f  t h e  considered t o  pose an undue r i s h  t o  h e a l t h ,  s a f e t y ,  

and environment f a c i l i t i e s ,  u s i n g  s tandard as we71 as s t a t e - o f - t h e - a r t  

mathemat ica l  models t o  p r o v i d e  adequate assessment o f  t h e  s i t e  

c o n d i t i o n s .  

impacts on groundwater q u a l i t y ,  which a r e  d i f f i c u l t  t o  determine u s i n g  

conven t iona l  a n a l y t i c a l  procedures.  One purpose of  t h i s  r e p o r t  i s  t o  

i d e n t i f y  t h e  necessary d a t a  requi rements t o  be used as i n p u t  t o  d r i v e  

such models. T h i s  pathway a n a l y s i s  assessment w i l l  t hen  be u t i l i z e d  t o  

determine t h e  p roper  course o f  a c t i o n  r e q u i r e d  F o r  f u t u r e  remedia l  

a c t i o n s .  

T h i s  p e r t a i n s  e s p e c i a l l y  t o  t h e  assessment o f  p o t e n t i a l  

4.1. C O ~ T A ~ r ~ ~ ~ T  INVENTORY 

4.1.1. Buildings, 

4.1.1 .l. B u i l d i n g  7852 

A d d i t i o n a l  r a d i o l o g i c a l  survey i n  t h i s  b u i l d i n g  o f f e r s  l i t t l e  

b e n e f i t .  R a d i a t i o n  l e v e l s  i n  t h e  c o n t r o l  room, m i x i n g  c e l l s ,  pump 

c e l l ,  w e l l  c e l l ,  pump room, and engine pad a r e  h igh ;  t h e r e f o r e ,  

a d d i t i o n a l  readings o f f e r  l i t t l e  new i n f o r m a t i o n .  The r a d i a t i o n  

""sbrlne'' due t o  s c a t t e r  would e a s i l y  mask any moderate v a r i a t i o n s  i n  

l e v e l s  o f  contaminants in the areas.  S i m i l a r l y ,  t h e  t r a n s f e r a b l e  

l e v e l s  o f  r a d i o a c t i v e  con tamina t ion  a r e  h igh ,  and a d d i t i o n a l  e f f o r t s  a t  
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sampl ing would l i k e l y  o n l y  r e d i s t r i b u t e  t h e  con tamina t ion  w i t h i n  t h e  

area. 

t h e  depth o f  p e n e t r a t i o n  o f  radio-contdrninants;  however, t h e  h igh  

l e v e l s  o f  con tamina t ion  on t h e  su r faces  cou ld  cause cross-contaminat ion 

problems, making t h e  i n t e r p r e t a t i o n  d i f f i c u l t  and c a s t i n g  doubts on any 

r e s u l t s  t h a t  i n d i c a t e d  p e n e t r a t i o n .  

Core samples o f  w a l l s  and f l o o r s  cou ld  be ob ta ined  t o  determine 

Some equipment remains i n  t h e  c e l l s  and i s  presumably 

contaminated. For  example, t h e  Noyno pump i n  t h e  pump room was 

observed t o  be contaminated. I n  t h e  o t h e r  c e l l s ,  s p e c i f i c  equipment 

was n o t  i d e n t i f i e d  as be ing  contaminated. Thus, an a d d i t i o n a l  survey 

i n  each o f  t h e  c e l l s  should be conducted i n  an attenapt t o  determine 

l e v e l s  o f  con tamina t ion  assoc ia ted  w i t h  p a r t i c u l a r  p ieces o f  

equipment. Such a survey should be conducted o n l y  a f t e r  i n i t i a l  

decontaminat ion work i s  completed. The h igh  l e v e l s  o f  t r a n s f e r a b l e  

con tamina t ion  observed i n  t h e  i n i t i a l  survey i n d i c a t e  t h a t  a r e l a t i v e l y  

s imple c l e a n i n g  o f  t h e  sur faces o f  w a l l s ,  f l o o r s ,  and equipment. would 

g r e a t l y  reduce r a d i a t i o n  l e v e l s *  A t  t h a t  t i m e  a d d i t i o n a l  survey work 

cou ld  be done t o  determine areas o f  r e s i d u a l  conta in inat ion as w e l l  as 

t o  measure r a d i a t i o n  l e v e l s  an t h e  equipment i n  t h e  rooms. V e r i f i c a t i o n  

o f  the i so topes  i n v o l v e d  needs t o  be undertaken, and i t  i s  e s p e c i a l l y  

i m p o r t a n t  t o  determine i f  l e v e l s  exceed TRU l i m i t s .  

Outs ide b u i l d i n g  7852, a r a d i o l o g i c a l  survey needs t o  be conducted 

t o  determine i f  t h e  b u l k  s to rage  b i n s  a r e  contaminated. The o b j e c t i v e  

o f  t h i s  survey would be t o  determine i f  these b i n s ,  and t h e i r  

assoc ia ted  equipment, can be “green tagged” and thus  re leased t o  

sa lvage opera t i ons .  The 97,000-L (25,000-gal) wate r  tank and pump 
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d i r e c t l y  t o  t h e  e a s t  o f  b u i l d i n g  7852 should a l s o  be i n c l u d e d  i n  t h i s  

survey t o  determine i f  these i tems can be salvaged. 

4.1.1.2. B u i l d i n g  7853 

Th is  b u i l d i n g  as w e l l  as t h e  equipment s t o r e d  i n  t h e  b u i l d i n g  

needs t o  be surveyed t o  v e r i f y  perce ived noncontarninat.ion. 

4.1.1.3. Pump House 

I n  t h e  i n i t i a l  survey made by S .  F. HUmg (EOSD, personal  

communication, September 1984), o n l y  a c u r s o r y  survey was made o f  t h e  

v a l v e  p i t .  Therefore, an a d d i t i o n a l  survey i s  r e q u i r e d  o f  t h i s  area. 

Th is  would i n v o l v e  removing t h e  sheet  metal  c o v e r i n g  t h e  va lve  p i t  and 

making r a d i a t i o n  readings and t a k i n g  smear samples f rom t h e  i n t e r i o r  o f  

t h e  p i t .  No surveys were made o f  t h e  p i p i n g  system o f  t h e  OHF. Thus, 

t h e  va lve  p i t  area would be a good p l a c e  t o  d isconnect  some o f  t h e  

p i p i n g  and determine t h e  l e v e l s  o f  con taminat ion  on t h e  i n t e r i o r  

sur faces  o f  t h e  p i p e .  

would r e q u i r e  a g r e a t  dea l  o f  excavat ion  and expense; on t h e  o t h e r  

hand, a n a l y z i n g  t h e  contaminat ion  present  on t h e  o u t s i d e  as w e l l  on 

t h e  i n t e r i o r  o f  t h e  p ipes  i n  t h e  v a l v e  p i t  area would be much inare 

p r a c t i c a l  than t h e  ex tens ive  excavat ion  o f  t h e  p i p e l i n e s .  To determine 

whether ex tens ive  leakage f rom p ipes  has occurred, however, s o i l  

cores need t o  be taken t o  depths below t h e  p ipes  and analyzed f a r  

r a d i o a c t i v i t y .  Perhaps pressure  t e s t s  on s p e c i f i c  p i p e l i n e s  cou ld  be 

used t o  determine suspected leakage. 

A complete survey o f  t h e  OXF p i p i n g  system 
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4.1.2. kJu7ste P i t s  

A d d i t i o n a l  analyses, bo th  r a d i o l o g i c a l  and f o r  RCRA hazardous 

c o n s t i t u e n t s  ( u s i n g  t h e  RCRA-EP l e a c h  t e s t ) ,  need t o  be conducted on 

t h e  s o l i d i f i e d  m a t e r i a l  a t  t h e  bot tom o f  t h e  compartments a l r e a d y  

surveyed hy S .  F.  Huang (EOSO, perscna? commmicat ion,  September 1984) 

and on t h e  con ten ts  o f  t h e  sealed t h i r d  cocnpartrnent. Th i s  w i l l  i n v o l v e  

t a k i n g  d r i l l e d  co re  ramples f rom t h e  c o n c r e t e - l i k e  m a t e r i a l .  Sect ions 

o f  t h e s e  cores w i l l  be analyzed and est imates made as t o  t o t a l  i n v e n t o r y  

o f  r a d i o n u c l i d e s  and hazardous c o n s t i t u e n t s .  R a d i o l o g i c a l  analyses 

w i l l  a l s o  i n c l u d e  analyses f o r  t r a n s u r a n i c s  t o  determine i f  these 

m a t e r i a l s  c o n t a i n  TRU l e v e l s  i n  excess o f  t h e  TRU waste h a n d l i n g  l i m i t s .  

4.1.3. Waste Tanks 

These tanks  were n o t  surveyed d i r e c t l y  I n  t h e  S. F .  Wuang (EOSD, 

personal  communication, September 1984) survey. Fo r  example, t h e  

est imated i n v e n t o r i e s  o f  up t o  37 T8q ( 1  k C i )  p e r  tank  were made based 

o n  p a s t  o p e r a t i n g  exper ience o f  how muck and t h e  c h a r a c t e r  o f  waste 

l e f t  i n  t h e  tank .  Thus, d e t a i l e d  c h a r a c t e r i z a t i o n  o f  t h e  sludge as t o  

q u a n t i t y  and a c t i v i t y  l e v e l s  i s  needed p r i o r  t o  removal o f  t h e  tanks.  

To do t h i s ,  t h e  s o i l  c o v e r i n g  the  tanks would need t o  be removed so 

t h a t  access t o  t h e  tank c o u l d  be made t o  nieasure t h e  q u a n t i t y  o f  s ludge 

remain ing and io t d k e  samples f o r  r a d i o l o g i c a l  and R C R A  analyaes. I t  

i s  n o t  c l e a r  f rom t h e  a v a i l a b l e  documentat ion i f  p o r t a l s  on t o p  o f  the 

t ank  e x i s t  so t h a t  such sampl ing can be conducted. A d d i t i o n a l  s o i l  

cores a d j a c e n t  t hese  tank  a l s o  n e e d  t o  be taken,  as t h e r e  was an 

i n d i c a t i o n  o f  e l e v a t e d  l e v e l s  o f  cja a a c t i v i t y  i n  t h e  co re  sample 
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(number 76, d i r e c t l y  southwest o f  t ank  r-4) t aken  by S .  F. Huang (EOSD, 

personal  communication, September 1984) f rom around t h e  tanks  F u r t h e r  

c h a r a c t e r i z a t i o n  o f  s o i l  around t h e  tanks  i s  addressed i n  Sect.  5.2.2. 

4.1.4. Waste Impoundment 

The s t u d i e s  o f  S. F. Huang (EOSD, personal  communication, 

September 1984) and S t a n s f i e l d  and F r a n c i s  (1986) p rov ided  an adequate 

d a t a  base t o  determine t h e  i n v e n t o r y  o f  b o t h  r a d i o n u c l i d e s  and 

n o n r a d i o a c t i v e  contaminants f o r  t h e  pond wa te r  and sediment. However, 

a d d i t i o n a l  samples o f  subsur face s o i l s  need t o  be taken f rom t h e  berm 

as w e l l  as f r o m  underneath t h e  impoundment t o  determine t h e  e x t e n t  o f  

contaminat ion,  b o t h  i n  terms o f  c o n c e n t r a t i o n  and s o i l  depth.  Also,  i f  

t h e  model ing p r e d i c t i o n s  a s s o c i a t e d  w i t h  remedia l  a c t i o n  a r e  t r u l y  

dependent on b e i n g  a b l e  t o  model t h e  e x t e n t  o f  t h e  con tamina t ion  under 

e x i s t i n g  c o n d i t i o n s ,  t h e n  l e a c h i n g  s t u d i e s  on t h e  sediment need t o  be 

conducted. The l e a c h i n g  should be conducted w i t h  pond wa te r  f r o m  t h e  

impoundment, and any subsequent a t t e n u a t i o n  o f  t h e  t r a n s p o r t e d  

contaminants by t h e  s o i l  u n d e r l y i n g  t h e  impoundment and subsur face 

su r round ing  s o i l s  should a l s o  be determined. Sediment samples need t o  

be taken  t o  assure t h a t  any e n g i n e e r i n g  approaches t o  t h e  remedia l  

a c t i o n s ,  such as s t a b i l i z i n g  t h e  sediment, can be completed. 

4.2. GEOLOGY AND SOILS 

4.2.1. S i t e  Geology 

The f i r s t  s t e p  i n  f u r t h e r  c h a r a c t e r i z a t i o n  w i l l  be c o r i n g  a t  

depths r a n g i n g  f rom 20 t o  40 m (65 t o  130 f t )  t o  determine i f  deep 

s o i l s  and bedrock are contaminated. F o r  example, c o r e  s e c t i o n s  w i l l  be 
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analyzed f o r  r a d i o a c t i v e  as w e l l  as  n o n r a d i o a c t i v e  con tamina t ion  

( u s i n g  t h e  R C R A  EP leach t e s t ) .  Cores o f  t h i s  t y p e  serve a s  citce'r1en-t 

i n t e g r a t o r s  o f  p a s t  contaminat ion,  One co re  w i l l  be t a k e n  between t h e  

impoundment and t h e  waste tanks,  and another  i n  a sou thwes te r l y  

d i r e c t i o n  downgradient t o  t h e  f a c i l i t y .  

I f  t h e  bedrock i s  found t o  be contaminated, f u r t h e r  e f f o r t s  w i l l  

be needed t o  determine t h e  bedding p lane c h a r a c t e r i s t i c s  and t h e i r  

f requenc ies  so t h a t  t h e  e x t e n t  o f  con tamina t ion  can be modeled. To 

observe bedding p lane  c h a r a c t e r i s t i c s  and f requency i n  t h e  Conasauga, 

t h r e e  e x p l o r a t o r y  bo r ings  o f  app rox ima te l y  a 33-m (100-f t )  depth Mould 

be needed. A s  a ma ja r  p r o p o r t i o n  of  t h e  j o i n t  s e t s  a r e  b e l i e v e d  t o  be 

i n  t h e  near  v e r t i c a l  a t t i t u d e ,  t h e  j o i n t i n g  f requency o f  t h e  ma jo r  

p r o p o r t i o n  o f  j o i n t  se ts  w i l l  n o t  be ob ta ined  f rom a v e r t i c a l  co re  

ho le .  Therefore,  two o f  t h e  e x p l o r a t o r y  b o r i n y s  w i l l  be i n c l i n e d  f rom 

t h e  v e r t i c a l  a t  30 degrees o r  more and a t  r i g h t  angles t o  each o t h e r .  

A l i k e l y  l o c a t i o n  o f  t h e  co re  ho les  would be a t  t h e  southwest c o r n e r  o f  

t h e  impoundment. Se lec ted  core samples should be prepared f o r  

geochemical a n a l y s i s  i n c l u d i n g  s t a b l e  isotope and f l u i d  i n c l u s i o n  

a n a l y s i s .  These a c t i o n s ,  however, a r e  dependent on v e r i f i c a t i o n  o f  

con tdmina t ion  i n  t h e  bedrock.  

4.2.2. S o i l s  

S o i l  samples need t o  be taken so t h a t  s o r p t i o n / d e s o r p t i o n  o f  known 

contaminants i n  t h e  pond wa te r  and sediment on t h e  s u b s o i l s  below and 

around t h e  impoundment can be determined, To v a l i d a t e  model ing o f  

e x i s t i n g  c o n d i t i o n s ,  d e t a i l e d  s p a t i a l  c o n c e n t r a t i o n s  i n  s o i l s  
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n e a r - f i e l d  t h e  impoundment w i l l  be needed. 

of seepage f r o m  t h e  impoundment hav ing  occu r red  i n  t h e  subsurface, 

a long  t h e  8 - i n  (20-cm) diam d r a i n  l i n e  i n s t a l l e d  a t  t h e  no r thwes t  

c o r n e r  o f  t h e  i m p ~ ~ n ~ ~ e n t  t o  a c t  as an emergency ove r f l ow ,  needs t o  be 

i n v e s t i g a t e d .  T h i s  w i l l  r e q u i r e  c o r i n g  a long  t h e  p i p e l i n e  and analyses 

o f  s o i l  t o  check f o r  contam n a t i o n .  The same p a t t e r n  o f  s o i l  c a r i n g  

needs t o  be conducted! a l o n g  p i p e  l i n e s  f r o m  t h e  waste s to rage  tanks t o  

b u i l d i n g  7852, and f rom b u i  d i n g  7852 t o  t h e  impoundment and waste p i t s  

(see F i g .  10) .  

For example, t h e  p o s s i b i l i t y  

I n  t h e  su rvey ing  o f  t h e  waste tanks ,  s o i l  excavated t o  reach t h e  

tanks needs t o  be sampled and analyzed f a r  r a d i o a c t i v i t y  and RCRA 

c o n s t i t u e n t s  ( v i a  use o f  t h e  RCRA EP l each  test.). I n  a d d i t i o n ,  s o i l  

cores f r o m  between t h e  tanks should be taken and analyzed t o  determine 

t h e  e x t e n t  o f  con tamina t ion .  

4.3.  HYDROLOGY 

The r e s u l t s  of analyses and g roundwate r - l eve l  measurements from t h e  

m o n i t o r i n g  w e l l s  c o n s t r u c t e d  i n  t h e  f a l l  o f  1985 need t o  be eva lua ted  

i n  c o n c e r t  w i t h  t h e  s e v e r a l  p iezometer  wells t h a t  a r e  scheduled f o r  

comp le t i on  i n  t h e  area o f  t h e  impoundment I n  1986. 

map f o r  the area w i l l  be prepared by u s i n g  d a t a  f r o i n  a l l  w e l l s .  

A p o t e n t i o m e t r i c  

4.3.1.  Sur face  Water 

To model t h e  i ~ ~ o u ~ d ~ ~ ~ e n ~ ~  a t  l e a s t  month ly  wa te r  l e v e l  obse rva t i ons  

of t h e  impoundment and monitasirag w e l l s  should be recs rde  

year.  A w a t e r  budget w i l l  need t o  be made f o r  t h e  ~ ~ ~ ~ ~ n ~ ~ ~ ~ t  t o  

determine t h e  leakage f rom t h e  impoundment. 
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4.3.2. Groundwater 

Groundwater samples, f rom t h e  QHF impoundment m o n i t o r i n g  w e l l s ,  

have been taken and analyzed f o u r  t imes d u r i n g  t h e  p e r i o d  s t a r t i n g  i n  

February 1985 and ending f n  September 1985. These r e s u l t s  need t o  be 

eva 1 ua t e d  

f rom t h e  

P o l l u t i o n  

by a s t a t  

Be h r e  n s -- F 

(decrease 

t o  determine whether Contaminants o t h e r  than r a d i o n u c l i d e s  

mpoundment have s i g n i f i c a n t l y  a f f e c t e d  t h e  groundwater. 

f r o m  chemical  hazardous waste i s  assumed i f  an a n a l y s i s  

s t i c a l  procedure such as  Cochran's Approx imat ion t o  t h e  

sher  S t u d e n t ' s  t t e s t  i n d i c a t e s  a s i g n i f i c a n t  i nc rease  

i n  t h e  case o f  pH) i n  t h e  wa te r  q u a l i t y  parameters l i s t e d  i n  

Table 12 between t h e  upgrad ien t  and downgradient w e l l s .  

If contamina t ion  has been v e r i f i e d  deep i n t o  t h e  weathered bedrock 

by t h e  20- t o  40-m (60- t o  1 3 0 - f t )  c o r i n g s  (see Sect .  4.2.1.), 

a d d i t i o n a l  da ta  on t h e  a q u i f e r  p r o p e r t i e s  ( h y d r a u l i c  c o n d u c t i v i t y ,  

e f f e c t i v e  p o r o s i t y ,  and degree o f  an i so t rop i sm)  w i l l  be needed f o r  

c o n s t r u c t i n g  models o f  t h e  groundwater f l o w  systeiii and contaminant 

t r a n s p o r t .  H y d r a u l i c  c o n d u c t i v i t y  t e s t s ,  u s i n g  s l u g - t e s t  procedures,  

w i l l  be conducted and analyzed f o r  t h e  e x i s t i n g  m o n i t o r i n g  w e l l s  a t  

t h e  impoundment. A pump t e s t  w i t h  seve ra l  o b s e r v a t i o n  w e l l s  w i l l  be 

necessary t o  s tudy t h e  a n i s o t r o p i c  n a t u r e  o f  t h e  h y d r a u l i c  c o n d u c t i v i t y  

and t r a n s m i s s i v i t y .  The w e l l  t o  be pumped i n  t h e  t e s t  w i l l  need t o  

be a t  l e a s t  18 cm i n  d iameter  S Q  t h a t  a submers ib le  pump can be 

i n s t a l l e d .  Because o f  t h i s  r e l a t i v e l y  l a r g e  d iameter ,  r a t h e r  thdn 

d r i l l  t h e  w e l l  u s i n g  c o r i n g  techniques,  normal w e l l  d r i l l i n g  methods 

w i l l  be used. The s t r a t a  i n  t h e  w e l l  w i l l  be examined and logged by 

t h e  use o f  a down--the-hole camera. 
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c 

c 

A d d i t i o n a l  shal low-groundwater m o n i t o r i n g  w e l l s  w i l l  be needed 

on t h e  west s i d e  o f  t h e  OHF impoundment t o  d e f i n e  t h e  l i m i t s  o f  

con tamina t ion .  

determine t h e  l a t e r a l  e x t e n t  o f  t h e  contarn inat ion.  A t  p resen t ,  t h e  

groundwater a d j a c e n t  t o  t h e  conc re te  b l o c k  p i t s  and carbon s t e e l  waste 

tanks i s  n o t  moni tored.  It w i l l  t h e r e f o r e  be necessary t o  c o n s t r u c t  

a d d i t i o n a l  shal low-groundwater m o n i t o r i n g  w e l l s  f o r  t h i s  purpose 

[depths o f  w e l l s  up t o  app rox ima te l y  10 m (32 f t ) ] .  

t h r e e  w e l l s  downgradient i n  a s e m i c i r c l e  su r round ing  t h e  southwest 

c o r n e r  o f  t h e  f a c i l i t y ,  b u t  a t  f u r t h e r  d i s t a n c e s  than  t h e  w e l l s  

p r e s e n t l y  su r round ing  t h e  impoundment. Two w e l l s  w i l l  also be 

c o n s t r u c t e d  u p y r a d i e n t  t o  t h e  impaundment and waste p i t s  t o  

d i f f e r e n t i a t e  any con tamina t ion  b e i n g  re leased  f r o m  SWSA 5 b u r i a l  

ground immediate ly  t o  t h e  n o r t h e a s t .  The d r i l l  c u t t i n g s  w i l l  need t o  

be moni tored f o r  r a d i o a c t i v i t y  d u r i n g  t h e  w e l l  d r i l l i n g .  

Wel ls  w i l l  have t o  be s u f f i c i e n t  i n  number and depth t o  

T h i s  w i l l  r e q u i r e  

The m o n i t o r i n g  o f  groundwater a t  depths g r e a t e r  t han  10  m (32 f t )  

i s  p r e s e n t l y  b e i n g  conducted by t h e  U . S .  Geo log ica l  Survey (Webster 

1982). One o f  t h e  m o n i t o r i n g  s t a t i o n s  i s  app rox ima te l y  1 5  m ( 4 8  f t )  t o  

t h e  no r thwes t  o f  t h e  f a c i l i t y .  I f  a n a l y s i s  o f  deep co res  i n d i c a t e  

con tamina t ion  (see Sect .  4 . 2 . 1 . ) ,  t h e n  ane o r  more deep-groundwater 

m o n i t o r i n g  w e l l s  w i l l  be c o n s t r u c t e d .  

4 .4 .  ECOLOGY 

Befo re  implementat ion of any remedia l  a c t i o n ,  a b i o l o g i c a l  survey 

documenting t he  f l o r a  and fauna p resen t  i n  t h e  OHF impoundment should 

be conducted, The i n t e n t  he re  i s  t o  determine i f  t h e  a q u a t i c  
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cotmiuni t ies i n  t h e  pond a r e  s i m i l a r  to t hose  found i n  t h e  3513 

impoundment where e x t e n s i v e  r a d i o e c o l o g i c a l  s t u d i e s  have been conducted 

(see S e c t .  4.4). 
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5. MONITORING AND TESTING PLAN 

5.1. RECOMMENDED TASKS 

The f o l l o w i n g  i s  a l i s t  o f  s p e c i f i c  tasks t h a t  need t o  be 

accomplished t o  determine the  remedial ac t ions  needed: 

1 .  

2 .  

3 .  

4 .  

A f t e r  wash 

and f l o o r s  

contaminat 

ng, w i t h  a s t rong 

o f  rooms i n  b u i l d  

on, a rad io log i ca  

w i l l  be conducted. 

ORNL/TM-999 1 

Conduct. a Rad io log ica l  Survey o f  Equipment i n  B u i l d i n g  7852 

c leaning so lu t i on ,  surfaces o f  w a l l s  

ng 7852 t h a t  showed h i g h  surface 

survey o f  equipment i n  b u i l d i n g  7852 

L C o l l e c t  and Analyze Ma te r ia l s  Stored .in Waste P i t s  

Samples o f  waste from the  th ree  w a s t e  p i t s  w i l l  be taken and 

analyzed f o r  rad ionuc l ide  and RCRA hazardous waste concentrat ions 

t o  est imate t o t a l  i nven to ry  o f  these cons t i tuents .  

Measure Concentrations o f  Radionuclides and 
RCRA Hazardous Waste i n  Waste Tanks 

Representat ive samples o f  waste w i l l  be taken from a l l  f i v e  s t e e l  

waste tanks and the  q u a n t i t y  o f  waste i n  each measured. The 

purpose i s  t o  determine concentrat ions as w e l l  as t o t a l  i nven to ry  

o f  rad ionuc l ides  and RCRA hazardous waste cons t i t uen ts  i n  each of  

t he  tanks. To do t h i s ,  t he  S o i l  ove r l y ing  these tanks must be 

excavated. 

Conduct a Rad io loq ica l  Survev o f  Valve P i t  and Associated OHF P i p i n g  

The va lve p i t ,  ad jacent  t o  the  pump house, has never been 

thoroughly  surveyed f o r  rad ioac t i ve  contaminants. 

t he  va lve  p i t  needs t o  be removed and a r a d i o l o g i c a l  survey 

The covering o f  

conducted. I n  add i t i on ,  p i p i n g  i n  t h i s  p i t  needs t o  be 



disassenblcd si ld a c t i v i t y  on t h e  i n t e r i o r  o f  t h e  p i p i n g  ds ter i i i i ned  

t o  e v a l u a t e  the  p o t e n t i a l  a c t i v i t y  r e l a t ed  t o  t h e  underground 

p i p i n g  t h r o u g h o u t  the OHF. S o i l  cores  w i l l  b r  t aken  and ana lyzed 

down t o  and a l o n g  known 2 reas  o f  underground p i p i n g  t o  de te rm ine  

i f  leakage has occur red .  Pnis i n c l u d e s  t h e  emergency overflow 

p i p e l i n e  f r o m  t h e  impoundment, t h e  “io i n f l u e n t  p i p e l i n e s  l o  t h e  

irnpocndment, as well as o t h e r  p i p e l i n e s f r o m  t h e  waste t anks  and 

waste p i t .  Fo r  s o i l  samples t h a t  show c o n t a m i n a t i o n  w i t h  

r a d i o n u c l i d e s  ( i n d i c a t i n g  a p i p e l i n e  l e a k ) ,  t h e  EP l e a c h  - tes t  w i l l  

be used t o  assess thc  s o i l ‘ s  RCWA hazard  c h a r a c t e r i s t i c .  

5 .  P e r f o r m - S t a t i s t i c a l  A n a l y s i s  o f  Graundwateq M o n i t o r i n g  Batq 

Using  an adequate s t a t i s t i c a l  a n a l y s i s  p rocedure ,  one y e a r  of‘ 

g roundwater  m o n i t o r i n g  d a t a  w i l l  be e v a l u a t e d  (samples c o l l e c t e d  

o v e r  f o u r  q u a r t e r s  and ana lyzed f o r  t h e  parameters e s t a b l i s h e d  by 

t h e  U.S. Env i ronmenta l  P r o t e c t i o n  Agency a s  i n d i c a t o r s  o f  

s i g n i f i c a n t  groundwater c o n t a m i n a t i o n  by chemica l  hazardous 

w a s t e ) .  

6 .  ~ _ I _ _ _ _  Conduct Sediment Leachi-ns and S o i l  A t t e n u a t i o n _ S t u d i e s  

S t u d i e s  t o  de te rm ine  t h e  l e a c h i n g  r a t e s  o f  con taminated  sediment 

by  pond w a t e r  i n  c o n j u n c t i o n  w i t h  s o r p t i o n / d e s o r p t i o n  a t t e n u a t i o n  

s t u d i e s  o f  t h e  leached contaminants  on berm s o i l s  and s o i l  samples 

taken  from be low t h e  pond sediment a r e  needed. 
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7.  Determine Impoundment Leakage 

A w a t e r  budget f o r  t h e  impoundment w i l l  be determined by 

m o n i t o r i n g  pond wa te r  and groundwater e l e v a t i o n s  on a month ly  

b a s i s .  R a i n f a l l  and f r e e  wa te r  evapora t i on  r a t e s  w i l l  be 

determined a t  t h e  s i t e .  

t r a c e r  t e s t s  w i l l  a l s o  be conducted. F o r  example, t h e  l o s s  f rom 

t h e  impoundment w i l l  be es t ima ted  by comparing t h e  c o n c e n t r a t i o n  

o f  t h e  t r a c e r  i n  t h e  impoundment o v e r  t ime .  Also, t h e  d i r e c t i o n  

o f  f l o w  and leakage t o  White Oak creek can l i k e l y  be determined. 

8. Determine L a t e r a l  L i m i t s  o f  Shallow-Groundwater Contaminat ion 

Dye and o r  s h o r t - l i v e d  r a d i o n u c l i d e  

A d d i t i o n a l  groundwater m o n i t o r i n g  w e l l s  w i l l  be r e q u i r e d  t o  

determine t h e  l a t e r a l  l i m i t s  of shal low-groundwater 

contaminat ion.  T h i s  i n c l u d e s  t h r e e  a d d i t i o n a l  w e l l s  t h a t  

encompass t h e  southern and western boundar ies o f  t h e  OHF 

impoundment and two w e l l s  u p g r a d i e n t  between t h e  f a c i l i t y  and SWSA 

5. The 2- in-diam w e l l s  w i l l  be c o n s t r u c t e d  o f  s t a i n l e s s  s t e e l .  

9. Determine V e r t i c a l  L i m i t s  o f  Contaminat ion 

V e r t i c a l  con tamina t ion  deep i n t o  t h e  p a r t i a l l y  weathered bedrock 

(30 m o r  more) w i l l  be determined by e x t r a c t i n g  two c o r i n g s  f rom 

t h e  s i t e .  T e n t a t i v e l y ,  t h e  l o c a t i o n  o f  one c o r e  w i l l  be a t  t h e  

southwest c o r n e r  o f  t h e  impoundment b u t  c l o s e  t o  t h e  waste tanks.  

The o t h e r  co re  should be taken downgradient i n  a sou thwes te r l y  

d i r e c t i o n .  Sec t i ons  o f  t hese  cores w i l l  be surveyed f o r  

r a d i o n u c l i d e s ,  and samples w i l l  be t aken  and e x t r a c t e d  u s i n g  t h e  

RCRA EP l e a c h i n g  t e s t  t o  determine t h e  presence o f  RCRA hazardous 

chemicals .  



10. Col lec$.-.a.gd. Analyae_Jata f rom New Mon?Lgring Wel1.s. 

Sampling and analyse o f  t h e  new w e l l s  f o r  gross alpha, gross 

beta,  S r - - 9 @ ,  and H--3 i s  p lanned. Also,  i f  t h e  s t a t i s t i c a l  

analyses i n d i c a t e s  s y n i f i c a n t  p o l l u t i o n  by chemical  waste, 

t hen  a l l  groundwater samples f o r  a l l  RCRk c o n s t i t u e n t s  w i l l  

be analyzed.  

1 1 . Cond uc t.-._S_i ng 1 e -We 11 Hyd r a  u 1 i c Co nd uc t i v i t y  -I-- 
S i n g l e - w e l l  h y d r a u l i c  c o n d u c t i v i t y  t e s t s  ( s l u g  t e s t s )  w i l l  be 

conducted i n  a l l  m o n i t o r i n g  w e l l s  and t h e  r e s p e c t i v e  h y d r a u l i c  

c o n d u c t i v i t i e s  o f  t h e  su r round ing  geo log ic  media w i l l  be 

c a l c u l a t e d .  

1 2 .  a u c t  an Ecological-&y-vey o f  -0kiF Impoundrnm 

major  b i o l o g i c a l  fauna A survey w i l l  be conducted t o  determine t h e  

and f l o r a  l i v i n g  i n  t h e  6MF impoundment. 

13. Prepare PLthway Ana lys i s  

Data f rom t h e  p r e s e n t l y  a v a i l a b l e  c h a r a c t e r  

f rom t h a t  ob ta ined  f rom t h e  above a c t i o n s  w 

a pathway a n a l y s i s  o f  cantdininants f rom t h e  

documented models. 

14 * Coord inate P r o j e c t  and Prepare Report  

z a t i o n  i n f o r m a t i o n  and 

11 be used t o  prepare 

f a c i l i t y  us ing  

T h i s  a c t i o n  i n c l u d e s  t h e  overall c o o r d i n a t i o n  r o l e  t o  complete t h e  

above tasks,  as w e l l  as t o  t a k e  t h e  i n f o r m a t i o n  ob ta ined  froin t h e  

above tasks  and t o  document them i n  a r e p o r t  
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