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EXECUTIVE SUMMARY 

.- 
?- .. 
. I _  

An i n v e s t i g a t i o n  o f  t h e  e x t e n t  and f a t e  o f  s p i l l s  and leaks o f  e lementa l  

mercury a t  t h e  Oak Ridge Y-12 P l a n t  has been c a r r i e d  o u t .  Most o f  t h e  

mercury was re leased  d u r i n g  t h e  p e r i o d  1953 t o  1963, w i t h  much s m a l l e r  

re leases  c o n t i n u i n g  over t h e  p a s t  20 years.  

428,000 l b  were l o s t  t o  e a r t h  m a t e r i a l s  i n  t h e  area (UCC-NO 1983).  I n  

o r d e r  t o  e v a l u a t e  t h e  f a t e  o f  t h e  me ta l  i n  t h e  subsurface, a 

mu l t i phased  w e l l  i n s t a l l a t i o n  and s o i l  b o r i n g  program was c a r r i e d  o u t .  

A phased approach was u t i l i z e d  t o  m in im ize  t h e  t o t a l  number o f  b o r i n g s  

and t o  concen t ra te  on p o t e n t i a l  problem areas w h i l e  s t i l l  assess ing t h e  

problem as a whole. 

It i s  es t ima ted  t h a t  

, 

Phase I o f  t h e  program I n v o l v e d  t h e  i n s t a l l a t i o n  o f  m o n i t o r i n g  w e l l s ,  

s o i l  b o r i n g s ,  and t h e  d r i l l i n g  o f  rock  cores.  A l l  sampl ing opera t i ons  

were performed i n  t h e  same boreholes t o  m in im ize  d r i l l i n g  and t o  

maximize t h e  da ta  f o r  a s i n g l e  l o c a t i o n .  

and used t o  eva lua te  t h e  hydrogeology o f  t h e  p l a n t  s i t e .  The s o i l  

b o r l n g s  were taken  w i t h  a sampl ing d e v i c e  t h a t  a l l owed  e s s e n t i a l l y  

und is tu rbed  samples t o  be c o l l e c t e d ,  descr ibed,  and then  analyzed f o r  

t o t a l  mercury con ten t .  A f t e r  e a r t h  m a t e r i a l s  were sampled, m o n i t o r i n g  

w e l l s  o f  p o l y v i n y l  c h l o r i d e  ( P V C )  and s t a i n l e s s  s t e e l  c o n s t r u c t i o n  were 

i n s t a l l e d  i n  t h e  boreholes.  Wel ls  were emplaced I n  nes ts  so t h a t  t h e  

three-d imensional  aspects o f  groundwater f l o w  cou ld  be analyzed and 

samples f r o m  d i s c r e t e  ho r i zons  c o u l d  be c o l l e c t e d .  The w e l l  l o c a t i o n s  
were chosen such t h a t  p robab le  m i g r a t i o n  paths o f  b o t h  mercury and 

groundwater were l i k e l y  t o  be i n t e r s e c t e d .  To do t h i s ,  an e v a l u a t i o n  

o f  t h e  p r e c o n s t r u c t i o n  hyd ro logy  o f  t h e  s i t e  was c a r r i e d  out ,  and t h e  

h y d r a u l i c  p r o p e r t i e s  of t h e  a q u i f e r  were assessed. T h i s  p r e d r i l l i n g  

assessment min imized t h e  t o t a l  number o f  bo r ings  and a l l owed  t h e i r  

placement t o  be op t im ized .  

The rock  cores were logged 

Phase I1 o f  t h e  program i n v o l v e d  t h e  d r i l l i n g  o f  a s e r i e s  o f  s o i l  

b o r i n g s  a t  f o u r  l o c a t i o n s  i n  t h e  p l a n t .  

based on t h e  da ta  c o l l e c t e d  d u r i n g  Phase I o f  t h e  s tudy and known s p i l l  

l o c a t i o n s .  The f i n a l  p a r t  o f  t h e  program, Phase 111, i n v o l v e d  t h e  

The d r i l l i n g  l o c a t i o n s  were 

i x  



i n s t a l l a t i o n  o f  seve ra l  a d d i t i o n a l  m o n i t o r i n g  w e l l s  a t  key l o c a t i o n s  

downflow o f  p o t e n t i a l l y  contaminated areas. The o v e r a l l  program 

r e s u l t e d  i n  t h e  i n s t a l l a t i o n  o f  a 43-wel l  m o n i t o r i n g  network,  t h e  

a n a l y s i s  o f  430 so i l /mud samples and 113 groundwater samples f o r  

mercury con ten t .  I n  a d d i t i o n ,  59 analyses f o r  uranium i n  groundwater 

were made, and 132 a n i o n  and c a t i o n  analyses were run.  

The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  cover  t h r e e  i m p o r t a n t  areas:  

hydrogeology o f  t h e  Y-12 P l a n t ,  which i s  u n d e r l a i n  by t h e  Conasauga 

Group; ( 2 )  t h e  f a t e  o f  mercury l osses  a t  t h e  p l a n t ;  and ( 3 )  an 

e v a l u a t i o n  o f  t h e  genera l  groundwater chemis t r y  and con tamina t ion .  The 

hydrogeology o f  t h e  p l a n t  i s  dominated by t h e  o r i g i n a l  East Fork Poplar  

Creek d ra inage  channel and t h e  e x t e n s i v e  s o l u t i o n  c a v i t y  system t h a t  

surrounds t h e  creek w i t h i n  t h e  M a y n a r d v i l l e  Limestone. A l though t h e  

o r i g i n a l  h y d r o l o g i c  system a t  t h e  p l a n t  has been a l t e r e d  due t o  

c o n s t r u c t i o n  and r e c o n t o u r i n g  o f  t h e  topography, t h e  o r i g i n a l  d ra inage  

s t i l l  p l a y s  an i m p o r t a n t  r o l e  i n  t h e  subsur face movement o f  water .  The 

three-d imensional  f l o w  system w i t h i n  t h e  p l a n t  has been assessed, and a 

permanent network has been i n s t a l l e d  f o r  con t inued  m o n i t o r i n g  o f  water  

l e v e l s  and f o r  t h e  c o l l e c t i o n  o f  water  samples. 

f l o w  i s  f rom no r thwes t  t o  southeast,  w i t h  Upper East Fork Poplar  Creek 

(UEFPC) b e i n g  t h e  l o c a l  d i scha rge  area.  Adjacent  t o  UEFPC, groundwater 

f l o w  appears t o  be predominant ly  southwest t o  n o r t h e a s t  ( a l o n g  s t r i k e ) .  

( 1 )  t h e  

I n  genera l ,  groundwater 

f lercury analyses o f  s o i l s  and f i l l  i n d i c a t e  t h a t  h i g h  c o n c e n t r a t i o n s  

( u p  t o  1% by w e i g h t )  o f  mercury occur  i n  t h e  sha l l ow  s o i l  and f i l l  a t  

s e v e r a l  s i t e s  w i t h i n  t h e  p l a n t ,  b u t  t h e  es t ima ted  t o t a l  q u a n t i t y  

l o c a t e d  (-70001bs) rep resen ts  o n l y  about 2% o f  t h e  amount es t ima ted  

t o  have been l o s t  t o  t h e  ground. 

e x i s t  i n  t h e  e x t e n s i v e  c a v i t y  system u n d e r l y i n g  much o f  t h e  p l a n t .  

D e t e c t i o n  of m e t a l l i c  mercury i n  these  s o l u t i o n  zones was b e l i e v e d  a t  

t h e  o u t s e t  o f  t h e  s tudy t o  be u n l i k e l y ,  and none was encountered i n  

t h i s  s tudy.  Resu l t s  o f  mercury analyses o f  groundwater i n d i c a t e  t h a t  

mercury does n o t  appear t o  be moving i n  s i g n i f i c a n t  q u a n t i t i e s  i n  an 

A d d i t i o n a l  q u a n t i t i e s  o f  mercury may 
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aqueous phase: t h e  h i g h e s t  s o l u b l e  c o n c e n t r a t i o n s  found (-1 p g / L )  

were l i m i t e d  t o  t h r e e  w e l l s .  The occurrence o f  e l e v a t e d  mercury l e v e l s  

m a i n l y  i n  sha l l ow  (LlOft) s o i l s  and f i l l ,  and o f  m a i n l y  background 

l e v e l s  i n  groundwater, i n d i c a t e  t h a t  t h e  meta l  has been g e n e r a l l y  

i m m o b i l i z e d / r e t a i n e d  i n  upper e a r t h  m a t e r i a l s .  A t  two s i t e s  ( b u i l d i n g s  

9201-2 and 81-10), h i g h  mercury l e v e l s  and t h e i r  p r o x i m i t y  t o  s u r f a c e  

water  (UEFPC) j u s t i f y  f u r t h e r  s t u d i e s  t o  c h a r a c t e r i z e  t h e  env i ronmenta l  

impacts.  Because l a r g e - s c a l e  removal and d i s p o s a l  o f  s o i l  i s  q u i t e  

expensive, i t  i s  o f  g r e a t  va lue  t o  i d e n t i f y  t hose  areas where such 

a c t i o n  i s  n o t  r e q u i r e d .  

The analyses o f  t h e  groundwater samples f o r  b a s i c  chemical  c o n s t i t u e n t s  

and contaminants y i e l d e d  seve ra l  i m p o r t a n t  and i n t e r e s t i n g  f i n d i n g s .  

Severa l  contaminant plumes occur i n  t h e  p l a n t :  s u l f a t e s  f r o m  t h e  Y-12 

c o a l  p i l e ,  n i t r a t e s  f r o m  t h e  S-3 ponds o r  one o f  t h e  process b u i l d i n g s  

(9201-5), c h l o r i d e s  f r o m  seve ra l  sources, and genera l  i nc reases  o f  

e l e c t r i c a l  conductance and a l k a l i n i t y .  The c o n f i g u r a t i o n  o f  t h e  

va r ious  plumes suppor t  t h e  f l o w  system a n a l y s i s  based on p o t e n t i o m e t r i c  

head measurements. Severa l  o f  t h e  chemical  c o n s t i t u e n t s  I n  

groundwater, i n  p a r t i c u l a r  t h e  Mg:Ca r a t i o  and t h e  s i l i c a  con ten t ,  were 

found t o  va ry  w i t h  t h e  geo log ic  f o r m a t i o n  i n  which t h e  w e l l s  were 

s i t u a t e d .  These chemical  d i f f e r e n c e s  i n d i c a t e  t h a t  t h e  water  chemis t r y  

a l o n g  a f l o w  p a t h  i n  t h e  subsur face i s  a l t e r e d  by t h e  v a r i o u s  

fo rma t ions  o f  t h e  Conasauga Group, and t h a t  t h e  source o f  groundwater 

i n  an area may be q u a l i t a t i v e l y  determined. 

X i  
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E. R. ROTHSCHILD, R. R. TURNER, S. H. STOW, M. A. BOGLE, 
L. K.  HYDER, 0. M. SEALAND, and H. J .  W Y R I C K .  1984. 
I n v e s t i g a t i o n  o f  subsurface mercury a t  t h e  Oak Ridge Y-12 
P l a n t .  ORNL/TM-9092. Oak Ridge N a t i o n a l  Laboratory ,  
Oak Ridge, Tennessee. 270pp.  

An i n v e s t i g a t i o n  o f  t h e  f a t e  o f  s p i l l s  and leaks  o f  e lementa l  mercury 

a t  t h e  Oak Ridge Y-12 P l a n t  has been c a r r i e d  o u t  t h rough  a mul t lphased 

w e l l  i n s t a l l a t i o n  and s o i l  b o r i n g  program. The o v e r a l l  program 

r e s u l t e d  i n  t h e  i n s t a l l a t i o n  o f  a 43-well  m o n i t o r i n g  network and t h e  

a n a l y s i s  o f  430 so i l /mud samples and 113 groundwater samples f o r  

mercury con ten t .  I n  a d d i t i o n ,  59 analyses f o r  uranium i n  groundwater 

were made, and 132 an ion  and c a t i o n  analyses were run .  The 

hydrogeology o f  t h e  p l a n t  i s  dominated by t h e  o r i g i n a l  Upper East Fork 

Poplar  Creek d ra inage  channel and t h e  e x t e n s i v e  s o l u t i o n  c a v i t y  system 

t h a t  u n d e r l i e s  t h e  creek t h e  M a y n a r d v i l l e  Limestone. A l though t h e  

o r i g i n a l  h y d r o l o g i c  system a t  t h e  p l a n t  has been a l t e r e d  due t o  

c o n s t r u c t i o n  and r e c o n t o u r i n g  o f  t h e  topography, t h e  o r i g i n a l  d ra inage  

s t i l l  p l a y s  an i m p o r t a n t  r o l e  i n  t h e  subsur face movement o f  water .  

Resu l t s  o f  mercury analyses o f  s o i l s  and f i l l  i n d i c a t e  t h a t  h i g h  

c o n c e n t r a t i o n s  (up  t o  1% by we igh t )  o f  mercury occur i n  t h e  sha l l ow  

e a r t h  m a t e r i a l s  a t  seve ra l  s i t e s  w i t h i n  t h e  p l a n t ,  b u t  t h e  es t ima ted  

t o t a l  q u a n t i t y  l o c a t e d  (-7000 l b )  rep resen ts  o n l y  about 2% o f  t h e  

amount es t ima ted  t o  have been l o s t  t o  t h e  ground. Resu l t s  o f  mercury 

analyses o f  groundwater i n d i c a t e  t h a t  mercury does n o t  appear t o  be 

moving i n  s i g n i f i c a n t  q u a n t i t i e s  i n  an aqueous phase: t h e  h i g h e s t  

s o l u b l e  c o n c e n t r a t i o n s  found ( -1  pg/L)  were l i m i t e d  t o  t h r e e  

w e l l s .  The analyses o f  t h e  groundwater samples f o r  o t h e r  chemical  

c o n s t i t u e n t s  revea led  t h e  presence o f  seve ra l  contaminant plumes w i t h i n  

t h e  p l a n t ,  i n c l u d i n g  s u l f a t e s  f r o m  a l a r g e  c o a l  p i l e ,  n i t r a t e s  f rom 

l i q u i d  waste d i s p o s a l  ope ra t i ons ,  and c h l o r i d e s  f rom seve ra l  sources, 

as w e l l  as genera l  increases o f  e l e c t r i c a l  conductance and a l k a l i n i t y .  

X i i i  





1. INTRODUCTION 

F o l l o w i n g  d e c l a s s i f i c a t i o n  on March 19, 1983, t h e  U.S. Department o f  

Energy re leased a r e p o r t ,  prepared i n  1977, c o n t a i n i n g  p r e l i m i n a r y  

i n f o r m a t i o n  on mercury losses  and unaccounted-for mercury a t  t h e  

Oak Ridge Y-12 P l a n t .  A subsequent r e p o r t  (UCC-NO 1983) i d e n t i f i e d  a 

number o f  l o c a t i o n s  where mercury was used and was s p i l l e d  and/or l o s t  

i n  t h e  1950s and 1960s, and concluded t h a t  about 428,000 l b  o f  t h e  l o s t  

mercury i s  now conta ined i n  t h e  e a r t h  below t h e  s p i l l  l o c a t i o n s .  

However, t h e r e  were no s t u d i e s  t o  c o n f i r m  t h i s  conc lus ion .  S i ,m i l a r l y ,  

t h e r e  a r e  no d a t a  t o  pe rm i t  assessment o f  e i t h e r  t h e  p o s s i b l e  presence 

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

s p i l l  l o c a t i o n s ;  nor  a r e  t h e r e  d e t a i l e d  geo log ic  da ta  o f  t h e  Y-12 s i t e ,  

s p e c i f i c a l l y  o f  t h e  rock  u n i t s  u n d e r l y i n g  t h e  s p i l l  areas. Th is  study 

was under taken t o  address t h e  above issues .  The i n i t i a l  phases o f  t h e  

study began i n  August 1983, and f i e l d  i n v e s t i g a t i o n s  ended i n  May 1984. 



2. OBJECTIVE AND APPROACH 

The o b j e c t i v e  o f  t h i s  s tudy was t h e  v e r i f i c a t i o n  and c h a r a c t e r i z a t i o n  

o f  mercury contaminat ion  i n  t h e , e a r t h  m a t e r i a l s  and t h e  groundwater 

i n  t h e  v i c i n i t y  o f  known s p i l l  l o c a t i o n s  a t  t h e  Y-12 P l a n t .  I f  

contaminat ion  was found t h e  e x t e n t  o f  t h e  contaminated zone was t o  be 

determined as w e l l  as p o s s i b l e .  

I n  o rder  t o  achieve t h e  o b j e c t i v e  o f  t h i s  study, t h e  geo log ic ,  

hyd ro log i c ,  and topograph ic  c h a r a c t e r i s t i c s  o f  t h e  s p i l l  l o c a t i o n s  were 

determined. Th is  was accomplished by f i e l d  mapping, c o r e  d r i l l i n g ,  

geophysica l  l ogg ing ,  c o n s t r u c t i o n  o f  m o n i t o r i n g  w e l l s ,  and use o f  

topograph ic  maps. 

contaminat ion,  samples o f  groundwater and e a r t h  m a t e r i a l s  were 

c o l l e c t e d  and analyzed chemica l l y .  

To determine t h e  presence and e x t e n t  o f  mercury 

Th is  r e p o r t  documents t h e  t e c h n i c a l  da ta  c o l l e c t e d  t o  da te  on t h e  

e x t e n t  and f a t e  o f  mercury contaminat ion  a t  t h e  Y-12 P l a n t  and presents  

observa t ions ,  conc lus ions ,  and recommendations. 

. 
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3. INVESTIGATION RATIONALE AND PROGRESS TO DATE 

3.1 MERCURY ACCUMULATIONS 

Mercury in the metallic form has been released during the period 1953 
to 1963 i n  and around several buildings at the Y-12 Plant, including 
9204-4, 9202, 9201-5, 9201-4, 9201-2, 61-10, the old deflasking area 
near 9103, and the old mercury storage area near Guard Portal 33. 

The most probable locations of mercury accumulation, if they exist, are 
in permeable zones in the fill and bedrock and along contacts between 
rock and fill. Permeable zones include open fractures and solution 
features in the bedrock and open voids in fill material. Contacts 
between more permeable zones and less permeable zones are possible 
areas of mercury "pooling." These include the contacts between fill 
and native material, between weathered and unweathered rock, and 
possibly along the contact between the Nolichucky and Maynardville 
Formations. Mercury may also tend to pool in preconstruction 
topographic lows. 

The d r i l l i n g  program has focused around likely accumulation areas, 
attempting to intersect as many features as possible. Undisturbed soil 
and rock samples were obtained to determine mercury content. 

3.2 GROUNDWATER MONITORING 

Just as mercury may accumulate in permeable zones and along contacts 
between various materials, these are also areas where groundwater 
movement is greatest. Groundwater flow is generally from higher 
elevations to lower (toward East Fork Poplar Creek), but flow also 
occurs along strike due to solution features and fracturing. 

Groundwater around the spill/leakage locations has been monitored for 
chemical constituents and water levels. Monitoring wells are located 
downslope and along strike from mercury-use areas. Wells are also 

3 
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l o c a t e d  i n  p r e c o n s t r u c t i o n  topograph ic  lows. M o n i t o r i n g  w e l l s  a r e  

c l u s t e r e d  i n  groups o r  I1nests.l1 Each n e s t  c o n s i s t s  o f  s e v e r a l  w e l l s  

w i t h  d i f f e r e n t  comp le t i on  depths a t  one l o c a t i o n .  T h i s  v e r t i c a l  

r e s o l u t i o n  a l l o w s  an e s t i m a t e  o f  t h e  v e r t i c a l  e x t e n t  o f  mercury 

con tamina t ion  and a i d s  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  three-d imensional  

groundwater f l o w  regime. 

' 3.3 DRILLING PATTERN AND TECHNIQUES 

The d r i l l i n g  program, which was designed i n  t h r e e  phases, enabled d a t a  

t o  be c o l l e c t e d  w i t h  i n c r e a s i n g  d e t a i l  and a na r row ing  o f  scope w i t h  

each subsequent phase. 

Throughout t h i s  document, w e l l s  and b o r i n g s  a r e  i d e n t i f i e d  by a 

sequence o f  p a i r e d  numbers (e.g. ,  60-1). The f i r s t  number o f  t h e  p a i r  

(60 )  r e f e r s  t o  t h e  genera l  l o c a t i o n  o f  t h e  s i t e .  T h i s  number i s  based 

on t h e  Oak Ridge Reserva t i on  ( O R R )  g r i d  system used i n  t h e  p l a n t .  For 

example, t h e  w e l l s  near b u i l d i n g  9201-2 hav ing  e a s t i n g  coo rd ina tes  o f  

between E60,000 and E61,000 ( l o n g i t u d i n a l  g r i d  l i n e s )  were t h e r e f o r e  

des ignated 60-1 w e l l s .  The ltlll simp le  r e f e r s  t o  t h e  f i r s t  s i t e  i n  t h e  

li6Ol1 area. W i t h i n  t h e  p l a n t ,  l o c a t i o n s  range f rom 53 t o  60. The 

l e t t e r  des igna t ions  f o r  w e l l s  r e f e r  t o  t h e i r  r e l a t i v e  depths,  " A "  be tng  

t h e  sha l l owes t  and I1C"  t h e  deepest. 

3.3.1 Phase I 

The f i r s t  phase o f  d r i l l i n g  was t h e  comp le t i on  o f  m o n i t o r i n g  w e l l  nes ts  

c l o s e  t o  mercury use o r  s p i l l  areas ( F i g .  1 ) .  D r i l l i n g  has p e r m i t t e d  

t h e  a c q u i s i t i o n  o f  t h r e e  types o f  i n f o r m a t i o n :  ( 1 )  an e s t i m a t e  of t h e  

e x t e n t  o f  t h e  con tamina t ion  problem, ( 2 )  d a t a  on t h e  s i t e  geology, 

( 3 )  and d a t a  on t h e  groundwater f l o w  system. Th is  phase i n c l u d e d  

11 w e l l  nests ,  each n e s t  c o n t a i n i n g  two o r  t h r e e  d r i l l  ho les .  The 

sha l l owes t  h o l e  was screened near t h e  water  t a b l e .  The second w e l l  was 

f i n i s h e d  a t  t h e  b e d r o c k - f i l l  i n t e r f a c e ,  i f  e x t a n t .  If t h e  wa te r  t a b l e  

- _  
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mercury a t  t h e  Y-12 P l a n t .  
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a t  a p a r t i c u l a r  l o c a t i o n  was a t  t h i s  i n t e r f a c e ,  t h e  second h o l e  was 

extended deeper (10  t o  20 f t ) .  

o f  app rox ima te l y  75 f t .  

The deepest h o l e  was d r i l l e d  t o  a depth 

Dur ing  d r i l l i n g ,  ho les  were c o n t i n u o u s l y  sampled, u s i n g  e i t h e r  a 

m o d i f i e d  Denison sampler (Acker  1974) o r  Shelby tubes u n t i l  t h e s e  

methods cou ld  progress no f u r t h e r .  I n  t h e  deepest h o l e  o f  e i g h t  o f  t h e  

nests ,  NX-size c o r e  was taken,  u s i n g  a diamond b i t ,  when s o l i d  rock  was 

encountered. The d r i l l i n g  f l u i d  used d u r i n g  rock  c o r i n g  was c l e a n  

water  ( f r o m  f i r e  hyd ran ts  i n  t h e  p l a n t ) .  I n  t h e  two s h a l l o w  ho les  

a f t e r  c o r i n g ,  a 6 - i n .  a i r  hammer was used t o  deepen and/or t o  ream t h e  

ho les  p r i o r  t o  w e l l  i n s t a l l a t i o n .  These d r i l l i n g  procedures a l l owed  

samples t o  be r e t r i e v e d  and t e s t e d  w i t h  minimum d is tu rbance .  

p o r t a b l e  mercury vapor ana lyze r  was used i n  a l i m i t e d  manner d u r i n g  

Phase I d r i l l i n g  t o  determine at. t h e  s i t e  whether mercury-bear ing e a r t h  

m a t e r i a l s  had been encountered ( see  Sect .  6.5) 

A 

T h i s  f i r s t  phase o f  d r i l l i n g  was ve ry  i m p o r t a n t  i n  s e t t i n g  t h e  scope o f  

work t o  f o l l o w .  The rock  cores and samples, i n  c o n j u n c t i o n  w i t h  t h e  

l ogs ,  have helped i n  e v a l u a t i o n  o f  t h e  geology o f  t h e  s i t e ,  and i n  

c o r r e l a t i o n  o f  t h e  s t r a t a  w i t h  o t h e r  areas t h a t  have been more f u l l y  

s t u d i e d .  The purpose o f  t h e  geophysica l  l o g s  i s  t w o f o l d . '  F i r s t ,  

because o f  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  mercury, i t  was hoped t h a t  

e l e c t r i c a l  l o g s  would be u s e f u l  i n  i d e n t i f y i n g  m e r c u r y - f i l l e d  f r a c t u r e s ,  

c a v i t i e s ,  and zones. Second, t h e  l o g s  have a l l owed  c o r r e l a t l o n  between 

v a r i o u s  ho les  and c h a r a c t e r i z a t i o n  o f  t h e  g e o l o g i c  media. 

3.3.2 Phase I1 

The second phase o f  d r i l l i n g  i n v o l v e d  55 s o i l  b o r i n g s .  These h o l e s  

were d r i l l e d  immediate ly  ad jacen t  t o ,  o r  i n ,  s p i l l  areas; some ho les  

were d r i l l e d  f a r t h e r  away f rom s p i l l  s i t e s ,  downflow and a l o n g  s t r i k e ,  

t o  determine t h e  l a t e r a l  e x t e n t  o f  mercury movement. D r i l l i n g  was 

concen t ra ted  around b u i l d i n g s  9201-2, 81-10, 9733-1, and t h e  o l d  

mercury s to rage  area. These s i t e s  a r e  r e p r e s e n t a t i v e  o f  v a r i o u s  

.. 
1 -  
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s p i l l / u s e  l o c a t i o n s  and a l s o  appear t o  be t h e  most contaminated areas 

based on p r e l i m i n a r y  da ta .  I n  t h e  f i l l  and weathered bedrock, a 

m o d i f i e d  Denison sampler o r  Shelby tubes were used t o  r e t r i e v e  

und is tu rbed  samples f o r  mercury a n a l y s i s .  These ho les  were b a c k f i l l e d  

w i t h  a m i x t u r e  o f  c u t t i n g s  and b e n t o n i t e  t o  d e t e r  t h e  v e r t i c a l  

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

3.3.3 Phase I11 

Phase I11 i n v o l v e d  t h e  d r i l l i n g  o f  w e l l s  s i t u a t e d  i n  s t r a t e g i c  l o c a t i o n s  

a long  p r o j e c t e d  f l o w  paths f r o m  t h e  s p i l l / u s e  areas. Loca t ions  were 

s e l e c t e d  on t h e  b a s i s  o f  d a t a  f rom Phases I and 11, b u t  i n  genera l  they 

were l o c a t e d  o u t s i d e  immediate zones o f  contaminat ion.  These w e l l s  

were d r i l l e d  and sampled by t h e  same methods used i n  Phases I and 11. 



4. S I T E  GEOLOGY 

4.1 PROGRAM DESCRIPTION 

The goals  o f  t h e  g e o l o g i c  i n v e s t i g a t i o n  a r e  

l i t h o l o g y  and s t r u c t u r a l  geology o f  t h e  s i t e  

weather ing c h a r a c t e r i s t i c s  o f  t h e  rock  under 

t o  e v a l u a t e  t h e  l o c a l  geology w i t h  rega rd  t o  

r e s e r v a t i o n  geology. 

o d e s c r i b e  t h e  l o c a l  

t o  d e s c r i b e  t h e  

y i n g  t h e  Y-12 P l a n t ,  and 

t h e  r e g i o n a l  and 

Geologic d a t a  were ob ta ined  f r o m  t h r e e  sources. 

work i n  t h e  Y-12 P l a n t  area, p rev ious  s t u d i e s  and r e p o r t s  were 

evaluated,  t h e  m a j o r i t y  o f  which were eng ineer ing  and f o u n d a t i o n  

s t u d i e s .  Most o f  t h e  da ta  i n  these r e p o r t s  concerned ve ry  s h a l l o w  

depths.  I n  o rde r  t o  e v a l u a t e  t h e  s i t e  geology i n  c o n j u n c t i o n  w i t h  

h y d r o l o g i c  s t u d i e s ,  e i g h t  7 5 - f t - l o n g  co re  ho les  were d r i l l e d .  To 

supplement subsur face data,  measurements and d e s c r i p t i o n s  f r o m  s u r f a c e  

outcrops were made. 

t h e r e f o r e ,  rock  exposures i n  c o n s t r u c t i o n  p i t s  and t renches were 

s tud ied .  

acqu i red  f r o m  these  sources. 

P r i o r  t o  any f i e l d  

Outcrops w i t h i n  t h e  Y-12 P l a n t  a r e  v e r y  r a r e ;  

F o l l o w i n g  a r e  d e t a i l e d  dis.cussions o f  t h e  g e o l o g i c  d a t a  

4.2 S I T E  DESCRIPTION AND PREVIOUS WORK 

The Y-12 P l a n t  l i e s  w i t h i n  t h e  V a l l e y  and Ridge phys iog raph ic  p rov ince ,  

which i s  c h a r a c t e r i z e d  by a succession o f  sou thwes t - t rend ing  r i d g e s  and 

v a l l e y s .  

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

fo rma t ions .  

The topography o f  t h e  s i t e  i s  a f u n c t i o n  o f  t h e  u n d e r l y i n g  

The Y-12 P l a n t  i s  l o c a t e d  w i t h i n  Bear Creek V a l l e y ,  which i s  bounded by 

Pine Ridge t o  t h e  n o r t h  and Chestnut Ridge t o  t h e  south.  The v a l l e y  i s  

u n d e r l a i n  by rocks o f  t h e  Cambrian-aged Conasauga Group ( M a y n a r d v i l l e ,  

Nol ichucky,  M a r y v i l l e ,  R o g e r s v i l l e ,  Rut ledge, and Pumpkin V a l l e y  

Format ions, l i s t e d  i n  descending o r d e r ) .  P ine Ridge i s  h e l d  up by t h e  

i 

8 
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sandy shales and sandstones o f  t h e  Rome Format ion, and Chestnut Ridge 
i s  u n d e r l a i n  by d o l o m i t e  o f  t h e  Knox Group. The v a l l e y  l i e s  w i t h i n  t h e  

White Oak Mountain t h r u s t  b lock ,  and t h e  g e o l o g i c  s t r i k e  o f  s t r a t a  i n  

t h e  area i s  app rox ima te l y  N 55"  E w i t h  a d i p  o f  app rox ima te l y  45" SE. 

The genera l  geology o f  Bear Creek V a l l e y  has been desc r ibed  i n  v a r i o u s  

documents and w i l l  n o t  be covered i n  t h i s ' r e p o r t .  West o f  t h e  Y-12 

P l a n t ,  a major  g e o l o g i c  i n v e s t i g a t i o n  was undertaken i n  c o n j u n c t i o n  

w i t h  t h e  development o f  t h e  Exxon Nuclear  Fuel  Recovery and Recyc l i ng  

Center (NFRRC)  (Law Eng ineer ing  1976).  Core ho les  were d r i l l e d  across 

t h e  v a l l e y ,  and g e o l o g i c  s e c t i o n s  were descr ibed;  these ho les  w i l l  be 

r e f e r r e d  t o  l a t e r  i n  t h i s  r e p o r t .  Other s t u d i e s  i n  t h e  area o f  t h e  

Y-12 P l a n t  have been much sma l le r  i n  sca le .  

Most o f  t h e  d r i l l i n g  and geo log ic  work performed around t h e  Y-12 P l a n t  

has been i n  c o n j u n c t i o n  w i t h  eng inee r ing  and f o u n d a t i o n  s t u d i e s .  These 

r e p o r t s ,  which d a t e  f rom t h e  mid-1940s t o  t h e  p resen t ,  va ry  g r e a t l y  i n  

q u a l i t y  and scope. 

e v a l u a t i o n .  I n  t o t a l ,  about 500 ho les  have been d r i l l e d  i n  and around 

t h e  Y-12 P l a n t .  I n  genera l ,  t h e  ho les  a r e  sha l l ow  " s o i l  bor ingsi i  o f  

10- t o  2 0 - f t  depth.  

( A t t e r b e r g  l i m i t s ,  shear s t r e n g t h ,  e t c . ) ,  b u t  t h e r e  a r e  ve ry  few da ta  

on h y d r a u l i c  p r o p e r t i e s ,  and u s e f u l  g e o l o g i c  d e s c r i p t i o n s  a r e  n o t  

i nc luded  i n  any o f  t h e  r e p o r t s .  

Approx imate ly  7 5  r e p o r t s  were a v a i l a b l e  f o r  

Many da ta  a r e  g i v e n  on eng ineer ing  c h a r a c t e r i s t i c s  

Severa l  g e n e r a l i z a t i o n s  about t h e  s i t e  can be gleaned f rom t h e  

eng ineer ing  r e p o r t s .  F i r s t ,  t h e  s i t e  topography has been g r e a t l y  
a l t e r e d ;  h i l l s  were f l a t t e n e d  and v a l l e y s  f i l l e d .  A s  an example o f  

t h i s ,  F i g .  2 shows b u i l d i n g s  9201-4 and 9201-5 and t h e  o r i g i n a l  s i t e  

topography. Second, t h e  f i l l  m a t e r i a l  i n  o r i g i n a l  t opograph ic  lows i s  

h i g h l y  v a r i a b l e .  S o i l ,  rock,  concrete,  wood, and s t e e l  have a l l  been 

found i n  b o r i n g s  o f  f i l l  m a t e r i a l .  I n  a d d i t i o n ,  t h e  compactness o f  t h e  

f i l l  v a r i e s  g r e a t l y ;  t h e  f i l l  may be t i g h t l y  compacted o r  have a l a r g e  

number o f  vo ids .  T h i r d ,  t h e  depth t o  rock  i s  ve ry  sha l l ow  i n  most 

areas. F i n a l l y ,  t h e  depth t o  groundwater i s  sha l l ow  i n  most areas, and 
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F i g .  2 .  P r e c o n s t r u c t i o n  topography o f  Y-12 P l a n t  a r e a  w i t h  c u r r e n t  l o c a t i o n s  o f  b u i l d i n g s  9201-5,  
9201-4 ,  and 81-10. 
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i n  many p laces  t h e  f i l l  m a t e r i a l  i s  sa tu ra ted .  O f  a l l  t h e  r e p o r t s ,  

t h r e e  (U.S. Army Corps o f  Engineers 1954a,b; Geotek 1979) were 

p a r t i c u l a r l y  va luab le ,  and these w i l l  be d iscussed l a t e r  i n  t h i s  r e p o r t  

where germane. 

4.3 SUBSURFACE DRILLING AND GEOPHYSICAL LOGGING 

A f t e r  s e l e c t i o n  o f  11 s i t e s  f o r  w e l l  nests ,  two types o f  

d r i l l i n g / s a m p l i n g  were i n i t i a t e d .  The f i r s t  method a l l owed  f o r  

r e t r i e v a l  o f  u n d i s t u r b e d  samples o f  t h e  unconso l i da ted  m a t e r i a l s  and 

weathered shale.  T h i s  was done by Shelby tube  sampling, which was 

s e l e c t e d  over  s p l i t  spoon sampling, which g e n e r a l l y  causes d i s t u r b a n c e  

o f  t h e  sample, r e s u l t i n g  i n  a g i t a t i o n  and a p o s s i b l e  l o s s  o f  entrapped 

mercury. The Shelby tube  sampl ing was done i n  two ways. The f i r s t  

2 f t  o f  m a t e r i a l  were sampled by d r i v i n g  t h e  2.5-in. Shelby tube  i n t o  

t h e  ground and r e t r i e v i n g  t h e  f i l l e d  tube.  The remainder o f  t h e  

sampl ing was c a r r i e d  o u t  by a cont inuous Shelby tube  techn ique  ( m o d i f i e d  

Denison sampler) ;  t h e  tubes were d r i v e n  by advancing a 6 - i n  hol low-stem 

auger f i t t e d  w i t h  a s p e c i a l  b i t  t h a t  a l l owed  t h e  tube  t o  remain about 

3 - i n .  i n  f r o n t  o f  t h e  b i t .  As  t h e  auger r o t a t e d ,  t h e  tube  remained 

s t a t i o n a r y  because o f  a b e a r i n g  system w i t h i n  t h e  f i r s t  auger f l i g h t .  

A f t e r  a 2 - f t  advancement, t h e  tube  was r e t r i e v e d  by a w i r e l i n e  and a 

new tube  was i n s e r t e d .  Th is  method was con t inued  u n t i l  " r e f u s a l "  by 

t h e  auger o r  c r u s h i n g  o f  t h e  tube. T h i s  cont inuous Shelby tube  

techn ique  p rov ides  und is tu rbed  samples because t h e  tube  'IS advanced i n  

f r o n t  o f  t h e  auger. The method i s  a l s o  ve ry  good f o r  sampl ing i n  

harder  m a t e r i a l ,  such as weathered shale,  because min imal  e x t e r n a l  t ube  

s u r f a c e  i s  exposed; thus ,  t h e r e  i s  min imal  f r i c t i o n  w l t h  t h e  s i d e  w a l l .  

The tubes were l a t e r  c u t  l eng thw ise  w i t h  a c i r c u l a r  saw f o r  s tudy and 

sampling. It was c l e a r  a f t e r  i n s p e c t i o n  t h a t  t h e  samples were 

e s s e n t i a l l y  und is tu rbed  and t h a t  i n  areas o r  zones where v i s i b l e  

mercury was p resen t ,  t h e  mercury was r e t a i n e d .  
... 

r -  



12 

A f t e r  t h e  r e l a t i v e l y  s o f t  upper m a t e r i a l s  were sampled, t h e  second 

d r i l l i n g  method, rock  co r ing ,  was used. E i g h t  s i t e s  were chosen f o r  

t a k i n g  cont inuous rock core  t o  a depth o f  75  f t  ( F i g .  3 ) .  The s i t e s  

were chosen t o  y i e l d  core  f rom a l l  r e p r e s e n t a t i v e  geo log ic  fo rmat ions .  

P r i o r  t o  c o r i n g ,  a 4.5- in .  sur face  cas ing  was s e t  i n  competent rock .  

Cor ing  then proceeded u s i n g  an N X - s i z e  diamond b l t  (approx imate ly  

2 i n . ) .  

on s i t e .  The water  was r e c i r c u l a t e d  a f t e r  pass ing  through a s e t t l i n g  

b a s i n  t o  remove c u t t i n g s .  Water samples were p e r i o d i c a l l y  c o l l e c t e d  

and analyzed f o r  mercury conten t  (Appendix C). The cores were logged 

i n  t h e  f i e l d ,  then p laced i n  core  boxes, which a r e  s to red  i n  a 

r e f r i g e r a t e d  environment.  The l i t h o l o g i c  l o g s  a r e  inc luded i n  

Appendix A .  

The o n l y  d r i l l i n g  f l u i d  u t i l i z e d  was water f rom f i r e  hydrants  

Geophysical l ogs  were run  on seven ho les  (Appendix A ) .  Because o f  

problems w i t h  s i d e  w a l l  co l l apse ,  n o t  a l l  core  ho les  were logged, and.  

some uncored ho les  were logged. Equipment problems d i c t a t e d  which l o g s  

were run  on a each ho le ,  bu t ,  i n  genera l ,  t h e  l ogs  run  were c a l i p e r ,  

n a t u r a l  gamma, d e n s i t y  (gamma-gamma), r e s i s t i v i t y ,  neutron,  and son ic .  

I n  some cases, a m i c r o r e s i s t i v i t y  l o g  was a l s o  run: 

4.4 I N V E S T I G A T I O N  OF SURFACE OUTCROPS 

Dur ing  t h e  i n v e s t i g a t i o n ,  severa l  c o n s t r u c t i o n  p r o j e c t s  were under way 

south o f  b u i l d i n g  9201-4. The p i p e l i n e  and founda t ion  excavat ions  

exposed f i l l ,  s o i l ,  and weathered rock,  a l l o w i n g  geo log ic  da ta  t o  be 

c o l l e c t e d .  The da ta  c o l l e c t e d  a r e  i nco rpo ra ted  i n  a geo log i c  map 

( F i g .  4) and w i l l  be d iscussed i n  t h e  f o l l o w i n g  s e c t i o n .  

4.5 DISCUSSION OF RESULTS 

Two maps were produced f r o m  data  c o l l e c t e d  d u r i n g  t h i s  s tudy.  The f i r s t  

i s  a very  genera l  map f o r  t h e  Y-12 P lan t  ( F i g .  3)  which shows t h e  

approximate l o c a t i o n  o f  f o rma t iona l  con tac ts .  F o r  more accura te  

f o r m a t i o n a l  con tac ts ,  l onger  cores need t o  be taken f r o m  t h e  s i t e .  

The second map ( F i g .  4) shows more d e t a i l e d  da ta  f rom t h e  area behind 

b u i l d i n g  9201-4. 
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F i g .  3 .  G e n e r a l i z e d  geo log ic  map o f  t h e  Y-12 P l a n t .  
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The areas s t u d i e d  w i t h i n  t h e  Y-12 P l a n t  appear t o  be u n d e r l a i n  by t h r e e  

fo rma t ions  ( F i g .  3 ) .  The southeastern p a r t  o f  t h e  p l a n t  i s  u n d e r l a i n  

by t h e  M a y n a r d v i l l e  Limestone. B u i l d i n g s  81-10 ( s i t e  56-5) and 9201-2 

( s i t e  60-1) a r e  b u i l t  on t h e  M a y n a r d v i l l e  Limestone. 

S t r a t i g r a p h i c a l l y  beneath t h e  M a y n a r d v i l l e  Limestone i s  t h e  No l i chucky  

Shale. The d r i l l  s i t e s  surrounding b u i l d i n g s  9204-4, 9201-4, 9201-5, 

and 9733-1, as w e l l  as t h e  s i t e  a t  b u i l d i n g  9202, p e n e t r a t e  t h e  

No l i chucky  Shale. The d r i l l i n g  a t  b u i l d i n g  9103 ( s i t e  55-4) pene t ra ted  

t h e  M a r y v i l l e  Limestone, which l i e s  s t r a t i g r a p h i c a l l y  below t h e  

No l i chucky  Shale.  Dur ing  t h e  d r i l l i n g  program, none o f  t h e  lower  t h r e e  

fo rma t ions  o f  t h e  Conasauga Group was encountered ( t h e y  c r o p  o u t  t o  t h e  

no r thwes t  o f  b u i l d i n g  9103) no r  were rocks o f  t h e  Knox Group (ou tc rops  

o f  Knox Group a r e  seen southeast  o f  T h i r d  S t r e e t )  encountered. 

I n  t h e , f o l l o w i n g  s e c t i o n s ,  t h e  r e s u l t s  o f  t h e  geo log ic  i n v e s t i g a t i o n  

a r e  d i  scussed. 

4.5.1 Unconsol idated M a t e r i a l s  

F i l l ,  s o i l ,  and weathered shale ( s a p r o l i t e )  samples were ob ta ined  by 

Shelby tube  sampl ing ( see  e a r l i e r  s e c t i o n  d i s c u s s i n g  sampl ing 

techniques) ,  auger ing,  and hand sampl ing o f  outcrops.  The g r e a t e s t  

amount o f  d e s c r i p t i v e  i n f o r m a t i o n  was ob ta ined  f rom t h e  Shelby tube  

samples, and t h e  f o l l o w i n g  rep resen ts  t h e  s tudy o f  these samples. 

T h i r t y - f o u r  s i t e s  where Shelby tubes were c o l l e c t e d  have been examined, 

desc r ibed  (Appendix B), and sampled. T o t a l  depth ranges f r o m  3.5 t o  

34 f t  ( T a b l e  1 ) .  The genera l  s t r a t i g r a p h i c  sequence observed i n  t h e  

cores i s  f i l l  m a t e r i a l  a t  t h e  t o p  u n d e r l a i n  by bedded shale.  The sha le  

i s  h i g h l y  weathered a t  t h e  t o p  

can be noted a t  t h e  t o p  o f  t h e  

a l s o  occurs on t o p  o f  t h e  f i l l  

d e s c r i p t i o n s  o f  t h e  f i l l  mater 

D e t a i l e d  d e s c r i p t i o n s  o f  cores 

i n  most cases, a r e l i c t  s o i l  h o r i z o n  

shale,  below t h e  f i l l .  A t h i n  s o i l  zone 

o c c a s i o n a l l y .  F o l l o w i n g  a r e  genera l  

a l ,  and r e l i c t  s o i l  and sha le  ho r i zons .  

a r e  i n c l u d e d  i n  Appendix 8. 
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* -  Table 1. Summary of boring data on total depth and approximate 
depth to native materials (alluvium, soil, or weathered shale) 

(details are given in logs for individual borings) 

Bore hol e Total depth (ft) earth materials (ft) 
Depth to native 

. 

53-1 /B1 
53-1 /B5 
53-1 /B18 

6.0 
6.0 
6.0 

>6.0 
3.0 
4.0 

55-1 B 1 1  .o 1.5 

55-2A 
55-2C 

15.0 
14.5 

9.5 
12.0 

55-3c 10.0 7 .o 

20.5 7 .o 55-4A 

56-1 0.0 -1 .o 

. 56-2C 10.0 6.0  

56-3C 8.5 4 . 5  

56-4C 14.5 5.5 

56-5C 
56-5/82 
56-5/83 
56-5/84 
56-5/85 
56-5/86 
56-5/87 
56-5/88 
56-5/89 

17 .o 
32.0 
34.0 
19.5 
31 .O 
30.25 
26.0 
13.0 
11 .o 

>17.0 
23.0 
32.0 

>19.5 
26.0 
25.0 
19.0 

>13.0 
>17.0 

14.0 
20.7 
5.6 
9.8 

58-1 /M 
58-1 /N 
58-1 /O 
58-1 /Q 

8.0 
3.5 
4.5 
8.2 

22.0 59-1 /C 3.5 

60-1 A 
60-1 /B1 
60-1 /B2 
60-1 /B3 
60-1 /B4 
60-1 /B5 
60-1 /B6 
60-1 /B7 
60-1 /B8 

18.0 
15.0 
16.0 
20.0 
13.0 
13.0 
17.0 
14.0 
9.0 

8.0 
14.0 
9.0 
17.5 
1 1  .o 
7.5 

>17.0 
8.0 
6.0 

r.. 

. - 9  
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The t h i c k n e s s  o f  f i l l  m a t e r i a l  ranges up t o  a t  l e a s t  34 f t  ( l o c a t i o n  

56-5/83, where Shelby tube  r e f u s a l  was encountered a t  t h e  34 f t  

dep th ) .  The f i l l  m a t e r i a l  i s  h i g h l y  v a r i a b l e  i n  composi t ion and 

t e x t u r e .  Color  ranges f rom g ray  t o  r e d  brown t o  y e l l o w  brown and da rk  

brown. Genera l ly ,  i t  c o n t a i n s  angu la r  g r a v e l - s i z e d  c l a s t s  o f  d o l o m i t e  

and weathered sha le  up t o  2 i n .  across mixed w i t h  c l a y .  I n  some cores,  

p ieces o f  a s p h a l t ,  wood, r o o t s ,  and w i r e  a r e  found i n  t h e  f i l l .  The 

percentage o f  d o l o m i t e  and sha le  c l a s t s  v a r i e s  g r e a t l y  and ranges up t o  
app rox ima te l y  90% i n  t h i n  ( l e s s  than  4 i n . )  zones. The sha le  c l a s t s  

a r e  o f t e n  s t a i n e d  by manganese o x i d e  and e x h i b i t  bedding s t r u c t u r e .  

some cores,  t h e  upper p a r t  o f  t h e  f i l l  i s  composed dominan t l y  o f  

d o l o m i t e  c l a s t s ,  and i s  h i g h l y  porous and ve ry  unconsol idated.  

Compactness and c o n s o l i d a t i o n  o f  t h e  f i l l  i n c r e a s e  w i t h  depth.  A t  

l o c a t i o n s  n o t  o v e r l a i n  by a s p h a l t ,  t h e  upper p a r t  o f  t h e  f i l l  i s  

c h a r a c t e r i z e d  by a t h i n  zone ( l e s s  than  4 i n . )  o f  o r g a n i c - r i c h  s o i l  and 

grass.  A p rev ious  d e s c r i p t i o n  o f  f i l l  m a t e r i a l  a t  t h e  Y-12 P l a n t  

(U.S. Army Corps of Engineers 1954b) i n d i c a t e d  t h a t  t h e  f i l l  c o n t a i n s  

cons ide rab le  vo ids  and t h a t  d r i l l i n g  f l u i d s  a r e  l o s t  i n  t h e  vo ids .  

Labora to ry  t e s t s  showed t h e  f i l l  t o  have a h i g h  water  c o n t e n t  and 

r e l a t i v e l y  l ow  d e n s i t y .  

I n  

Below t h e  f i l l  m a t e r i a l ,  shale,  r e l i c  s o i l ,  o r  a l l u v i u m  occur .  For 

purposes o f  d i scuss ion ,  t h e  i n - p l a c e  s o i l  o r  a l l u v i u m  a r e  considered t o  

be t h e  m a t e r i a l s  l y i n g  between t h e  f i l l  m a t e r i a l  and sha le  i n  which 

bedding can be recognized.  The s o i l  zone v a r i e s  i n  c o l o r  f rom browns 

t o  grays,  b u t  most g e n e r a l l y  i s  y e l l o w i s h  brown; o c c a s i o n a l l y  m o t t l e d  

g reen ish  zones a r e  seen. The s o i l  zone i s  t y p i c a l l y  a homogeneous, 

s t r u c t u r e l e s s ,  well-compacted c l a y ;  r a r e l y  sandy ho r i zons  occur.  The 

bot tom o f  t h e  s o i l  i s  marked by a f a i r l y  sharp t r a n s i t i o n  ( a  few 

inches )  t o  s t r a t a  I n  which bedding can be recognized.  

The sha le  u n d e r l y i n g  t h e  s o i l  i s  h i g h l y  c h e m i c a l l y  weathered a t  t h e  

t o p ,  where i t  i s  e a s i l y  d isaggregated.  Th is  ve ry  weathered rock,  which 

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

unweathered bedrock.  Colors  a r e  h i g h l y  v a r i a b l e  and r e f l e c t  types and 
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degrees o f  weather ing;  va r ious  hues o f  y e l l o w i s h  brown a r e  most common, 

b u t  g r a y i s h  orange, brownish b lack ,  and b l u e  gray  a l s o  occur  l o c a l l y .  

Wi th  depth t h e  sha le  becomes harder ,  f r i a b l e ,  l e s s  porous, and t h e  most 

common c o l o r  i s  p a l e  brown. Throughout t h e  shale,  bedding p lanes  d i p  

a t  45 t o  80". 
bedding. The j o i n t s  a r e  a t  l e a s t  2 i n .  i n  l e n g t h  and may be l onger ,  

b u t  t h e i r  t e r m i n a t i o n  on t h e  s ides  o f  t h e  co re  prec ludes  d e t e r m i n a t i o n  

o f  t h e i r  a c t u a l  e x t e n t .  The bedding and j o i n t  sur faces  a r e  commonly 

marked by a dark  reddish-brown and yel low-brown ox ide  c o l o r a t i o n ,  

i n d i c a t i v e  o f  a h i g h  degree o f  weather ing  f rom movement o f  groundwater. 

Th is  i s  most common i n  t h e  upper p a r t s  o f  t h e  sha le  where weather ing  

has been most e f f e c t i v e .  

I n  most cores t h e r e  a r e  j o i n t s  pe rpend icu la r  t o  

A d d i t i o n a l  samples o f  unconso l ida ted  m a t e r i a l  ( f i l l ,  s o i l ,  weathered 

sha le )  were taken f rom excava t ion  t renches .  

southeast  o f  b u i l d i n g  9201-4, was sampled a t  24 l o c a t i o n s  t q  assess t h e  

p o s s i b i l i t y  o f  mercury contaminat ion  a t  t h i s  s i t e ;  these da ta  a r e  

d iscussed l a t e r  i n  t h i s  r e p o r t .  Dur ing  t h e  sampling o f  t h i s  t rench ,  a 

c l e a r  d i s t i n c t i o n  cou ld  be made between t h e  f i l l  and t h e  u n d e r l y i n g  

s o i l / s h a l e ,  and t h e  l o c a t i o n  o f  a p r e f i l l  s t ream channel was noted. 

One l a r g e  t rench ,  

4.5.2 M a y n a r d v i l l e  Limestone 

The M a y n a r d v i l l e  Limestone i s  t h e  uppermos t ' f o rma t ion  o f  t h e  Conasauga 

Group. It occurs th roughout  East Tennessee and i s  d i v i s i b l e  i n t o  two 

r e g i o n a l l y  c o n s i s t e n t  members: an uppermost Chances Branch Member and 

an u n d e r l y l n g  Low Ho l low Member (Hasson and Haase 1984). 

Based on da ta  f rom t h e  Exxon NFRRC s i t e  west o f  t h e  Y-12 P l a n t  (Law 

Eng ineer ing  1975), t h e  th i ckness  o f  t h e  M a y n a r d v i l l e  Limestone i n  Bear 

Creek V a l l e y  (Whi te  Oak Mountain t h r u s t  b l o c k )  i s  es t imated  t o  be 
360 i 40 f t .  Based on da ta  f rom t h e  Copper Creek t h r u s t  b l o c k  (Haase 4 

1 

1 -. 
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e t  a l .  1984), th'e Chances Branch Member i s  es t ima ted  t o  be approx ima te l y  

160 f t  t h i c k  and t h e  Low Ho l l ow  Member t o  be 200 f t  t h i c k  near t h e  

Y-12 P l a n t .  Cor ing  d a t a  f r o m  Copper Ridge (Haase e t  a l ,  1984) show 

t h a t  t h e  Chances Branch Member c o n s i s t s  o f  medium- t o  th in-bedded b u f f  

and l i g h t - g r a y  dolostones,  r ibbon-bedded dolostones/ l imestones,  and 

thin-bedded medium-gray l imestones.  The Low Ho l l ow  Member i s  

p r i n c i p a l l y  wavy t o  even thin-bedded ( o o ) m i c r o s p a r i t e ,  w i t h  a l t e r n a t i n g  

ho r i zons  o f  do lomi te-bear ing,  r ibbon-bedded m i c r o s p a r i t e  and 

c a l c a r e n i t e .  

Chances Branch Member a r e  o o l i t i c .  

The Low Ho l l ow  Member and t h e  lower  p o r t i o n  o f  t h e  

The lower  c o n t a c t  o f  t h e  M a y n a r d v i l l e  Limestone w i t h  t h e  No l i chucky  

Shale i s  g r a d a t i o n a l  over  app rox ima te l y  a 1 5 - f t  i n t e r v a l .  The 

M a y n a r d v i l l e  Limestone i s  o v e r l a i n  by t h e  Copper Ridge Dolomi te (Knox 

Group), and t h e  c o n t a c t  i s  marked p r i n c i p a l l y  by a sharp decrease i n  

d o l o m i t e  con ten t  and a change i n  s t r a t i f i c a t i o n  p a t t e r n s  (Haase e t  a l .  

1984). 

A s  can be seen i n  F i g .  3, cores taken  f rom s i t e s  56-5 (81-10) and 60-1 

(9201-2) p e n e t r a t e  t h e  M a y n a r d v i l l e  Limestone. The l i t h o l o g i c  l o g s  

f rom b o t h  s i t e s  i n d i c a t e  a s i g n i f i c a n t  amount o f  s o l u t i o n  a c t i v i t y ,  

w i t h  2- t o  3 - f t - t h i c k  c a v i t i e s  p resen t .  From t h e  d r i l l i n g  and logg ing ,  

i t  i s  d i f f i c u l t  t o  say i f  t h e  c a v i t i e s  a r e  water-  o r  c l a y - f i l l e d .  

Based on water  l o s s  d u r i n g  d r i l l i n g ,  i t  appears t h a t  a t  l e a s t  some o f  

t h e  c a v i t i e s  a r e  w a t e r - f i l l e d .  

A f t e r  c o r i n g ,  t h e  bo reho le  a t  s i t e  56-5 co l l apsed ;  t h e r e f o r e ,  no 

geophysica l  l o g s  a r e  a v a i l a b l e  f o r  t h i s  s i t e .  The geophysica l  l o g s  

f rom s i t e  60-1 show w e l l  t h e  c a v i t i e s  p resen t  a t  t h a t  s i t e  

(Appendix A ) .  The c a v i t i e s  appear as peaks a t  depths o f  25, 32, 43, 

and 45 f t .  The inc reases  shown by t h e  n a t u r a l  gamma l o g  may i n d i c a t e  

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

mud. The l o g s  f rom s i t e  60-1 show how v a l u a b l e  l o g g i n g  may be i n  

l o c a t i n g  permeable zones. -. . .  
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The d i p  o f  s t r a t a  i n  b o t h  boreholes ranges f r o m  40 t o  50". T h i s  i s  an 

apparent  d i p  ( r e l a t i v e  t o  t h e  s i d e  o f  t h e  co re ) ,  n o t  a t r u e  d i p .  

on a d i p  o f  45", app rox ima te l y  53 f t  o f  s e c t i o n  i s  a c t u a l l y  seen i n  

each co re  h o l e .  

Based 

A t  b o t h  s i t e s ,  cores o f  t h e  e n t i r e  s e c t i o n  showed s igns  o f  groundwater 

movement. Th i s  i s  i n f e r r e d  p r i m a r i l y  f r o m  t h e  presence o f  i r o n  o x i d e  

w i t h i n  f r a c t u r e s  o r  vo ids .  

Two r e p o r t s  by t h e  Army Corps o f  Engineers (1954 a,b) d i scuss  e x t e n s i v e  

d r i l l i n g  performed as p a r t  o f  a f o u n d a t i o n  a n a l y s i s  f o r  t h e  Y-12 Steam 

P l a n t  ( b u i l d i n g  9401-3). A g e o l o g i c  c ross  s e c t i o n  con ta ined  i n  b o t h  

r e p o r t s  i s  reproduced i n  F i g .  5. We i n t e r p r e t  t h e  s e c t i o n  t o  be i n  t h e  

lower  M a y n a r d v i l l e  Limestone; t h e  bedding d i p  i s  app rox ima te l y  45" SE 

w i t h  a p e r p e n d i c u l a r  j o i n t  s e t .  Dur ing  d r i l l i n g ,  s i g n i f i c a n t  l osses  o f  

d r i l l  mud occu r red  due t o  p o o r l y  o r  uncompacted f i l l .  

a r e  numerous. Most a r e  l e s s  than  1 f t  t h i c k ,  b u t  c a v i t i e s  up t o  8 f t  

i n  t h i c k n e s s  were encountered. The c a v i t i e s  appear t o  f o l l o w  t h e  

s t r i k e  and d i p  o f  bedding ( i . e . ,  a l o n g  bedding p lanes )  and were f i l l e d  

w i t h  a s o f t ,  y e l l o w ,  p l a s t i c  c l a y  t h a t  p r o v i d e d  no r e s i s t a n c e  t o  

d r i l l i n g .  Sound rock  occurs a t  about 25 f t  (based on l i m i t e d  s o l u t i o n  

a c t i v i t y  and w i t h  rega rd  t o  rock  s t r e n g t h  f o r  a f o u n d a t i o n ) .  

S o l u t i o n  c a v i t i e s  

D r i l l i n g  west o f  t h e  Y-12 P l a n t  i n d i c a t e d  s i g n i f i c a n t  s o l u t i o n  a c t i v i t y  

w i t h i n  t h e  M a y n a r d v i l l e  Limestone ( B e c h t e l  1984a); and i n  d r i l l i n g  

beneath t h e  Y-12 c o a l  p i l e ,  an 1 1 - f t - t h i c k  s o l u t i o n  c a v i t y  was 

encountered ( R o t h s c h l l d  e t  a l . ,  i n  prep. ) .  

4.5.3 No l i chucky  Shale 

The No l i chucky  Shale l i e s  s t r a t i g r a p h i c a l l y  beneath t h e  M a y n a r d v i l l e  

Limestone. Throughout East Tennessee, t h e  No l i chucky  Shale can be 

d i v i d e d  i n t o  t h r e e  members: t h e  Upper Shale, t h e  B rad ley  Creek, and 

t h e  Lower Shale Members (Hasson and Haase 1984).  Based on d a t a  f rom 

t h e  Exxon NFRRC s i t e  (Law Eng ineer ing  1975), t h e  No l i chucky  Shale i n  

Bear Creek V a l l e y  i s  app rox ima te l y  375 f 40 f t  t h i c k .  

1 -  

. 
1 . - 7  
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The Upper Shale Member c o n s i s t s  o f  complex ly  i n te rbedded  ca l ca reous  

s h a l e h u d s t o n e  and l imes tone  l i t h o l o g i e s .  The Brad ley  Creek Member 

c o n s i s t s  p redominan t l y  o f  l e n t i c u l a r l y  t o  i r r e g u l a r l y  s t r a t  

b i o ( o o ) m i c r i t e  and b i o s p a r i t e .  The Lower Shale Member cons 

repeated c y c l e s  o f  sha le  and l imes tone .  Most carbonates i n  

member a r e  o o l i t i c ,  and many beds c o n t a i n  i n t r a c l a s t s .  The 

c o n t a c t  o f  t h e  No l i chucky  Shale w i t h  t h e  u n d e r l y i n g  M a r y v i l  

f i e d  

s t s  . o f  

t h e  l ower  

1 ower 

e Limestone 

i s  g r a d a t i o n a l  over  about 50 f t ,  w i th  an i n c r e a s e  i n  carbonate c o n t e n t  

w i t h  depth.  D e s c r i p t i o n s  a r e  based on Haase e t  a l .  (1984).  

The m a j o r i t y  o f  c o r e  ho les  d r i l l e d  on s i t e  pene t ra ted  t h e  No l i chucky  

Shale.  T h i s  f o r m a t i o n  u n d e r l i e s  most o f  t h e  areas o f  known mercury 

usage ( b u i l d i n g s  9204-4, 9201-5, 9201-4, 9733-1, and 9202). The cores 

taken  a t  s i t e s  55-2, 56-1, 56-2, 56-4, and 59-1 rep resen t  t h e  

No l i chucky  Shale.  

Except f o r  t h e  co re  h o l e  f r o m  s i t e  55-2, none o f  t h e  ho les  i n d i c a t e d  

t h e  presence o f  s i g n i f i c a n t  s o l u t i o n  a c t i v i t y .  I n  d r i l l i n g  a t  

s i t e  55-2, seve ra l  l a r g e  c a v i t i e s  and a t h i c k  zone o f  h i g h l y  weathered 

rock ,  l oose  f i l l ,  o r  a l l u v i u m  (see o r i g i n a l  topography i n  F ig .  2 )  were 

encountered. A l l  o f  t h e  cores showed s igns  o f  water  movement ( i r o n  

p r e c i p i t a t e ,  open f r a c t u r e s ,  o r  s o l u t i o n  c a v i t i e s )  t o  a depth o f  50 f t  

o r  g r e a t e r ,  w i t h  t h e  excep t ion  o f  s i t e  56-1 where f r e s h  bedrock was 

encountered a t  a depth o f  app rox ima te l y  8 f t .  

I n  a d d l t i o n  t o  geophysica l  l o g s  on some o f  t h e  c o r e  ho les ,  l o g s  were 

a l s o  r u n  on ho les  a t  s i t e s  55-1, 55-3, and 56-3. The l o g s  show ve ry  

c l e a r l y  t h e  a l t e r n a t i n g  sha le  and l imes tone  beds. The l o g s  f r o m  55-1, 

55-3, 56-2, and 59-1 show a number o f  sp ikes,  which may be f r a c t u r e  

zones. The l o g  taken  f r o m  bo reho le  56-3 i s  s h o r t  i n  l e n g t h  because o f  

t h e  s i d e  w a l l  c o l l a p s e .  The zone caus ing  t h e  w a l l  f a i l u r e  can be seen 

- 5  
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on t h e  l o g  a t  a depth o f  app rox ima te l y  38 f t .  
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The apparent d i p  o f  bedding i n  t h e  cores o f  t h e  No l i chucky  Shale 

averages approx ima te l y  55" and ranges f r o m  45 t o  60". Using an averagt 

d i p  o f  55", about 43 f t  o f  s e c t i o n  occur  i n  each core,  and a s u r f a c e  

ou tc rop  w i d t h  o f  about 460 f t  can be c a l c u l a t e d  u s i n g  a f o r m a t i o n  

th i ckness  o f  375 f t .  

4.5 .4  M a r y v i l l e  Limestone 

Under l y ing  t h e  No l i chucky  Shale i s  t h e  M a r y v i l l e  L mestone. 

f rom Copper Ridge shows t h a t  t h e  upper p a r t  o f  t h e  M a r y v i l l e  Limestone 

i s  c h a r a c t e r i z e d  by t h e  abundant occurrence o f  1-  o 5 - f t  i n t e r v a l s  o f  

d i s t i n c t i v e  f l a t  pebble conglomerate. The lower  p a r t  o f  t h e  M a r y v i l l e  

Limestone i s  composed o f  0.5- t o  l - f t  beds o f  ca lcareous mudstone, 

The co re  

i n t e r s t r a t i f i e d  w i t h  b i o s p a r i t e s ,  i n t r a o o b i o s p a r i t e s ,  c a l c a r e n i t e s ,  and 

s* calcareous s i l t s t o n e s .  The lowermost 50 f t  o f  t h e  M a r y v i l l e  Limestone 

4 -- i s  c h a r a c t e r i z e d  by an i n c r e a s e  i n  ca lcareous mudstone c o n t e n t  p r i o r  t o  

g r a d i n g  i n t o  t h e  massive mudstones o f  t h e  u n d e r l y i n g  R o g e r s v i l l e  Shale. 

The da ta  f rom west o f  t h e  Y-12 P l a n t  (Law Eng ineer ing  1975) i n d i c a t e  a 

th i ckness  o f  375 f 40 f t  f o r  t h e  M a r y v i l l e  Format ion.  

o f  i n t e r e s t  t o  t h e  mercury i n v e s t i g a t i o n  t h a t  i s  u n d e r l a i n  by t h i s  

. 
- 5  

The o n l y  s i t e  

f o r m a t i o n  i s  s i t e  55-4,  near t h e  o l d  d e f l a s k i n g  s i t e  (where mercury was 

unloaded f r o m  t r u c k s  p r i o r  t o  d i s t r i b u t i o n  w i t h i n  t h e  p l a n t ) .  

Based on t h e  l o g s  and on p r o j e c t e d  s u r f a c e  outcrops,  i t  i s  d i f f i c u l t  t o  

t e l l  I f  t h e  co re  f r o m  s i t e  55-4 i s  a c t u a l l y  i n  t h e  lower  M a r y v i l l e  

Limestone, t h e  upper R o g e r s v i l l e  Shale, o r  both.  I n  any case, t h e  rock  

i s  q u i t e  s o l i d  w i t h  no major  f r a c t u r e  zones o r  s o l u t i o n  a c t i v i t y .  

Weathered rock  appears t o  be l i m i t e d  t o  about t h e  upper 30 f t  a t  t h e  

s i t e .  The average bedding d i p  seen i n  t h e  co re  i s  about 50" and ranges 

f r o m  45 t o  75". 
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4.5.5 S t r u c t u r a l  Geology o f  t h e  S i t e  

S t r u c t u r a l l y ,  t h e  Conasauga Group can be q u i t e  complex. As  desc r ibed  

e a r l i e r ,  t h e  average s t r i k e  and d i p  o f  bedding i n  t h e  Y-12 P l a n t  area 

i s  app rox ima te l y  N 55" E, 45" SE. The d a t a  shown i n  F ig :  4 i n d i c a t e  

t h a t  i n  a smal l  area, t h e  s t r i k e  ranges f r o m  N 35" E t o  N 65" E, and 

t h e  d1.p v a r i e s  f r o m  54 t o  83" SE. Small  s c a l e - f o l d i n g  g r e a t l y  

i n f l u e n c e s  bedding and j o i n t s  i n  t h e  area. 

The U.S. Army Corps o f  Engineers (1954a) r e p o r t  t h a t  i n  t h e  Y-12 P l a n t  

area a t  l e a s t  two j o i n t  se ts  have been i d e n t i f i e d ;  one s e t  has a s t r i k e  

o f  N 55" E and a d i p  o f  45" NW, and a second s e t  has a s t r i k e  o f  

N 35" W and d i p  o f  35" NE. The spacing of j o i n t s  v a r i e s  f r o m  a few 

inches t o  as much as 20 f t .  I n  a d d i t i o n  t o  these  two major  s e t s  o f  

j o i n t s ,  t h e  r e p o r t  c i t e s  evidence o f  t h e  presence o f  s h e e t - j o i n t i n g  

p a r a l l e l  t o  t h e  s u r f a c e  o f  t h e  v a l l e y .  A d d i t i o n a l  work near  t h e  Y-12 

P l a n t  and i n  Me l ton  V a l l e y  on j o i n t  o r i e n t a t i o n s  and spacing i s  

desc r ibed  i n  Sledz and H u f f  (1981) .  Work conducted i n  Me l ton  V a l l e y  

( S l e d z  and H u f f  1981; Davis e t  a l .  1983; R o t h s c h i l d  e t  a l .  1984) 

i n d i c a t e s  t h a t  j o i n t  o r i e n t a t i o n  i s  ex t reme ly  v a r i a b l e  and i s  

e s p e c i a l l y  dependent upon smal l  s c a l e  g e o l o g i c  s t r u c t u r e s .  Spacing 

between j o i n t s  i s  q u i t e  v a r i a b l e ,  f r o m  f r a c t i o n s  o f  inches t o  seve ra l  
f e e t  and i s  p a r t i a l l y  c o n t r o l l e d  by l i t h o l o g y  and t h i c k n e s s .  Because 

o f  t h e  r e g i o n a l  t h r u s t i n g ,  sma l l - sca le  f o l d s  w i t h  axes p a r a l l e l  t o  

g e o l o g i c  s t r i k e  a r e  a l s o  common. Movement has occu r red  a l o n g  bedding 

p lanes i n  t h e  Conasauga Group, as i n d i c a t e d  by p o l i s h i n g  and s t r i a t i o n s  

The outcrops exposed by c o n s t r u c t i o n  behind b u i l d i n g  9201-4 a l l owed  

obse rva t i ons  t o  be made o f  t h e  s t r u c t u r a l  geology. A s t r u c t u r a l  

g e o l o g i c  map of t h i s  s i t e  i s  shown i n  F i g .  4. I n  t h e  f o u n d a t i o n  

excava t ion  ( l a r g e  p i t ) ,  two major  j o i n t  s e t s  were observed. The f i r s t  

has a s t r i k e  o f  app rox ima te l y  N 33" W w i t h  a d i p  of, 89" SW. 

s e t  s t r i k e s  approx ima te l y  N 46" W and d i p s  57" NE. 

j o i n t s  i s  on t h e  o r d e r  of 0.5 t o  3 i n .  A minor ,  h igh -ang le  j o i n t  s e t  

was a l s o  observed; i t  has a s t r i k e  and d i p  of-approximately N 10" W, 

The second 

The spacing o f  

.- L 

!! 
i -  

_- . .  
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84" SW, r e s p e c t i v e l y .  
two j o i n t  se ts  were a l s o  noted. 

N 50" W w i t h  a d i p  o f  72"  SW. 

app rox ima te l y  N 74" W and a d i p  o f  46" NE. 

I n  t h e  p i p e l i n e  t r e n c h  south o f  Second S t r e e t ,  

The dominant j o i n t  s e t  has a s t r i k e  o f  

The second j o i n t  s e t  has a s t r i k e  o f  

The o r i e n t a t i o n  and number o f  j o i n t s  i s  ex t reme ly  i m p o r t a n t  because t h e y  

i n  p a r t  c o n t r o l  t h e  movement o f  groundwater. 

se ts  a r e  impor tan t ,  d a t a  a r e  l i m i t e d  t o  t h e  few a v a i l a b l e  ou tc rops .  

A l though da ta  on j o i n t  

C L  



5. HYDROLOGY 

5.1 SURFACE WATER FLOW AND THE I M P A C T  OF PLANT CONSTRUCTION 

The p r e c o n s t r u c t i o n  s u r f a c e  water  d ra inage  f o r  t h e  Y-12 P l a n t  area i s  

shown i n  F ig .  6'. I n  genera l ,  streams d r a i n e d  f r o m  a s e r i e s  o f  h i l l s  i n  

t h e  n o r t h e r n  p a r t  o f  t h e  Y-12 P l a n t  area t o  Upper East Fork Pop la r  

Creek. The s u r f a c e  water  d i v i d e  between UEFPC and Bear Creek l i e s  

a l o n g  t h e  western edge o f  t h e  Y-12 P l a n t .  Based on exper ience  i n  o t h e r  

areas u n d e r l a i n  by t h e  Conasauga Group, depth t o  groundwater i n  t h e  

Y-12 P l a n t  area p robab ly  ranged f r o m  about 30 f t  beneath t h e  h i l l s  t o  

e s s e n t i a l l y  zero near streams. I n  genera l ,  t h e  water  t a b l e  was 

p robab ly  a subdued image o f  t h e  s u r f a c e  topography. 

A f t e r  c o n s t r u c t i o n  o f  t h e  Y-12 f a c i l i t i e s ,  a l l  no r th -sou th  s u r f a c e  

dra inages were e l i m i n a t e d .  I n  p a r t ,  t hese  have been rep laced  by 

subsur face d r a i n s  i n  t h e  Y-12 P l a n t  area. UEFPC was a l s o  a l t e r e d ;  t h e  

headwaters a r e  now an underground drainageway ( s t o r m  sewer system), and 

t h e  channel has been s i g n i f i c a n t l y  s t r a i g h t e n e d  i n  t h e  Y-12 P l a n t  area.  

A l t e r i n g  t h e  n a t u r a l  h y d r o l o g i c  system by changing t h e  topography and 

r e r o u t i n g  t h e  s t ream has ve ry  l i k e l y  caused s i g n i f i c a n t  changes i n  t h e  

groundwater f l o w  system. The water  t a b l e  i n  t h e  Y-12 P l a n t  area 

p robab ly  s t i l l  mimics t h e  p resen t  topography so t h a t  i n  many areas t h e  

lower  p o r t i o n  o f  t h e  f i l l  m a t e r i a l  i s  now s a t u r a t e d .  The e x i s t e n c e  o f  

b u r i e d  stream channels a l s o  a l t e r s  groundwater f l o w ;  they  a r e  l i k e l y  t o  

a c t  as c o n d u i t s  f o r  groundwater movement. For example, t h e  channel  

t h a t  e x i s t e d  west o f  b u i l d i n g  9201-5 i s  p robab ly  s t i l l  a c t i v e  ( F i g s .  2 

and 6) .  The c u r r e n t  e l e v a t i o n  around 9201-4 I s  between 960 and 965 f t  
above MSL. Around b u i l d i n g  9201-5 e l e v a t i o n  ranges between 975 and 

980 f t  above MSL. 

around b u i l d i n g  9201-4, and stream channels were f i l l e d  near 

b u i l d i n g  9201-5. F u r t h e r  evidence o f  t h e  importance o f  o l d  

drainageways t o  water  movement I s  presented i n  S e c t i o n  7, "Groundwater 

Chemistry.  If 

It i s  apparent f r o m  Fig.  2 t h a t  h i l l s  were l e v e l e d  

b 
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P r e l i m i n a r y  da ta  f o r  Bear Creek near t h e  Bear Creek V a l l e y  B u r i a l  

Grounds i n d i c a t e  t h a t  t h e r e  i s  an i n t i m a t e  connec t ion  between t h e  creek 

and t h e  e x t e n s i v e  s o l u t i o n  c a v i t y  system su r round ing  t h e  creek.  The 

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

a l o n g  UEFPC and, i n  c o n j u n c t i o n  w i t h  UEFPC, a c t s  as a d r a i n  f o r  s u r f a c e  

and groundwater t o  l e a v e  t h e  v a l l e y .  T h i s  c o n d u i t  s t i l l  appears t o  be 

a c t i v e  i n  t h e  Y-12 P l a n t  area even though t h e  o l d  creekbed has been 

s i g n i f i c a n t l y  a l t e r e d  and s torm sewers r e p l a c e  s t ream channels.  

5.2 GROUNDWATER HYDROLOGY 

5.2.1 Complet ion o f  M o n i t o r i n g  We l l s  

I n  t o t a l ,  43 w e l l s  were completed i n  24 l o c a t i o n s  ( F i g .  1) .  A f t e r  

d r i l l i n g  was complete, w i t h  e i t h e r  an auger o r  air-hammer, t h e  h o l e  was 

cleaned t o  remove c u t t i n g s  by f u r t h e r  auger ing  o r  compressed a i r .  Most 

boreholes were s t a b l e  and remained open w i t h o u t  c o l l a p s i n g .  I n  s e v e r a l  

areas, a temporary s u r f a c e  cas ing  was r e q u i r e d  t o  keep t h e  h o l e  open. 

Table 2 l i s t s  t h e  w e l l s ,  t h e i r  depths,  ground e l e v a t i o n ,  measur ing 

p o i n t  e l e v a t i o n ,  and notes on w e l l  complet ion.  

A l l  w e l l s  were completed w i t h  a 5 - f t  s e c t i o n  o f  4 - i n .  0 .01- in .  s l o t  
s t a i n l e s s  s t e e l  sp i ra l -wound w e l l  screen w i t h  end cap ( w i t h  t h e  

excep t ion  o f  t h r e e  w e l l s  as noted i n  Tab le  2).  A 1 0 - f t  s e c t i o n  o f  

4 - i n .  p o l y v i n y l  c h l o r i d e  ( P V C )  c a s i n g  was threaded i n t o  t h e  screen. 

Above t h e  threaded cas ing,  2 0 - f t  s e c t i o n s  o f  PVC c a s i n g  w i t h  b e l l  

coup l i ngs  were u t i l i z e d .  The bot tom 6 f t  o f  t h e  annulus was b a c k f i l l e d  

w i t h  c l e a n  pea gravel /sand.  Two f e e t  o f  c l e a n  sand was p laced  above 

t h e  pea g r a v e l  t o  p reven t  f i n e s  f r o m  washing i n t o  t h e  g r a v e l  pack. A 

3 - f t  b e n t o n i t e  sea l  was p laced above t h e  g r a v e l  and sand t o  i s o l a t e  t h e  

screened p o r t i o n  o f  t h e  w e l l .  Clean c u t t i n g s  were used t o  b a c k f i l l  t h e  

ho les  t o  w i t h i n  s e v e r a l  f e e t  o f  t h e  ground su r face ,  and t h e n  a cement 

seal  was poured. I n  areas o f  known s o i l  contaminat ion,  t h e  b a c k f i l l  

used was a m i x t u r e  o f  o n e - t h i r d  b e n t o n i t e  and t w o - t h i r d s  f i n e  sand. 

A d iagram o f  a t y p i c a l  w e l l  i s  shown i n  F i g .  7 .  

- c  
. I  . .  - 1- 
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4 INCH PVC CASING 
WITH BELL COUPLINGS 

4 INCH PVC CASING 
WITH FLUSH THREADED 
COUPLING (10 h) \ 

- 
4 INCH STAINLESS STEEL - 
SPIRAL-WOUND WELL SCREEN 
(.01 slot, 5 h land \ 

ORNL-DWG 84-1454 

CEMENT (2 ft) 

/ 

BACKFILL OF CUTTINGS 
OR SANO/BENTONITE / 

BENTONITE (3 11) 

SAND (1 h) 

SANO OR PEA GRAVEL (6 h) / 

Fig. 7. Typical monitoring well completion. 



Table  2. Y-12 m o n i t o r i n g  w e l l  cornpletlon d a t a  

T o t a l  c a s l n g  E l e v a t l o n  o f  E l e v a t l o n  o f  
Wel l  Wel l  Nor th  East l e n g t h  rneasurlng p o l n t  ground s u r f a c e  Note on zone o f  

( f t-RSL) ( f t-RSL) comple t lon  n e s t  IO c o o r d l n a t e  coord lna te  ( f t )  

53-1 A 

54-1 A 

54-2 A 

55-1 A 
55-1 8 
55-1 C 

55-2 A 
55-2 8 
55-2 C 

55-3 A 
55-3 8 
55-3 c 

55-4 8 
55-4 c 

55-5 A 

55-6 A 

56-1 A 
56-1 C 

56-2 A 
56-2 8 
56-2 C 

56-3 A 

56-3 8 

56-3 C 

56-4 A 
56-4 8 

30,176.21 

30.010.02 

30,009.19 

30,469.88 
30,469.23 
30,466.74 

30,085.32 
30.084.88 
30,085.20 

29,959.34 
29.958.73 
29,958.59 

30.762.67 
30.762.77 

30,697.60 

30.667.34 

30,350.69 
30.355.03 

29,880.85 
29,883.61 
29,884.63 

29.866.66 

29,867.20 

29.859.1 6 

29,819.59 
29.81 5.1 3 

53.81 4.62 

54,702.89 

54,855.1 1 

55,014.07 
55,009.99 
55.01 3.1 3 

55,194.96 
55,199.17 
55-202.96 

55,695.12 
55,698.77 
55.702.65 

55,694.55 
55,698.1 0 

55.556.53 

55,906.66 

56,079.34 
56,071.03 

56,228.72 
56.225.60 
56.230.51 

56.452.76 

56,447.67 

56,449.10 

56,802.01 
56.199.28 

22.05 

23.03 

'26.31 

19.29 
38.78 
75.72 

14.11 
27.59 
75.89 

14.34 
38.09 
71.53 

25.49 
72.64 

10.86 

12.89 

19.03 
75.30 

15.12 
38.81 
17.30 

17.78 

33.43 

55.48 

12.14 
32.58 

993.65 

983.87 

983.77 

986.67 
986.26 
986.73 

976.74 
977.25 
976.85 

972.46 
973.32 
974.34 

1004.68 
1004.86 

988.58 

989.04 

969.25 
969.49 

963.30 
962.28 
964.94 

963.03 

963.40 

962.86 

962.07 
961.38 

990.61 

981.71 

981.07 

986.20 
986.05 
985.85 

976.17 H l g h l y  weathered r o c k  
976.17 H l g h l y  weathered r o c k  
976.07 

971 .59 
971.57 
971.76 

1003.92 
1003.95 

986.67 

986.82 

968.72 
968.89 

962.52 
962.21 
962.44 

962.35 P o s s l b l e  s o l u t l o n  
c a v l t y  

962.36 P o s s l b l e  s o l u t l o n  
c a v i t y  

962.36 

960.10 Weathered r o c k  
960.56 

w 
0 



l ab le  2 .  (cont inued)  

T o t a l  cas lng  E l e v a t l o n  o f  E l e v a t l o n  o f  
Wel l  Wel l  No r th  East . l e n g t h  measurlng p o l n t  ground su r face  Note on zone o f  
nes t  IO coord lna te  coo rd lna te  ( f t)  ( f t-USL) ( f t -USL) , comp le t i on  

56-4 C 

56-5 A 
56-5 8 
56-5 C 

56-6 A 

56-7 A 

56-8 A 

56-9 A 

58-1 A 
58-1 8 

58-2 A 

59-1 A 
59-1 8 
59-1 C 

60-1 A 
60-1 8 

60-2 A 

29,815.06 

29,380.21 
29,382.47 
29,375.47 

29,783.24 

29,449.1 6 

29,465.51 

29,532.83 

29,647.52 

29,500.33 

29,830.55 
29,835.10 
29,834.00 

29,225.67 
29,225.44 

29.097.06 

56,804.51 

56,823.85 
56,827.82 
56,818.57 

56.91 5.30 

56,814.30 

56.545.71 

56.043.39 

58.777.80 

58,772.32 

59,884.79 
59.885.47 
59,881 .56 

60,199.87 
60,203.55 

60,118.58 

76.28 

12.60 
35.10 
71.59 

21.03 

21.10 

25.56 

17.29 

11.15 
22.64 

9.94 

13.22 
36.94 
73.92 . 

23.20 
29.23 

13.52 

962.62 

966.69 
966.72 
967.30 

960.28 

958.45 

962.46 

965.86 

947.84 

938.16 

945.15 
945.69 
945.87 

929.66 
929.80 

929.69 

959.05 

'965.90 
965.87 
966.34 

958.12 

956.62 

959.15 ' 

963.81 

947.20 

936.23 

945.26 
945.07 
945.12 

929.29 
929.16 

927.77 

F l l l  
S o l u t l o n  c a v l t y  

I n s t a l l e d  I n  58-1/8N 
I n s t a l l e d  i n  58-1/89 

Wel ls  a r e  sha l l ow  due 
t o  problems w l t h  
w e l l  c o l l a p s e  

a A l l  w e l l s  a r e  completed w l t h  5 - f t  s t a l n l e s s  s t e e l  screen w l t h  t h e  f o l l o w l n g  except lons:  
w e l l  53-1A 1s an a l l - s t a l n l e s s  s t e e l ,  2-ln.-dlam w e l l ,  w l t h  a 5 - f t  screen; and w e l l s  56-7 and 56-8 have 
5 - f t ,  0.01-In. s l o t  PVC screens. 
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To help ensure the low permeability of the backfilled cuttings, 
laboratory permeability tests were run on two samples of the uncompacted 
cuttings. Permeability values were found to be 1.02 x and 
3.43 x cm/s. Thus, the permeability of the compacted backfill 
is expected to be as low as or lower than that of the surrounding 
aquifer materials (Table 3). 

The completion method used allows a 5-ft zone to be isolated for 
hydraulic measurements or water quality samples. The wells are 
suitable for sampling of either organic or inorganic contaminants. No 

glue was used in the bottom 15 ft of the well, but samples were be 
taken directly from the screened portion. Sampling from the screened 
portion helps to ensure that fresh formation water has been sampled and 
that the water has come i n  contact only with stainless steel. 

After completion, all wells were surveyed in. The appropriate 
elevations and locations are given in Table 2. 

5.2.2 Groundwater Flow System 

In the Conasauga Group, groundwater flow is largely controlled by 
fractures, folds, solution features, and the orientation of bedding. 
Groundwater flow, as well as surface water flow, is predominantly 
south, to UEFPC or its old channel. Although the hydraulic gradient is 
toward UEFPC, significant water flow is likely to occur along strike 
(east-west on the ORR grid) due to anisotropic permeability and the 
pervasive along-strike solution cavity system. 

Water levels and water samples were gathered from 43 wells (Appendix C), 
comprising 1 1  well nests and 13 single well sites. The location and 
identification of well locations can be seen in Fig. 1. Based on data 
from shallow (water table) wells, a map of the potentiometric surface 
was drawn (Fig. 8). The map i s  based on data from April 4, 1983, and 
approximates the highest water levels recorded during this study. The 
data indicate that flow is to the southeast from the high areas of the 

. .  
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Tab le  3. F ie ld-determined h y d r a u l i c  c o n d u c t i v i t y  ( K )  va lues f o r  t h e  Conasauga Group 

Source S i  t e a  

. .  

Average K Valueb Number 
(cm/s) o f  t e s t s  

Geotek 1979 

Law Engl n e e r i  ng 1983 

Davis  e t  a l .  1983 

RothschSld e t  a l .  1984 

B e c h t e l  N a t i o n a l ,  I n c .  1984a 

B e c h t e l  N a t i o n a l ,  I n c .  1984a 

B e c h t e l  N a t i o n a l ,  Inc.. 1984b 

T h i s  s tudy  

West o f  Y-12 P l a n t  

West o f  Y-12 P l a n t  

ORNL-SWSA 6 

ORNL-SWSA 7 

BCVBG (weathered r o c k )  

BCVBG 

BCV o i l  l and fa rm 

Y-12 P l a n t  

8.91 

2.95 

6.31  IO-^ 
2.57 

8.2 

1.2 

3.54 x 10-4 

1.3 x 

9 

7 

36 

12 

26 

35 

12 

18 

W 
P 

"BCVBG = Bear Creek V a l l e y  b u r i a l  ground. 

bGeometr 1 c mean. 

BCV = Bear Creek V a l l e y .  
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Y-12 P l a n t ,  t hen  has a c o n s i d e r a b l e  e a s t e r n  component i n  t h e  l ow  areas 
(e.g. ,  f l o w  i s  o f f  t h e  h i l l s  and appears t o  d i scha rge  i n t o  UEFPC o r  i t s  

o l d  channel ) .  A ve ry  s teep g r a d i e n t  near b u i l d i n g  81-10 causes t h e  

" k i n k "  i n  t h e  p o t e n t i o m e t r i c  contours near t h a t  s i t e .  Th i s  " k i n k "  i s  
p robab ly  r e l a t e d  t o  a bend i n  t h e  o r i g i n a l  channel o f  UEFPC; t h a t  i s ,  

t h e  o l d  channel i s  c o n t r o l l i n g  groundwater f l o w  as much as o r  more than  

t h e  underground storm sewer system. An a l t e r n a t i v e  e x p l a n a t i o n  f o r  

t h i s  phenomena i s  t h a t  t h e  sha l l ow  w e l l  a t  81-10 (56-4A) i s  completed 

i n  a perched water  t a b l e ,  b u t  d u r i n g  d r i l l i n g  a t  t h e  s i t e ;  t h i s  d i d  n o t  

appear t o  be t h e  case. 

A two-dimensional  c ross  s e c t i o n  c o n s t r u c t e d  a l o n g  A - A '  ( F i g .  9)  shows 

s l i g h t  upward g r a d i e n t s  i n  t h e  w e l l s  n o r t h  o f  F i r s t  S t r e e t  (56-1, 55-6, 

55-4), i n d i c a t i n g  recharge f rom f a r t h e r  u p h i l l  d i s c h a r g i n g  i n t o  t h e  

v a l l e y .  The o t h e r  w e l l s  i n  t h e  cross s e c t i o n  show downward g r a d i e n t s ,  

i n d i c a t i v e  o f  groundwater d i s c h a r g i n g  i n t o  t h e  o l d  UEFPC channel .  

Steep downward g r a d i e n t s  occur near b u i l d i n g  81-10 ( 5 6 - 5 )  due t o  the  

s teep topography and t h e  p r o x i m i t y  t o  t h e  o l d  UEFPC channel .  

I t  must be k e p t  i n  mind t h a t  a l t hough  p o t e n t i o m e t r i c  con tou rs  can be 

drawn, f l o w  i s  n o t  l i k e l y  t o  be d i r e c t l y  down g r a d i e n t  due t o  t h e  

apparent a n i s o t r o p y  o f  t h e  fo rma t ions .  The a n i s o t r o p y  w i l l  ve ry  l i k e l y  

cause water t o  move p r e f e r e n t i a l l y  a l o n g  geo log ic  s t r i k e  and d i p .  

r e s u l t s  o f  a pump t e s t  performed i n  t h e  Bear Creek V a l l e y  b u r i a l  grounds 

(Law Eng ineer ing  1983) i n d i c a t e d  a h o r i z o n t a l  t o  v e r t i c a l  a n i s o t r o p y  

r a t i o  o f  about 3 : l .  Water f l o w  w i l l  a l s o  be c o n t r o l l e d  l o c a l l y  by t h e  

ex i s tence  o f  f o l d s ,  f a u l t s ,  f r a c t u r e  zones, and s o l u t i o n  c a v i t i e s .  

The 

The groundwater d i v i d e  between t h e  UEFPC and Bear Creek d ra inage  bas ins  

p robab ly  occurs i n  t h e  same area as t h e  s u r f a c e  water  d i v i d e ,  west o f  

mercury s p i l l h s e  areas. The UEFPC and i t s  o l d  channel a r e  major 

groundwater d i scha rge  zones f o r  t h e  Y-12 P l a n t ,  and l i t t l e  f l o w  beneath 

t h e  creek i s  l i k e l y  ( i . e . ,  under f l ow  t o  t h e  Knox Group). The magnitude 

o f  groundwater f l o w  a l o n g  s t r i k e  t o  and f r o m  t h e  Bear Creek watershed 

i s  unknown. 
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Water l e v e l  f l u c t u a t i o n s  have been mon'i tored on a weekly b a s i s  f r o m  t h e  

w e l l  network.  The d a t a  cover  a p e r i o d  f rom November 1983 t o  A p r i l  1984 

and a r e  p l o t t e d  as hydrographs i n  Appendix C .  I n  genera l ,  f l u c t u a t i o n s  

on t h e  o rde r  o f  2 t o  3 f t  have been observed i n  t h e  w e l l s  over  t h e  

o b s e r v a t i o n  pe r iod ,  p r i m a r i l y  i n  response t o  p r e c i p i t a t i o n .  The sha l l ow  

w e l l s  and w e l l s  completed i n  s o l u t i o n  c a v i t i e s  show t h e  g r e a t e s t  

f l u c t u a t i o n s .  

The head r e l a t i o n s h i p  between w e l l s  i n  a n e s t  i s  g e n e r a l l y  cons tan t ,  

except t e m p o r a r i l y  a f t e r  storms when s h a l l o w  w e l l s  o r  w e l l s  completed 

i n  s o l u t i o n  c a v i t i e s  may respond more q u i c k l y  than  o t h e r  w e l l s  i n  a 

n e s t  (such as w e l l  56-38). 

between t h e  w e l l s  (55-1, 56-3, and 56-5), and f o u r  w e l l  nes ts  

c o n s i s t e n t l y  show upward g r a d i e n t s  (55-3, 55-4, and 59-1). I n  w e l l  

n e s t  60-1 ve ry  l i t t l e  head d l f f e r e n c e  i s  seen between t h e  w e l l s ,  which 

i s  p robab ly  due t o  t h e i r  p r o x i m i t y  t o  t h e  a c t u a l  d i scha rge  area f o r  t h e  

v a l l e y  ( t h e y  a r e  i n  t h e  c a v i t y  system a d j a c e n t  t o  t h e  o l d  UEFPC 

channel)  and t o  t h e  smal l  v e r t i c a l  d i s t a n c e  between t h e  two screened 

i n t e r v a l s .  Three nes ts  (55-2, 56-2, and 56-4) have head r e l a t i o n s h i p s  

t h a t  a r e  n o t  as c l e a r .  The l o c a l  f l o w  system around n e s t  56-4 was 

h i g h l y  d i s t u r b e d  d u r i n g  t h e  water  l e v e l  o b s e r v a t i o n  p e r i o d .  Adjacent  

t o  t h e  nes t ,  t h e  d r i l l i n g  and pumping o f  an e l e v a t o r  s h a f t  and 

excava t ion  work took  p l a c e  f o r  seve ra l  months. 

compl icated t h e  head d i s t r i b u t i o n ,  b u t  a l s o  d r i e d  up t h e  s h a l l o w  w e l l .  

The head r e l a t i o n s h i p s  apparent i n  n e s t  55-2, 56-2, and 56-4 may be due 

t o  t h e i r  p r o x i m i t y  t o  o l d  stream channels ( F i g .  6 ) .  L o c a l l y ,  t h e  base 

o f  these channels ( f i l l / r o c k  c o n t a c t )  may a c t  as d i scha rge  zones due t o  

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

Three nes ts  c l e a r l y  show downward g r a d i e n t s  

The pumping n o t  o n l y  

Knowledge about t h e  depth t o  water  i n  an area i s  o f t e n  i m p o r t a n t  f o r  

e v a l u a t i n g  con tamina t ion  problems and d e s i g n i n g  remedia l  a c t i o n s .  

F i g u r e  10 d i s p l a y s  t h e  r e l a t i o n s h i p  between t h e  water l e v e l  e l e v a t i o n  

and t h e  ground s u r f a c e  e l e v a t i o n  a t  a g i v e n  s i t e  w i t h i n  t h e  Y-12 P l a n t  

area. 

( f t )  = -7.95 + 1.00 [ground e l e v a t i o n  ( f t ) ] .  

The l i n e  o f  r e g r e s s i o n  ( r 2  = 0.98) i s  water  l e v e l  e l e v a t i o n  
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Very s imply,  t h e  r e l a t i o n s h i p  s t a t e s  t h a t  t h roughou t  t h e  p l a n t ,  t h e  

depth t o  water  i s  about  8 f t .  The s lope  o f  t h e  l i n e  i s  1.00, which i s  

n o t  what i s  expected. Genera l l y ,  t h e  depth t o  water  i s  g r e a t e r  beneath 

h i l l s  and c l o s e r  t o  t h e  s u r f a c e  i n  v a l l e y  bottoms (e.g., f o r  one s i t e  

u n d e r l a i n  by t h e  Conasauga Group i n  Me l ton  V a l l e y ,  a s lope  o f  0.64 was 

determined f o r  t h i s  r e l a t i o n s h i p  ( R o t h s c h i l d  e t  a l .  1984).  T h i s  

cons tan t  r e l a t i o n s h i p  i s  p robab ly  t h e  r e s u l t  o f  two f a c t o r s :  f i r s t ,  

t opograph ic  r e l i e f  has been dampened by c o n s t r u c t i o n ;  and, second, t h e  

d i scha rge  area i s  n o t  a t  t h e  s u r f a c e  I n  t h e  v a l l e y ,  b u t  a t  a depth o f  

seve ra l  t ens  o f  f e e t  ( t h e  s torm sewer-UEFPC-solution c a v i t y  system). 

T h i s  s i t e - s p e c i f i c  r e l a t i o n s h i p  can be used t o  p r e d i c t  water  l e v e l s  i n  

areas w i t h i n  t h e  p l a n t  where m o n i t o r i n g  w e l l s  a r e  l a c k i n g .  

The three-d imensional  r e s o l u t i o n  o f  t h e  head d i s t r i b u t i o n  i n  t h e  v a l l e y  

and temporal  v a r i a t i o n s  i s  e s s e n t i a l  f o r  e s t i m a t i n g  water  and/or 

contaminant movement and i s  c r i t i c a l  f o r  t h e  c a l i b r a t i o n  o f  numer ica l  

f l o w  models i f  t h e y  a r e  t o  be produced. 

5.2.3 A q u i f e r  P r o p e r t i e s  

A r a t h e r  e x t e n s i v e  d a t a  base e x i s t s  on t h e  h y d r a u l i c  p r o p e r t i e s  o f  t h e  

Conasauga Group. Hydrogeologic  c h a r a c t e r i z a t i o n s  have been performed 

o r  a r e  ongoing i n  b o t h  Me l ton  V a l l e y  and Bear Creek Va l l ey ,  b o t h  o f  

which a r e  u n d e r l a i n  by t h e  Conasauga Group. To assess how t h e  s t r a t a  

w i t h i n  t h e  p l a n t  compare t o  o t h e r  t e s t e d  areas, 18  h y d r a u l i c  

c o n d u c t i v i t y  ( K )  d e t e r m i n a t i o n s  were made ( T a b l e  4 ) .  The de te rm ina t ions  

were made by I8s1ugI8 t e s t s  (Hvors lev  1951),  which measure t h e  K of 

m a t e r i a l s  immediate ly  su r round ing  t h e  sand packed i n t e r v a l  o f  a w e l l .  

The geometr ic mean f o r  K i n  t h e  p l a n t  i s  3.54 x cm/s. Two 
values o f  K a r e  ve ry  h i g h  (55-38 and 56-4C) and p robab ly  ove res t ima te  

K. Excessive drawdown a t  w e l l  56-4C, due t o  a d j a c e n t  pumping, m igh t  

have caused an ove res t ima te  t h e r e .  A lso,  d u r i n g  t h e  i n s t a l l a t i o n  o f  

w e l l  55-38, problems were encountered w i t h  c o l l a p s e  and l o s s  o f  water  

c i r c u l a t i o n ;  thus,  t h i s  t e s t  zone may be h i g h l y  d i s t u r b e d .  The va lue  

f o r  w e l l  56-5C i s  a l s o  ve ry  h igh ,  b u t  t h i s  w e l l  may, a t  l e a s t  i n  p a r t ,  

be completed i n  a zone w i t h  s o l u t i o n  c a v i t i e s .  
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Table 4. H y d r a u l i c  c o n d u c t i v i t y  
( K )  values f r o m  s l u g  t e s t s  

i n  t h e  Y-12 P l a n t  

K 
We1 1 (cm/s)  

55-1 A 
55-1 8 
55- I C  

55-263 

55-3A 
55-38 
55-3c 

55-48 
55-4c 

56-1 A 
56-1 C 

56-2A 
56-20 
56-2C 

56-3A 
56-3C 

56-4C 

56-5C 

4.23 x 10-4 
4.04 x 10-4 
1.20 x 10-4 

5.10 x 10-4 

5.84 x 10-4 
1.63 x 10-3 
6.65 x 10-5 

4.45 x 10-4 
1.72 x 10-4 

5.11 x 10-5 
6.61 x 10-4 

8.05 10-4 
2.97 x 10-4 
1.59 x 10-4 

2.82 x 10-4 
5.64 x 10-4 

1.28 x 10-3a 

2.48 x l o - *  
Geometric mean = 3.54 x cm/s 

aPumplng go ing  on nearby d u r i n g  t e s t ;  
t h e r e f o r e ,  r e p o r t e d  va lue  o f  K I s  l i k e l y  t o  
be h l g h .  

. '  
- _  _ -  . - -  . 
.._ 
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The h y d r a u l i c  c o n d u c t i v i t y  de te rm ina t ions  made i n  t h e  p l a n t  compare 

ve ry  w e l l  w i t h  those f o r  o t h e r  areas on t h e  ORR ( T a b l e  3 ) .  W i th  t h e  

excep t ion  o f  t e s t s  i n  t h e  unweathered rock  a t  t h e  Bear Creek V a l l e y  

b u r i a l  grounds, a l l  t h e  K values a r e  w i t h i n  one o rde r  o f  magnitude-- 

s u r p r i s i n g l y  c o n s l s t e n t .  Local  v a r i a t i o n s  i n  K a r e  l i k e l y  t o  occur  due 

t o  l i t h o l o g i c  and s t r u c t u r a l  h e t e r o g e n e i t i e s  o f  t h e  a q u i f e r ,  b u t ,  i n  

genera l ,  h y d r a u l i c  c o n d u c t i v i t y  and o t h e r  a q u i f e r  p r o p e r t i e s  (e.g., 

p o r o s i t y ,  t r a n s m i s s i v i t y ,  and a n i s o t r o p y )  a r e  l i k e l y  t o  be s i m i l a r .  

That i s ,  based on v a r i a t i o n s  i n  K f o r  t h e  Conasauga Group, i t  appears 

t h a t  o t h e r  da ta  should be t r a n s f e r a b l e  f r o m  one s i t e  t o  another ,  

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

d u r i n g  t h i s  i n v e s t i g a t i o n  can be gleaned f r o m  t h e  r e p o r t s  re fe renced  i n  

Table 3. Large-scale h e t e r o g e n e i t i e s  between areas u n d e r l a i n  by t h e  

Conasauga Group a r e  impor tan t ;  these i n c l u d e  l a r g e  s t r u c t u r a l  f e a t u r e s  

( f a u l t s / f r a c t u r e  zones), d i f f e r i n g  h y d r o l o g i c  u n i t s  ( a l l u v i u m ,  f i l l ,  

and weathered vs unweathered r o c k ) ,  and v a r y i n g  s t r a t i g r a p h y  ( t h e  

e x t e n s i v e  s o l u t i o n  c a v i t y  system apparent  i n  t h e  M a y n a r d v i l l e  

Limestone). These l a r g e - s c a l e  v a r i a t i o n / c o n d i t i o n s  must be assessed 

f o r  each area o f  concern.  



6. SURFACE AND SUBSURFACE SAMPLING AND ANALYSIS 

FOR MERCURY CONTAMINATION 

6.1 WELL SAMPLING AND ANALYSIS 

P r i o r  t o  any w e l l  sampling, a l l  w e l l s  were developed by removing 5 t o  

10 po re  volumes o f  water  f r o m  each w e l l .  

o f  water  i n  t h e  c a s i n g  and sand pack under e q u i l i b r i u m  c o n d i t i o n s .  An 

acid-washed ( 5 %  n i t r i c  a c i d ) ,  d i s t i l l e d  wa te r - r i nsed ,  p o s i t i v e  

d isp lacement  pump was used f o r  development. We l l  development I s  

i n tended  t o  remove any nonna t i ve  water  i n t r o d u c e d  d u r i n g  d r i l l i n g  and 

t o  h e l p  produce a f i l t e r  pack around t h e  w e l l  screen ( t o  reduce 

i n f i l t r a t i o n  o f  f i n e  sediment) .  Most w e l l s  y i e l d e d  c l e a r  water  a f t e r  

development. 

One po re  volume i s  t h e  amount 

Immediate ly  p r i o r  t o  t a k i n g  a water  sample, 5 po re  volumes o f  water  

- were removed f r o m  t h e  w e l l .  T h i s  evacua t ion  o f  wa te r  he lped ensure 

t h a t  f reshwa te r  f r o m  t h e  a q u i f e r  was sampled. I n  most cases, wa te r  

l e v e l s  i n  t h e  w e l l  dropped q u i c k l y  o r  t h e  w e l l  d r i e d  ou t ,  and a 
recovery p e r i o d  was r e q u i r e d  t o  remove more water .  An acid-washed, 

d i s t i l l e d  wa te r - r i nsed ,  s t a i n l e s s  s t e e l  b ladder  pump was used f o r  w e l l  

evacuat ion.  Compressed N gas was t h e  d isp lacement  medium. 2 

A f t e r  evacua t ing  t h e  w e l l ,  a water  sample was taken,  u s i n g  a p o i n t  

source ( a  b a l l  v a l v e  on each end) T e f l o n  b a i l e r  t h a t  had been washed 

w i t h  a c i d  and r i n s e d  w i t h  d i s t i l l e d  water .  At tached t o  t h e  bo t tom end 

o f  t h e  b a i l e r  was a s t a i n l e s s  s t e e l  I1probel1 t o  keep t h e  b a i l e r  o f f  t h e  

bot tom o f  t h e  w e l l  (and o f f  any p o s s i b l e  sediment)  and w i t h i n  t h e  

screened p o r t i o n  o f  t h e  w e l l .  Thus, samples were taken  f r o m  about  2 f t  

f r o m  t h e  bottom, where f reshwa te r  i n  c o n t a c t  o n l y  w i t h  s t a i n l e s s  s t e e l  

c o u l d  be removed. When t h e  sample was r e t r i e v e d ,  t h e  wa te r  was removed 

by use o f  a T e f l o n  emptying d e v i c e  and p laced,  w i t h o u t  f i l t r a t i o n ,  i n t o  

b o t t l e s  c o n t a i n i n g  n i t r i c  a c i d  and potass ium d ichromate as a 

p r e s e r v a t i v e  (Feldman 1974a). Samples were n o t  f i l t e r e d  p r i o r  t o  

p r e s e r v a t i o n  f o r  two reasons: (1)  even under i d e a l  c o n d i t i o n s ,  

e- ". 
I. - - *>-- 
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f i l t r a t i o n  can r e s u l t  i n  e i t h e r  sample con tamina t ion  o r  l o s s  o f  s o l u b l e  

mercury by s o r p t i o n  t o  f i l t e r  and glassware; ( 2 )  t o t a l  a n a l y s i s  i s  a 

b e t t e r  i ndex  o f  groundwater con tamina t ion  by mercury because mercury i s  

expected t o  be l a r g e l y  (>go%) assoc ia ted  w i t h  suspended m a t t e r  

(Cranston and Buckley 1972).  

P r i o r  t o  evacua t ion  o f  any w e l l ,  water  l e v e l s  were noted i n  a l l  w e l l s  

w i t h i n  a nes t .  A f t e r  sampling, measurements o f  e l e c t r i c a l  conductance, 

pH, and temperature were made e i t h e r  i n  s i t u  ( b y  l o w e r i n g  a probe i n t o  

t h e  w e l l )  o r  on t h e  s u r f a c e  by r e t r i e v i n g  a b a i l e d  sample ( see  l a t e r  

d i s c u s s i o n  o f  genera l  groundwater chemis t r y ) .  

Mercury i n  we l l -wa te r  samples was determined by t h e  method o f  Feldman 

(1974b).  Prev ious comparison o f  t h i s  method w i t h  t h e  U.S. 

Environmental  P r o t e c t i o n  Agency (USEPA) method (USEPA 1979; method 

245.1) has demonstrated t h a t  r e s u l t s  a r e  e q u i v a l e n t .  However, t h e  

method o f  Feldman, as a p p l i e d  i n  t h e  ORNL Environmental  A n a l y s i s  

Laboratory ,  a f f o r d s  h i g h e r  s e n s i t i v i t y  (0.01 pg /L  vs. 0.1 pg /L ) .  

Mercury i n  w e l l  sediment was determined by t h e  USEPA method (USEPA 

1979) f o r  sediment. Methy l  mercury was n o t  analyzed f o r  i n  any 

we l l -wa te r  samples because i t  was expected t o  be absent o r  t o  be 

p resen t  a t  ex t reme ly  l o w  c o n c e n t r a t i o n s  (be low 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 ) .  

6.2 RESULTS OF WELL-WATER ANALYSES 

A l l  w e l l s  have been sampled and t h e  water  analyzed f o r  mercury a t  l e a s t  

once, most hav ing  been sampled two t o  f i v e  t imes.  Table 5 summarizes 

a n a l y t i c a l  da ta  f o r  mercury f o r  t h e  p e r i o d  November 10, 1983, th rough  

March 27, 1984. 

I n  t h e  assessment o f  p o s s i b l e  groundwater con tamina t ion  by mercury, i t  

i s  i m p o r t a n t  t o  o b t a i n  samples hav ing  o n l y  n a t u r a l  suspended sediment 

( i . e . ,  w i t h o u t  sampl ing- induced t u r b i d i t y )  because mercury i s  r e a d i l y  

sorbed on to  sediment. The n i t r i c  a c i d  and potass lum d ichromate used t o  

p rese rve  t h e  samples w i l l  r e l e a s e  sorbed mercury f r o m  sediment, making 

i t  d e t e c t a b l e  d u r i n g  a n a l y s i s .  High amounts o f  suspended sediment can 

t h e r e f o r e  r e s u l t  i n  an anomalously h i g h  c o n c e n t r a t i o n  o f  mercury, which 
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Table 5. Mercury i n  Y-12 groundwater 
- 

Mercury 
Nest We1 1 Date Qua l  i t y a  ( W L )  
- 
53-1 
54-1 
54-1 
54-2 
54-2 
55-  I 
55-1 
55-1 
55-1 
55-1 
55-1 
55-1 
55-1 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-4 
55-4 
55-4 
55-4 
55-4 
55-5 
55-5 
55-6 
55-6 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
C 
C 
A 
A 
A 
A 
A 
B 
B 
B 
C 
C 
C 
A 
A 
A 
A 
B 
B 
B 
C 
C 
C 
B 
B 
B 
C 
C 
A 
A 
A 
A 

15MAY84 
03MAR84 
12MAR84 
03MAR84 
12MAR84 
1 ONOV83 
16DEC83 
25JAN84 
12MAR84 
1 ONOV83 
25JAN84 
14NOV83 
25JAN84 
17NOV83 
15DEC83 
16DFC83 
26JAN84 
20MAR84 
17NOV83 
26JAN84 
22MAR84 
05DEC83 
26JAN84 
22MAR84 
16NOV83 
15OFC83 
27JAN84 
20MAR84 
16NOV83 
27JAN84 
26MAR84 
16NOV83 
27JAIU84 
26MAR84 
08DEC83 
1 OFEB84 
12MAR84 
08DEC83 
1 OFEB84 
05MAR84 
12MAR84 
05MAR84 
12MAR84 

TM 
TM 
TM 
TM 
TM 
TM 
C 
TM 
TM 
C 
TM 
C 
C 
TM 
C 
C 
TM 
TM 
C 
C 
C 
C 
C 
C 
C 
C 
TM 
M 
C 
C 
TM 
C 
C 
C 
C 
TM 
C 
M 
M 
VM 
VM 
VM 
M 

0.10 
0.04 
0.03 
0.04 
0.09 
1.10 
0.06 
0.06 
0.04 
0.10 
0.09 
0.60 
0.13 
3.50 
1.70 
1.10 
0.73 
0.06 
0.04 
0.03 

t o .  01 
0.08 

(0.01 
<o. 01 

1.10 
0.15 
0.04 

20.00 
0.03 
0.33 
0.20 
0.07 

<o . O l  
0.01 
0.16 
0.05 
0.07 
4.00 
0.20 

93.00 
11 .oo 

1.10 
4.90 

4.' 
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Table 5. ( con t inued)  

Mercury 
Nest We1 1 Date Q u a l i t y ”  ( WM-1 

56-1 
56-1 
56-1 
56-1 
56-1 
56-1 
56-1 
56-1 
56-2 
56-2 
56-2 
56-2 
56-2 
56-2 
56-2 
56-2 
56-2 
56- 2 
56-2 
56-2 
S6-2 
56-3 
56-3 
56-3 
56-3 
56-3 
56-3 
56-3 
56-4 
56-4 
56-4 

‘ 56-4 
56-4 
56-4 
56- 5 
56-5 
56-5 
56-5 
56-5 
56-6 
56-6 

A 
A 
A 
A 
A 
C 
C 
C 
A 
A 
A 
A 
A 
A 
B 
B 
6 
C 
C 
C 
C 
A 
A 
A 
B 
B 
C 
C 
B 
B 
B 
B 
C 
C 
A 
B 
B 
C 
C 
A 
A 

14NOV83 
14NOV83 
16DEC83 
02FEB84 
12MAR84 
14NOV83 
14NOV83 
02FEB84 
05DEC83 
05DEC83 
060FC83 
15OFC83 
30JAN84 
20MAR84 
06DFC83 
30JAN84 
27MAR84 
06DEC83 
06DEC83 
31 JAN84 
27MAR84 
070EC83 
01 FEB84 
20MAR84 
07DEC83 
01 FEB84 
070EC83 
01 FEB84 
090EC83 
03FEB84 
06FEB84 
19MAR84 
09DEC83 
02FEB84 
13MAR84 
15DEC83 
16JAN84 
14DEC83 
16JAN84 
03MAR84 
05MAR84 

TM 
1 M  
C 
TM 
TM 
C 
C 
C 
VM 
VM 
U 
C 
TM 
TM 
C 
TM 
M 
C 
C 
TM 
TM 
C 
TM 
TM 
C 
C 
C 
C 
C 
C 

M 
C 
C 
TM 
C 
C 
C 
C 
M 
M 

0 

0.50 
0.90 
0.19 
0.13 
0.16 
0.30 
0.40 
0.05 
5.20 

145.00 
5.20 
0.62 
0.86 
0.73 
0.15 
0.35 
0.10 
1.30 
0.95 
0.13 
0.43 
0.91 
0.29 
0.18 
0.08 
0.02 

t0.01 
t0.01 

0.05 
0.02 . 

0.10 
0.03 
0.03 
4.30 
1.30 
0.94 
0.17 
0.88 
0.21 
0.50 

0 
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Tab le  5. ( con t i nued)  
- 

Mercury 
Nest We1 1 Date Q u a l i t y "  ( vg /L )  
- 
56-6 
56-7 
56-7 
56-8 
56-8 
56-9 
56-9 
58-1 
58-1 
58-1 
58-1 
58-1 
58-1 
58-1 
58-2 
58- 2 
59-1 
59-1 
59-1 
59-1 
59-1 
59-1 
59-1 
60-1 
60-1 
60-1 
60-1 
60- 1 
60-2 
60-2 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
C 
A 
A 
A 
A 
A 
B 
8 
C 
C 
A 
A 
A 
6 
6 
A 
A 

19MAR84 
02MAR84 
13MAR84 
02MAR84 
13MAR84 
02MAR84 
14MAR84 
1 OJAN84 
18JAN84 
15MAR84 
1 OJAN84 
18JAN84 
15MAR84 
1 OJAN84 
02MAR84 
19MAR84 
11 DEC83 
23JAN84 
19MAR84 
13DEC83 
23JAN84 
11 DEC83 
24JAN84 
13DEC83 
1 7  JAN84 
14MAR84 
13DEC83 
18JAN84 
02MAR84 
14MAR84 

TM 
TM 
TM 
C 
TM 
TM 
TM 
U 
TM 
TM 
U 

.TM 
7 M  
U 
M 
TM 
C 
TM 
TM 
C 
TM 
TM 
C 
M 
M 
VM 
M 
VM 
TM 
C 

0.17 
1.90 
7 -60  

<o . O l  
1.00 
0.02 
0.05 

14.00 
16.00 
30.00 

2.00 
7.60 
0.71 

40 -00 
0.21 
0.06 
0.02 
0.40 
0.40 

<o . O l  
0 -05 

<o . O l  
0.01 
8.10 
1.10 

28.00 
1.30 
0.69 
0.10 

<o .01 

C = c l e a r ;  TM = t r a c e  mud; M = muddy; VM = ve ry  
muddy; U = unpurged. 

. 

5 -< .. 
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i s  n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  t h e  mercury c o n c e n t r a t i o n  o f  t h e  

water .  Thus, i t  i s  necessary t o  o b t a i n  samples f o r  a n a l y s i s  t h a t  a r e  

f r e e  o f  sediment o r  t o  n o t e  t h e  presence o f  sediment i n  samples t h a t  

c o n t a i n  d e t e c t a b l e  amounts. I n  Table 5, t h e  des igna t ions  C,  TM, M, and 

VM a r e  app rox ima te l y  e q u i v a l e n t  t o  t o t a l  suspended m a t t e r  (sediment)  

c o n c e n t r a t i o n s  o f  (10 mg/L, 10 t o  100 mg/L, 100 t o  10,000 mg/L and 

>10,000 mg/L, r e s p e c t i v e l y .  To g e t  sediment- f ree samples, t h e  water  

can be f i l t e r e d  ( t h e  reasons f o r  n o t  f i l t e r i n g  were s t a t e d  e a r l i e r )  o r  

t h e  w e l l  can be pumped and evacuated u n t i l  c l e a r  f o r m a t i o n  water  i s  

o b t a i  ned . 

I n  s p i t e  o f  pro longed pumping d u r i n g  w e l l  development, seve ra l  w e l l s  

con t inued  t o  y i e l d  t u r b i d  water  samples. Samples w i t h  sediment a r e  n o t  

cons idered t o  be r e p r e s e n t a t i v e  o f  f o r m a t i o n  water  because t h e  sediment 

i s  presumed t o  be e n t r a i n e d  o n l y  as a consequence o f  w e l l  drawdown. 

Th is  i s  n o t  t o  i m p l y  t h a t  sediment i s  never t r a n s p o r t e d  by groundwater. 

O r d i n a r i l y ,  however, groundwater moves th rough  fo rma t ions  w i t h o u t  

resuspending p r e v i o u s l y  depos i ted  sediments. The l o c a l  temporary 

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

resuspension, p a r t i c u l a r l y  d u r i n g  t h e  e a r l y  stages o f  w e l l  use. I n  

most cases, t u r b i d  samples were assoc ia ted  w i t h  t h e  sha l l owes t  w e l l s  

( A  and B) ,  which a r e  screened i n  f i l l ,  s o i l ,  and weathered rock .  

Be fo re  examining these  da ta ,  i t  i s  i m p o r t a n t  t o  d e f i n e  a minimum 

c o n c e n t r a t i o n  o f  mercury i n  groundwater t h a t  w i l l  be considered as 

evidence o f  con tamina t ion .  

m a t t e r  (e.g. ,  (10 mg/L), t h e  va lue  o f t e n  used as a n a t u r a l  background 

va lue  f o r  stream water ,  0.05 pg/L,  i s  a l s o  a p p r o p r i a t e  f o r  

groundwater. A l l o w i n g  f o r  somewhat h i g h e r  c o n c e n t r a t i o n s  o f  suspended 

m a t t e r  c o n c e n t r a t i o n s  (e.g. ,  50 mg/L) would y i e l d  an upper l i m i t  o f  

perhaps 0.5 pg /L  mercury.  Thus, groundwater samples w i t h  va lues i n  

excess o f  0.5 ug/L w i l l  be i n t e r p r e t e d  as hav ing  mercury c o n c e n t r a t i o n s  

"above background." K a i s e r  and T o l g  (1980) show a range o f  mercury 

c o n c e n t r a t i o n s  f o r  u n p o l l u t e d  groundwater o f  0.01 t o  0.46 ug/L.  

For water  samples w i t h  l i t t l e  suspended 
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Groundwater, which may serve as an untreated potable water supply, may 
contain up to 2 pg/L before exceeding the state and federal drinking 
water standard for mercury. 

The data in Table 5 support the following immediate conclusions: 
1 .  

2. 

3 .  

No wells yielded "clear" groundwater samples with mercury 
concentrations which exceeded the national primary drinking water 
standard (NPDWS) of 2 pg/L. Three wells (55-2A, 56-2C, and 
56-28) yielded "clear" samples with mercury concentrations close to 
50% of the NPDWS. 

Nine wells yielded "clear" groundwater samples with mercury 
concentrations which are suggestive of low-level contamination 
(0.1 to 1 pg/L). 

Fifteen additional wells yielded "clear" groundwater samples with 
essentially background concentrations (t0.1 ug/L). 

Further interpretation of the data in Table 5 requires examination of 
the mercury content of suspended matter from 28 of the wells (Table 6). 
Three of these wells'(56-5A, 58-1A, and 60-1A) show a high mercury 
content (>lo pg/g) in suspended matter. These wells are located, 
respectively, near 81-10, in the 9733-1 alcove, and near 9201-2, all 
areas of known high contamination of upper soil and fill. Suspended 
matter from 15 additional wells showed slight (0.5 to 1 pg/g) to 
moderately elevated (1 to 10 pg/g) mercury concentrations, while 
suspended matter from the remaining 10 wells showed no evidence 
(mercury 20.5 pg/g) of contamination. Table 7 gives the ranking of 
mercury concentrations for all wells. All but four wells (55-1A, 
55-1B, 56-4C, and 59-1A) have some evidence (water and/or suspended 
matter analyses) of contamination by mercury. Thus, of the known 
mercury use or spill areas, only the 9202 area (wells 59-1A, 59-1B, 
59-1C) appears not to be contaminated. 
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Table 6. Comparison o f  mercury concen t ra t i ons  
i n  water  and i n  suspended s o l i d s  . - 

Mercury i n  Mercury i n  
water  s o l  i d s  

Nest We1 1 Date (vg/L) Qua l  i t y a  ( vg/g 1 - 
54-1 
54-2 
55-1 
55-1 
55-1 
55-2 
55-2 
55-3 
55-3 
55-3 
55-3 
55-4 
55-4 
55-5 
55-5 
55-6 
55-6 
56-1 
56-2 
56-2 
56-2 
56-3 
56-2 
56-2 
56-2 
56- 2 
56-2 
56-3 
56-3 
56-4 
56-5 
56-6 
56-7 
56-8 
56-9 
58-1 
58-1 
58-1 
58-2 
59-1 
59-1 
60-1 
60-1 
60-1 
60-1 
60-1 
60-2 

A 
A 
A 
A 
B 
A 
A 
A 
A 
B 
B 
C 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
C 
C 
C 
A 
B 
A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
A 
A 
B 
B 
A 

12MAR84 
12MAR84 
25JAN84 
12MAR84 
25JAN84 
26JAN84 
20MAR84 
27JAN84 
20MAR84 
27 JAN84 
26MAR84 
08DEC83 
1 OFEB84 
05MAR84 
12MAR84 
05MAR84 
12MAR84 
12MAR84 
05DEC83 
05DEC83 
30JAN84 
20MAR84 
06DEC83 
30JAN84 
27MAR84 
06DEC83 
06DEC83 
27MAR84 
01 FEB84 
19MAR84 
13MAR84 
19MAR84 
13MAR84 
13MAR84 
14MAR84 
15MAR84 
18JAN84 
15MAR84 
19MAR84 
23JAN84 
19MAR84 
13DEC83 
14MAR84 
14MAR84 
13DEC83 
18JAN84 
14MAR84 

0.03 
0.09 
0.06 
0.04 
0.09 
0.73 
0.06 
0.04 

20.00 
0.33 
0.20 
4.00 
0.20 

93.00 
11 .oo 

1.10 
4.90 
0.16 
5.20 

145.00 
0.86 
0.73 
0.15 
0.35 
0.10 
1.30 
0.95 
0.43 
0.29 
0.10 
4.30 
0.17 
7.60 
1 .oo 
0.05 

30.00 
7.60 
0.71 
0.06 
0.40 
0.40 
8.10 

28.00 
28.00 

1.30 
0.69 

-0.01 

TM 
TM 
TM 
TM 
TM 
TM 
TM 
TM 
M 
C 
TM 
M 
M 
VM 
VM 
VM 
M 
TM 
VM 
VM 
TM 
TM 
C 
TM 
M 
C 
C 
TM 
TM 
M 
TM 
TM 
TM 
TM 
TM 
TM 
TM 
TM 
TM 
TM 
TM 
M 
VM 
VM 
M 
VM 
C 

0.06 
0.15 
0.25 
0.13 
0.13 
1.60 
2.50 
0.40 
2.30 
0.05 
0.26 
0.26 
0.45 
3.70 
5.70 
2.10 
2.00 
0.61 
3.10 
3.10 
2.80 
3.10 
0.61 
0.55 
0.94 
1.60 
1.60 
2.20 
8.60 
3.00 

17.00 
0.13 

10.00 
1.20 
0.10 

168.00 
6.80 
2.10 
0.29 
0.35 
0.40 
6.20 

13.00 
12.00 

7.20 
2.60 
1.10 

'C = c l e a r ;  TM = t r a c e  mud; M = muddy; VM = very  muddy. 



Table 7. Rankings o f  mercury c o n c e n t r a t i o n s  i n  w e l l s  f r o m  
analyses o f  (1) suspended sediment, ( 2 )  a l l  wa te r  

samples, and ( 3 )  o n l y  " c l e a r t 1  wa te r  samples 

Rank1 ng We1 1 s 

- t0.5 

0.5-1 

1-10 

>10 

- t O . l  

0.1-1 .o  

1-10 

>10 

- t O . l  

0.1-1 .o 

1-10 

( > l o )  

Suspended sediment samples (uq /g 1 

54-1A, 54-2A, 55-1A, 55-18, 55-38, 55-4C, 56-6A, 56-9A, 58-2A, 
59-1 A 

56-1A, 56-28 

55-2A, 55-3A, 55-5A, 55-6A, 56-2A. 56-2C, 56-3A, 56-48, 56-7A 
56-8A, 58-18, 60-18, 60-2A 

56-5A, 58-1A, 60-1A 

A l l  wa te r  samples (uq /L ) 

53-1A, 54-1A, 54-2A, 55-1A,a 55-18, 55-28, 55-2C, 55-3C, 
55-48," 56-38, 56-3C. 56-48, 56-4C, 56-9A, 59-1 8, 59-1 C,  
60-2A 

55-1C, 55-38, 56-1A, 56-1C, 56-2A." 56-28, 56-2C,a 56-3A, 
56-5C, 56-6A, 56-8A, 58-2A, 59-1A 

55-2A, 55-4C, 55-6A, 56-5A, 56-58, 56-7A, 58-18, 60-18 

55-3A, 55-5A, 58-1A, 58-1C, 60-1A 

Only l tclear' l  wa te r  samples (uq /L 1 

55-1A, 55-18, 55-28, 55-2C, 55-3C, 55-48, 56-38, 56-3C. 56-48 
56-4C, 56-8A, 59-1A, 59-18, 59-1C, 60-2A 

55-1C, 55-3A," 55-38, 56-1A, 56-1C, 56-2A, 56-28, 56-3A, 56-5C, 

55-2A, 56-2C, 56-58 

.- ., - 
- a-- 

~~ 

aExcl  us1 ve o f  f i rst observa t i on .  
. a  
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It is important to consider whether some wells may have been 
contaminated as a result of well drilling, i.e., by downward transport 
of contaminants in the upper soil and fill to well screen depths by 
auger reentries and other well installation activities. Availability 
of analyses of soil cores (discussed i n  detail later) provides some 
means of determining whether near-surface contamination has been dragged 
downward. Corresponding soil data for each well screen depth is 
available for only some of the wells (Table 8). As suggested by the 
data summarized in Table 8, five wells (55-3A, 56-3A, 56-38, 58-16, and 
60-1A) may contain mercury-contaminated sediment due to well 
installation (i.e., mercury concentration in sediment much greater than 
that in boring samples). 

One o f  the groundwater samples was filtered (0.4-prn pore size) before 
mercury analysis. For this one sample (56-2A, 12/5/83), the soluble 
concentration was 0.04 pg/L, whereas the total mercury concentration 
in a replicate sample was 145 pg/L. The sample that was filtered 
contained about 50 g/L of sediment with a mercury concentration of 
3.1 pg/g. This case illustrates very well the impact of sediment an 
total mercury concentration in a sample. Several other samples were 
turbid drid contained over 10 g/L of sediment; thus, a mercury 
concentration in the range of 1 to 2 pg/L would be expected for these 
samples even in the absence of groundwater contamination. 
a water sample containing 1 g/L of suspended sediment with a mercury 
content of 0.5 pg/g in the sediment will be analyzed as having a 
total mercury concentration of 0.5 pg/L. 

For example, 

6.2.1 Results of Drilling Water Analyses 

Included in Appendix D are analyses of drilling water samples collected 
at intervals during the drilling of the core holes. These samples were 
collected with the hope of being able to identify mercury-rich zones at 
depth, if they exist, and to monitor water quality. 
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Table 8 .  Comparison o f  Hg c o n c e n t r a t i o n  i n  s o i l / f i l l  b o r i n g  samples 
f rom approximate w e l l  screen depths t o  suspended m a t t e r  Hg 

c o n c e n t r a t i o n s .  L e t t e r s  i n  ( )  i n d i c a t e  b o r i n g  I D  
i f  o t h e r  than  w e l l  I D .  

Wel l  I D  B o r i n g  samplesa ( p g / g )  Suspended m a t t e r  ( p g / g )  

55- 1 A 

55-2A 

55-3A 

56- 3A 

56-46 

56-5A 

58-1A 

58-1 6 

59-1 A 

60- 1 A  

60-1 R 

t O . 1  ( 6 ,  C )  

I , 3  

t O . l  

t 0 . 1  ( C )  

t O . l  ( C )  

48 ( 6 )  
1 7  

0 . 3  

0 . 4  

t O . l  

2 .3  

0 .13-0 .25  

I .b -2 .5  
b 0 .4 - .2 .3  

b 8 . 6  
b 3 . 0  

17 

168 
b 2 .1  - 6 . 8  

0 .35-0 .40  
b 6.5-13 

2 .6 -7 .2  

a L e t t e r s  in parentheses i n d i c a t e  b o r i n g  i d e n t i f i c a t i o n  
i f  o t h e r  than  w e l l  i d e n t i f i c a t i o n .  

bPoss ib le  con tamina t ion  o f  screen l e v e l  f r o m  w e l l  
I n s t a l l a t i o n .  

. - .  
- --L -. 

. 
' .  
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Analyses were made o f  t h e  water,  i n c l u d i n g  suspended sediment, and o f  

t h e  supernatant  a f t e r  t h e  sediment had been separated by c e n t r i f u g a t i o n .  

I n  a l l  cases (Appendix D) t h e  supernatants  have ve ry  l ow  mercury 

concen t ra t i ons  ((1.0 pg /L ) .  Most o f  t h e  unseparated samples a l s o  

have low  c o n c e n t r a t i o n s  (10.0 pg /L  o r  l e s s )  o f  mercury, b u t  i n  two 

cases ( s i t e s  56-5 and 60-1) e l e v a t e d  concen t ra t i ons  (4800 and 

170 pg /L )  occur .  Only l i m i t e d  sampl ing was done a t  s i t e  56-5 because 

t h e r e  was a t o t a l  l o s s  o f  d r i l l i n g  water  s t a r t i n g  a t  a depth o f  about 

30 f t .  

6.3 SAMPLING AND ANALYSIS OF UNCONSOLIDATED MATERIALS 

S o i l  samples were taken, u s i n g  t h e  Shelby tube  method desc r ibed  

e a r l i e r .  A f t e r  " r e f u s a l "  by t h a t  technique,  s t r a i g h t  auger ing  

cont inued.  A f t e r  a s h o r t  d i s t a n c e  ( u s u a l l y  2 f t )  t h e  auger was removed 

arid a Ilbag" sample was r e t r i e v e d  o f f  t h e  d r i l l  b i t .  Sampling con t inued  

u n t i l  auger " r e f u s a l . "  I n  some s i t e s ,  nea r -su r face  samples were 

r e t r i e v e d ,  u s i n g  a hand auger o r  probe. Samples were a l s o  r e t r i e v e d  by 

hand sampl ing i n  p i t s  and t renches.  

A f t e r  sampling, a l l  bags o r  tubes were l a b e l e d  and sealed t o  m in im ize  

vapor l o s s .  A l l  samples were t r a n s f e r r e d  t o  a r e f r i g e r a t e d  (4°C) 

environment t o  l i m i t  mercury l o s s  p r i o r  t o  a n a l y s i s  and f o r  s to rage .  

The Shelby tubes were s p l i t  open u s i n g  a c i r c u l a r  saw, and t h e  tube  was 
logged and then  channel-sampled over i t s  e n t i r e  l e n g t h  (abou t  2 f t ) .  
Where d i s t i n c t  ho r i zons  were apparent,  subsamples o f  t h a t  h o r i z o n  were 

removed. Bag samples were homogenized and subsampled p r i o r  t o  t e s t i n g .  

-- . 
_ -  

- *  

The nicrcury c o n c e n t r a t i o n  i n  s o i l  samples was determined by t h e  USEPA 

method (USEPA 1979; method 245.5). P r i o r  t o  submission f o r  mercury 

a n a l y s i s ,  s o i l  and mud samples were d r i e d  i n  a f o r c e d - a i r  oven a t  55°C 

f o r  16 h. A few samples c o l l e c t e d  e a r l y  i n  t h e  s tudy were analyzed 

w i t h o u t  d r y i n g ,  b u t  t h i s  procedure was abandoned as d iscussed l a t e r .  

The USEPA methods manual (USEPA 1979) s t a t e s  t h a t  d r y i n g  a t  60°C does 
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n o t  r e s u l t  i n  t h e  l o s s  o f  mercury f rom sediment. Exper ience a t  ORNL 

has conf i rmed t h i s ,  b u t  n o t  f o r  s o i l s  where mercury may occur  i n  t h e  

elemental  s t a t e  as v i s i b l e  beads. Because some o f  t h e  s o i l  samples 

ob ta ined f o r  t h i s  s tudy  conta ined smal l  v i s i b l e  beads o f  mercury, i t  

was deemed i m p o r t a n t  t o  t e s t  f o r  mercury losses  by v o l a t i l i z a t i o n  f rom 

smal l  mercury beads. As demonstrated i n  F ig .  11, mercury i s  l o s t  

s l o w l y  f rom smal l  beads (app rox ima te l y  100 mg, 1 t o  2 mm i n  d iamete r )  

h e l d  i n  a 55°C d r y i n g  oven f o r  extended pe r iods  o f  t ime .  

were i n s i g n i f i c a n t  ( l e s s  than  1% o f  i n i t i a l  we igh t )  over t h e  16-h 

p e r i o d  used f o r  s o i l s  f rom t h i s  study. For much sma l le r  beads (e.g. ,  

m ic roscop ic )  w i t h  h i g h e r  su r face  areas, t h e  losses  c o u l d  be h i g h e r ;  

thus ,  d r y i n g  t imes were kep t  as s h o r t  as p o s s i b l e  ( 1 6  h o r  l e s s ) .  We 

do n o t  t h i n k  t h a t  oven d r y i n g  o f  s o i l  samples i n  t h i s  s tudy  r e s u l t e d  i n  

s i g n i f i c a n t  losses  o f  mercury, b u t  i t  would be prudent  t o  cons ide r  a l l  

r e p o r t e d  s o i l  va lues as minimum va lues .  

The losses  

6 . 4  RESULTS OF S O I L  S A M P I I N G  

S o i l  sampling was c a r r i e d  ou t  I n  two phases. 

p l a c e  d u r i n g  I n i t i a l  i n s t a l l a t i o n  o f  m o n i t o r i n g  w e l l s  and a l l owed  

d e t e r m i n a t i o n  o f  which s i t e s  war ran ted  f u r t h e r  i n v e s t i g a t i o n .  

sampling i n v o l v e d  de ta  l e d  s o i l  bo r ings  a t  t h r e e  l o c a t i o n s  where t h e  

mercury concen t ra t i ons  were h i g h e s t  (58-1, 56-5, and 60-1) and one 

a d d i t i o n a l  area (53-1) I n  t o t a l ,  382 s o i l  samples were analyzed f o r  

t o t a l  mercury con ten t ;  complete a n a l y t i c a l  r e s u l t s  and g raph ic  p l o t s  o f  

t h e  da ta  a r e  i n c l u d e d  I n  Appendix E .  

Phase I sampl ing took  

Phase I 1  

6.4.1 Phase I o f  S o j l  Sampling 

P r i o r  t o  examinat ion  o f  t h e  s o i l  data,  t h e  s i g n i f i c a n c e  o f  r e p o r t e d  

mercury l e v e l s  should be k e p t  i n  mind. 

s o i l  o r  sediment a r e  g e n e r a l l y  0.05 t o  0.2 vg /g  ( F l e i s c h e r  1970; 

P ie rce  e t  a l .  1970); thus ,  l e v e l s  above 0.2 pg /g  m l g h t . i n d l c a t e  

contaminat ion .  

Background l e v e l s  o f  mercury i n  
. -  

- _  .- 
e - +  
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VERTICAL LINE=22 C TO 55 C 

F i g .  11. Loss o f  mercury f rom small  beads (we igh ing  76 t o  135 mg each) 
a t  5 5 ° C .  Values p l o t t e d  a r e  percentages o f  i n i t i a l  we ight  as 
a f u n c t i o n  o f  t i m e .  S o l i d  l i n e s  a r e  f o r  beads i n  aluminum 
weighing d ishes;  dashed l i n e s  a r e  f o r  beads i n  p l a s t i c  
d i s h e s .  
( v e r t i c a l  l i n e ) .  

Dishes were t r a n s f e r r e d  t o  55°C oven a t  65 h 
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Some o f  t h e  e a r l y  analyses were performed on a wet-weight bas i s .  Th is  

method was d i s c o n t i n u e d  f o r  two reasons: f i r s t ,  t h e  samples were more 

d i f f i c u l t  t o  homogenize than d r y  samples; second, a t ime-consuming 

c o r r e c t i o n  was r e q u i r e d  t o  conver t  t h e  da ta  t o  a d ry -we igh t  bas i s .  A l l  

concen t ra t i ons  f rom wet samples were l e s s  than  0.2 pg/g,  w i t h  most 

be ing  l e s s  than 0.05 pg/g.  

S o i l  samples were c o l l e c t e d  f rom a l l  w e l l  s i t e s  (except  l o c a t i o n  56-1, 

where rock was a t  t h e  su r face )  and analyzed. Data f rom s i t e s  55-1, 

55-3, 56-3, and 56-4 i n d i c a t e  t h a t  these areas a r e  uncontaminated. One 

sample o f  f i l l  f r o m  each s i t e  showed s l i g h t  con taminat ion .  The 

p o s s i b i l i t y  e x i s t s  t h a t  t h e  f i l l  m a t e r i a l  may have been contaminated 

p r i o r  t o  i t s  placement ( a l l u v i u m  f rom UEFPC has been used f o r  f i l l  a t  

var ious  l o c a l i t i e s ) .  

Somewhat h ighe r  concen t ra t i ons  a r e  found a t  s i t e s  55-2, 55-4, 56-2, and 

59-1, b u t  t h e  values a r e  a l l  l e s s  than 5 pg/g.  The l a r g e s t  

concen t ra t i ons  occur i n  t h e  upper 5 f t  o f  f i l l ,  b u t  c o n c e n t r a t i o n s  

g rea te r  than 0.2 p g / g  a r e  found th rough t h e  e n t i r e  th i ckness  o f  t h e  

f i l l  a t  these s i t e s .  

The two s i t e s  where mercury l e v e l s  a r e  h i g h e s t  a r e  56-5 ( b u i l d i n g  81-10) 

and 60-1 ( b u i l d i n g  9201-2). The most extreme contaminat ion  i s  a t  s i t e  

56-5 where mercury was de tec ted  on t h e  o rde r  o f  hundreds o f  micrograms 

per  gram as deep as 17 f t .  Small  beads o f  v i s i b l e  mercury were noted 

i n  t h e  Shelby tube samples a t  6 f t  depth f o r  t h i s  l o c a t i o n .  Based on 

Phase I s tud ies ,  t h e  contaminat ion  a t  s i t e  60-1 i s  much l e s s  than t h a t  

a t  56-5 and occurs o n l y  i n  t h e  upper 5 f t  o f  t h e  f i l l .  These areas a r e  

d iscussed i n  g r e a t e r  d e t a i l  i n  f o l l o w i n g  sec t i ons .  

Ex tens ive  sampl ing o f  f i l l  and weathered sha le  was a l s o  performed 

behind b u i l d i n g  9201-4 i n  a p i p e l i n e  excavat ion  t rench .  

s i t e ,  and two o t h e r  p i t s  i n  t h a t  area, a r e  a l s o  i nc luded  i n  Appendix E. 

The santpliny l o c a t i o n s  i n  t h e  t r e n c h  a r e  shown i n  F i g .  12. The samples 

a r e  l i m i t e d  i n  v e r t i c a l  e x t e n t  b u t  cover  a wide area. The area shows 

Data f o r  t h i s  

. c  

I - 4  - .  

. 
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s igns  o f  l o w - l e v e l  mercury con tamina t ion  th roughou t  (>0.2 p g / g ) ,  

a l t hough  no l e v e l s  o f  mercury g r e a t e r  t han  1.67 pg/g were encountered. 

Samples f r o m  t h e  two nearby p i t s  ( F i g .  12) have c o n c e n t r a t i o n s  l e s s  

than  0.05 vg/g.  

I n  genera l ,  t h e  r e s u l t s  o f  Phase I s o i l  sampl ing d i d  n o t  i n d i c a t e  

widespread areas o f  h i g h  mercury c o n c e n t r a t i o n s ;  t h e  two areas o f  

g r e a t e s t  concern a r e  near b u i l d i n g s  81-10 and 9201-2. 

6.4.2 khase 11 o f  S o i l  Sampl ing 

- I n v e s t i g a t i o n s  a t  B u i l d i n g  9733 Alcoves 

I n  t h e  process o f  d i g g i n g  French d r a i n s  near b u i l d i n g  9733-1, 

c o n s t r u c t i o n  workers d i scove red  v i s i b l e  mercury i n  t h e  f i l l  and 

weathered shale.  

mercury s p i l l  area, i t  was t h e  s i t e  o f  a p i l o t - s c a l e  o p e r a t i o n  where 

mercury was used i n  t h e  e a r l y  1950s. The p r o f i l e s  exposed by hand 

d i y y i r i y  t h e  ho les  f o r  French d r a i n s  were e s p e c i a l l y  i n t e r e s t i n g  t o  t h i s  

p r o j e c t  because they  revea led  t h a t  mercury, o c c u r r i n g  as f a i r l y  l a r g e  

beads (up  t o  0.25 i n . )  i n  a porous medium (coarse-loamy sand t o  

D 

Al though t h i s  area had n o t  p r e v i o u s l y  been noted as a 

f ine- loarr iy g r a v e l ) ,  had apparent 

30 years.  A l though i t  cou ld  n o t  

i n i t i a l l y  contaminated, t h e  s i t e  

t h e  a r e a l  and v e r t i c a l  d l s t r i b u t  

pos tco r i t am lna t ion  d i s t u r b a n c e  by 

and open o n l y  t o  f o o t  t r a f f i c ) .  

y n o t  m i g r a t e d  s i g n i f i c a n t l y  f o r  

be determined how t h i s  area was 

p rov ided  an oppor tun i . t y  t o  document 

on o f  mercury i n  an area w i t h  min imal  

c o n s t r u c t l o n  ( t h e  a l c o v e  i s  grassed 

A s e r i e s  o f  bucket  auger samples was ob ta ined  i n  October 1983 a t  n i n e  

l o c a t i o n s  ( A  t h rough  I i n  F i g .  13)  i n  t h e  south a l c o v e  between 

b u i l d i n g s  9733-1 and 9733-2. A t  each l o c a t i o n ,  auger samples 

r e p r e s e n t i n g  up t o  12 i n .  o f  m a t e r i a l  were taken  s e q u e n t i a l l y  u n t i l  t h e  

auger c o u l d  n o t  be advanced deeper. 

t h e  two French d r a i n  ho les  (TP1 and TP2) were sampled a t  6 - i n .  

i n t e r v a l s .  

I n  a d d i t i o n ,  exposed m a t e r i a l  i n  

N e a r l y  a l l  o f  these samples have been analyzed f o r  t o t a l  

I -  - -  . -  
- I.- 

.- -. 
- 9  

. ‘t 
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mercury; t h e  d a t a  a r e  i n c l u d e d  i n  Appendix E. Mercury c o n c e n t r a t i o n s  

range f rom 4.8 t o  10,600 vg/g; s i t e s  B and E have t h e  h i g h e s t  

c o n c e n t r a t i o n s .  Except a t  l o c a t i o n  C, where t h e  b o r i n g  extends t o  a 

depth o f  o n l y  18 in . ,  a l l  o f  t h e  p r o f i l e s  show a decrease i n  mercury 

concen t ra t i ons  w i t h  depth.  A l though t h e  b u l k  o f  t h e  c o n t a m i n a t i o n  

appears t o  be c o n f i n e d  t o  t h e  upper 2 f t ,  even t h e  deepest samples 

obta i r icd have g r e a t l y  e l e v a t e d  c o n c e n t r a t i o n s  (by a f a c t o r  o f  100) over 

n a t u r a l  background (>0.2 pg /g ) .  

The bucket  auger ing  method used a l l owed  f o r  t h e  p o s s i b i l i t y  t h a t  

Contaminated m a t e r i a l  near t h e  s u r f a c e  c o u l d  be c a r r i e d  downward, 

t he reby  con tamina t ing  lower  samples. To a v e r t  t h i s  s i t u a t i o n ,  s o i l  

sampl ing w i t h  t h e  power hol low-stem auger and Shelby tubes was 

undertaken t o  b e t t e r  d e f i n e  t h e  v e r t i c a l  l i m i t s  o f  con tamina t ion  and t o  

a l l o w  f o r  w e l l  i n s t a l l a t i o n .  I n  December 1983, a d r i l l  r i g  was h o i s t e d  

by crane i n t o  t h e  enc losed south a l cove ,  and two ho les  (58-1M, 58-1N) 

were augered t o  r e f u s a l  ( F i g .  13) .  Shelby tube  cores were ob ta ined  i n  

t h e  uyycr  s o i l  ho r i zons ,  b u t  o n l y  a u g e r - t i p  samples cou ld  be ob ta ined  

i n  t h e  deeper sha le  s a p r o l i t e .  An a d d i t i o n a l  h o l e  (58-10) was augered 

and sampled i n  t h e  n o r t h  a l cove  between b u i l d i n g s  9733-1 and 9733-2 

( F i g .  12). PVC cas ings ( 2 - i n .  i n s i d e  d iamete r ) ,  s l o t t e d  i n  t h e  lower  

3 f t ,  were i n s t a l l e d  i n  ho les 58-1N and 58-19 t o  p r o v i d e  f o r  

grouridwater sampling. Min imal  investment  was made i n  t hese  w e l l s  

because it was a n t i c i p a t e d  t h a t  t h e y  would be removed d u r i n g  excava t ion  

o f  t h e  contaminated s o i l  i n  t h e  ve ry  near f u t u r e .  

Resu l t s  o f  mercury a n a l y s i s  o f  s o i l  samples f r o m  58-1M, 58-1N, and 

58 - lQ  a r e  d i s p l a y e d  i n  F i g .  14 and t a b u l a t e d  i n  Appendix E. Except f o r  

t h e  s u r f a c e  sample ( 0  t o  5 i n . )  f r o m  h o l e  58-1N, which has a mercury 

c o n c e n t r a t i o n  o f  561 vg/g,  t h e  samples f r o m  power auger ing  were 

g e n e r a l l y  lower  i n  mercury con ten t  t han  were those  f r o m  t h e  e a r l i e r  

hand auger ing.  These r e s u l t s  c o n f i r m  t h a t  e l e v a t e d  l e v e l s  o f  mercury 

( 1 0  t imes  background o r  more) do occur down t o  auger r e f u s a l  i n  t h e  

south a l cove .  A crude e s t i m a t e  o f  t h e  q u a n t i t y  o f  mercury i n  t h e  sou th  

a l c o v e  would be on t h e  o r d e r  o f  1300 l b  o r  l e s s .  Most o f  t h i s  would be 
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recove rab le  by removing t h e  t o p  2 t o  6 f t  o f  e a r t h  m a t e r i a l .  The 

v e r t i c a l  d i s t r i b u t i o n  o f  mercury i n  t h e  s o i l s  i s  shown i n  F i g .  14, as 

i s  t h e  approximate depth t o  groundwater.  

Analyses o f  samples f r o m  t h e  b o r i n g  i n  t h e  n o r t h  a l c o v e  (58-10) r e v e a l  

e l e v a t e d  mercury l e v e l s  (4.5 ug /g )  i n  t h e  upper 2 f t  and a t  about  

5 f t  (1 .0 pg /g ) .  The remainder o f  t h e  ho le ,  which pene t ra ted  t o  

23 f t ,  has o n l y  background l e v e l s  o f  mercury ((0.2 ug /g ) .  

A d d i t i o n a l  sha l l ower  b o r i n g s  were made across t h e  road f r o m  t h e  sou th  

a l c o v e  between b u i l d i n g s  9733-1 and 9733-2 and i n  t h e  a lcoves t o  t h e  

e a s t  ( F i g .  1 3 ) .  One sample o f  a b l a c k  s ludge f r o m  one o f  t h e  c o n c r e t e  

t r a p s  on t h e  sou th  s i d e  o f  9733-1 c o n t a i n s  a mercury c o n c e n t r a t i o n  o f  

6430 pg/g.  Based on o l d  eng inee r ing  drawings, i t  appears t h a t  t h i s  

t r a p ,  and o t h e r s  l i k e  i t  i n  t h e  area, was a p p a r e n t l y  used t o  t r a p  

mercury s p i l l e d  w i t h i n  t h e  nearby b u i l d i n g .  

- I n v e s t i g a t i o n s  a t  B u i l d i n g  81-10 

B u i l d i n g  81-10, t h e  o l d  mercury furnace,  i s  t h e  o n l y  s i t e  i n v e s t i g a t e d  

south o f  UEFPC. I n i t i a l  d r i l l i n g  t h e r e  i n d i c a t e d  t h a t  a s i g n i f i c a n t  

amourit o f  f i l l  u n d e r l i e s  t h e  s i t e  ( 3 4  f t  o f  f i l l  a t  s i t e  56-5/83). 

Beneath t h e  f i l l  l i e s  bedrock o f  t h e  M a y n a r d v i l l e  Format ion.  The 

f o r m a t i o n  i s  r i d d l e d  w i t h  s o l u t i o n  c a v i t i e s ,  and d r i l l i n g  a t  t h e  s i t e  

was p a r t i c u l a r l y  d i f f i c u l t  ( l o s t  water  c i r c u l a t i o n  and s i d e  w a l l  

c o l l a p s e ) .  Phase I s o i l  sampl ing i n d i c a t e d  a h i g h  mercury c o n c e n t r a t i o n  

t o  a depth o f  about 6 f t ,  and anomalously h i g h  va lues were encountered 

a t  even g r e a t e r  depths.  Because o f  t h e  geology, t h e  r e s u l t s  o f  Phase I 

d r i l l i n g ,  and i t s  p r o x i m i t y  t o  t h e  UEFPC ( F i g .  6 ) ,  i t  was dec ided t o  

f u r t h e r  c h a r a c t e r i z e  t h i s  p o t e n t i a l  mercury source. 

I n  December 1983, e i g h t  s o i l  b o r i n g s  were completed near b u i l d i n g  81-10 

(bo r i r l ys  56-5/82 t o  69) .  

s i t e  l a y o u t  can be seen i n  F i g .  15. D r i l l i n g  was concen t ra ted  n o r t h  o f  

81-10, between t h e  o l d  fu rnace  and UEFPC. 

The l o c a t i o n  o f  t h e  b o r i n g s  and t h e  genera l  

Two b o r i n g s  were d r i l l e d  
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e a s t  o f  81-10 near  a s i t e  where f a c i l i t i e s  assoc ia ted  w i t h  t h e  mercury 

fu rnace  were l o c a t e d .  

desc r ibed  e a r l i e r ,  and l o g s  o f  a l l  s e c t i o n s  a r e  i n c l u d e d  i n  Appendix 8. 

The Shelby tube  samples were c o l l e c t e d  as 

A l l  o f  t h e  samples c o l l e c t e d  have been analyzed f o r  t o t a l  mercury 

con ten t ;  t h e  r e s u l t s  a r e  i n c l u d e d  i n  Appendix E. The da ta  a r e  p l o t t e d ,  

a long  w i t h  t h e  approximate depth t o  water ,  i n  F i g .  16. The mercury 

concen t ra t i ons  i n  t h e  near -su r face  samples c o l l e c t e d  f r o m  a l l  t h e  s i t e s  

werc above background (>0.2 p g / g ) ,  and most nea r -su r face  s o i l s  have 

a c o n c e n t r a t i o n  above 12 pg/g.  S i t e s  56-5/83 and 84 appear t o  be t h e  

most h i g h l y  contaminated areas; c o n c e n t r a t i o n s  o f  g r e a t e r  t han  

1000 pg /g  were encountered i n  b o t h  b o r i n g s .  

(56-SC) was a l s o  h i g h l y  contaminated. 

decrease w i t h  depth i n  most b o r i n g s ,  b u t  d i s t i n c t  h i g h - c o n c e n t r a t i o n  

zones a t  depth were noted ( F i g .  1 6 ) .  The area o f  g r e a t e s t  mercury 

con tamina t ion  appears t o  be n o r t h  o f  b u i l d i n g  81-10, w i t h  h i g h  mercury 

c o n c e n t r a t i o n s  e v i d e n t  t o  depths as g r e a t  as 15 f t .  The su r round ing  

area shows e l e v a t e d  c o n c e n t r a t i o n s  o f  mercury, b u t  t h e  con tamina t ion  i s  

g e n e r a l l y  l i m i t e d  t o  t h e  upper 4 t o  6 f t  of  f i l l .  I t  i s  i n t e r e s t i n g  t o  

n o t e  t h a t  a t  most o f  t h e  s i t e s  a mercury peak i s  p resen t  a t  a depth o f  

4 t o  6 f t ;  perhaps t h e  depth o f  t h i s  peak i s  i n d i c a t i v e  o f  t h e  r a t e  o f  

mercury movement i n  t h e  subsurface. It i s  es t ima ted  t h a t  about  2800 l b  
o f  mercury i s  con ta ined  i n  t h e  unconso l i da ted  e a r t h  m a t e r i a l s  near  

b u j l d i r i g  81-10. 

The Phase I b o r i n g  

Mercury c o n c e n t r a t i o n  tends t o  

I n v e s t i g a t i o n s  a t  B u i l d i n g  9201-2 

B u i l d i n g  9201-2 was t h e  s i t e  o f  an e a r l y  p i l o t  p l a n t  t h a t  used mercury 

i n  i t s  process stream. As w e l l  as p o s s i b l e  leakage f rom t h e  system, 

l a r g e  l osses  (-95,000 l b )  o f  mercury were r e p o r t e d  t o  have occu r red  

w i t h i r i  t h e  bay on t h e  e a s t  s i d e  o f  t h e  b u i l d i n g  f r o m  1951 t o  1955 

(UCC-NO Task Force 1983). The s i t e  i s  u n d e r l a i n  by new f i l l  ( a f t e r  

s p i l l s ) ,  o l d  f i l l ,  a l l u v i u m ,  and bedrock o f  t h e  M a y n a r d v i l l e  Format ion 

. 
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lhe geology and stratigraphy of the site is complex and has been 
modified greatly since construction of the building. 
construction plans (unpublished drawings by Stone 81 Webster, 1943) for 
the site indicate that a meander of UEFPC has since been straightened, 
and that a rather large spring (22 ft deep, 30 ft in diameter, with a 
flow O F  about 500 gpm) was sealed to accommodate the construction of 
buildirig 9201-2. These original features are Indicated in Fig. 17. 
Phase I drilling at the site indicated that significant solution 
cavities underlie the site, as is typical for the formation. 

The original 

Initial borings at the site indicated mercury contamination, and 
because of the potential for accumulation (mercury not recovered after 
being spilled), a second phase of eight borings were completed at the 
site (Fig. 17). The borings were located downflow (toward UEFPC) of 
the spill site and within the old meander loop south of 9201-2. 
were collected as previously described. High concentrations of 
mercury, with values as high as 5000 pg/g, and significant contamination 
as deep as 13 ft (500 pg/ ) were encountered i n  boring 60-1/84. 
appears that most of the mercury was retained in sediments immediately 

Samples 

It ./B 
surrounding the spill site (borings 60-1/83-6) and that migration 
within the unconsolidated materials has not been extensive. Some 
elevated mercury values are apparent i n  boring 60-1/81; these are very 
likely caused by a general loss o f  mercury from the building, not from 
the large spill. Although the highest mercury concentrations were 
found surrounding the spill area, almost all samples collected had 
above-background concentrations (>0.2 pg/g). Figure 18 shows the 
distribution of mercury in the borings from the site; based on the 
boring data, it is estimated that about 2700 lb of mercury is contained 
in the unconsolidated earth materials at the site. 

Investigations at the Old Mercury Storage Area 

After completion of the Phase I studies, it was reported that visible 
mercury had been found in soils near guard portal 33. The area has 
been described as an old storage site for mercury flasks (G. Kamp, 

.- -- . '1 . 

. -  - _  
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personal  communicat ion).  The s i t e  i s  g e n e r a l l y  u n d e r l a i n  by 2 t o  6 f t  
of f i l l  m a t e r i a l ,  beneath which i s  weathered sha le  o f  t h e  No l i chucky  

Format ion.  

A t o t a l  o f  21 sha l l ow  b o r i n g s  ( F i g .  19) were completed a t  t h e  s i t e  

d u r i n g  February 1984. A t  t h e  same t ime,  a sha l l ow  w e l l  was completed 

sou th  o f  t h e  s i t e  ( w e l l  53-1A). O f  t h e  21 bo r ings ,  3 have been 

desc r ibed  (Appendix 9) and sampled. A l l  t h e  samples analyzed have 

above-background mercury concen t ra t i ons  (>0.2 p g / g ) ,  b u t  none o f  

t h e  samples had g r e a t e r  t h a n  12 v g / g  o f  mercury.  

appears t o  be r e s t r i c t e d  t o  t h e  ve ry  sha l l ow  e a r t h  m a t e r i a l s ,  and t h e  

h i g h e s t  c o n c e n t r a t i o n  encountered was 7.80 pg /g  ( F i g .  20) .  I t  i s  

es t ima ted  t h a t  about 15 l b  o f  mercury a r e  con ta ined  i n  t h e  e a r t h  

m a t e r i a l s  a t  t h i s  s i t e .  

Contamlnat ion 

-. 

c. .- 
6 . 5  RESULTS OF EXPERIMENTS WITH MERCURY VAPOR ANALYZERS 

For e x t e n s i v e  o r  long-range s t u d i e s  t o  be c a r r i e d  ou t ,  a r a p i d  method 

o f  screening s o i l s  and subsur face m a t e r i a l s  f o r  mercury con tamina t ion  

i s  needed. Cleanup o p e r a t i o n s  e s p e c i a l l y  would b e n e f i t  f r o m  an 

i n - f i e l d  screening method, which would a l l o w  opera t i ons  t o  be d i r e c t e d  

f o r  maximum recovery w h i l e  they  a r e  under way. 

zones o f  con tamina t ion  w i t h o u t  t h e  need t o  r e f e r  t o  hundreds o f  

l a b o r a t o r y  analyses would a l s o  be h e l p f u l .  Therefore,  a t tempts  were 

made, u s i n g  d i f f e r e n t  mon i to rs  i n  t h e  l a b o r a t o r y  and I n  t h e  f i e l d ,  t o  

D e t a i l e d  mapping o f  

measure mercury vapor c o n c e n t r a t i o n s  as an i n d i c a t o r  o f  s o i l  

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

Use o f  a s imple vapor mon i to r  (Bacharach Model MV2) h e l d  over  s o i l  o r  

rock  cores can, a t  b e s t ,  p r o v i d e  o n l y  q u a l i t a t i v e  data.  I n i t i a l l y ,  we 

improved s l i g h t l y  on t h i s  procedure by p l a c i n g  t h e  unopened Shelby 

tubes i n t o  a l e n g t h  o f  4-in.-diam PVC p i p e  w i t h  endcaps d r i l l e d  t o  

accept t u b i n g  connectors .  One end o f  t h i s  p i p e  i s o l a t i o n  chamber was 

connected t o  an MSA MercSorb r e s p i r a t o r  c a r t r i d g e  t o  remove mercury and 

o t h e r  a i r  contaminants i n  t h e  i n f l o w i n g  a i r .  The o t h e r  end was 
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connected t o  a Bacharach Model MV2 p o r t a b l e  mercury mon i to r .  Opera t i ng  

t h e  m o n i t o r  i n  t h i s  c o n f i g u r a t i o n  f o r  10 t o  15 min u s u a l l y  gave s t a b l e  

readings.  High mercury vapor readings were ob ta ined  f o r  some, b u t  n o t  

a l l ,  o f  t h e  Shelby tubes, which were subsequent ly found t o  c o n t a i n  

e l e v a t e d  mercury l e v e l s  by wet chemical  a n a l y s i s .  

Based on our  l i m i t e d  success w i t h  t h e  Bacharach m o n i t o r  and c rude  

i s o l a t i o n  chamber, a d e c i s i o n  was made t o  e v a l u a t e  a more s e n s i t i v e  

mercury mon i to r ,  t h e  Jerome Model 411 g o l d  f i l m  mercury vapor a n a l y z e r  

a t tached  t o  a sma l le r ,  more s o p h i s t i c a t e d  i s o l a t i o n  chamber. The 

Jerome mon i to r  was made a v a i l a b l e  t o  us f o r  o n l y  a few days by t h e  Y-12 

I n d u s t r i a l  Hygiene group, so we c o u l d  n o t  f u l l y  e x p l o r e  i t s  p o t e n t i a l .  

Nonetheless, enough d a t a  were ob ta ined  t o  demonstrate m e r i t  i n  f u r t h e r  

s t u d i e s .  

F i g u r e  21 d e p i c t s  t h e  exper imenta l  apparatus employing t h e  Jerome 

m o n i t o r .  The sample chamber has a volume o f  650 mL and, thus ,  a t  t h e  

a i r  i n t a k e  f l o w  r a t e  (12.5 mL/s) o f  t h e  Jerome, about 1 min i s  r e q u i r e d  

t o  r e p l a c e  t h e  a i r  i n  t h e  empty chamber. A i r  i s  p u l l e d  though t h e  

chamber, u s i n g  t h e  e x t e r n a l  a i r  pump, a t  a f l o w  r a t e  equal  t o  t h a t  o f  

t h e  Jerome. A f t e r  seve ra l  minutes,  t h e  v a l v e  ( s topcock )  i s  swi tched t o  

t h e  Jerome f o r  a 10-s sampl ing p e r i o d .  Mercury readings a r e  taken  

u n t i l  a s teady -s ta te  v a l u e  i s  ob ta ined  by a l t e r n a t i n g  t h e  a i r f l o w  

between t h e  Jerome and t h e  e x t e r n a l  pump. P r e l i m i n a r y  work w i t h o u t  

cont inuous f l u s h i n g  o f  a i r  t h rough  t h e  chamber r e s u l t e d  i n  r a p i d  

s a t u r a t i o n  o f  t h e  g o l d  f i l m  f o r  even smal l  (100 mg) samples c o n t a i n i n g  

126 p g  Hg/g. Continuous chamber f l u s h i n g  a t  t h e  same f l o w  r a t e  used 

by t h e  i n t e r n a l  Jerome a i r  pump r e s u l t s  i n  a s teady -s ta te  vapor 

c o n c e n t r a t i o n  t h a t  may be r e l a t e d  t o  t h e  t o t a l  mercury c o n t e n t  o f  t h e  

sample i n  t h e  chamber. 

I n t e r e s t i n g l y ,  one sample c o n t a i n i n g  52 v g  Hg/g y i e l d e d  e s s e n t i a l l y  

no mercury vapor, whereas another  sample c o n t a i n i n g  126 p g  Hg/g 

y i e l d e d  vapor i n  n e a r l y  d i r e c t  p r o p o r t i o n  t o  t h e  we igh t  o f  t h e  sample 

i n  t h e  chamber ( T a b l e  9 ) .  Th i s  suggests t h a t  some samples c o n t a i n  

I- - -  -. . <-- 

0 
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F i g .  21.  Labora tory  setup f o r  t e s t l n g  mercury vapor a n a l y z e r  f o r  us' 
i n  screen ing  s o i l  samples. 
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Table 9. Resu l ts  of mercury vapor c o n c e n t r a t i o n  
i n  a i r  over d i f f e r e n t  amounts of sample 

48-7 h e l d  i n  655-mL chamber w i t h  a i r  
f l o w  o f  750 mL/min ( t o t a l  mercury 

i n  sample 126 pg/g)  

Weight o f  sample (9) 
1 .ooo 2.000 

Concent ra t ion  f mercury 
0.050 0.126 

0.060 0.159 

0.055 0.160 

9 vapora (mg/m 

0.057 0.141 

0.060 0.139 

0.050 0.147 

0.063 0.140 

0.060 0.143 

0.062 0.148 

0.057 0.144 

0.072 0.124 

0.068 0.124 

-- 0.121 

0.123 

-- 0.121 

aSuccesslve 10-s sampllng p e f i o d s .  

b.' 

I- 

- /-- a 

: ._ 
. *. .. 

8 -  

._ .- 
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v o l a t i l e  mercury w h i l e  o the rs  do no t .  The absence o f  vapor over a 

sample c o n t a i n i n g  52 p g  Hg/g i l l u s t r a t e s  one f l a w  i n  t h i s  approach, 

i . e . ,  t h e  assumption t h a t  any mercury i n  t h e  sample i s  i n  a fo rm 

p e r m i t t i n g  a s i g n i f i c a n t  vapor phase. 

A l though most o f  t h e  d i f f i c u l t i e s  w i t h  t h e  apparatus and t h e  Jerome 

m o n i t o r  have been worked ou t ,  f u r t h e r  t e s t i n g  i s  requ i red .  I f  f u r t h e r  

e x p l o r a t i o n  f o r  mercury becomes necessary, apparatus s i m i l a r  t o  t h a t  

descr ibed here cou ld  be very  u s e f u l  f o r  q u i c k l y  de termin ing  whether 

e leva ted  mercury l e v e l s  a r e  p resent  i n  samples f r o m  a g i ven  area. 

A l though t h i s  approach might  i n c o r r e c t l y  c l a s s i f y  some samples o r  areas 

as uncontaminated, I t  has a h i g h  p r o b a b i l i t y  o f  d e t e c t i n g  mercury i n  

samples c o n t a i n i n g  mic roscop ic  beads o f  mercury such as have been 

observed I n  s o i l s  f rom known s p i l l  areas ( b u i l d i n g s  9733-1, 81-10, 

9201-2). The main improvement i n  t h e  apparatus would be t o  mod i fy  t h e  

Jerome t o  opera te  on 110 V ac. Wi th  samples hav ing  a h i g h  mercury 

conten t ,  even smal l  sample weights  r a p i d l y  s a t u r a t e  t h e  g o l d  f i l m .  
Wi thout  ac ope ra t i on ,  g o l d  f i l m  pu rg ing  q u i c k l y  dep le tes  t h e  b a t t e r i e s ,  

which r e q u i r e  1 4  h t o  recharge. 



7. GROUNDWATER CHEMISTRY 

7.1 SAMPLING AND ANALYSIS PHOCEDURES 

After all wells were developed, samples were collected for analysis of 
major anions and cations, trace elements, alkalinity, and uranium (in 
addition to mercury analysis and field measurements). The same 
sampling procedures described previously were used. 
sampled at least twice during the study with the 'exception o f  a few 
deep wells, which were sampled only once. The major cations and trace 
metals were analyzed using inductively coupled plasma emlssion 
spectroscopy (Method 200.7, USEPA Report 600/4-79-020; USEPA 1979). 
Analysis of anions was by ion chromotography (Method 300.0, USEPA 
600/4-84-017; 1984 addendum to USEPA 1979). Analyses for uranium were 
run using a fluorometric technique for uranium in water (Method EC-191, 
UCC-ND Environmental and Effluent Analysis Manual). 

Most wells were 

7.2 RESULTS OF WATER ANALYSES 

The results of the analytical program and graphlcal displays of sample 
charge balances are included in Appendix F. The groundwater at the 
study site is generally of the Ca-Mg/HC03 type. 
importance o f  other ions varies, depending on the well; It should be 
noted that in many cases, anthropogenic inputs account for a major 
portion of the total charge balance (Cl, SO4, and NO3). 
example, in well 55-28, NOg accounts for almost 15% o f  the total 
ionic equivalency and in well 53-1A NO3 accounts for nearly 100% of 
the total ionic equivalency. (Appendix F ) .  Calcium was the dominant 
cation in the latter well. 

The relative 

For 

As an aid in assessing geochemical conditions within the various 
geologic formations underlying the Y-12 Plant, water samples from the 
different formations were compared. 
balances for water samples taken from the three formations: Maryville 
Limestone (wells 55-4, 55-5, and 55-6), Nolichucky Shale (wells 54-1, 
54-2, 55-1, 55-2, 55-3, 56-1, 56-2, 56-3, 56-4, 56-6, 58-1, and 59-l) , 
and Maynardville Limestone (56-5, 56-7, 56-8, 56-9, 58-2, 60-1, 

Figures 22 to 24 show the ion 
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ORNL-DWG 8411462 

F O R M = M R R Y V I L L E  L S  

HEQ SUM 

" 
R N I O N S  CRT I O N  

LEGEND: ELEMENT C2SZ.Q CR e;aar CL CCZEZl HC113 
W K  [2224 M G  m IJR 
tZZZl NO3 504 

Fig. 22. Ion balance for groundwater samples from wells completed i n  
the Maryville Limestone. Represents average of all samples. 
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ORNL-DWG 84-11468 

F O R M = N O L I C H U C K Y  S H  

C A T  I O N  
0- 

A N I O N S  

6 z z K a  CA E2xE5l CL EZZZi HC03 L E G E N D :  E L E M E N T  

E E S Z 3 K  MG m I l A  
E Z T Z I  N O 3  - S O Y  

Fig. 23. Ion balance for groundwater samples from wells completed in 
the Nollchucky Shale. Represents average of all samples. 
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FORM=MAYNARDVILLE 

HEQ SUM 

ANIONS C A T I O N  

ORNL-DWG 8411463 

LEGEND: ELEMENT CZi2K2 CA izzzzJ CL ESEETl HCO3 B n  MG kZ3ZZi  N R  
PZZZZZd NO3 S O Y  

Fig. 24. Ion balance for groundwater samples from wells completed in 
the Maynardville Limestone. 
samples. 

Represents average o f  all 

--. 
- 1 *. 
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and 60-2). To analyze d i f f e r e n c e s  between t h e  groups o f  w e l l s ,  a 

Waller-Duncan K - r a t i o  t - t e s t  (SAS I n s t i t u t e  1982) was used (Tab le  10 ) .  

The a n a l y s i s  y i e l d s  s i x  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between 

t h e  groups o f  samples: 

1. Water f rom t h e  M a y n a r d v i l l e  Limestone con ta ins  a h i g h  c o n c e n t r a t i o n  

o f  SO4 which i s  most l i k e l y  a r e s u l t  o f  t h e  l o c a t i o n  o f  t h e  coa l  

p i l e .  

s i l i c a  c o n c e n t r a t i o n s  a r e  h ighes t  i n  t h e  water  f rom t h e  M a r y v i l l e  

Limestone and lowest  i n  water  f rom t h e  M a y n a r d v i l l e  Limestone. 

Th is  p a t t e r n  i s  concordant w i t h  t h e  r e l a t i v e  amounts o f  s i l i c e o u s  

rock  i n  t h e  fo rmat ions  o f  t h e  Conasauga Group. 

2. The fo rma t ion  waters  c o n t a i n  lower  amounts o f  s i l i c a  down-section; 

3. A l k a l i n i t y  i s  lowest  i n  water  o f  t h e  No l ichucky  Shale, which i s  

i n d i c a t i v e  o f  t h e  r e l a t i v e l y  low carbonate con ten t  i n  t h i s  

fo rmat ion .  

4. D i f f e rences  i n  potass ium c o n c e n t r a t i o n  a r e  observed, b u t  they  may 

be due t o  l a r g e  v a r i a t i o n s  i n  d e t e c t i o n  l i m i t s .  Note t h a t ,  f o r  

s t a t i s t i c a l  a n a l y s i s ,  " l e s s  than"  va lues were t r e a t e d  as e q u i v a l e n t  

t o  t h e  d e t e c t i o n  l i m i t .  

5. The Ca:Mg r a t i o  i s  lower  i n  t h e  M a y n a r d v i l l e  Limestone than  i n  t h e  

o t h e r  fo rmat ions ;  t h i s  i s  p robab ly  a r e s u l t  o f  a r e l a t i v e l y  h i g h  

magnesium c o n c e n t r a t i o n  i n  groundwater d ischarge f rom t h e  Knox 

Dolomi te u n d e r l y i n g  Chestnut Ridge. 

6. Sodium, manganese, and magnesium c o n c e n t r a t i o n s  a r e  a l l  h i g h e s t  i n  

water  f rom t h e  M a y n a r d v i l l e  Limestone. 

Comparisons o f  water  c o n s t i t u e n t s  w i t h  depth were a l s o  made, b u t  t h e  

o v e r a l l  r e s u l t s  do n o t  appear t o  be s i g n i f i c a n t .  

a g i ven  l o c a t i o n  (Appendix F) ,  t rends  and v a r i a t i o n s  can be seen. F o r  

example, a l k a l i n i t y ,  SO4, and uranium were  g e n e r a l l y  h i g h e s t  i n  t h e  

sha l lowest  w e l l  o f  a nes t  and decreased w i t h  i n c r e a s i n g  depth.  I n  

c o n t r a s t ,  NO3 was g e n e r a l l y  h ighes t  i n  t h e  deepest w e l l  o f  a nes t  and 

e x h i b i t e d  i n c r e a s i n g  concen t ra t i ons  w i t h  depth.  

By comparing w e l l s  a t  

Several  chemical  species a r e  use fu l  as i n d i c a t o r s  o f  groundwater 

contaminat ion :  SO4, NO3, and c h l o r i d e .  E l e c t r i c a l  conductance and 

a l k a l i n i t y  can a l s o  be i n d i c a t o r s  o f  groundwater contaminat ion .  

f i v e  i n d i c a t o r s  were mapped ( F i g s .  25-29) u s i n g  mean values o f  

These 
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E53,000 E 54,000 E 55,000 E 56,000 E 57,000 E 58,000 E 59,000 E 60,000 E 61,000 E 62,000 
N 32,000 

N 31,000 

N 30,000 

N 29,000 

N 28,000 
0 SHALLOW WELL 

-400- CONCENTRATION ISOPLETH (ps/cm) 0 500 I000 1500 2000 
FEET 

F i g .  25 .  Electr ica l  conductance i n  shallow groundwater a t  the Y-12 Plant .  
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E53.000 E 54,000 E55,000 E 56,000 E57,000 E58,000 E 59,000 E60,000 E61,000 E62,000 
N 32,000 

N 31,000 

N 30,000 

N 29,000 

N 28,000 
0 SHALLOW WELL 

-20- CONCENTRATION ISOPLETH (mg/L 1 
u 
0 500 1000 1500 2000 

FEET 

F i g .  27. Concent ra t ion  of c h l o r i n e  i n  sha l l ow  groundwater a t  t h e  Y-12 P l a n t .  
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lable 10. Means* for selected Y-12 groundwater constituents 
as a function of geologic formation 

Detection 
limit Maryvi 1 le Maynardville Nolichucky** 

-. _- 
i 

- %  
'b 

PH 
EC 
Alk 

(0.04 to 0.5) N03 
s04 
Cl 
Ca 
Mg 
Na 
K (4 to 54) 
S I  

' Mn (0.02) 

b 6.8 
609. Oa 
248. Oa 
5.1!ja 
37.0b 
17.8a 
81 .Oa 

b 16.7 
b 7 .O 
b 6.1 

8.67a 
0.40b 

7.4a 
723.0' 
284. Oa 

1 .8!ja 
184.0a 
23. 8a 
67. Oa 
37. 4a 
59. 4a 

3.53c 
18.2a 

1 .40a 

7.2a'b 
545. Oa 

183.0b 
9. O!ia 

50. Ob 
36. 4a 
72.0a 

b 13.2 
b 13.5 
b 8.3 
b 5.11 

0. 33b 

*For a given row, means followed by the same letter (a, b, c) are not 
significantly different at the 5% level (Waller-Duncan K-ratio t-test). 

**Exclusive of Well 53-1A. 
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concen t ra t i ons  f o r  s h a l l o w  w e l l s  i n  t h e  Y-12 P l a n t .  

f e a t u r e  o f  t h e  plumes i s  t h e  apparent h i g h  c o n c e n t r a t i o n s  w i t h i n  t h e  

o l d  UEFPC channel and t h e  s o l u t i o n  system su r round ing  t h e  o l d  creek.  

That i s ,  subsur face f l o w  i s  c o n t r o l l e d  by t h e  c r e e k - f i l l - s o l u t i o n  

c a v i t y  system, and t h e  system p robab ly  a c t s  as a " c o l l e c t o r "  o r  d r a i n  

f o r  t h e  p l a n t  s i t e .  I t  i s  a l s o  apparent  t h a t  c o n c e n t r a t i o n s  o f  

i n d i c a t o r  species a r e  h i g h  i n  groundwater and t h a t  t h e  groundwater i s  

n o t  n e c e s s a r i l y  d i s c h a r g i n g  i n t o  UEFPC a d j a c e n t  t o  t h e  apparent  

sources. I t  should be noted t h a t  a l t h o u g h  h i g h  c o n c e n t r a t i o n s  o f  

v a r i o u s  c o n s t i t u e n t s  a r e  found i n  t h e  o l d  UEFPC channel and i t s  

t r i b u t a r i e s ,  sampl ing b i a s  may e x i s t ;  i . e ,  most w e l l s  were p laced i n  

these channels t o  i n t e r c e p t  p o t e n t i a l l y  contaminated groundwater. 

The most s t r i k i n g  

The c o n c e n t r a t i o n  i s o p l e t h s  on t h e  maps ( F i g s .  25-29) a r e  ve ry  s i m i l a r  

t o  each o t h e r ,  b u t  t h e r e  a r e  i m p o r t a n t  d i f f e r e n c e s .  The i s o p l e t h s  f o r  

e l e c t r i c a l  conductance i n d i c a t e  areas s i g n i f i c a n t l y  above background 

(100 t o  200 ps/cm) i n  t h e  o l d  UEFPC v a l l e y  ( F i g .  25) .  There does n o t  

appear t o  be a s i n g l e  source f o r  t h e  h i g h  conductance, a l t hough  i t  i s  

h i g h e s t  j u s t  e a s t  o f  t h e  Y-12 coa l  p i l e .  Because no w e l l s  have been 

i n s t a l l e d  west o f  t h e  c o a l  p i l e ,  i t  i s  n o t  known i f  t h e  h i g h  

c o n d u c t i v i t y  plume extends t o  o r  o r i g i n a t e s  west o f  t h e  c o a l  p i l e  (such 

as a t  t h e  S-3 ponds). 

a plume t h a t  p robab ly  o r i g i n a t e s  a t  t h e  Y-12 c o a l  p i l e  and extends down 

v a l l e y  ( e a s t )  t o  a t  l e a s t  b u i l d i n g  9201-2 ( F i g .  26).  There a l s o  

appears t o  be a source o f  SO4 n o r t h  o f  b u i l d i n g s  9201-5 and 9201-4. 

Groundwater near t h e  c o a l  p i l e  and n o r t h  o f  b u i l d i n g s  9201-5 and 9201-4 

approaches o r  exceeds t h e  d r i n k i n g  water  s tandard ( 2 5 0  mg/L) f o r  

SO4. Concentrat ions o f  c h l o r i d e  a r e  q u i t e  h i g h  i n  i s o l a t e d  

l o c a l i t i e s  n o r t h  o f  UEFPC, i n d i c a t i n g  sources i n  o r  near b u i l d i n g s  

9201-5, 9201-4, and 9103 ( F i g .  27) .  These smal l  plumes appear t o  be 

r e l a t e d  t o  o l d  t r i b u t a r i e s  t o  UEFPC ( see  F i g .  6 ) .  The map g i v i n g  t h e  

a l k a l i n i t y  o f  groundwater ( F i g .  28) i n d i c a t e s  t h a t  va r ious  sources 

e x i s t ,  w i t h  c o n c e n t r a t i o n s  be ing  h i g h e s t  near b u i l d i n g s  9201-4, 9201-2, 

and 9103. 

The i s o p l e t h s  f o r  SO4 i n  groundwater i n d i c a t e  
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The c o n c e n t r a t i o n  o f  NO3 i n  groundwater i s  q u i t e  h i g h  a t  t h e  p l a n t  

( F i g .  29). N i t r a t e  i s  g e n e r a l l y  a good i n d i c a t o r  species f o r  

- -.. 
b 

- %  

con tamina t ion  and i s  a contaminant i t s e l f ;  NO i s  a l s o  a t t e n u a t e d  t o  

a ve ry  l ow  degree by movement th rough  g e o l o g i c  media, i . e . ,  i t  i s  

g e n e r a l l y  cons idered t o  be " c o n s e r v a t i v e "  i n  n a t u r e .  Taken t o g e t h e r  

t h e  da ta  f o r  t h e  w e l l s  south o f  9204-4, 9201-5, and 9201-4 suggest t h e  

presence o f  a plume ( F i g .  29) o f  h i g h  NO3 groundwater cen te red  

beneath o r  immediate ly  south o f  9201-5. Wel l  53-1A, l o c a t e d  west o f  

t h i s  area and about one-hal f  t h e  d i s t a n c e  t o  t h e  S-3 ponds, e x h i b i t e d  

ex t reme ly  h i g h  NO3 l e v e l s  (15,500 mg/L). 

t h e  h i g h  NO3 (up  t o  83 mg/L) groundwater south o f  9201-5 i s  r e l a t e d  

t o  t h e  ex t reme ly  h i g h  NO3 groundwater a t  Wel l  53-1A b u t  t h e  well, 

d e n s i t y  between t h e  two areas i s  t o o  sparse t o  d e f i n e  t h e  boundar ies o f  

t h e  plume. The S-3 ponds a r e  a lmost  c e r t a i n l y  i m p l i c a t e d  i n  t h e  h i g h  

NO3 l e v e l s  a t  Wel l  53-1A and p robab ly  i m p l i c a t e d  i n  t h e  h i g h  NO3 

l e v e l s  i n  deeper groundwater south o f  9201-5. The n a t i o n a l  p r i m a r y  

thus  groundwater f r o m  Wel l  53-1A g r e a t l y  exceeds t h e  NPDWS. Deeper 

groundwater ( W e l l s  55-28 and 55-213) south o f  9201-5 exceeds t h e  NPDWS 

by about a f a c t o r  o f  2. 

3 

I t  i s  h i g h l y  l i k e l y  t h a t  

(1- ' -  
d r i n k i n g  water  s tandard (NPDWS) f o r  NO3 i s  45 mg/L (USEPA 1976) and 

-.I 

/ -  

-* , 

c 

Analyses f o r  uranium were a l s o  r u n  on t h e  water  samples because o f  t h e  

l a r g e  number o f  p o s s i b l e  source terms i n  t h e  Y-12 P l a n t .  Most o f  t h e  

uranium values were q u i t e  l ow  ( t 0 . 0 1  mg/L); o n l y  t h r e e  w e l l s  had 

g r e a t e r  t han  0.01 mg/L (55-2A, 55-5A, and 56-5A). The h i g h e s t  

c o n c e n t r a t i o n  encountered was i n  w e l l  56-5A (0.17 mg/L); t h e  source may 

be m a t e r i a l s  t h a t  were s t o r e d  a t  b u i l d i n g  81-10 u n t i l  t h e  i n i t i a t i o n  o f  

d r i l l i n g  f o r  t h i s  p r o j e c t .  

groundwater f r o m  nonminera 

O.Olmg/L (Rogers and Adams 

(near  o r e  bod ies )  range up 

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

i z e d  areas range f r o m  <0.001mg/L t o  

1970) .  Concentrat ions i n  m i n e r a l i z e d  areas 

t o  0.46mg/L. 

.- 
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The r e s u l t s  o f  t h i s  s tudy p r o v i d e  da ta  i n  two areas: f i r s t ,  t h e  b a s i c  

hydrogeology o f  t h e  Y-12 P l a n t ,  i n c l u d i n g  t h e  geology, t h e  groundwater 

f l o w  system, and b a s i c  groundwater chemis t r y ;  and second, t h e  e x t e n t  

and n a t u r e  o f  subsur face mercury con tamina t ion  i n  t h e  p l a n t ,  b o t h  i n  

e a r t h  m a t e r i a l s  and groundwater.  Table 11 summarizes t h e  number and 

types of samples c o l l e c t e d  d u r i n g  t h i s  9-month s tudy (August 1983 t o  

A p r i l  1984).  

The geology o f  t h e  s i t e  was c h a r a c t e r i z e d  by means o f  f i e l d  mapping, 

c o r e  d r i l l i n g  and logg ing ,  and a n a l y s i s  o f  p r e v i o u s l y  c o l l e c t e d  da ta .  

The area o f  s tudy i s  u n d e r l a i n  by f o u r  fo rma t ions  o f  t h e  Conasauga- 

Group, f r o m  youngest t o  o l d e s t :  t h e  M a y n a r d v i l l e  Limestone, t h e  

No l i chucky  Shale, t h e  M a r y v i l l e  Limestone, and t h e  R o g e r s v i l l e  Shale. 

S t r u c t u r a l  deformat ions a r e  i m p o r t a n t  t o  water  movement w i t h i n  t h e  

Conasauga Group ( s t r i k e  and d i p  o f  bedding, f a u l t s ,  f r a c t u r e s ,  and 

f o l d i n g ) ,  and t h e  e x t e n s i v e  s o l u t i o n  c a v i t y  system i n  t h e  M a y n a r d v i l l e  

Limestone i s  l i k e l y  t o  dominate subsur face movement o f  water  i n  t h e  

v a l l e y .  I n  o rde r  t o  ga the r  f u r t h e r  i n f o r m a t i o n  on t h e  o r i e n t a t i o n  

and number o f  f r a c t u r e s  i n  t h e  Conasauga Group, i t  i s  recommended t h a t  

seve ra l  o b s e r v a t i o n  p i t s  be excavated. The h i l l y  topography o f  t h e  

s i t e  p r i o r  t o  c o n s t r u c t i o n  o f  t h e  p l a n t  has been g r e a t l y  a l t e r e d ,  and 

f i l l  m a t e r i a l  p l a y s  an impor tan t  r o l e  as t h e  uppermost 

h y d r o s t r a t i g r a p h i c  u n i t .  

l e v e l  f l u c t u a t i o n s ,  and a q u i f e r  p r o p e r t i e s  were 

hyd ro logy  o f  t h e  s i t e  has been g r e a t l y  impacted 

and topographic  a l t e r a t i o n s .  Groundwater f l o w  

sou th  toward UEFPC. The o r i g i n a l  UEFPC channel 

The hyd ro logy  of t h e  s i t e  was i n v e s t i g a t e d  th rough  t h e  i n s t a l l a t i o n  o f  

43 m o n i t o r i n g  w e l l s  f r o m  which da ta  on groundwater chemis t r y ,  water  

c o l l e c t e d .  The 

by p l a n t  c o n s t r u c t i o n  

s g e n e r a l l y  n o r t h  t o  

appears t o  dominate t h e  

f l o w  system, t h i s  i s  p robab ly  due t o  t h e  o r i g i n a l  s o l u t i o n  c a v i t y  

system t h a t  i s  assoc ia ted  w i t h  i t  and t o  t h e  more permeable ( t h a n  

surrounding rock )  f.111 m a t e r i a l  used t o  recon tou r  t h e  s u r f a c e  water  

89 
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Table 1 1 .  Inventory of samples and sampling points 

Monitoring wells installed 43 

Analyses of mercury in soils and well sediment 430 

J 
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bIon Chromotography. 

Analyses of mercury in groundwater 113 

Analyses of mercury in drilling waters 31 

Analyses of uranium in groundwater 59 

Analyses for major cations and trace elements 67 

Analyses for major anions (IC)b 

( I C P - O E S ) ~  

6 5  

aInducti vel y Coupled Plasma-Optical Em1 s s  i o n  
Spectroscopy. 

. -- 
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channels. A f t e r  reach ing  t h e  l o c a l  d i scha rge  area (UEFPC),  water  t hen  

moves southeast.  The p e r m e a b i l i t y  o f  t h e  s t r a t a  ranges f r o m  about 

3.54 x cm/s i n  t h e  f r a c t u r e d  and bedded rocks t o  e s s e n t i a l l y  
i n f i n i t y  where s o l u t i o n  c a v i t i e s  a r e  p resen t .  

temporal  v a r i a b i l i t y  of t h e  groundwater d i v i d e  between t h e  Bear Creek 

and UEFPC watersheds i s  u n c e r t a i n  and needs t o  be eva lua ted  f u r t h e r .  

The l o c a t i o n  and 

To assess subsur face con tamina t ion  by mercury i n  t h e  p l a n t ,  a t o t a l  o f  

113 water  samples and 430 soi l /mud samples were analyzed. 

c o l l e c t e d  f rom many s i t e s  w i t h i n  t h e  p l a n t  where con tamina t ion  was 

suspected; a f t e r  i n i t i a l  assessment o f  t h e  da ta ,  f o u r  s i t e s  were s t u d i e d  

i n  g r e a t e r  d e t a i l .  I n  genera l ,  i t  does n o t  appear t h a t  mercury i s  
m o b i l e  i n  an aqueous phase. 

mercury concen t ra t i ons ,  b u t  i t  was concluded t h a t  t h e  mercury c o n t e n t  

o f  most o f  these sample was due t o  excess i ve  amounts o f  sediment i n  t h e  

samples. 

c o n c e n t r a t i o n  i n  excess o f  t h e  NPDWS ( 2  pg /L ) ,  a l t hough  t h r e e  w e l l s  

( two  south o f  b u i l d i n g s  9201-5 and 9201-4 and one n o r t h  o f  

b u i l d i n g  81-10) y i e l d e d  c l e a r  samples t h a t  approached 50% o f  t h e  NPDWS. 

Nine w e l l s  y i e l d e d  c l e a r  groundwater samples sugges t i ve  o f  a l ow  l e v e l  

o f  mercury con tamina t ion  (0.1 t o  1.0 pg/L) ,  w h i l e  1 5  w e l l s  were 

e s s e n t i a l l y  f r e e  o f  aqueous mercury contaminat ion.  O f  t h e  s i t e s  

i n v e s t i g a t e d ,  t h e  s o i l  column o f  b u i l d i n g  81-10 was t h e  o n l y  one t h a t  

con ta ined  a ve ry  h i g h  c o n c e n t r a t i o n  o f  mercury below t h e  s a t u r a t e d  zone 

(wa te r  t a b l e ) ;  t h i s  I s  l i k e l y  t o  be t h e  cause o f  t h e  contaminated 

groundwater i n  t h i s  area.  

Samples were 

Many water  samples had above-background 

No w e l l s  y i e l d e d  c l e a r  groundwater samples w i t h  mercury 

Based on t h e  cores f r o m  t h e  f o u r  s i t e s  t h a t  were s t u d i e d  i n  d e t a i l ,  I t  

i s  est imated t h a t  a t o t a l  o f  app rox ima te l y  7000 l b  o f  mercury i s  

con ta ined  i n  t h e  s o i l s  and weathered rock  o f  these areas ( T a b l e  1 2 ) .  

O f  t h e  7000 l b  es t ima te ,  50 l b  ( ? )  o f  mercury m igh t  be accounted f o r  on 

t h e  b a s i s  o f  t h e  sha l l ow  con tamina t ion  ( b u t  p o s s i b l y  l a r g e  a r e a l  e x t e n t )  

o f  o t h e r  areas i n  t h e  p l a n t s .  Because o f  t h e  e x t e n s i v e  c a v i t y  system 

u n d e r l y i n g  a l a r g e  p o r t i o n  o f  t h e  p l a n t ,  and two o f  t h e  more 

contaminated areas i n  p a r t i c u l a r  ( b u i l d i n g s  81-10, 9201-2), an 



92 

Tab le  12 .  Es t imate  o f  mercury content  i n  s o i l ,  
f i l l ,  and weathered rock 

S i t e  
Mercury 

content  ( l b )  
*-- 
- %  

I 

Old mercury s torage  a r e a  ( w e l l  53-1) 15 

81-10 a r e a  ( w e l l  56-5) 

9733 a lcoves  ( w e l l  58-1) 

9201-2 a r e a  ( w e l l  60-1) 

Other a reas  

T o t a l  

2800 

1300 

2700 

50 ( ? )  

6865 

* ... _ -  

* -  
-I 

. -  
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a d d i t i o n a l  q u a n t i t y  o f  mercury may be h e l d  i n  s o l u t i o n  c a v i t i e s .  

De tec t i on ,  i n v e s t i g a t i o n ,  and r e t r i e v a l  o f  mercury i n  s o l u t i o n  zones i s  
ve ry  h i t - o r - m i s s  i n  na tu re ,  and none was encountered i n  t h i s  s tudy.  I t  

appears t h a t  even i f  mercury i s  p resen t  i n  these zones, i t  i s  r e l a t i v e l y  

immobi le i n  t h e  aqueous phase. Mercury h e l d  i n  s o l u t i o n  c a v i t i e s  may 

be l e s s  m o b i l e  than  mercury h e l d  i n  s o i l  because o f  a decrease i n  i t s  

s u r f a c e  area ( i . e . ,  seams vs smal l  beads) and because t h e  mercury i n  

s o i l s  tends t o  be exposed t o  v a r y i n g  geochemical c o n d i t i o n s  r e s u l t i n g  

f r o m  seasonal v a r i a t i o n s  i n  water  l e v e l s .  

The r e s u l t s  o f  t h i s  s tudy i n d i c a t e  t h a t  t h e  s i t e s  where t h e  p o t e n t i a l  

movement o f  mercury,  and thus  i t s  exposure t o  t h e  b iosphere,  i s  
g r e a t e s t  i s  a t  t h e  o l d  mercury fu rnace  a t  b u i l d i n g  81-10 and a t  

b u i l d i n g  9201-2. A t  bo th  s i t e s  t h e  mercury l e v e l s  i n  deeper f i l l  a r e  

q u i t e  h i g h  and below t h e  zone o f  s a t u r a t i o n .  

p r o x i m i t y  t o  UEFPC and t h e  s o l u t i o n  c a v i t y  system surrounding i t ;  thus,  

f l o w  paths t o  s u r f a c e  water  bodies and t h e  b iosphere  a r e  s h o r t .  

The s i t e s  a r e  i n  c l o s e  

The r e s u l t s  o f  t h e  o t h e r  groundwater chemis t r y  analyses i n d i c a t e  t h a t  

t h e  groundwater w i t h i n  t h e  p l a n t  i s  be ing  impacted by a v a r i e t y  o f  

sources. 

been i d e n t i f i e d .  

t h e  most i m p o r t a n t  water  q u a l i t y  problem i n  t h e  p l a n t  ( w i t h  rega rd  t o  

t h e  a n a l y t i c a l  work performed i n  t h i s  s t u d y ) .  Very h i g h  l e v e l s  o f  

NO3 a r e  p r e s e n t  i n  groundwater f rom some areas, and con tamina t ion  i s  
p resen t  t o  r e l a t i v e l y  g r e a t  depths ( a t  l e a s t  7 5  f t ) .  

NO3 plume i s  u n c e r t a i n ;  b u t  t h e  S - 3  ponds a r e  s t r o n g l y  i m p l i c a t e d .  

The e x t e n t  o f  groundwater deg rada t ion  i n  t h e  p l a n t s  war ran ts  fu ' r t he r  

i n v e s t i g a t i o n  and p o s s i b l e  remedia l  a c t i o n .  Organic contaminants were 

n o t  analyzed f o r  i n  t h i s  i n v e s t i g a t i o n  b u t  should be i n c l u d e d  i n  f u t u r e  

s t u d i e s .  

Plumes o f  NOg, SO4, and e l e c t r i c a l  conductance have a l l  

The con tamina t ion  o f  groundwater by NOg i s  p o t e n t i a l l y  

The o r i g i n  o f  t h e  

-- . 
r . 
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I f  f i e l d  i n v e s t i g a t i o n s  o f  mercury con tamina t ion  a r e  t o  con t inue ,  i t  i s  
recommended t h a t  t h e  use o f  t h e  mercury vapor ana lyze r  be p e r f e c t e d  as 

a f i e l d / s c r e e n i n g  t o o l .  T h i s  e f f o r t  w i l l  g r e a t l y  s t r e a m l i n e  

c h a r a c t e r i z a t i o n  and remedia l  s t u d i e s ,  and w i l  

a n a l y t i c a l  c o s t s .  

a l s o  save cons ide rab  e 

Th is  s tudy has covered a r e l a t i v e l y  s h o r t  t i m e  span w i t h  rega rd  t o  

h y d r o l o g i c  v a r i a b i l i t y ,  b u t  t h e  i n i t i a l  m o n i t o r i n g  network has been 

i n s t a l l e d  and measurements have been made. I t  i s  recommended t h a t  b o t h  

water  l e v e l  m o n i t o r i n g  and water  q u a l i t y  sampl ing be con t inued .  These 

measurements w i l l  supplement t h e  a n a l y s i s  o f  mercury con tamlna t ion  and 

o f  genera l  groundwater q u a l i t y  i n  t h e  p l a n t .  
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ENGLISH-TO-SI CONVERSION FACTORS 

To  convert from to multiply by 

foot (ft) meter (m) 0.30 
inch (in) c en t 'I met e r ( cm) 2.54 
pound (lb) kilogram (kg) 0.45 

. - "  

- .. 
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Appendix A 

GEOPHYSICAL AND LITHOLOGIC LOGS 

ORNL-DWG 84-1365 

550 

550 

60° 

+ 
600 

50' 

55-2 

DRILLED: 819 - 8/22/83 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

MEDIUM GRAY 

DARK GRAY a GRAY TO BROWN 

INTRA CLASTS 

BRECCIA 

MOTTLED, 
IRREGULAR BEDDING 

SILTY MUDSTONE 1 sMuDSToNE a CALCAREOUS MUDSTONE 

LIMESTONE 
0 

NO CORE RECOVERY 

VOID 
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Appendix A ( c o n t i n u e d ) .  

, 

0 

10 

20 

30. 

40, 

50 

60 ,  

70 

I 0" 
400 

550 + 
750 

450 

450 

ORNL-DWG 84-1369 

554 - - 

DRILLED: 8/26 - 8130183 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

MEDIUM GRAY 

0 DARKGRAY a GRAY TO BROWN 

OOIDS 

@ INTRA CLASTS 

MOTTLED, I IRREGULAR BEDDING 

. 8 MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE 

El 
TRACE FOSSILS 

NO CORE RECOVERY 

VOID 

450 

--.  
- %  

0 

T 

e -  

' * -  

, 
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Append i x A ( corit  i nued) . 

0 

10 

2c 

30 

40 

50 

6a 

n 60° 

550 

500 

550 

t 

ORNL-DWG 84-1367 

56-1 

DRILLED: 8/23 - 8/25/83 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

MEDIUM GRAY 

GRAY TO BROWN 

OOlDS 

INTAA CLASTS 

BRECCIA 

MOTTLED, 
IRREGULAR BEDDING 

MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE { LIMESTONE 

f TRACE FOSSILS 
I -  

NO CORE RECOVERY 

VOID 

1 EXTENT OF WEATHERED 
ZONES 

.. 
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VI 

E 

l- 

a Y ‘  

E 

Append 1 x A ( corrt 1 nued) . 

I 

_ _  -- - .I 

0 

10 

20 

30 

40 

50 

60 

70 

8 

600 

60’ 

60° 

450 

-I- 
500 

50° 

ORNL-DWG 84-1371 

56-2 
-c-.-- 

DRILLED: 8/16 - 8/18/83 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

MEDIUM GRAY 

0 DARK GRAY 

GRAY TO BROWN 

’ B G O l D S  a INTRA CLASTS 

@ BRECCIA 

MOTTLED, 
. IRREGULAR BEDDING 

’ 8 MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE 

LIMESTONE 

TRACE FOSSILS 

NO CORE RECOVERY 

VOID 

. EXTENT OF WEATHERED 
ZONES 

- -  r -  .- . 

.. 

_. 
* 

3 -  
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Appendix A ( c o n t i n u e d ) .  

0 

10 

20 

30 

40 

50 

60 

70 

ORNL-DWG 84-1368 

Q 564 - 

DRILLED: 8/11 - 8/15/83 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

500 MEDIUM GRAY 

GRAY TO BROWN 

45O 

500 

+ 

OOlDS 

INTRA CLASTS 

BRECCIA 

MOTTLED, 
IRREGULAR BEDDING 

> u 

0 I 
s 
t 
4 

MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE 

LIMESTONE 

TRACE FOSSILS 

NO CORE RECOVERY 

VOID 

EXTENT OF WEATHERED 
ZONES 
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Appendix A (continued). 

0 

10 

20. 

30. 

40. 

50- 

6@ 

7B 

Q 

ORNL-DWG 84-1366 

56-5 

= 
0 
d 0 

> u 
0 
-8 0 

I- d 

DRILLED: 8/31/83 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

MEDIUM GRAY 

0 DARK GRAY 

[XI GRAY TO BROWN 

001DS 

INTRA CLASTS 

BRECCIA 

MOTTLED, 
IRREGULAR BEDDING 

8 MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE 

LIMESTONE 

TRACE FOSSILS 

[51 NO CORE RECOVERV 

'I VOID 

EXTENT OF WEATHERED 
ZONES 

A- SOIL SAMPLES TAKEN TO 17'. WHEN CORING BEGAN, CASING 

IS PROBABLY VERY SOFT (SATURATED) FILL. (30' OF FILL HAS 
BEEN FOUND IN BORINGS NEARBY.) 

WAS SET AT 17'. DRILL BIT THEN DROPPED TO 30'. FROM 17-30' 
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Appendix A ( c o n t i n u e d ) .  

. . -. .. - 
9 -  

ORNL-DWG 84-1372 

59-1 

DRILLED: 919 - 9/14/83 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

MEDIUM GRAY 

GRAY TO BROWN 

INTRA CLASTS 

BRECCIA 

MOTTLED. 
IRREGULAR BEDDING 

8 MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE - 
f 1 LIMESTONE 

f TRACE FOSSILS 

NO CORE RECOVERY 

VOID 

1 EXTENT OF WEATHERED 
ZONES 

- .  
r 

L .  

- --, . 
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> V 

0 ,  = 
a 

f 
t 

Append1 x A ( cowt i nued) . -- ..- 

10- 

20. 

30 

40 

50 

6c 

70 

B 

I 450 

500 

+ 

ORNL-DWG 84-1370 

60- 1 

DRILLED: 918 - 9/9/83 
SIZE: NX 
DRILLER: GEOTEK 

SYMBOL KEY 

MEDIUM GRAY 

DARK GRAY 
8 

GRAY TO BROWN 

111 
Y 
E a c " =I 

E 

@ INTRA CLASTS 

BRECCIA 

MOTTLED, 
IRREGULAR BEDDING 

' MUDSTONE 

SILTY MUDSTONE 

CALCAREOUS MUDSTONE 

LIMESTONE 

TRACE FOSSILS 

NO CORE RECOVERY 

VOID 

1 EXTENT OF WEATHERED 
ZONES 
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Appendix A (continued). 

TITLE : LOG OF BOREHOLE 6 6 3 C  
ORNL-DWG 83-18823 

DATE : 9BOl83 
LOGGER: BPB, INC. 

I 

m 

I 

.-. 
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Appendix A (continued). 

TITLE : LOG OF BOREHOLE 6MC 
DATE : 1OlWW 
LOGGER BPB,INC. 

ORNL-DWG 83-18820 
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Appendix A ( c o n t i n u e d ) .  

ORNL-DWG 83-18818 

TITLE : LOG OF BOREHOLE 66-1C 
DATE : 9/29/83 
LOGGER: BPB, INC. 

.- _ -  
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ORNL-DWG 83-18817 

TITLE : LOG OF BOREHOLE 56-X 
DATE : 9/30183 
LOGGER: BPB, INC. 
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Appendix A (continued). 

ORNL-DWG 83-1881 9 

- . -  - a-2 .. . 
TITLE : LOG OF BOREHOLE 56-3C 
DATE : 1016183 
LOGGER: BPB, INC. 

00 I 
- _ _  

4 
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Appendix A ( c o n t i n u e d ) .  

ORNL-DWG 83-16824 

- I. - -  
H -  . DATE : S/2W83 

LOGGER: BPB, INC. 
r . - . -  i 

TITLE : LOG OF BOREHOLE SSlC 

-~ 

- .  
IC.- 
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Appendix A ( con t i nued) .  

TITLE : LOG OF BOREHOLE 60-1C 
DATE : 9/30/83 
LOGGER: BPB, INC. 

I 

CALIPER 
., 

7 6 .  5.9 

-A- * t t:!%!! - 

... . - - 

ORNL-DWG 83-18822 

_ _  I 

. .  . 
- 

e _ -  . -  
- P  .. 
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s 

Deptt 
trt:  

0 

- 

2 

4 

6 

8 

0 

2 

0 

6 

8 

0 

2 

4 

6 

6 

0 

*AB - - 

h p l e  
bPe+ 

PS 

PS 

PS 

- 

Sample 
Intend 

\ 
7 

PS = 

Appendix B 

LOGS OF SOIL BORINGS 

LW OF BORING 

Boring No. 53-1 /SI  
2 - 2 8 - 0 9  Date 

Location *-.a 

Recovery, 
Compacted 
Length ( X  

67 

ih Shelby 

Lithologic 
Description h Notes 

5 = Continuous Shelby 
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Appendix B ( c o n t i n u e d ) .  . _ -  

- 
Depth 

( f t )  

0 

- 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

*AB - - 

Recovery/ 

Type* Interval  Length ( X I  
Sample Sample Compacted 

P5 79 

PS I O 0  

LOG OF BORING 

Lithologic 

Boring NO. 53 - I  les 
Date Z - l B - B V  
l o c a t i o n  

. -  
- e-. .- . 
- c r  

Description b Notes 

e- - 
1 

.. 

I = Continuous Shelby 
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Depth 
( f t )  

0 

- 

2 

4 

6 

a 

0 

2 

4 

6 

a 

0 

2 

4 

6 

a 

0 

*AB - - 

Sample 
Type+ 

PS 

P5 

Sample 
Interval  

\ 
5 

PS - I 

Recovery/ 
Compacted 
Length (Z) 

83 

LOG OF BORING 

Boring No. 53-1 / 6 r g  
Date z - z q - e y  
Location H. s r ~ c w  Al.0 

5Y 

loo  

ih Shelby 

Litho l o g i c  

S = Contin 

Description L Notes 

b 

ius Shelby 
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Appendix B (continued). 

LOG OF BORING 

Boring No. 55-1 6 
Date 6l.cle3 
l oca t ion  9201-s - 

Depth 
trt1 

0 

- 

2 

4 

6 

8 

I O  

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

*AB - - 

Lithologic  

- e  . -  
--. - 
- -+- 

Description h Notes 

5 - Continuous Shelby 
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Appendix B (continued). 

- 
h P t  

t f l  

0 

- 

2 

4 

6 

8 

IO 

2 

4 

6 

8 

LO 

2 

4 

6 

8 

0 

*AE 
- 

Sample 
A!re 

PS 

C S  

Jger B i  

Samp 1 e 
Interva 

7 
7 
7 
\ 
\ 
1 

PS - 

LOG OF BORING 

Boring N o .  5 5 - t r )  
Date 6 - 8 - 8 3  
h c a t  ion T Z O l - 5  

Recovery/ 
Compacted Litholonic  

ih Shelby S = Contin 

Descri t i o n  h Notes M 

us Shelby 

? '  
a .  
c .  

- -  
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Appendix B ( c o n t i n u e d ) .  

LOG OF BORING 

Boring No. s 5 - 2 C  
Date 618133 
Locat ion 9 2 W - 5  - 

Depth 
( f t )  

0 

- 

2 

4 

6 

0 

1 0  

2 

4 

6 

0 

0 

2 

4 

6 

0 

0 

*AB - - 

Sample 
Type+ 

cs 

L S  

LS 

c5 

C S  

c5 
L S  

ugcr Bi 

Samp 1 e 
Interval  

\ 
S 

PS - I ih  Shelby CS = Contin 

I *  .- _ -  
" P- 
i - 

Description 6 Notes 

)us Shelby 
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Appendix B ( c o n t i n u e d ) .  

LOG OF BORING 

- 
Jkptl 

t r t  
0 

- 

2 

4 

6 

6 

1 0  

2 

4 

6 

8 

0 

2 

4 

6 

6 

0 

*AB - - 

Sample 
Typc' 

- 
7 s  

Sample 
Interval  

1 
1 

PS - I 

Recovery, 
Compacted 
length (% 

lo 0 

rh Shelby 

Boring No. 55-3  L 
Date @ I s l e 3  
Location 9 r o l - s  

Lithologi i  

i = Contin 

Descri t i o n  h Notes 

~ 

)us Shelby 

- 
v- 

- .  
Y .  

4 .  

- -. -. 
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Appendix 6 ( c o n t i n u e d ) .  

LOG OF BORING 

Boring No. 55-4 A 
Date 0ItSla3 
Location 7/03 - 

kP( 
. ( f t  

0 

- 

2 

4 

6 

8 

IO 

2 

4 

6 

8 

2 0  

2 

4 

6 

8 

0 

*AB 
- 

- 
Samule Sample 

Interva 

7 

PS - 

Recovery, 
Compacted 
Length (Z 

83  

sh Shelby 

Lithologic  

. -  
I -  

.- - 
5 -  

I 
j = Continuous Shelby 



0 

‘(panukquo3) g xkpuaddy 

I 

r r 

LZ I 



128 

Appendix B ( c o n t i n u e d ) .  

Lffi OF BORING 

56-2 C Boring No.  
Date 019103 

TZ0 l -y  Location 

Deptl 
( f t  

0 

- 

2 

4 

6 

0 

10 

2 

4 

6 

a 

0 

2 

4 

6 

a 

0 

*AB 9 

- 

Sample 
Type* 

L S  

L 5  

C 5  

C 5  

L S  

uger B i  

Sample 
Interval 

\ 
\ 

PS - I 

Recovery/ 
Compacted 
length ( 2 )  

2 5  

42 
1 0 0  

rh Shelby 

Li thologic  

- _-__- 

Description 6 Notes 

S = Concinuous Shelby 

_ -  
.. 'A- 

I- * 

- .  

- .-- 
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LOG OF BORING 

Boring No. 5 b - 3  C 
Date 8 - 2 - 8 3  
Location 92et -y  - 

DePt 
(ft 

0 

- 

2 

4 

6 

0 

IO 

2 

4 

6 

0 

0 

2 

4 

6 

8 

0 

*AE 
- 

iger Bit PS = Push Shelby 

L i tho log ic  1 

i = Continuous Shelby 
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Appendix B ( c o n t i n u e d ) .  

LOG OF BORING 

Boring No. 5C-Y c 
Date 7lrY 163 
Location 4201- v 

0 

2 

4 

6 

a 

I O  

2 

4 

6 

a 

0 

2 

4 

6 

0 

0 

- _ -  . . -  
- A  . -  
.- . I - _  
- * \  

I 

I 
S = Continuous Shelby 
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- 
Depth 
( f t )  - 

3 0  

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

*AB - - 

Sample 
Interval 

\ 

PS - 

LOG OF BORING 

Recovery/ 
Compacted 
Length ( X )  

ih Shelby 

Lithologic 
Log 

; = C o n t i n  

Boring No. 5 b - S / S 2  kdh 
Date 12/8/63 
Location Bf-10 

Description h Notes 

u s  Shelby 

-. 
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9 
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0 
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Appendix B ( c o n t i n u e d ) .  

LOG OF BORING 

neptt 
(ft: 

0 

-- 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

*AB - - 

S u p l e  x 

C 5  

c s  

uger B i  

sample 
Interval  

\ 

PS = r 

Recovery/ 
Compacted 
Length ( X I  

39 

83 

ih Shelby 5 = Contin 

Boring No. 5 6 - 5 / 8 1 ,  c O A i 2  

Date I 2  1 6 / 8 3  
Location E l -  I O  

Lithologic 
Descr ipt ion 6 Notea 
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LOG OF BORING 

Boring No. S b - S l 6 r  
Date 121 SI 0 3  
Location w-10 

Interval 

\ 

PS = 1 ih Shelby S = Concinuous Shelby 
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Recovery/ 
Sample Compacted Lithologic 

LOG OF BORING . - .- _ -  
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Depth 

Appendix B (continued). 

Recovery/ 
Sample Sample Compacted Lithologic  

LOG OF BORING 

Boring No. 56  - 5 / a b  
Date r l c l e v  
Location $?/-lo 

*AB = Auger B i t  PS = Push Shelby CS = Continuous Shelby 

5 
I -  

C -  

.- - 
-.I - 
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Appendix B (continued) 
LOG OF BORING 

" .- 
A -  .-- 
. . .- 
_ I  

? S .  - 

. 
- I- 

Boring No. 56-1/87 
Date 12-13 -03  
h c a t  ion 01- IO 

%0 = Auger B i t  PS Push Shelby CS = Continuous Shelby 



138 

Appendix B (continued). 

LOG OF BORING 

Boring No. S r - s l o e  
Date 1 1 - 1 3 -  63 
l o c a t i o n  81-10 - 

Deptt 
( f t :  

0 

- 

2 

4 

6 

8 

10 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

+AB 
- I I 

uger B i t  PS - Push Shelby 5 = Conrin 

Description h Notes 

- -  . .% . -1 
a -  

_ -  t -  - 
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LOG OF BORING 
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k P 1  

t f l  

0 

- 
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4 

6 

a 

10 

2 

4 

6 

a 

0 

2 

4 

6 

a 

0 

*A8  - - ger B i  - 

Boring No. 
Date 
Location 

Sb-SlbT 

./-lo 
12 -/3 - 6 3 

i = Contini u s  Shelby 
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Appendix B ( c o n t i n u e d ) .  

Sample 
Type' 

P5 

c 5  

c 5  

cs 

c 5  

c s  
L 5  

p10 

Auger BI 

LOG OF BORING 

Boring No. 56  - 5  c 
Date 
Location 81-13 

8 -  I S  - 0 3  

I Recovery/ I 

1 PS - Push Shelby 

Description L Notes 

S - Continuous Shelby 
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LOG OF BORING 
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Date -w 
Location 4733- I 

Description 6 Notes 

= S h e l b y  
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LOG OF BORING 

Boring No. 58-1 / F J  
Date ///2?/53 
Location 9 7 3 3 - 1  

-. . -  
" 2. -. 
.. . - _  - *l 

r( 
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LOG OF BORING 

Boring No. 50--;/Q 
Date l Z l Z  83 
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Litholonic 

- -  
1 -  

-' f- .. 
-. . . _  . *; 

t 
. - .- 



1 4 5  

Depth 
t f t )  

0 

2 

4 

6 

8 

I O  

2 

4 

6 

8 

2 0  -. 

2 

4 

6 

8 

0 

*u) - 

- -.. 

". - 

Samplt 
Type' 

A 0  

P5 
L 5  

faB 

AB 

Auger B I  

_ -  
. 

- A' 

Appendix 8 ( c o n t i n u e d ) .  

LOG OF BORING 

Boring No. 3-9-1 L 
Date B l 1 r l B 3  
Locat ion 9% 02 
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LOC OF BORING 

Boring No. b o - /  8 
Date e f i a f b 3  
Location 9 2 0 1 - 2  

Dept' 
( f t  

0 

_I 

2 

4 

6 

a 

10 

2 

4 

6 

a 

1 0  

2 

4 

6 

a 

0 

fAE 
- 

uger Bit PS = Push Shelby 



147 

- ? "  - -  :'. - 

Appendix B ( c o n t i n u e d ) .  

- 
k P 1  

( f  

0 

- 

2 

4 

6 

a 

I O  

2 

4 

6 

8 

0 

2 

4 

6 

a 

0 

*AB a 
- 

I ' Sample 
Type, 

c s  

- 
rger B i  

Sample 
Interva 

PS - 

LOG OF BORING 

Boring No. 60-1/& 
12-15- 93 Date 

Location 9201-2 

Descri t i o n  h Notes i 

,h Shelby CS = Continuous Shelby 
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\ 
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LOG OF BORING 
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Depth 
( f t )  

0 

2 

4 -  

6 -  

a -  

10 

2 -  

4 -  

6 

a -  

2 0  - 
2 

4 

6 

a 

0 

*A6 - 

- ._ 
?. " 

Sample 
Type* 

f l B  

c 5  

C S  

CS 

L S  

L S  

L S  

L S  

C S  

Auger B i  

. .. _ -  

c 
- .is 

- -  
.. 

- e- 

- .  
*:- 
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LOG OF BORING 

Sample 
Intervai 

\ 
7 
7 
1 

PS - 

Boring N o .  60-1 183  
Date 1.2-20-83 
Location f 2 0 l - 2  

Recovery/ 
Comoac ted L i  tholonic  

ih Shelby 
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LOG OF BORING 
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I O  
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- 
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P S  

L S  

Samp 1 e 
Interva 

\ 

PS * 1 Shelby j = Continuous Shelby 

_ -  - . -  
- .c 
-. . 
- .  

t -  
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L S  - 
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7 
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7 
7 
1 

PS - I 

LOG OF BORING 

0-1 185 Boring No. 6 
Date IZ-20-01 
Location sz0l-z  

Recovery/ 
Compacted Litholoaic  

I o 0  

7 5  
-~ 

/ 0 0  

- = Contin 

Descri t i o n  L Notes I 

u s  Shelby 
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Deptt 
( f t :  

0 

- 

2 

4 

6 

a 

/ O  

2 

4 

6 

a 

t o  

2 

4 

6 

a 

0 

.AB 
- 

LOG OF BORING 

Boring No. 60-1 166 
Date / 2 - 1 * - # 3  
Location 920l-  f 

user B i t  PS - Push Shelby 

Descr ipt ion h Notes 

..- . -  
- 4 -  . -  
.. I 
- *¶ 

1 

.-- - 
- -  

- -  

S = Continuous Shelby 
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trt  
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0 

*AB 
- 

Sample 
5pe* 

P5 

.L 5 

C S  

- 
ger B i  

Samp 1 e 
Interva 1 

\ 

PS = I 

LOG OF BORING 

Boring No. bo-, 167 

Location 92.1-2  
Date 12-IS-83 

Cn Shelby S Continuous Shelby 

-; . 
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LOG OF BORING 

Boring No. 6O-IfdB 
Date I2 - l b - 8 3  
Location 9 2 0 1 - Z  
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Depth 
(it) 
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CS 

C S  
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GROUNDWATER HYDROGRAPHS 
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975.60- 

975.30- 

975.00- 

9711.70- 

9711.110- - 
9711.10- 

v i 
t :: 

973.80- 

973.50- 

973.20- 

972.90- 

972.60- 

972.30- 

972.00- 

- -  
4. - 
r .  

01NOV83 OIOEC83 OlJAN811 01FEB811 OlMAA811 01APR8401MRY84 

Appendix C 

GROUNDWATER HYDROGRAPHS 

. _ _  .= - 
7. 

WATER LEVEL ELEVATION VS TIME 
NESTSSY-1 

r 
- -_ 

* -  

. 
- ** 

. *  . 
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WATER LEVEL ELEVATION VS TIME 
NESTzSY-2 

1 971.75 

971.50 

971.25 

971.00 

970.75 

970.50 

1 970.25 

970.00 

969.75 

969.50 

969.25 

969.00 

3 968.75 

968.50 

01NOV83 OlOEC83 01JAN8Y 01FE88Y O l M A R a Y  OlFIPi Ia401i . i i ( ' i3 i l  

ORTE 

LEGEND: U E L L I O  - R 

_ -  _ -  
' *  .- 
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976.110- 

976.30- 

976.20- 

976.10- 

976.00- 

975.90- 

975.80- 

975.70- 

975.60- 

975.50- 

975.40- 

975.30- 

975.20- 

7 

- * -  - -  ... 
- .. 

-3 - 
t 

5 

- -_ 
--  
I 

- z  
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WATER LEVEL ELEVATION VS TIME 
NEST=55-1  

I; 
II 

975.10 
I 1 I I 8 

01NOV83 01DEC83  OlJRN84 01FE884 OlHRR84 01RPR8401MRY84 

DRTE 

C LEGEND: WELL10 - R - - - - - - - 8 ----_ 

- -  . 
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WATER 

9 6 9 . 3 0 -  

9 6 9 . 2 0 -  

9 6 9 . 1 0 -  

9 6 9 . 0 0 -  

9 6 8 . 9 0 -  

9 6 8 . 8 0 -  

9 6 8 . 7 0 -  

9 6 8 . 6 0 -  

9 6 8 . 5 0 -  

968.40- 

9 6 8 . 3 0 -  

96~3.20-  

9 6 8 . 1 0 -  

LEVEL ELEVATION VS TIME 
N E S T  = 5 5 - 2 

/ I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

968. 

01NOV83 0 1 0 E C 8 3  O l J R N 8 4  0 1 F E 8 8 4  Olt4RR84 01RPFl3401HRY8Y 

DFlTE 

C LEGEND: WELLID - fl - - - - - - - B - -___ 

. 
a -  

% -  
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WATER LEVEL ELEVATION VS TIME 

0 1 N O V 8 3  0 1 0 E C 8 3  0 1 J R N 8 4  0 1 F E B 8 Y  O l M R R 8 4  01RPFlS40111RYa'I 

O R T E  

C LEGEND: UEL L I O  - R - - - - - - - -____ 

- c  . 
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z 

I 9911.50- 
3 
I! a 
12 
z 9911.00- 

n 

I- 

E 

993.50- 

993.00- 

Appendix C ( c o n t i n u e d ) .  

WATER LEVEL ELEVATION VS TIME 
NEST=55-11 

i 996.50 

996.00 

995.50 

i 992.50 

... * 
- 6  
. -  
. -  

.- . 
- -- e- 

1 

f 
-. - 

0 1 N O V 8 3  0 1 0 E C 8 3  OlJRN811 OlFEa811 OlMRR811 01RPRa401l4RTS4 

O R T E  

C - - -. . - - LEGEND: WELL10 - B 
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982.60- 

982.404 

982.20- 

982.00- 

9 8 1 . 8 0 j  

981.60- 

981.40- 

981.201 

981. 001 

980.80- 

c 
- --. 
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WATER LEVEL ELEVATION VS TIME 
NEST=55-5 

980.60 

01NOV83 010EC83 OlJRNBY OlFE88ll OlMflR8Y O l f l P f t a ; l i l I ; . l f l ' ~ a ? l  

D A T E  

A LEGEND: WELL10 ~ 
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J 
9 8 1 . 5 0 -  

9 8 1 . 4 0 -  

981.30- 

9 8 1 . 2 0 -  

-: 

I I I I I I 

Appendix C (continued). 

WATER LEVEL 
9 8 2 . 9 0  

9 8 2 . 8 0  

9 8 2 . 7 0  

9 8 2 . 6 0  

9 8 2 . 5 0  

4 9 8 2 . 1 0  

9 8 1 . 9 0 4  

9 8  

9 8  

9 8  

::{ .60 

ELEVATION VS TIME 
N E S T = 5 5 - 6  

-. . .- . - -  
< 

... - 
- _  
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957.00: 

956.004 

955.00; 

- .- 
*e '' 
e .  

. .. 
-5 - ' .  

Appendix C (continued). 

WATER LEVEL ELEVATION VS TIME 
N E S T = 5 6 - 1  

I 

- -  . 
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956.00- 

955. so: 

955.604 

955.110: 

955.20- 

955.00- 

954. eo! 

9511.60: 

9511.110: 

9511.20- 

3 

Appendix C ( c o n t i n u e d ) .  

3 

WATER LEVEL EL EVATI 0 N 
N E S T = 5 6 - 2  

VS TIME 

' r -  -.. 

3 
e -  

- -  

9511. 004 
I I t I I I I 

01NLlV83 01OEC83 O l J R N a 4  OlFEBa11 OlllklR84 OiRPR8401HR184 

DOTE 

C LEGEND: I.!ELLIO - fl - . . - - - - - _ _ _ _  

-a - 

. -  

. .- 
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9 5 2 . 2 0 -  

9 5 1 . 9 0 -  

9 5 1 . 6 0 -  

9 5 1 . 3 0 -  

- .- 
4 -  

i . 
- .- - -  

-t- - 
t 

Appendix C (continued). 

WATER LEVEL 

h 

d 
I 
v 

k 

3 
E 

P 

LL 

L 

I 
0 

I 
I- 
0 

0 a 

ELEVATION VS TIME 
NESTz56-3 

9 5 1 . 0 0  
1 I I I I I 

01NOV83 OIDEC83 01JklN84 OlFEBBY 01M9R84 OIRPR840111Rf84  

D R T E  

C LEGENO: HELL10 - A - - - - - -. B _ _ _ _ _  
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1 947.50: 

945.00{ 

942.501 

940.001 

937. 50{ 

935.00{ 

932.501 

930.00; 

WATER LEVEL €LEVA- 
NEST=56-Y 

952.5o-j 

3 N  

,f\. 

VS TIME 

r 

.. . - 
- c  
. -  
'2. 

-. - 
- .._ 

3 

927.504 
I I I I I I I 

O l N ( I V 8 3  0 1 0 E C 8 3  01JAN8Y OlFEBBY O l M F I R B Y  01RPR8YOlMRY84 

D A T E  

C _ _ _ _ _  B LEGEND: WELL10 - - - - - - - - 
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. .. - _  WATER LEVEL ELEVATION VS TIME 
NEST=56-5 

4 

^ - L I  
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Appendix C (cont inued) .  

WATER LEVEL EL EVAT I 0 N 
NEST=SG-G 

- -  . _ -  
- -  

.a -. 
\ VS TIME 

I I I I I I_ 

01NOV83 0 1 0 E C a 3  O l J R N 8 4  OlFEBB4 OlllRi184 O l R P R 8 4 0 1 > i R ' ~ 8 4  

ORTE 

LEGEND: WELLID - A 

. - -  
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9411.50- 

91111.25- 

9114.00- 

9113.75- 

9113.50- 

9113.25- 

9113.00- 

9112.75- 

9112.50- 
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WATER 

h 

d z 
v 

k 

3 
E 

P 

LL 

L 

I 
0 

a 
0 
I- 

2 

LEVEL ELEVATION 
N E S T = 5 6 - 7  

VS 

I 

TIME 

01NOV83 010EC83 O I J R N B Y  01FE8811 O 1 I I R R B U  UlRPR8Y01C1RY8Y 

ORTE 

LECENO: WELL10 - R 

- .  
.r 
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9118.30- 

9118.00- 

9117.70- 

9117.40- 

9117.10- 

946.80- 

9116.50- 

946.20- 

9115.90- 

9115.60- 

945.30- 

9115.00- 

944.70- 

Appendix C (continued). 

WATER LEVEL .ELEVATION VS TIME 
NEST=56-8 

B 

_.- - 

91111. Y O  
I I I I I I 

OlNOV83 01DEC83 OlJRN8Y OlFE8811 O l M A R a Y  01RPA81101idR~f84 

OATE 

LEGEND: WELL10 - P 
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956.20- 

956.10- 

956.00- 

955.90- 

955.80- 

955.70- 

955.60- 

955.50- 

955.40- 

955.30- 

955.20- 

955.10- 

955.00- 

954.90- 

954.80- 

954.70- 

9511.60- 

954.50; 

.- 

3 

L. - .- 

.. 
i 
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WATER LEVEL ELEVATION VS TIME 
NESTz56-9 

1 1 1 1 1 1 -T 

01NOV83 01DEC83 OlJRN84 OlFEB84 OlMFIR8U OlRPR840111R184 

D R T E  

LEGEND: WELL10 - R 
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9r11.50: 

9r11.00-  

Appendix C ( c o n t i n u e d ) .  

9 u o . s o 1  

WATER 

9 3 9 . 5 0 1  

9 3 6 . 0 0 ;  

9 3 7 . 5 0 -  

LEVEL ELEVATION VS TIME 
N E S T - 5 6 - 1  

01NOV63 0 1 0 E C 8 3  OlJRN84 O l F E B 8 4  OlHRR84 0 1 R P R 8 4 0 1 M ~ Y 8 4  

D R T E  

6 R LECENO: WELL10 - - - - - - - - 

. -  - c - _  , 
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932.00- 

931. SO: 

931.00: 

930. SO{ 

e 

... - ”  

- -  
a 

- r  

929.00- 

928.50- 

928.00- 

927.50- 

927.007 

Appendix C ( c o n t i n u e d ) .  

I I I I I I I 

WATER LEVEL ELEVATION VS TIME 
NEST=S8-2 

930.00 

929.50 
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943.801 

943.604 

943.401 

943.201 

943.004 

942. 804 

942. SO{ 

942.rlo: 

942.20L 

942.00{ 

941.80{ 

Appendix C ( c o n t i n u e d ) .  

WATER LEVEL ELEVATION VS TIME 
NEST=59-1 

J 
I I I I I I 

01NOV83 010EC83 OlJRN84 01FEB84 01MRR84 01RPRa401;iR f 6 4  

O R T E  

C - - - - - - - B _ _ _ _ _  LEGENO: WELLID - FI 

_- - -  
'a. .'. 
. -L 

. .- 
.3 
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918.20: 

918.00: 

917.8OL 

917.60: 

917.1104 

917.20: 

917.00{ 

916.801 

916.601 

916.1101 

5 

- r  
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WATER LEVEL ELEVATION VS TIME 
NEST=BO-l 

916.204 I I 
I I I I I 

01NOV83 010EC83 01JRN84 OlFE884 OlMRR84 01RPR340111AY34 

D R T E  

B . - - - - -. LEGEND: WELLID - A 
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9 1 9 . 1 0 -  

9 1 9 . 0 5 -  

9 1 9 . 0 0 -  

9 1 8 . 9 5 -  

9 1 8 . 9 0 -  

9 1 8 . 8 5 -  

9 1 8 . 8 0 -  

9 1 8 . 7 5 -  

9 1 8 . 7 0 -  

Appendix C ( c o n t i n u e d ) .  

WATER LEVEL EL EVATI 0 N 
N E S T z 6 0 - 2  

VS TIME 

-1 I 

O l N O V 8 3  OlOECa3 01 J R N S U  OlFEBBU OlMRR64 O l A P F 1 8 4 0 i ; i 9 i 6 4  

ORTE 

LEGEND: AELLIO - A 

- -  
J.. 

I '- 

-. . _ -  . - .  * 

* 
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Appendix 0 

DRILL WATER ANALYSES 

-1. Hg Analyses o f  Dr 
(For  Cores)a 

1 Waters 

Hg ( w / m L )  - Hg ( W m L )  
Hole I D  Date Time Lab # Suspension Supernatent  

56-4 C 
56-4 C 
56-4 C 
56-4 C 
56-4 C 

56-2 C 
56-2 C 
56-2 C 
56-2 C 
56-2 C 

55-2 C 
55-2 C 
55-2 C 
55-2 C 

55-1 C 
55-1 C 
55-1 C 
55-1 C 
55-1 C 

55 -4  
55-4 

56-5 

60-1 C 
60-1 C 
60-1 C 
60-1 C 

59-1 
59-1 
59-1 
59-1 
59-1 

8/11 /83 
8/1/83 
8/12/83 
8/12/83 
8/15/83 

8/16/83 
8/16/83 
8/17/83 
8/17/83 
8/18/83 

8/18/83 
8/22/83 
8/19/83 
8/19/83 

8/23/83 
8/24/83 
8/24/83 
8/24/83 
8/25/83 

8/26/83 
8/26/83 

8/31 /83 

9/8/83 
9/8/83 
9/8/83 
9/9/83 

9/13/83 
9/13/83 
9/13/83 
9/14/83 
9/14/83 

1300 
1530 
1100 
1425 
1155 

1450 
1500 
1010 
1430 

1400 
0900 
1300 
1630 
1405 

1130 
1430 

1050 

11 29 
1600 
1730 
0955 

0930 
1145 
1500 
1020 
1520 

3859 
391 9 
3921 
3920 
3966 

3697 
3968 
3969 
3970 
3973 

4382 
4383 
41 86 
41 87 

4384 
4385 
4386 
4387 
4388 

4435 
4436 

4437 

4654 
4655 
4656 
4657 

4685 
4686 
4687 
5471 
5472 

0.009 
0.002 
0.002 
0.002 

t o .  001 

0.003 
t o .  001 
t o .  001 
t o .  001 
t o .  001 

0.001 
t o .  001 
t o .  001 
t o .  001 

t o .  001 
0.004 
0.014 
0.012 

t o .  001 

t o .  001 
t o .  001 

4.8 

0.014 
0.001 
0.004 
0.017 

0.001 
0.002 
0.001 

t o .  001 
t o .  001 

t o .  001 
t o .  001 
t o .  001 
t o .  001 
t o .  001 

t o .  001 
t o  . O O l  
to .001 
t o .  001 
t o .  001 

t o .  001 
t o .  001 
to .001 
t o .  001 

t o .  001 
t o .  001 
t o .  001 
to .001 
to .001 

t o .  001 
t o .  001 

t o .  001 

t o .  001 
t o  ,001 
t o .  001 
t o .  001 

t o .  001 
t o .  001 
t o .  001 
t o .  001 
t o .  001 

- .  aDril l  water  was r e c i r c u l a t e d  th roughout  d r i l l i n g  o f  e n t i r e  
h o l e  w i t h  t h e  excep t ion  o f  h o l e  56-4 C f o r  which water was 
c i r c u l a t e d  once through.  The source o f  a l l  water  was l o c a l  f i r e  
hydrants .  
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Appendix  E 
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c 
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ANALYSES AND PLOTS OF flERCURY I N  SOILS,  F I L L ,  AND WEATHERED ROCK 

Table E-1.  Mercury i n  f i l l ,  s o i l ,  and weathered rock samples 
c o l l e c t e d  d u r i n g  d r i l l i n g  

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby, BA = bucket  auger, 
SC = s o i l  c o r e r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below sur face;  

HG = Hg i n  p g / g  d r y  weight ;  WHG = Hg I n  pg/g. wet we igh t  b a s i s .  
Negat ive p r e f i x  denotes " l e s s  than."  

MISCELLANEOUS SITES 

SITE BORING T Y P E  DATE UP DOWN WHG HG DESCRI 

PIT1 WPl2 
P I  T2WOF I 
TRENCH A 
9733-2 A 
9733-3 A 
9733-2 A 
TRENCH B 
9733-2 B 
TRENCH C 
TRENCH D 
TRENCH E 
TRENCH F 
TRENCH G 
TRENCH H 
9733-2 HGTRP 
TRENCH 1 
TRENCH J 
TRENCH K 
TRENCH L 
TRENCH M 
TRENCH N 
TRENCH 0 
TRENCH P 
TRENCH Q 
TRENCH R 
TRENCH S 
TRENCH T 
TRENCH U 
TRENCH V 
TRENCH W 
TRENCH X 
TRENCH Y 
TRENCH 2 

T 
T 
T 

sc 
sc 
sc 

T 
sc 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

09MAY83 
09MAY83 
09MAY83 
21 JAN83 
21 JAN83 
21 JAN83 
09MAY83 
21 JAN83 
09MAY83 
09MAY83 
09MAY83 
09MAY83 
09MAY83 
09MAY 83 
01 DEC83 
09MAY83 
09MAY83 
09MAY83 
09MAY 83 
09MAY83 
09MAY83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 
16AUG83 

1 .o 
1 .o 

1 1.3 

1 .o 

* \  

-0.05 
-0.05 

0 

0 

0 

0 

0 

0.33 
4.00 
0.72 

34.00 
0.74 
1 .oo 
0.15 
0.40 
0.32 
0.20 
0.66 
0.55 

6430.00 
0.57 
0.72 
0.83 
0.61 
0.26 
0.53 
0.38 
0.33 
0.38 
0.42 
0.42 
1 .oo 
1.67 
0.85 
0.85 
0.31 
0.34 
0.47 

W SHALE 
W SHALE 
W SHALE 

W SHALE 

W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
FILL 
F I L L  
FILL 
FILL 

- .  



Table E-2. Mercury i n  f i l l ,  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  53-1) 

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby, BA = bucket  auger, 
SC = s o i l  co re r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below su r face ;  

HG = Hg i n  pg/g d r y  we igh t ;  WHG = Hg i n  pg/g,  wet we igh t  b a s i s .  
Negat ive p r e f i x  denotes " l e s s  than."  

S I T E  53-1 
~~~ ~~~ 

S I T E  BORING TYPE D A l  E UP DOWN WHG HG D E S C R I  

N POST33 
N POST33 
N POST33 
N POST33 
N POST33 
N POSl33 
N POST33 
N POST33 
N POSl-33 

1 
1 
1 

18 
18 
18 

5 
5 
5 

PS 
cs 
cs 
PS 
cs 
cs 
PS 
cs 
cs 

0.08 
0.26 
0.28 
7.80 
0.37 
0.28 . 

4.20 
1 .oo 
1 .oo 
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Table E-4.  Mercury i n  f i l l ,  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  55-2) 

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby, BA = bucket  auger, 
SC = s o i l  co re r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below su r face ;  

HG = Hg i n  pg/g d r y  we igh t ;  WHG = Hg i n  pg/g,  wet we igh t  b a s i s .  
Negat ive p r e f i x  denotes " l e s s  than."  

S I T E  55-2 

SITE B O R I N G  TYPE DATE UP DOWN WHG HG D E S C R I  

S 9201-4 A AB 08AUG83 e 15.0 1.40 0 FILL  
S 9201-4 B AB 08AUG83 e 5.0 1.30 e F ILL  
S 9201-4 B AB 08AUG83 e 5.1 1.90 0 FILL  
S 9201-4 B AB 08AUG83 0 10.0 0.85 e F ILL  
S 9201-4 B AB 08AUG83 0 10.5 0.64 0 W SHALE 

S 9201-4 B BB 08AUG83 e 15.5 0.63 0 W SHALE 
S 9201-4 B AB 08AUG83 e 15.0 0.61 e W SHALE 

. .  



Table E-5 .  Mercury i n  f i l l ,  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  5 5 - 3 )  

TYPE: AB = auger b i t ,  PS = push Shelby,  CS = cont inuous Shelby,  BA = bucket  auger, 
SC = s o i l  c o r e r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below su r face ;  

HG = Hg i n  ug /g  d r y  we igh t ;  WHG = Hg i n  pg/g,  wet w e i g h t  b a s i s .  
Nega t i ve  p r e f i x  denotes " l e s s  than . "  

S I T E  5 5 - 3  

S I T E  BORING TYPE DATE UP DOWN WHG HG DESCRI 

S 9201-5 
S 9201-5 
S 9201-5 
S 9201-5 
S 9201-5 
S 9201-5 
S 9201-5 
S 9201-5 

A '  
B '  
B '  
B '  
C '  
C '  
C '  
C '  

AB 
AB 
AB 
AB 
PS 
cs 
cs 
cs 

05AUG83 
05AUG83 
05AUG83 
05AUG83 
05AUG83 
05AUG83 
05AUG83 
05AUG83 

16 
10 
15 
18 

4 
7 
8 

10 

-0.05 
-0.05 
-0.05 
-0.05 

0.03, 
0.10 
0.26 
0.04 

W SHALE 
W SHALE 
W SHALE 
W SHALE 
F I L L  
F I L L  
W SHALE 
W SHALE 



Table E-6. Mercury i n  fill, s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  55-4) 

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous  Shelby, BA = bucket  auger ,  
SC = s o i l  co re r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below sur face ;  

HG = Hg i n  pg /g  d r y  we igh t ;  WHG = Hg i n  pg/g,  wet we igh t  b a s i s .  
Negat ive p r e f i x  denotes " l e s s  than."  

S I T E  55-4 

SITE B O R I N G  TYPE DATE UP DOWN WHG HG DESCRI 

S 9103 
S 9103 
S 9103 
S 9103 
S 9103 
S 9103 
S 9103 
S 9103 
S 9103 
S 9103 

A 
A 
A 
A 
A 
B 
B 
B 
B 
B 

PS 15AUG83 
cs 15AUG83 
AB 15AUG83 
AB 15AUG83 
AB 15AUG83 

16AUG83 
AB 16AUG83 
AB 16AUG83 
AB 16AUG83 
AB 16AUG83 

3.0 
7.0 

12.0 
17.0 
20.5 

5.0 
10.0 
15.0 
20.0 
22.0 

0 

0 

0 

e 

e 

0 

e 

e 

e 

0 

4.90 
0.04 
0.96 
0.70 
0.40 
0.53 
0.17 
0.27 
0.35 
0.65 

F ILL  
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 



Table E-7. Mercury i n  f i l l ,  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  56-2) 

TYPE: ' A B  = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby, BA = bucket  auger, 
SC = s o i l  c o r e r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below su r face ;  

HG = Hg i n  ug /g  d r y  we igh t ;  WHG = Hg i n  ug/g,  wet we igh t  b a s i s .  
Negat ive p r e f i x  denotes " l e s s  than."  

SITE 56-2 

S I T E  B O R I N G  TYPE DATE UP DOWN WHG HG D E S C R I  

S 9201-4 C cs 09AUG83 1 3 5.00 F ILL  
S 9201-4 C cs 09AUG83 3 5 0 2.20 F ILL  

S 9201-4 C cs 09AUG83 7 9 b 0.67 FXLL 
S 9201-4 C cs 09AUG83 9 10 b 0.61 W SHALE 

S 9201-4 C cs 09AUG83 5 7 b 1.20 F ILL  

X 

m 
h 

n 
0 
3 
ct 
A. 
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Table E-8. Mercury i n  f i l l ,  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  56-3) 

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby, BA = bucket  auger, 
SC = s o i l  c o r e r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below su r face ;  

Negat ive p r e f i x  denotes " l e s s  than."  
HG = Hg i n  pg/g d r y  weight ;  WHG = Hg i n  pg/g,  wet we igh t  b a s i s .  

S I T E  56-3 

SITE BORING TYPE DATE UP DOWN WHG HG DESCR I 

S 9201-4 C PS 02AUG83 1 3.0 -0.05 0 FILL  
S 9201-4 C PS 02AUG83 3 5.0 -0.05 a F ILL  
S 9201-4 C PS 02AUG83 5 1 .o -0.05 0 W SHALE 
S 9201-4 C cs 02AUG83 1 8.0 -0.05 0 W SHALE 
S 9201-4 C cs 02AUG83 8 8.5 -0.05 0 W SHALE 



Table E-9. Mercury i n  fill, s o i l ,  and weathered r o c k  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  56-4) 

TYPE: A6 = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby,  BA = bucket  auger,  
SC = s o i l  co re r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below su r face ;  

Negat ive p r e f i x  denotes " l e s s  than.  
HG = Hg i n  pg/g d r y  we igh t ;  WHG = Hg i n  pg/g,  wet w e i g h t  b a s j s .  

S I T E  56-4 

S I T E  BORING TYPE DATE UP DOWN WHG HG DESCRI  

S 9201-4 
S 9201-4 
S 9201-4 
S 9201-4 
S 9201-4 
S 9201-4 
S 9201-4 
S 9201-4 
S 9201-4 
S 9201-4 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cs 
PS 
PS 
cs 
cs 
cs 
cs 
cs 
cs 
cs 

29JUL83 
29JUL83 
29JUL83 
29JUL83 
29JUL83 
29JUL83 
29JUL83 
29JUL83 
29JUL83 
29JUL83 

12.0 b 

1 .o 1.5 
1.5 3.0 
3.0 5.0 
5.0 5.3 
5.3 7.2 
7.2 9.0 
9.0 11.0 

11.0 12.0 
b 14.2 

-0.05 
-0.05 

0.13 
-0.05 
-0.05 
-0 05 
-0.05 
-0.05 
-0.05 
-0.05 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

W SHALE 
F ILL  
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 

D 
U 
U m 
3 
P 

X 

m 

4. 

h 

n 
0 
3 
r+ 
-c 
3 
c 
m 
P 
Y 
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Appendix E ( c o n t i n u e d ) .  - -  

Table E-10. Mercury i n  f i l l ,  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  56-5) 

SC = s o i l  co re r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below sur face ;  
HG = Hg i n  pg /g  d r y  weight;  WHG = Hg I n  pg/g. wet we igh t  bas i s .  

Negat ive p r e f i x  denotes " l e s s  than."  

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby, BA = bucket  auger, 

SITE 56-5 

OESCRI S I T E  BORING TYPE DATE UP DOWN WHG HG 

N 81-10 

N 81-10 

N 81-10 

N 81-10 

N 81-10 

N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 

N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 61-10 

B 
B 
B '  
C 
C 
C 
C 
C 
C 
C 
C 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 

AB 
AB 
AB 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
AB 
AB 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
PS 
PS 
cs 
cs 
cs 
cs 
cs 
cs 
cs 

1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 
1 OAUG83 

a 

e 
a 

a 
a 

a 
a 

a 

a 

a 

e 
a 

a 

a 

e 
a 

a 

a 

a 

a 
a 

a 

a 
a 

a 

a 

a 

a 

e 
a 

4.0 
5.5 
6.0 
8.0 

10.0 
12.0 
14.0 

a 

1 .o 
3.0 
4.0 
6.0 
8.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
23.2 
24.0 
26.0 
28.0 
30.0 

0.0 
0.3 
2.0 
3.0 
6.0 
6.7 

10.0 
12.0 
14.0 

e 

5.0 
10.0 

5.0 
6.0 
6.0 
8.0 
0.0 
2.0 
4.0 
5.0 
1.0 
1 .o 
3.0 
4.0 
6.0 
8.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
23.2 
24.0 
26.0 
28.0 
30.0 
32.0 

0.3 
2.0 
3.0 
4.0 
6.7 
8.0 

12.0 
14.0 
15.2 

144.00 
48.00 
33.00 

303.00 
303.00 

49.00 
20.00 
18.00 
32.00 

198.00 
105.00 
100.00 

25.00 
9.80 

12.00 
5.00 
1.90 
2.00 
2.30 
0.51 
0.38 
1.30 
4.20 
1.30 
0.88 
0.79 
0.45 
0.97 
0.89 

30.00 
4.30 

15.00 
1436.00 

164.00 
11 .oo 

1.40 
1.10 
3.00 

F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  

W SHALE 
W SHALE 
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  . -  

-e 
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Appendix E (continued). 
Table E.10. (con t inued)  - -  

3 . .  

. _  

SITE BORING TYPE DATE UP DOWN WHG HG DESCRI 

N 81-10 
N 81-10 
N 81-10 

N 81-10 
N 61-10 
N 81-10 
N 61-10 
N 81-10 

N 81-10 

N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 

N 81-10 
N 81-10 

N 81-10 
N 81-10 
N 81-10 
N 81-10 

N 81-10 

N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 
N 81-10 

N 81-10 
N 81-10 

N 81-10 
N 61-10 

N 81-10 

N 81-10 

N 81-10 

N 81-10 

3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
PS 
A6 
cs 
PS 
PS 
PS 
cs 
cs 
PS 
AB 
A5 
cs 
cs 
cs 
cs 
cs 
cs 
CS 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15.2 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
0.0 

3.0 
5.0 
7.0 
9.0 

10.5 
11 .o 
13.0 

0 

2.0 
4.0 
6.0 
6.3 
6.0 

10.0 
11 .o 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
3.0 
5.0 
6.0 
7.0 
9.0 

18.0 
11 .o 

16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 

1.5 
3.0 
5.0 
7.0 
9.0 
9.7 

11 .o 
11.5 
15.0 
19.0 
19.5 

4.0 
6.0 
6.3 
8.0 
0.0 
1 .o 
2.0 
4.0 
6.0 
8.0 
0.0 

22.0 
24.0 
26.0 
28.0 
30.0 
31 .O 

5.0 
6.0 
7.0 
9.0 

11 .o 
20.0 
13.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.50 
3.00 
8.20 
2.00 
4.10 
0.60 
2 -60 
1.90 
1.30 
0.56 

21 .oo 
19.00 
11 .oo 

2.90 
7.20 
8.20 

1040.00 
515.00 

4.90 
39.00 
56.00 

1.40 
1.60 

44.00 
2.90 
1.20 
0.15 
0.33 
0.11 
0.06 
0.03 
0.05 
0.06 
0.10 
0.12 
0.09 
0.25 
0.44 
2.20 

135.00 
0.14 
0.27 
0.26 
8.20 
0.10 

F I L L  
F ILL  
F I L L  
F ILL  
F ILL  

W SHALE 
W SHALE 
W SHALE 
F I L L  
F ILL  
F ILL  
F I L L  
F I L L  
F ILL  
F I L L  

W SHALE 

- .  . 
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Appendix E ( c o n t i n u e d ) .  

Table E-10. ( con t inued)  

SITE BORING TYPE DATE UP DOWN WHG HG DESCRI 

N 61-10 

N 61-10 
N 61-10 

N 61-10 
N 61-10 

, N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 

, N 81-10 
N 61-10 
N 81-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 
N 61-10 

6 
6 
6 
6 
6 
6 
6 
6 
6 
1 
1 
1 
1 
1 
7 
1 
1 
1 
1 
1 
1 
1 
1 
7 
1 
1 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
A6 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 

a 
0 

0 

a 
a 
a 
0 

0 

0 

a 
0 

0 

a 
a 
a 
a 
a 
a 
e 
0 

0 

0 

0 

0 

a 
0 

a 
a 
a 
a 
a 
a 
a 
a 
0 

a 
0 

0 

0 

a 
e 
0 

a 

13.0 
15.0 
17.0 
19.0 . 
21 .o 
23.0 
25.0 
21.0 
29.0 

2.0 
4.0 
6.0 
6.0 

10.0 
12.0 
14.0 
14.6 
16.0 
16.6 
18.5 
16.0 
20.0 
22.0 
24.0 
1 .o 
3.0 
5.0 
6.5 
7.0 
9.0 

10.3 
11 .o 
12.2 

2.0 
4.0 
6.0 
7.0 
9.0 

11 .o 
12.7 
13.0 
15.0 

0 

15.0 
17.0 
19.0 
21 .o 
23.0 
25.0 
21.0 
29.0 
30.2 

2.0 
4.0 
6.0 
6.0 

10.0 
12.0 
14.0 
14.6 
16.0 
16.6 
16.0 
20.0 
18.5 
22.0 
24.0 
26.0 

3.0 
5.0 
5.8 
7.0 
9.0 
9.3 

11 .o 
11.6 
13.0 

4.0 
6.0 
7.0 
9.0 

11 .o 
11.9 
13.0 
15.0 
17.0 

0.13 
0.09 
0.09 
0.24 
0.09 
0.12 
0.06 
0.07 
0.14 

134.00 
199.00 

23.00 
0.62 
0.31 
0.28 
0.29 
0.14 
2.10 
0.15 
0.36 
0.10 
0.28 
0.35 
0.26 
0.36 
0.63 
0.23 

84.00 
0.30 
0.19 
0.21 
0.25 
0.39 
0.33 

39.00 
20.00 

3.60 
3.00 

11 .oo 
4.60 
2.00 
1.20 
3.50 

F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  

F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  
F I L L  

- -  
r . .  

\ 
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Table E-11. Mercury i n  f i l l .  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S l t e  58-1) 

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby, BA = bucket auger, 
SC = s o i l  co re r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below surface; 

HG = Hg i n  pg /g  d r y  weight;  WHG = Hg i n  pg/g, wet we igh t  bas i s .  
Negat ive  p r e f i x  denotes " l e s s  than.'! 

SITE 58-1 

SITE BORING TYPE DATE UP DOWN WHG HG DESCRI 

9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733- 1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733- 1 
9733-1 
9733-1 
9733- 1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 

8 
8 
B 
B 
B 
B 
B 
8 
B 
C 
C 
C 
D 
D 
0 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
F 
F 
F 
F 
G 
G 
G 
G 
H 
H 
H 
I 
I 

BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 
BA 

26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
26AUG83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 
02SEP83 

0 

0.2 
0.4 
0.7 
0.9 
1.1 
1.4 
1.6 
1.8 

0.6 
1.2 

0.6 
1.2 

0.2 
0.5 
0.9 
1.2 
1.5 
2.0 
2.6 
3.3 
4.3 

0.7 
1.2 
1.8 

0.8 
1.2 
1.9 

0.8 
2.2 

0.8 

0 

0 

0 

0 

0 

e 

0 

0.2 
0.4 
0.7 
0.9 
1.1 
1.4 
1.6 
1.8 
2.1 
0.3 
0.9 
1 : 5  
0.2 
0.9 
1.3 
0.2 
0.5 
0.9 
1.2 
1.5 
2.0 
2.6 
3.3 
4.3 
5.7 
0.2 
1 .o 
1.5 
2.2 
0.2 
1 .o 
1.5 
2.2 
0.2 
1.8 
2.5 
0.2 
1 .o 

5000.0 
2300.0 

10600.0 
5600.0 
9700.0 

370.0 
126.0 
138.0 

38.0 
39.0 

145.0 
3100.0 

43.0 
39.0 
30.0 
51 .O 
16.0 

1300.0 
7900.0 

233.0 
425.0 

64.0 
50.0 
64.0 
37.0 
49.0 
49.0 
19.0 
20.0 

214.0 
12.0 

4.8 
4.8 

41 .O 
15.0 
18.0 
52.0 

4.8 
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Table E-11. (cont lnued)  

SITE BORING TYPE DATE UP DOWN W H G  HG DESCRI 

9733-1 
9733-1 
9733-1 

. 9733-1 
9733-1 
9733-1 
9733- 1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 
9733-1 

M 
M 
M 
M 
M 
M 
M 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
0 
Q 
0 
0 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
R 
R 
TP2 
TP2 
TP2 

PS 
PS 
PS 
cs 
cs 
cs 
AB 
AB 
PS 
PS 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
PS 
PS 
cs 
PS 
PS 
cs 
AB 
cs 
cs 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
AB 
sc 
sc 
T 
T 
T 

29NOV83 
29NOV83 
29NOV83 
29NOVB3 
29NOV83 
29NOV83 
29NOV83 
29NOV83 
29NOV83 
29NOVB3 
29NOV83 
29NOV83 
29NOVB3 
29NOV83 
29NOVB3 
29NOV83 
29NOVB3 
29NOV83 
29NOV83 
29NOV83 
29NOV83 
29NOV83 
01 DEC83 
01 DEC83 
01 DEC83 
0 2 DE C 8 3 
02DEC83 
02DEC83 
02DEC83 
02DEC83 
02DEC83 
02DEC83 
02DECB3 
02DEC83 
02DEC83 
02DEC83 
02DEC83 
02DEC83 
02DEC83 
02DEC83 
21 JAN83 
21 JAN83 
02SEP83 
02SEP83 
02SEP83 

a 

0.2 
2.0 
4.0 
6.0 
8.0 
a 
a 
a 

0.5 
2.0 
2.5 
a 
e 
e 
e 
e 
e 
e 
e 
e 
a 

2.0 
2.5 
4.6 

2.0 
4.0 
4.8 
5.2 
7.2 
8.2 
9.1 
9.8 

11.8 
14.0 
16.0 
18.0 

a 

a 
a 
a 

1 .o 

1 .o 
2.0 

a 

0.2 
2.0 
4.0 
6.0 
8.0 
9.0 

12.0 
14.5 

0.5 
2.0 
2.5 
4.0 
4.0 
5.0 
7.0 
9.0 

11 .o 
13.0 
15.0 
17.0 
19.0 
20.7 

2.5 
4.0 
5.6 
2.0 
4.0 
4.8 
5.2 
7.2 
8.2 
9.1 
9.8 

11.8 
14.0 
16.0 
18.0 
20.0 
22.0 
23.0 
1 .o 

* 2.0 
0.5 
1.5 
2.5 

a 
a 
a 
a 
a 
a 
a 
a 
a 
e 
a 
a 
e 
e 
a 
a 
e 
e 
e 
a 
a 
a 
a 
e 
e 
a 
e 
a 
a 
e 
a 
a 
a 
a 
e 
e 
e 
e 
a 
e 
e 
e 
e 
e 
e 

6.8 
2.2 
0.4 
1.1 
1.3 
6.7 
0.3 

0.42 
561 .OO 
11 .oo 
17.00 

0.64 
44.00 
20.00 
15.00 

3.40 
17.00 
12.00 

7.60 
4.70 
7.20 
4.80 
7.10 
0.16 
3.30 
4.50 
0.17 
1 .oo 
0.41 
0.71 
0.29 
0.37 
0.07 
0.29 
0.15 
0.08 
0.31 
0.44 
0.33 
0.11 
1.90 
0.47 

296.00 
80.00 
74.00 

F ILL  
F I L L  
W SHALE 
FILL  
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 

. - -- 
.Z 

- I  

i . .  
- -  .. 

-c . 

8 

-c' - 

- 
i 



Table E-12.  Mercury i n  f i l l ,  s o i l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  59-1) 

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont inuous Shelby,  BA = bucket  auger, 
SC = s o i l  c o r e r ,  T = t r o w e l .  UP, DOWN, and DEPTH i n  f e e t  below su r face ;  

HG = Hg i n  p g / g  d r y  we igh t ;  WHG = Hg i n  pg/g,  wet we igh t  b a s i s .  
Negat ive p r e f i x  denotes " l e s s  than . "  

, S I T E  59-1 

DESCRI S I T E  BORING TYPE DATE UP DOWN WHG HG 

W 9202 
W 9202 
W 9202 
W 9202 
W 9202 
W 9202 
W 9202 
W 9202 
W 9202 
W 9202 
W 9202 

A 
A 
6 
B 
B 
B 
C 
C 
C 
C 
C 

AB 
AB 
AB 
AB 
AB 
AB 
PS 
cs 
AB 
AB 
AB 

1 1 AUG83 
1 1 AUG83 
1 1 AUG83 
11 AUG83 
11 AUG83 
11 AUG83 
11 AUG83 
11 AUG83 
1 1 AUG83 
1 1 AUG83 
11 AUG83 

10.0 
15.0 

5.0 
10.0 
15.0 
20.0 

4 . 0  
4 . 5  
9.5 

1 5 . 5  
20.0 

0.36 
0.43 
0.79 
0.97 
0.74 
0.20 
0.51 
0.08 
0.69 
0.22 
0.09 

W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 
W SHALE 

& 

x 
m 
h 

0 
0 
7 
rt 
A 

7 
K 
CD 
n 
U 
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Table E-13. Mercury I n  f l l l ,  s o l l ,  and weathered rock  samples 
c o l l e c t e d  d u r i n g  d r i l l i n g .  ( S i t e  60-1) 

TYPE: AB = auger b i t ,  PS = push Shelby, CS = cont lnuous Shelby, BA = bucket auger, 

HG = Hg i n  ug /g  d r y  we igh t ;  WHG = Hg i n  pg/g. wet we igh t  bas i s .  
Negat ive p r e f i x  denotes " l e s s  than."  

SC = s o i l  co re r ,  T = t r o w e l .  UP, DOWN, and DEPTH l n  f e e t  below sur face ;  

SITE 60-1 

S I T E  BORING TYPE DATE UP DOWN WHG HG OESCRI 

E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-7 
E 9201-7 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2' 

E 9201-2 

E 9201-2 

E 9201-2 

E 9201-2 

E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
81 
B1 
B1 
B1 
B1 
81 
B1 
82 
82 
82 
82 
82 
82 
82 
82 
82 
83 
83 
83 
83 
83 
83 
83 
B3 

PS 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
AB 
AB 
AB 
AB 
A8 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
C S  
cs 
cs 
cs 
cs 
cs 

12AUG83 
12AUG83 

2AUG83 
2AUG83 
2AUG83 
2AUG83 
2AUG83 
2AUG83 
2AUG83 

12AUG83 
12AUG83 
12AUG83 
12AUG83 

2.0 
4.0 
6.0 
8.0 
0.0 
2.0 
4.0 
6.0 

2.0 
4.0 
6.0 
8.0 
0.0 
2.0 
4.0 
2.0 
4.0 
6.0 
8.0 
8.5 
0.0 
2.0 
2.3 
4.0 
4.0 
6.0 
8.0 
0.0 
2.0 
4.0 
6.0 
7.6 

4.0 
6.0 
8.0 

10.0 
12.0 
14.0 
16.0 
18.0 

5.0 
5.1 

10.0 
15.0 
16.5 

4.0 
6.0 
8.0 
0.0 
2.0 
4.0 
5.0 
4.0 
6.0 
8.0 
8.5 
0.0 
2.0 
2.3 
4.0 
6.0 
6.0 
8.0 
0.0 
2.0 
4.0 
6.0 
7.2 
8.0 

1.10 F I L L  
0.48 F I L L  
0.33 F I L L  
0.09 F I L L  
0.09 F I L L  
0.10 F I L L  
0.05 F I L L  
0.06 F I L L  
1.30 F I L L  

25.00 F I L L  
1 .oo F I L L  
0.74 F I L L  
2.30 

12.00 
5.50 
4.30 
3.60 
7.40 
9.80 

13.00' 
0.27 
0.04 
0.27 
0.30 
0.13 
0.06 
1.50 
1.20 
0.81 
4.00 
4.10 
3.50 
1.40 
6.70 
8.60 
7.90 
1.30 

0 

_ -  
f 

. I  

- *  . 

. *  
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Table E-13? (cont inued)  

S ITE  BORING TYPE DATE UP DOWN WHG HG DESCRI 

- *  

- 
- i  

E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 

E 9201-2 
E 9201-2 

E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 

E 9201-2 
E 9201-2 

E 9201-2 

E 9201-2 
E 9201-2 
E '  9201 -2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 
E 9201-2 

83 
84 
64 
84 
84 
84 
84 
84 
84 
64 
65 
85 
85 
85 
85 
86 
86 
86 
86 
86 
86 
86 
86 
87 
87 
67 
87 
87 
87 
87 
87 
67 
87 
88 
88 
88 
68 
C 

cs 0 

cs 0 

cs e 

cs 0 

cs e 

cs 0 

cs 0 

cs 0 

cs 0 

cs e 

cs e 

cs 0 

cs . 

cs 0 

cs 0 

cs 0 

cs 0 

cs 0 

cs e 

cs 0 

cs 0 

cs e 
cs 0 

cs e 
cs e 

cs e 

cs 0 

cs e 
cs 0 

cs 0 

cs 0 

cs e 

cs 0 

cs e 

cs 0 

cs 0 

cs 0 

AB 12AUG83 

18.0 
2.0 
2.9 
3.7 
4.0 
6.0 
6.4 
8.0 

11 .o 
12.0 

2.0 
6.0 
8.0 

10.0 
12.0 

2.0 
4.0 
6.5 
8.0 

10.0 
12.0 
14.0 
16.0 

1.5 
4.0 
6.0 
6.9 
8.0 

10.0 
12.0 
14.0 
14.4 
16.0 

2.0 

20.0 
2.9 
3.7 
4.0 
6.0 
6.4 
8.0 
9.0 

12.0 
13.0 

4.0 
8.0 

10.0 
12.0 
13.0 

4.0 
5.5 
8.0 

10.0 
12.0 
14.0 
16.0 
17.0 

3.5 
6.0 
6.6 
8.0 

10.0 
12.0 
14.0 
14.4 
16.0 
18.0 

4.0 
4.0 ' 6.0 
6.0 8.0 
8.0 9.0 

0 18.5 

0.17 
20.00 

5000.00 
39.00 

3000.00 
18.00 
10.00 

4.10 
14.00 

500.00 
362.00 

0.65 
0.29 
0.27 
0.40 
2.20 
2.40 
1.60 
2.40 
2.50 
4.30 
5.40 
2.80 
0.33 
0.12 
0.36 
0.09 
0.26 
0.26 
0.06 
0.38 
0.46 
0.50 
0.98 
0.44 
0.97 
0.59 
0.62 F I L L  

' .  ,A- 
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Appendix F 

GROUNDWATER C H E M I S T R Y  D A T A  
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Appendix F 

GROUNDWAlER CHEMISTRY DATA 

Table F-1. Water q u a l i t y  da ta  f o r  Y-12 w e l l s  

NEST WELL DATE LEVEL QUALITY FPH EC HG U TEMP 

53-1 
54-1 
54-1 
54-2 
54-2 
55-1 
55-1 
55-1 
55-1 
55-1 
55-1 
55-1 
55-1 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-4 
55-4 
55-4 

A 
A 
A 
A 
A 
A 
A 
A 
A 
8 
8 
C 
C 
A 
A 
A 
A 
A 
8 
8 
8 
C 
C 
C 
A 
A 
A 
A 
8 
8 
8 
C 
C 
C 
8 
8 
8 

1 MAY84 
03MAR84 
12MAR84 
03MAR84 
12MAR84 
1 ONOV83 
16DEC83 
25JAN84 
12MAR84 
1 ONOV83 
25JAN84 
14NOV83 
25 JAN84 
17NOV83 
15DEC83 
16DEC83 
26JAN84 
20MAR84 
17NOV83 
26JAN84 
22MAR84 
05DEC83 
26JAN84 
22MAR84 
16NOV83 
15DEC83 
27JAN84 
20MAR84 
16NOV83 
27JAN84 
26MARb4 
16NOV83 
27 JAN84 
26MAR84 
080EC83 
1 OFE884 
12MAR84 

a 

3.36 
3.47 
3.39 
3.89 

a 

a 

3.22 
3.41 

3.18 
3.67 
3.39 
2.70 

a 

a 

a 

2.48 
2.53 
2.60 
2.49 
2.49 

2.57 
2.58 
3.09 

3.45 
3.26 
3.90 
3.98 
3.47 
3.67 
3.69 
3.49 
1.84 
3.37 
3.24 

a 

a 

TM 
TM 
TM 
TM 
TM 
TM 
C 
TM 
TM 
C 
TM 
C 
C 
TM 
C 
C 
TM 
TM. 
C 
C 
C 
C 
C 
C 
C 
C 
TM 
M 
C 
C 
TM 
C 
C 
C 
C 
TM 
C 

a 
a 

7.00 

6.80 
8.18 

a 

1.00 
7.00 
8.05 
6.90 
7.91 
6.90 

a 

a 

7.00 
6.90 
6.80 

6.70 
6.50 
7.30 
7.20 
6.90 

7.30 
7.00 
6.80 

7.20 
7.60 

7.40 
7.80 

6.50 
6.60 

a 

a 

0 

a 

a 

a 

6920 
172 
520 
176 
554 
702 

594 
783 
740 
793 
560 
781 

a 

a 

359 
469 
467 

a 

521 
535 
547 
609 
61 3 

a 

478 
583 
526 

467 
498 

41 1 
420 

a 

7 09 
677 

a 

a 

a 

0.10 
0.04 
0.03 
0.04 
0.09 
1.10 
0.06 
0.06 
0.04 
0.10 
0.09 
0.60 
0.13 
3.50 
1.70 
1.10 
0.73 
0.06 
0.04 
0.03 

-0.01 
0.08 

-0.01 
-0.01 

1.10 
0.15 
0.04 

20.00 
0.03 
0.33 
0.20 
0.07 

-0.01 
0.01 
0.16 
0;05 
0.07 

0 

0.001 
0.001 
0.001 
0.001 

a 

a 

0.002 
0.002 

0.001 

0.001 

a 

a 

0 

a 

a 

0.009 
0.012 

0.001 
0.002 

0.001 
0.002 

a 

a 

a 
a 

0.002 
0.003 

0.002 
-0.001 

0.001 
-0.001 

0.002 
0.001 

a 

a 

a 

26.6 
24.0 
15.3 
23.8 
15.7 

a 

15.1 
15.4 

a 

17.1 
a 

16.9 
e 
a 

a 

16.5 
14.9 

a 

18.2 
15.9 

15.5 
16.5 

a 

a 

a 

19.8 
17.4 

a 

18.7 
18.7 

18.6 
18.4 
a 

18.6 
18.9 

a 
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Appendix F ( c o n t i n u e d ) .  

Table F-1. Water q u a l i t y  da ta  f o r  Y-12 w e l l s  ( con t inued)  

NEST WELL DATE LEVEL QUALITY FPH EC HG U TEMP 

55-4 
55-4 
55-5 
55-5 
55-6 
55-6 
56-1 
56-1 
56-1 
56-1 
56-1 
56-1 
56-1 
56-1 
56-2 
56-2 
56-2 
56-2 
56-2 
56-2 
56-2 
56-2 

- 56-2 
56-2 
56-2 
56-2 
56-2 
56-3 
56-3 
56- 3 
56-3 
56-3 
56-3 
56-3 
56-4 
56-4 
56-4 
56-4 
56-4 
56-4 
56-5 
56-5 
56-5 
56-5 

C 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
C 
C 
C 
A 
A 
A 
A 
A 
A 
8 
8 
8 
C 
C 
C 
C 
A 
A 
A 
8 
8 
C 
C 
8 
8 
8 
8 
C 
C 
A 
8 
8 
C 

0 8 0 E C 8 3 
1 OFE884 
05MAR84 
12MAR84 
05MAR84 
12MAR84 
14NOV83 
14NOV83 
160EC83 
02FE884 
12MAR84 
14NOV83 
14NOV83 
02FE884 
050EC83 
050EC83 
060EC83 
150EC83 
30JAN84 
20MAR84 
06DEC83 
30 JAN84 
27MAR84 
060EC83 
060EC83 
31 JAN84 
27MAR84 
070EC83 
01 FEE84 
20MAR84 
07DEC83 
01 F E884 
07DEC83 
01 F E884 
09 0 E C83 
03FE884 
06FE884 
19MAR84 
090EC83 
02FE884 
1 MAR84 
150EC83 
16JAN84 
140EC83 

2.14 
2.87 
2.09 
2.13 
3.05 
2.37 
2.60 
2.60 

2.61 
2.54 
1.89 
1.89 
2.01 
2.29 
2.29 

0 

0 

e 

2.28 
2.30 

2.20 
2.22 

0 

0 

0 

2.79 
2.73 
3.28 
3.45 
3.25 
3.25 
3.26 
3.74 
3.45 

4.12 

3.44 

3.85 
2.87 

7.14 

0 

0 

0 

0 

0 

M 
M 
VM 
VM 
VM 
M 
TM 
TM 
C 
TM 
TM 
C 
C 
C 
VM 
VM 
U 
C 
TM 
TM 
C 
TM 
M 
C 
C 
TM 
TM 
C 
TM 
TM 
C 
C 
C 
C 
C 
C 

M 
C 
C 
TM 
C 
C 
C 

0 

6.90 

6.90 

6.60 
8.33 
8.33 
7.20 
7.30 
7.30 
8.42 
8.42 
7.20 
7.18 
7.18 
7.40 
7.20 
7.30 
7.00 
7.40 
7.60 
7.30 
8.26 
8.26 
8.20 
8.20 

7.40 
1.10 
7.00 
7 .OO 

7.00 
6.30 
6.90 
7.00 
6.70 
7.30 
7.00 
7.10 
7.40 
7.60 
6.30 

0 

0 

0 

0 

e 

61 5 
553 
61 2 

487 
628 
628 
534 
627 
847 
465 
465 
89 5 
555 
555 
449 
474 
767 
69 5 
449 
483 
497 
462 
462 
477 
476 

384 
399 
855 
780 

891 
920 
1225 
247 
1300 
790 
1055 
1086 
803 
282 
636 

0 

0 

e 

4.00 
0.20 

93.00 
11 .oo 

1.10 
4.90 
0.50 
0.90 
0.19 
0.13 
0.16 
0.30 
0.40 
0.05 
5.20 

145.00 
5.20 
0.62 
0.86 
0.73 
0.15 
0.35 
0.10 
1.30 
0.95 
0.13 
0.43 
0.91 
0.29 
0.18 
0.08 
0.02 

-0.01 
-0.01 
0.05 
0.02 

0.10 
0.03 
0.03 
4.30 
1.30 
0.94 
0.17 

0 

0 

0.001 
0.028 
0.011 
0.002 
0.001 
e 

0 

0 

' 0.005 
0.003 

0 

0 

0.002 
0 

e 
e 

0 

0.006 
0.006 

0.002 
-0.001 

0 

e 
0 

0.001 
-0.001 

0.004 
0.003 

0.002 

0.002 

0 

0 

0 

0 

0 

0.001 
0.003 

0.001 
0.170 

0 

0 

0 

0 

15.1 
24.0 
12.0 

12.1 
0 

0 

0 

17.0 
14.0 

0 

0 

15.6 
0 

0 

0 

0 

14.0 
14.8 

13.3 
17.8 

0 

0 

0 

14.3 
17.7 

17.7 
16.5 

18.3 

17.6 

15.5 

20.4 

15.4 
11.9 

11.2 

0 

e 

0 

0 

0 

0 

0 

4 

C '  

L 

i 
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Appendix F ( c o n t i n u e d ) .  

Table F-1. Water q u a l i t y  da ta  for  Y-12 w e l l s  (con t inued)  

NEST WELL DATE LEVEL QUALITY FPH EC HG U TEMP 

-. 
L 

- . +  

56-5 
56-6 
56-6 
56-6 
56-7 
56-7 
56-8 
56-8 
56-9 
56-9 
58-1 
58-1 
58-1 
58-1 
58-1 
58-1 
58-1 
58-2 
58-2 
59-1 
59-1 
59-1 
59-1 
59-1 
59-1 
59-1 
60-1 
60-1 
60- 1 
60-1 
60-1 
60-2 
60- 2 

C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
6 
6 
6 
C 
A 
A 
A 
A 
A 
6 
6 
C 
C 
A 
A 
A 
8 
6 
A 
A 

16JAN84 
03MAR84 
05MAR84 
19MAR84 
02MAR84 
1 3MAR84 
02MAR84 
13MAR84 
02MAR84 
14MAR84 
1 OJAN84 
18JAN84 
15MAR84 
1 OJAN84 
18JAN84 
1 5MAR84 
1 OJAN84 
02MAR84 
19MAR84 
11 OEC83 
23JAN84 
19MAR84 
13DEC83 
23JAN84 
11 DEC83 
24 JAN84 
130EC83 
1 7  JAN84 
14MAR84 
13OEC83 
18JAN84 
02MAR84 
14MAR04 

8.05 
3.00 

3.22 
5.12 
5.25 
3.21 
5.36 
3.20 
3.33 
3.02 
3.88 
2.20 
3.69 
2.59 
3.00 
1.25 
2.36 
3.56 
1.02 
1.10 
1.23 
0.77 
0.90 
0.80 
0.88 
4.02 
3.85 
4.02 
4.39 
2.78 
3.33 
3.34 

a 

C 
M 
M 
TM . 
TM 
TM 
C 
TM 
TM 
TM 
U 
TM 
TM 
U 
TM 
TM 
U 
M 
TM 
C 
TM 
TM 
C 
TM 
TM 
C 
M 
M 
VM 
M 
VM 
TM 
C 

6.60 769 
a 146 
a a 

7.10 905 
a 682 

6.80 970 
a 921 

7.10 925 
a 39 2 

7.70 1468 
a 105 
a 102 

6.30 96 
a 155 

7.90 134 
7.10 166 

a a 

a 97 
7.80 474 
6.70 469 
6.20 456 
6.50 462 
7.10 337 
7.00 434 
7.10 358 
7.20 383 
7.60 703 
7.60 1048 
7.30 998 
7.15 583 

a 483 
a 426 

7.10 71 6 

0.88 
0.21 
0.50 
0.17 
1.90 
7.60 

-0.01 
1 .oo 
0.02 
0.05 

14.00 
16.00 
30.00 

2.00 
7.60 
0.71 

40.00 
0.21 
0.06 
0.02 
0.40 
0.40 

-0.01 
0.05 

-0.01 
0.01 
8.10 
1.10 

28.00 
1.30 
0.69 
0.10 

-0.01 

a 

0.001 

0.002 
0.002 
0.002 
0.002 
0.002 
0.003 
0.003 

0.008 

a 

a 

a 
a 

0.002 
a 

a 

0.001 
0.002 

a 

a 

0.003 
a 

a 

a 

0.001 

0.003 
0.005 

0.003 
0.002 
0.001 

a 

a 

14.3 
24.2 

21.3 
25.4 
15.8 
24.9 
16.3 
24.8 
13.8 
23.6 

a 

18.6 

23.8 
19.5 

a 

23.7 
16.9 

a 

12.5 
21.8 

12.9 

16.3 
a 

12.1 
12.6 

a 

a 

a 

a 

a 

a 

23.9 
18.8 
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Appendix F ( c o n t i n u e d ) .  

Table F-1. Water q u a l l t y  d a t a  for Y-12 w e l l s  (con t inued)  

NEST WELL DATE ALK F CL SO4 NO3 C A  MG NA K . SI 

53-1 
54-1 
54-1 
54-2 
54-2 
55-1 
55-1 
55-1 
55-1 
55-1 
55-1 
55-1 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-3 

. 55-3 
55-3 
55-3 
55-3 
55-3 
55-4 
55-4 
55-4 
55-5 
55-5 
55-6 
55-6 
56-1 
56-1 
56-1 
56-2 
56-2 
56-2 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
C 
C 
A 
A 
A 
B 
B 
B 
C 
C 
C 
A 
A 
B 
B 
C 
C 
B 
B 
C 
A 
A 
A 
A 
A 
A 
C 
A 
A 
B 

15MAY84 
03HAR84 
12MAR84 
03MAR84 
12MAR84 
25JAN84 
25JAN84 
12MAR84 
25JAN84 
25JAN84 
25JAN84 
25JAN84 
26JAN84 
26JAN84 
20HAR84 
26JAN84 
26JAN84 
22MAR84 
20JAN84 
26JAN84 
22MAR84 
27JAN84 
20HAR84 
27JAN84 
26HAR84 
27JAN84 
27MAR84 
1 OFEB84 
12HAR84 
10fEB84 
03HAR84 
12HAR84 
03HAR84 
12NAR84 
02FEB84 
12HAR84 
02FE884 
30JAN84 
20HAR84 
30JAN84 

223 
207 
21 0 
280 
250 

230 
230 

160 

200 

160 
170 

160 
162 
170 

21 7 

180 
150 
140 
140 
150 
305 
280 
260 
250 
240 
21 0 
190 
160 
170 
161 
200 
202 
180 

0 

0 

0 

0 

0 

0 

0 

-2.0 
0.05 

-0.50 
0.20 

-0.50 

-0.50 
-0.50 

0 

0 

-0.50 
0 

-0.50 
0 

-0.50 
-0.50 

0 

-0.50 
-0.50 
-0.50 

0 

-0.50 
-0.50 
-0.50 
-0.50 
-0.50 
-0.50 
-0.50 
-0.50 
-0.50 
-0.50 
0.40 

-0.50 
0.10 

-0.50 
-0.50 
-0.50 

-0.50 
0.84 

-0.05 

-0.50 

14.7 
9.1 
9.7 
9.3 
8.3 

81 .o 
96.0 

0 

0 

120.0 
0 

26.0 

10.5 
10.3 

11 .o 
11 .o 
11 .o 

11 .o 
72.0 
18.0 
43.0 
30.0 
22.0 
28.0 
8.6 
25.0 
7.8 
22.0 
26.0 
20.0 
15.0 
103.0 
91 .o 
52.0 
33.0 
23.0 
10.0 

0 

0 

0 

14.7 15500. 4430. 
42 
44 
14 
14 

20 
21 

1 3  

32 

23 
19 

13 
12 
11 

11 
44 
60 
25 
38 
21 
22 
10 
24 
10 
59 
60 
51 
45 

120 
120 

75 
102 

91 
54 

0 

0 

0 

0 

0 

0 

2.90 31.0 
4.50 29.0 

18.00 66.0 
21.00 83.0 

4.90 
1.40 99.0 

120.0 
0.42 

87.0 
-0.00 

75.0 
30.00 
40.80 60.0 

86.0 
91.00 
76.00 65.0 
78.00 

75.0 
69.00 52.0 

88.0 
10.10 65.0 

2.40 67.0 
5.00 62.0 
0.44 46.0 
1.20 39.0 

-0.04 80.0 
7.04 97.0 
0.18 93.0 
8.00 95.0 
6.30 93.0 
8.50 58.0 
6.00 51.0 
4.20 98.0 
1.30 95.0 

-0.04 74.0 
6.10 110.0 
5.00 89.0 

120.0 

512. 
24.0 
24.0 
27.0 
11 .o 
15.0 

16.0 
16.0 

11 .o 

4.4 

4.5 
5.3 

4.9 

10.7 
13.0 
11 .o 

9.9 
12.0 
13.0 
13.0 
13.0 
14.0 
11 .o 
18.0 
13.0 
12.0 
26.0 
23.0 
18.0 
19.0 
16.0 
10.7 
10.3 

0 

0 

0 

0 

0 

0 

2.70 0 

671. 
29.0 
28.0 

3.9 
2.7 

12.0 

9.3 
9.4 

8.0 

4.1 

3.6 
4.7 

4.6 

24.0 
25.0 

7.4 
5.7 
3.5 
4.3 
9.8 
7.9 
5.7 
6.8 
5.9 

14.0 
5.8 
6.1 
4.5 

38.0 
22.0 
22.0 
19.0 
13.0 

0 

0 

0 

0 

0 

0 

0 

-1 80. 
-4.0 
-9.0 
-4.0 
-9.0 
-4.0 

-9.0 
-4.0 

-4.0 

-4.0 

-9.0 
-4.0 

-9.0 

8.8 
17.0 
-4.0 
-9.0 
-4.0 

9.5 
9.5 

17.0 
-4.0 
-9.0 
-4.0 
-4.0 
-9.0 
-4.0 
-9.0 

7.4 
-9.0 

8.9 
-4.0 
-9.0 

0 

0 

0 

0 

0 

0 

0 

35.1 
5.50 
6.70 
5.90 
4.10 
6.20 

5.40 
10 :30 

9.70 

4.04 

3.30 
8.60 

6.20 

8.80 
6.50 
5.80 
4.01 
7.10 
6.00 
8.40 
6.40 

11 .oo 
11 .oo 

9.60 
3.80 
6.20 
9.30 
9.80 
4.02 
6.10 
5.20 
3.00 
3.01 

0 

0 

0 

0 

0 

0 

0 

. 
d 

5 - -  
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Appendlx F ( c o n t i n u e d ) .  

Table F-1. Water q u a l l t y  da ta  f o r  Y-12 w e l l s  (con t lnued)  

NES1 WELL DATE ALK F CL so4 NO3 CA MG NA K SI 

56-2 
56-2 
56-2 
56-3 
56-3 
56-3 
56-3 
56-4 
56- 4 
56-4 
56-4 
56-5 
56-6 
56-6 
56-7 
56-7 
56-8 
56-8 
56-9 
56-9 
58-1 
58- 1 
58-1 
58-1 
58-2 
58-2 
59-1 
59-1 
59-1 
59-1 
60-1 
60- 1 
60-1 
60-2 
60-2 

E 
C 
C 
A 
A 
E 
C 
E 
E 
E 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
E 
E 
A 
A 
A 
A 
E 
C 
A 
A 
E 
A 
A 

27MARE4 
31 JAN84 
27MAR84 
01 FEE84 
20HAR84 
01 F E884 
01 FEE84 
03FEE84 
06FEB84 
19MAR84 
03FEE84 
13MAR84 
03MAR84 
19MAR84 
02MAR84 
13MAR84 
02MAR84 
13MAR84 
02MAR84 
14MAR84 
18JAN84 
1 SMAR84 
1 EJAN84 
1 5MAR84 
02MAR84 
19MAR84 
23JAN84 
19MAR84 
23JAN84 
24JAN84 
18JAN84 
14MAR04 
18JAN84 
O2MAR84 
14MAR84 

180 
210 
189 
120 
130 
160 
170 

140 
170 
160 
280 
390 
320 
230 
270 
320 
340 
309 
340 
120 
54 
180 
169 
110 
180 

204 

150 
300 
440 
230 
330 
290 

0 

0 

0 

-0.50 
-0.05 
-0.50 
-0.50 
-0.50 
-0.50 
-0.50 

-0.50 
-0.50 
-0.50 
0.58 
0.20 

-0.50 
0.20 

-0.50 
0.40 

-0.50 
0.70 

-0.50 
-0.50 
-0.50 
-0.50 
-0.50 
0.10 

-0.50 

-0.50 

-0.50 
-0.50 

0.88 
-0.50 

0.60 
-0.50 

0 

e 

e 

9.4 
11 .o 
10.4 
11 .o 
16.0 
87.0 
99.0 

107.0 
170.00 
120.00 

15.00 
7.90 
7.40 

49.00 
70.00 
26-00 
33.00 

5.04 
5.40 
4.30 

10.90 
2.70 
2.60 
5.20 

11 .oo 

14.00 

13.00 
20.90 
26.00 
32.00 
22.00 
11 .oo 

0 

0 

0 

57 
21 
20 
49 
49 
81 

120 

130 
240 
160 
220 

22 
22 
E6 

130 
140 
140 
480 
520 
33 
50 
27 
23 
26 
45 

15 

19 
110 
220 

51 
340 

66 

0 

0 

e 

2.50 
0.12 
1.10 
8.08 
1.40 
4.40 
3.30 

1.20 
3.10 
1.60 
0.85 

-0.10 
-0.50 

1.30 
1.40 
0.10 

-0.50 
4.80 

-0.50 
5.06 
6.80 
9.90 
4.60 
7.08 
5.90 

0.99 

1 .80 
1.90 

-0.50 
0.51 

-0.10 
-0.50 

0 

0 

e 

61 .O 
5.3 
4.6 

60.0 
54.0 

130.0 
140.0 
180.0 
120.0 
170.0 
140.0 
150.0 
83.0 
78.0 
68.0 
73.0 
71 .O 
58.0 

130.0 
130.0 

42.0 
29.0 
72.0 
62.0 
16.0 
36.0 
76.0 
49.0 
77 .O 
58.0 
37.0 
18.0 
66.0 
39.0 
47.0 

10.9 
1.4 
1.2 
4.1 
4.8 
6.1 
8.9 

17.0 
24.0 
18.0 
27 .O 
26.0 
45.0 
25.0 
27 .O 
54.0 
24.0 
51 .o 
81 .o 

130.0 
12.0 

7.7 
9.8 
6.5 

24.0 
27 .O 

3.0 
12.0 
18.0 
10.7 
20.0 

3.3 
7.8 

23.0 
26.0 

10.3 
87.0 
51 .O 

4.7 
4.1 

' 4.5 
10.1 
18.0 
25.0 

13.0 
24.0 
19.0 

3.8 
3.8 

23.0 
34.0 
58.0 
47.0 

4.0 
4.9 
4.7 
3.7 
3.8 
3.7 
4.5 
5.2 
4.0 
6.1 

11 .o 
4.5 

110.0 
230.0 

54.0 
190.0 

49.0 

13.0 
9.5 

14.0 
-4.0 
-9.0 
-4.0 
-4.0 

6.3 
45.0 

-9.0 
9.5 

-9.0 
-8.0 
-9.0 
-4.0 

-54.0 
-4.0 

-54.0 
19.0 

-54.0 
-4.0 
-9.0 
-4.0 
-9.0 

4.6 
-9.0 
-4.0 
-9.0 
-4.0 
-4.0 
13.0 
-9.0 
7.6 

-4.0 
-9.0 

4.60 
4.70 
5.20 
2.20 
2.20 
3.20 
3.80 
2.90 
4.60 
3.04 
4.50 
2.09 
7.30 
7.90 
2.00 
4.30 
3.90 
5.03 
1.40 
3.20 
3.00 
2.40 
3.90 
2.90 
3.60 
4.05 
7.70 
2.20 
1.90 
7.50 
5.30 
4.70 
3.70 
2.90 
3.20 
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Table F-1. Water q u a l l t y  d a t a  f o r  Y-12 w e l l s  (con t inued)  

NEST WELL DATE FE MN AL T I  BA 8 BE co CO Y R  

53-1 A 
54-1 A 
54-1 A 
54-2 A 
54-2 A 
55-1 A 
55-1 A 
55-1 8 
55-1 C 
55-2 A 
55-2 A 

55-2 8 
55-2 8 

55-2 C 
55-2 C 
55-3 A 
55-3 A 
55-3 B 
55-3 B 
55-3 c 
55-3 c 
55-4 8 

. 55-4 8 
'. 55-4 c 
,' 55-5 A 

55-5 A 
55-6 A 
55-6 A 
56-1 A 
56-1 A 
56-1 C 
56-2 A 
56-2 A 
56-2 8 

56-2 C 
56-3 A 
56-3 A 

56-2 C 

56-3 B 
56-3 C 
56-4 8 
56-4 B 

15MAY84 
03MAR84 
12HAR84 
03MAR84 
12HAR84 
25JAN84 
12MAR84 
25JAN84 
25JANB4 
2bJAN84 
20MAR84 
26JAN84 
22MAR84 
26JAN84 
22MAR84 
27JAN84 
20MAR84 
27JAN84 
26MAR84 
27JAN84 
27MAR84 
10FEB84 
12MAR84 
1 OFE884 
03HAR84 
12MAR84 
03MAR84 
12MAR84 
02FEB84 
12MAR84 
02FEB84 
30JAN84 
20MAR84 
27MAR84 
31 JAN84 
27MAR84 
01 FEE84 
20MAR84 
01 FEW4 
01 FE884 
03FEB84 
06FEB84 

-0 .2  
0.20 
0.25 

-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
0.02 

-0.02 
0.02 

-0.02 
0.21 

-0.02 
0.02 

-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
0.02 

-0.02 
0.02 

-0.02 
-0.02 
-0.02 
-0.02 
-0.02 

0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 

2.36 
2.100 
2. 600 
0.720 
0.016 
0.102 
0.089 
0.470 
0.091 
1.200 

-0.001 
1 . l oo  
0.970 
0.210 
0.130 
0.260 

-0.001 
0.370 
0.082 
0.075 
0.084 
0.150 
0.180 
1.300 
0.280 
0.860 

-0.001 
0.034 
0.067 
0.046 
0.110 

-0.001 
-0.001 
-0.001 

0.004 
0.005 

-0.001 
-0.001 
-0.001 
-0.001 

0.015 
0.006 

-0.36 0.30 28.4 
-0.06 0.06 0.09 
-0.06 0.06 0.08 

-0.06 0.05 0.12 
0.10 0.05 0.48 

-0.06 0.05 0.42 
0.07 0.05 0.63 
0.08 0.05 0.35 
0.07 0.05 0.07 

-0.06 0.06 0.08 
0.09 0.05 0.30 

-0.06 0.06 0.26 
0.07 0.05 0.57 

-0.06 0.06 0.72 
0.40 0.05 0.20 

-0.06 0.06 0.09 
0.07 0.05 0.32 

-0.06 0.05 0.29 
-0.06 0.05 0.46 
-0.06 0.06 0.41 

-0.06 0.05 0.26 
-0.06 0.06 0.31 
-0.06 0.06 0.14 
-0.06 0.05 0.16 
-0.06 0.06 0.01 
-0.06 0.06 0.01 

0.16 0.06 0.06 

0.17 0.06 0.21 
0.06 0.06 0.07 

-0.06 0.06 0.06 

-0.06 0.06 0.10 
-0.06 0.05 0.09 
0.08 0.06 0.05 

-0.06 0.06 0.06 
0.07 0.06 0.12 
0.07 0.06 0.08 
0.21 0.06 0.01 
0.17 0.06 0.15 

-0.06 0.06 0.12 

-0.06 0.06 0.29 

-0.06 0.06 0.06 

-0.06 0.06 0.17 

-0.36 
0.74 
0.85 

-0.08 
0.08 

-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
0.08 
-0.08 

0.10 
0.08 
0.10 
0.09 
0.16 
0.12 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 
-0.08 

0.21 
0.18 
0.13 
0.72 
0.10 
0.32 
0.43 

-0.08 
-0.08 
-0.08 
-0.08 

-0.02 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 

0.001 
-0.001 

-0.26 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 

-0.2 
0.13 
0.15 

-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

-0.3 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0 .02  
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 

' 

* *  
r 
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* a -  

_-  
f 

1 

Table F-1. Water q u a l l t y  da ta  f o r  Y-12 w e l l s  (con t lnued)  
- 
NESl WELL DATE FE MN AL T I  8A 8 BE co co CR 

56-4 8 
56-4 C 
56-5 A 
56-6 A 
56-6 A 
56-7 A 
56-7 A 
56-8 A 
56-8 A 
56-9 A 
56-9 A 
58-1 A 
58-1 A 

58-1 8 
58-2 A 
58-2 A 
59-1 A 
59-1 A 

58-1 8 

59-1 6 
59-1 C 
60-1 A 
60-1 A 
60-1 8 

60-2 A 
60-2 A 

19MAR84 
03FE884 
13MAR84 
03MAR84 
19MAR84 
02MAR84 
13MAR84 
02MAR84 
13MAR84 
02HAR84 
14MAR84 
1 8JAN84 
15MAR84 
18JAN84 
15MAR84 
02MAR84 
19HAR84 
23JAN84 
19MAR84 
23JAN84 
24JAN84 
18JAN84 
14MAR84 
18JAN84 
02MAR84 
14MAR84 

-0.02 0.001 
-0.02 0.003 
-0.02 0.430 
-0.04 0.420 
-0.02 0.380 
-0.02 1.500 
-0.12 1.800 
-0.02 5.900 
-0.12 4.700 
-0.06 1.100 
-0.12 0.702 
-0.02 0.190 
-0.02 0.046 
-0.02 0.310 
-0.02 1.600 
-0.02 -0.001 
-0.02 -0.001 
-0.02 0.010 
-0.02 -0.001 
-0.02 0.094 
-0.02 -0.001 
-0.02 0.200 
-0.02 0.407 
-0.02 1.900 
-0.02 0.460 
-0.02 0.500 

-0.06 0.06 
0.20 0.06 

-0.06 0.06 
-0.12 0.12 
-0.06 0.06 
-0.06 0.06 
-0.35 0.32 
-0.06 0.06 
-0.35 0.32 
-0.17 0.19 
-0.35 0.33 
0.08 0.05 

-0.06 0.06 
0.09 0.05 

-0.06 0.06 
-0.06 0.06 
-0.06 0.06 

0.08 0.06 
-0.06 0.06 
0.08 0.05 
0.07 0.05 
0.08 0.05 

-0.06 0.05 
0.09 0.05 

-0.06 0.06 
-0.06 0.06 

-0.00 -0.08 
0.11 -0.08 
0.08 0.20 
0.24 -0.15 
0.21 0.08 
0.06 0.23 
0.08 -0.46 
0.09 0.39 
0.10 -0.46 
0.13 -0.23 
0.11 -0.46 
0.09 -0.08 
0.05 -0.08 
0.08 -0 .08  
0.05 -0.08 
0.02 -0.08 
0.02 0.14 
0.08 -0.08 
0.08 -0.08 
0.13 -0.08 
0.26 -0.08 
0.09 -0.08 
0.08 0.14 
0.11 -0.08 
0.18 0.09 
0.22 -0.08 

-0.001 
0.001 

-0.001 
-0.003 
-0.001 
-0.001 
-0.008 
-0.001 
-0.008 
-0.004 
-0.008 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 

-0.009 
-0.009 
-0.009 
-0.018 
-0.009 
-0.009 
-0.055 
-0.009 
-0.055 
-0.028 
-0.055 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 
-0.009 

-0.01 
-0.01 
-0.01 
-0.03 
-0.01 
-0.01 
-0.08 
-0.01 
-0.08 
-0.04 
-0.08 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

-0.02 
-0.02 
-0.02 
-0.05 

0.03 
-0.02 
-0.14 
-0.02 
-0.14 
-0.07 
-0.14 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 

0.03 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 

-0.02 
-0.02 
-0.02 

-0 .a2 
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Table F-1. Water q u a l l t y  d a t a  for  Y-12 w e l l s  (con t inued)  

NEST WELL OAT€ CU GA HF MO N I  PB SB SE SR V 

53-1 
54-1 
54-1 
54-2 
54-2 
55-1 
55-1 
55-1 
55-1 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-4 
55-4 
55-4 
55-5 
55-5 
55-6 
55-6 
56-1 
56-1 
56-1 
56-2 
56-2 
56-2 
56-2 
56-2 
56-3 
56-3 

56-3 
56-3 

56-4 
56-4 

A 
A 
A 
A 
A 
A 
A 
B 
C 
A 
A 
8 
B 
C 
C 
A 
A 
8 
8 
C 
C 
8 
B 
C 
A 
A 
A 
A 
A 
A 
C 
A 
A 
8 
C 
C 
A 
A 
B 
C 
8 
B 

15MAY84 
03MAR84 
12MAR84 
03MAR84 
12MAR84 
25JAN84 
12MAR84 
25JAN84 
25JAN84 
26JAN84 
20MAR84 
26JAN84 
22MAR84 
26JAN84 
22MAR84 
27JAN84 
20MAR84 
27JAN84 
26MAR84 
27 JAN84 
27MAR84 
1 OFE884 
12MAR84 
10FEB84 
03MAR84 
12MAR84 
03MAR84 
12MAR84 
02FE884 
12MAR84 
02FEB84 
30JAN84 
20MAR84 
27MAR84 
31 JAN84 
27MAR84 
01 F€B84 
20MAR84 
01 F€B84 
01 FEE84 
03FE884 
06FEB84 

-0.36 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
0.05 

-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
:O. 03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 

-0. 64 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 

-0.07 
-0.07 

-0.07 
-0.07 
-0.07 

-0.07 
-0.07 

-0.07 
-0.07 

-0.07 
-0.07 
-0.07 

-0.07 

-0.07 

-0.07 

-0.07 

-0.07 

-0.07 
-0.07 
-0.07 
-0.07 

-0.07 
-0.07 

-0.07 

-0.07 

-0.32 
0.08 

-0.05 
0.08 

-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 

-0.04 

-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.05 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 

-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
-0.04 
0.05 

-0.04 

-0.04 

-0.04 

-0.20 
-0.03 
-0.03 
-0.03 

-0.03 
-0.03 

-0.03 

-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 

-0.03 
-0.03 
-0.03 
-0.03 

-0.03 

-0.03 
-0.03 
-0.03 
-0.03 
-0.03 

-0.03 
-0.03 
-0.03 
-0.03 
-0.03 

-0.03 

-0.03 

-0.03 

-0.03 

-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 

0.163 
-0.110 

0.120 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.110 

-0.18 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 

-0.26 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 

-0.26 

-0.26 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 

-0.26 
-0.26 
-0.26 

-0.26 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 

-0.26 
-0.26 
-0.26 

-0.26 
-0.26 

-0.26 

-0.26 

-0.26 

-0.26 

-0.26 

3.06 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.14 
-0.20 
-0.20 
-0.14 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 

0 12.00 
-0.43 0.10 
-0.43 0.10 
-0.43 0.15 
-0.43 0.18 
-0.43 0.24 
-0.43 0.24 
-0.43 0.53 
-0.43 0.46 
-0.43 0.17 
-0.43 0.15 
-0.43 0.24 
-0.43 0.18 
-0.43 1.06 
-0.43 1.40 
-0.43 0.38 
-0.43 0.25 
-0.43 0.63 
-0.43 0.55 
-0.43 1.20 
-0.43 1.20 
-0.43 0.31 
-0.43 0.19 
-0.43 0.37 
-0.43 0.16 
-0.43 0.17 
-0.43 0.12 
-0.86 0.10 
-0.43 0.62 
-0.43 0.71 
-0.43 0.87 
-0.43 0.22 
-0.43 0.19 
-0.43 0.25 
-0.43 0.27 
-0.43 0.21 
-0.43 0.10 
-0.43 0.10 
-0.43 0.19 
-0.43 0.24 
-0.43 0.34 
-0.43 0.53 

0.70 
-0.01 
-0.01 

0.02 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

0.02 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 

I -  

- 
a -  

_. 
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- -  Appendlx F ( c o n t i n u e d ) .  
'I, 
1 .  

Table F-1.  Water q u a l l t y  da ta  f o r  Y-12 w e l l s  (con t lnued)  - -  
t 

1 

. 
- d  

~~ ~ 

NEST WELL DATE CU GA H F  MO N I  PB SB SE SR V 

56-4 
56-4 
56-5 
56-6 

56-7 
56-7 

56-6 

56-8 
56-8 
56-9 
56-9 
58-1 
58-1 
58-1 
58-1 
58-2 
58-2 
59-1 
59-1 
59-1 
59-1 
60-1 
60-1 
60-1 
60-2 
60-2 

6 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
6 
8 
A 
A 
A 
A 
8 
C 
A 
A 
6 
A 
A 

19MAR84 
03FE884 
1 8MAR84 
08MAR84 
19MAR84 
02MAR84 
13MAR84 
02MAR84 
13MAR84 
02MAR84 
14MAR84 
18JAN84 
15MAR84 
18JAN84 
1 WAR84 
02MAR84 
19MAR84 
23JAN84 
19MAR84 
23JAN84 
24JAN84 
18JAN84 
14MAR84 
18JAN84 
02MAR84 
14MAR84 

-0.03 
-0.03 
-0.03 
-0.06 
-0.03 
-0.03 
-0.19 
-0 .03  
-0.19 
-0.10 
-0.19 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 

-0.07 
-0.07 
-0.07 
-0.14 
-0.07 
-0.07 
-0.42 
-0.42 
-0.21 
-0.42 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 

0.04 -0.03 
0.05 -0.03 
0.05 -0.03 
0.12 -0.05 
0.09 -0.03 
0.08 -0.03 

-0.24 -0.16 
0.12 -0.03 

0.27 -0.08 

-0.04 -0.03 
-0.04 -0.03 

-0.04 -0.03 
0.07 -0.03 
0.07 -0.03 

-0.04 -0.03 

-0.04 -0.03 
0.04 -0.03 
0.04 -0.03 
0.04 0.08 
0.05 -0.03 
0.06 0.04 
0.05 -0.03 

-0.24 -0.16 

-0.24 -0.16 

-0.04 -0.03 

-0.04 -0.03 

-0.110 
-0.110 
-0.110 
-0.110 
-0.110 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 
-0.11 

-0.26 
-0.26 
-0.26 
-0.52 
-0.26 
-0.26 
-1.60 
-0.26 
-1.60 
-0.78 
-1.60 
-0.26 
-0.26 
-0.26 
-0.26 
-0.26 

-0.26 

-0.26 

-0.26 

-0.26 

-0.26 
-0.26 
-0.26 

-0.26 
-0.26 

-0.26 

-0.20 
-0.20 
-0.20 
-0.40 
-0.20 
-0.2 
-1.2 
-0.2 
-1.2 
-0.6 
-1.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 
-0.2 

-0.43 
-0.43 
-0.43 
-0.86 
-0.43 
-0.43 
-2.60 
-0.43 
-2.60 
-1.30 
-2.60 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 
-0.43 

0.34 
0.59 
0.69 
0.33 
0.36 
0.13 
0.15 
0.14 
0.14 
1.60 
1.90 
0.08 
0.06 
0.16 
0.12 
0.04 
0.09 
0.16 
0.19 
0.28 
0.31 
0.18 
0.11 
0.39 
0.10 
0.10 

-0.01 
-0.01 

0.02 
-0.03 

0.03 
0.02 

-0.09 
-0.02 
-0.09 

0.07 
-0.09 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
0.02 

-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.02 
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Appendix F (continued). 

Tab le  F-.l. Water q u a l l t y  d a t a  for Y-12 w e l l s  (con t lnued)  

NEST WELL DATE ZN ZR P AS L I  

53-1 
54-1 
54-1 
54-2 
54-2 
55-1 
55-1 
55-1 
55-1 
55-2 
55-2 
55-2 
55-2 
55-2 
55-2 
55-3 
55-3 
55-3 
55-3 
55-3 
55-3 
55-4 
55-4 
55-4 
55-5 
55-5 
55-6 
55-6 
56-1 
56-1 
56-1 
56-2 
56-2 
56-2 
56-2 

56-3 
56-3 
56-3 
56-3 
56-4 
56-4 

56-2 

A 
A 
A 
A 
A 
A 
A 
B 
C 
A 
A 
B 
B 
C 
C 
A 
A 
B 
8 
C 
C 
8 
8 
C 
A 
A 
A 
A 
A 
A 
C 
A 
A 
8 
C 
C 
A 
A 
B 
C 
B 
B 

1 5MAY 84 
03MAR84 
12MAR84 
03MAR84 
12MAR84 
25JANB4 
12MAR84 
25JAN84 
25JAN84 
26JAN84 
20MAR84 
26JAN84 
22MAR84 
26JAN84 
22MAR84 
27 JAN84 
20MAR84 
27JAN84 
26MAR84 
27JAN84 
27MAR84 
10FEB84 
12MAR84 
1 OFEB84 
03HAR84 
12MAR84 
03MAR84 
12MAR84 
02FEB84 
12MAR84 
02FE884 
30JAN84 
20MAR84 
27MAR84 
31 JAN84 
27MAR84 
01 FEB84 
20MAR84 
01 FEE84 
01 FEE84 
03FE884 
06FEB84 

-0.20 
0.07 
0.09 
0.07 
0.10 
0.05 
0.06 

-0.02 
0.03 

-0.02 
0.05 

-0.02 
0.04 

-0.02 
0.05 
0.09 
0.05 

-0.02 
0.15 

-0.02 
0.26 
0.03 
0.07 

-0.02 
0.07 
0.08 
0.07 
0.09 
0.02 
0.07 
0.02 

-0.02 
0.05 
0.06 

-0.02 
0.07 

-0.02 
0.05 
0.05 
0.05 
0.03 
0.02 

1.220 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.01 8 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 

-5.20 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 

-0.20 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 

0.64 

0.64 
-0.64 

-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 

0.472 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
0.130 

-0.100 
0.160 

-0.100 
-0.100 
-0.100 

0.180 
-0.100 
0.190 

-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.100 
-0.150 
-0.100 
0.180 

-0.100 
-0.100 
0.190 
0.120 
0.240 

-0.100 
-0.100 
-0.100 
-0.100 

0.150 
0.150 

.. 
t - 
. -  
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Appendix F (continued). 

Table F-1. Water g u a l l t y  d a t a  f o r  Y-12 w e l l s  (con t inued)  
T 

' 
NEST WELL DATE ZN ZR P AS L I  

v 
. _' -.. 

56-4 
56-4 
56-5 
56-6 
56-6 
56-7 
56-7 
56-8 
56-8 
56-9 
56-9 
58-1 
58-1 
58-1 
58-1 
58- 2 
58-2 
59-1 
59-1 
59-1 
59-1 
60-1 
60- 1 
60-1 
60- 2 
60-2 

B 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
B 
C 
A 
A 
B 
A 
A 

19HAR84 
03FEB84 
13HAR84 
03HAR84 
19HAR84 
02HAR84 
13HAR84 
02HAR84 
13MAR84 
02HAR84 
14MAR84 
18JAN84 
15HAR84 
18JAN84 
1 SHARE4 
02HAR84 
19HAR84 
23JAN84 
19MAR84 
23JAN84 
24JAN84 
18JAN84 
14HAR84 
18JAN84 
02HAR84 
14MAR84 

0.06 
-0.02 

0.04 
0.07 
0.04 
0.06 

-0.11 
0.10 

0: 09 
0.21 

-0.02 
0.10 
0.04 
0.18 
0.06 
0.07 
0.04 
0.07 
0.09 

-0.02 
-0.02 
0.04 

-0.02 
0.09 
0.15 

-0.018 
-0.018 
-0.018 
-0.036 
-0.018 
-0.018 
-0.108 
-0.018 
-0.108 
-0.054 
-0.100 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.018 
-0.01 8 
-0.018 
-0.018 
-0.018 
-0.018 

-0.33 
-0.33 
-0.33 
-0.66 
-0.33 
-0.33 
-2.00 
-0.33 
-2.00 
-0.99 
-2.00 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 

-0.64 
-0.64 

1.10 
-1.30 
-0.64 
-0.64 
-3.80 
-0.64 
-3.80 

2.01 
-3.80 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 
-0.64 

-0,100 
0.140 

-0.100 
-0.200 
-0.100 
-0.10 
-0.60 
-0.10 
-0.60 

0.30 
-0.60 

0.12 
0.10 
0.13 

-0.10 
-0.10 
-0.10 
-0.10 
-0.10 
-0.10 

0.83 
0.57 
0.28 

-0.18 
-0.10 
-0.10 

Concent ra t lons  I n  mg/C except as noted LEVEL Is  water l e v e l  
I n  meters below measurlng p o l n t  QUALITY I s  U = Unpurged, 
C = C lear ,  TH = Trace mud, H = Muddy. VH = Very muddy HG I s  
I n  ug/L. FPH = F l e l d  pH, EC = Conductance I n  pS/cm 
Negat lve p r e f l x  denotes va lue  r e p o r t e d  as l e s s  than 
TEMP = Water temperature I n  cent lg rade,  ALK=Total a l k a l l n l t y  
I n  mg/l CaC03 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater  

FORM=NOLICHUCKY SH N E S T z 5 3 - 1  WELL=R 

MEQ SUM 

300 - 

250 - 

200 - 

150 - 

100 - 

50 - 

0 
A N I O N S  C R T  I O N  

LEGEND:  ELEMENT C2!252 C R  LzziEZl C L  EFiZZZJ H C 6 3  
m K  M C  m NR 

N O 3  S O Y  

c 

i -  

. 
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M E Q  SUM 

6 -  

5 -  

4 -  

3 -  

2 -  

1 -  

0 -  

0 

- -. 
.. 

' J  . 

* .  

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Grounci:./g??r 

FORM=NOLICHUCKY S H  NEST=SY-l WELL=R 

R N I O N S  Cf lT1Of. I  

LEGEND: ELEMENT C A  lxzzm CL ZZZE?l Y C O 3  
W K  rZrm M G  y..I/ N A  
EZZI NO3 504 

i 
<. * 
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Appendix F (continued). 

Ion Balances in Y - 1 2  Groundcva-i-ar 

FORM=NOLICHUCKY S H  N E S T = S U - 2  WELL=A 

ME0 SUM 

7 -  

6 -  

, s  - 

4 -  

3 -  

2 -  

1 -  

0 
A N I O N S  C A T  I O N  

LEGEND:  E L E M E N T  k Z Z 5 4  IzzZzJ C L  E i Z 2 Z l  H C 0 3  
W K  M C  NR 
EZZZZZI NO3 soq 

- .  
r 

- J  

- -. 

0 

c -  

.. 
L -  

. -  
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  GroundwaPer 

F O R M = N O L I C H U C K Y  SH NEST=55-1 WELL=R 

MEQ SUM 

R N I O N S  CRT I O N  

LEGENO: ELEMENT EEZ?Sl C R  lzzzia CL L33ZZ3 H C 0 3  
-K M G  m FIR 
tTZZZZ3 NO3 - S O Y  

L .  .- 

0 .  
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Appendix F ( c o n t l n u e d ) .  = .  
- i 

6- 
i l  

Ion Balances in Y - 1 2  Groundwater  

FORM=NOLICHUCKY SH N E S T = 5 5 - 1  WELL=B 

MEQ SUM 

8 4  

* -  

- 
I ’  

RNIONS CRT I O N  

LEGEND: ELEMENT LZ5Z5l CR Exzx l  CL EZZZZ3 HC03 
f E Z Z Z 2 l K  M G  N R  
PZZZZZd NO3 SOY 
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Appendix F ( c o n t i n u e d ) .  

FORM=NOLICHUCKY SH N E S T = 5 5 - 1  WELL-C 

MEQ SUM 

R N I O N S  C O T I O N  

EzzGs C L  H E 3 3  
:IR 

LEGEND:  E L E M E N T  EEEd CR 
m K  MC 
emzzzl N O 3  s o 4  
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5 -  

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  G r o u n d v a k r  

F O R M = N O L I C H U C K Y  S H  N E S T = 5 5 - 2  WELL=A 

0 
R N I O N S  

LEGEND:  E L E M E N T  CR 
m K  

N 0 3  

C R T I O N  

eaazJ C L  
M G  
so4  

c 

I 

c 

.> - 

. 
b '  

. -  

. -f -* 

5 

' 3  
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6 -  

5 -  

4 -  

1 

. -  . .  
'3 
I .  

3 -  

2 -  

1 -  

. _. 

'- . 
Y 

Appendix F (cont lnued) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY S H  N E S T = 5 5 - 2  WELL=B 

C f l T I O N  
0- 

A N I O N S  

LEGEND:  ELEMENT GZ5ZC4 CR lzzza CL 
B K  M C  

. NO3 so11 

HCO3 
CZZi N f l  

b . -  
r .  
c 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKT SH N E S T = 5 5 - 2  WELL=C 

MEO SUM 

-"-.. 
ANIONS CATION 

. 
+ -  

LEGEND: ELEMENT CR lzzzxi C L .  EPEE4 HCO3 
. I g g . K  [2224 HG N R  

NO3 S O Y  

. 
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M E Q  SUM 

7 -  

6 -  

5 -  

4 -  

3 -  

2 -  

1 -  

.. 
. _. . 

.- - 

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY SH N E S T = 5 5 - 3  WELL=FI 

0- 
A N I O N S  CRT I O N  

LEGEND: ELEMENT C A  EZza C L  HC03 
E S Z E % K  KXSX H G  NR 
VZZZ3 NO3 504 

:-. . 
Y 

1 

. *  
I .  

- .  
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ME0 sun 
5 -  

4 -  

3 -  

2 -  

1 -  

Appendix F (continued). 

Ion Balances in Y - 1 2  Groundwater 

F O R M = N O L I C H U C K Y  SH N E S T = 5 5 - 3  W E L L = B  

0- vw\N 
R N I O N S  C R T  ION 

LEGEND: E L E M E N T  C R  ezza  C L  
- K  [2224 H C  
EZZZJ  N O 3  SOU 

HC03 
N R  

T 

? 

- 
... - 

. . .  4 . 

c 



227 
. . .  

- -  
7 

1 

Appendix F (continued). 

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY S H  NEST=55-3 WELL=C 

ME0 SUM 

11.5 

11.0 

3.5 2 

3.0  < 

2.5 1 

2.0  1 

1 . 5  

1 . 0  1 

0 . 5  

0.0 
ANIONS C R T  I O N  

LEGEND: ELEMENT R Q W  C R  EEQil CL E&?ZZ&8 HC03 
m K  HG C Z Z 4  NR 
EZZZZd NO3 S O Y  

- .  * 
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Appendix F' (continued). 

Ion Balances in Y - 1 2  Groundwatar  

FORH=HRRYVILLE LS  N E S T = S S - Y  WELL=B 

HEQ SUM 

7 - J  

R N I O N S  C R T I O N  

. -. 

LEGEND: ELEMENT CZG5l CR l2zz&l CL E Z E Z  H C 0 3  
E K  csszzl M G  y///1 N R  

NO3 S O Y  

- -  
a 



. . .  

MEQ SUM 

l j  

6 -  

5 -  

4 -  

3 -  

2 -  

1 -  
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Appendix F (continued). 

Ion Balances in Y - 1 2  Groundwater 

F O A M = M A A Y V I L L E  L S  N E S T = S S - Y  WELL=C 

A N I O N S  CAT I O N  
9 1 

LEGEND; ELEMENT C R  PzZs3 CL Fi7*/71 HC03 
I S Z E E S K  M C  m I l R  
EZZZZZJ N O 3  S O Y  
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ME0 SUM 

7 -  

6 -  

5 -  

Y -  

3 -  

2 -  

1 -  

Appendix F ( c o n t l n u e d ) .  

Ion Balances in . Y - 1 2  Groundwafer 

FORH=MRRYVILLE L S  N E S T - 5 5 - 5  WELL=A 

0- - 
A N I O N S  C R T  I O N  

LEGEND: ELEMENT R S Z 3  CA c2zzal CL EZZZZ t!C03 
m K  M G  Nfl 
E?ZZZZZ NO3 sou 

... 
/- 
a 

r 
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MEQ SUM 

6 -  

5 -  

4 -  

3 -  

2 -  

1 -  

0 -  

Appendix F ( c o n t l n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

F O R M = M R R Y V I L L E  L S  N E S T = 5 5 - 6  WELL=R 

c 

- r  
t 

LEGEND:  E L E M E N T  SZSZia C R  lzzzzl C L  HC03  ’ 
- K  N C  N A  
UZ?ZZl NO3 S O Y  



232 
/ 

' -  

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM-NOLICHUCKY SH N E S T = 5 6 - 1  WELL=R 

MEO SUM 

9: 

e .  

1 -  

6 ;  

5 

4 1  

3 

2 :  

1 :  

ANIONS CAT ION 
0 

LEGEND: ELEMENT R Q S 2  CA LZzza CL FEZiiPI HC03 
m K  [2224 HG NR 
EZZZ?Zl NO3 so4 

- 
- :  .- 
- .  
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY SH NEST=56-1  

MEQ SUM 

WELL=C 

CATION 

LEGEND: ELEMENT QQ= CA lzzz23 CL EEE?Zl HC133 
- K  MG NR 

NO3 S O Y  

. -  
A'- 
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A p p n d l x  P ( c o n t i n u e d ) .  
-4\ 

ton Balances in Y - 1 2  Groundwater 

FORH=NOLICHUCKY SH NEST=56-2  WELL=R 

ME0 SUM 

7 - 1  

- *  
3- 

. .  

_ -  

CATION 

LEGEND: ELEMENT LZSZSl CR Ezzxl C L  F&?EZ22 H C 0 3  
m K  M G  NR 

NO3 S O Y  
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MEQ SUM 

6 -  

5 -  

u -  

3 -  

2 -  

1 -  

7 

. r -  . . 
... . 

7 

- .  

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

F O R M - N O L I C H U C K Y  S H  N E S T r 5 6 - 2  W E L L = B  

C R T I O N  
0- 

A N I O N S  

LEGEND:  E L E M E N T  CR izzzZ3 C L  k3mzza IHCfl3 
m K  M G  NR 
EZZZJ N O 3  K 2 K 3  S O Y  
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Appendix F ( con t inued) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY SH N E S T = 5 6 - 2  WELL=C 

MEQ SUM 

A N I O N S  CAT I O N  

EZZZZI HCU3 
m Ncl 

li5iGYJ C L  
M G  

LEGEND: ELEMENT C R  
- K  
~ZZZZZZ N O 3  so4  

- r  
I 

- .- 
r. 

I 

. -  
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I .  
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1 .  

1 

- .  

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FBRM=NBLICHUCKY S H  NESTzSG-3 WELL=R 

MEQ SUM 

RNIBNS CATION 

LEGEND: ELEMENT C252S2 CR !zsEza CL &%?&%3 HC03 
m K  HG C Z E Z  NR 

NO3 SO4 

t 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM-NOLICHUCKY SH NEST=56-3  WELL=D 

RNIONS CRTION 

LEGEND: ELEMENT L?SZSl CR . IZZZZJ CL tTZZZZ3 H C 0 3  
K M G  NR E NO3 - S O Y  

* - *. 
r )  

- I. 

a -  

- -. 

'4 
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9 

8 ;  

7 {  

6 ;  

5 ,  

u ;  

. . .  

3 

2 <  

1 ;  

-a . 

. 
‘ C  

Appendix F (continued). 

Ion Balances in Y - 1 2  Groundwafer  

F O R M = N O L I C H U C K Y  SH N E S T = 5 6 - 3  WELL=C 

A N I O N S  C R T I O N  

LEGEND: E L E M E N T  C A  izzza CL HC03 
B K  [2224 M C  NA 
PZZZZZ3 N O 3  sou 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY SH N E S T z S G - 4  WELL=B 

MEQ SUM 

RNIONS C R T I O N  

LEGEND: ELEMENT CZSBJ CR EzETl CL HCL13 
- K  M G  Ezzz N R  
emZm NO3 so4 

- h  

8- 

r. 

c 

. .  -. 
- -  
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MER SUM 

11 - 

10 - 

9 -  

8 -  

7 -  

6 -  

5 -  

u -  

3 -  

2 -  

1 -  

7 

I -  

-* 

1 . 

Appendix F' ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM-NOLICHUCKY SH N E S T = 5 6 - 4  WELL=C 

0 
R N  IONS C R T I O N  

LEGENO: ELEMENT RQQ CR L ? z z a  C L  
m K  [2224 MC 

NO3 so4 
Ei?&TZl H C 0 3  

NR 

,-\ 
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Appendix F (continued). 

Ion Balances in Y - 1 2  GroundwaPer 

FORM-MRYNRROVILLE N E S T = 5 6 - 5  WELL=R 

ME0 SUM 

11 - 

10 - 

9 -  

8 -  

7 -  

6 -  

5 -  

4 -  

3 -  

2 -  

1 -  

AN IONS 

LEGEND: ELEMENT RSZd C R  eiziza CL EZZZEZl HC03  
m K  6 X X Q  MG EZil NP 
PZZZ?J NO3 S O Y  

--. 

' I- 



A .  
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY SH N E S T = 5 6 - 6  WELL=R 

MEO SUM 

ANIONS C R T I O N  

LEGEND: ELEMENT R Q S 2  CR czzzzJ C L  KQZiE9 H C 0 3  
m K  MG aZa N R  
E Z Z Z  NO3 S O Y  
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9 :  

' -  

6 

7 1  

- 6 ;  

5 :  

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

2 '  

FORM=MRYNRRDVILLE N E S T = 5 6 - 7  WELL=R 

L 0 
RNIONS C A T I O N  

LEGEND: ELEMENT RS2Q C R  EzZa CL EZZZZGB HC03 
m K  MG NR 

NO3 S O Y  

;- 

. .. 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=MAYNflRDVILLE NEST-56-8  WELL=R 

MEQ SUM 

ANIONS CRTION 

LEGEND: ELEMENT CR tzizza CL HC03 
m K  N G  tZCZ2 NR 
EZZZZ NO3 - S O Y  
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Appendix P ( c o n t i n u e d ) .  

Ion Ba ances in Y - 1 2  Ground3,vater 

F O R M = M A Y N A R O V I L L E  N E S T = S G - 9  bIELL=R 

M E 0  SUM 

L 0 - 
FlNIONS C 9 T I I S l l  

LEGENO:  E L E M E N T  D Z Z 3  CA lzzzzl C L  
W K  I+G 
ezzzzzA NO3 5 0 4  

c . 
- I  

.-- J 

I -  

'r 
- *  

I -  

. -  
-i 
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MEQ SUM 

3 .0  - 

2.5 - 

2.0 - 

1.5 - 

1.0 - 

0.5 - 

. 
. 
I -  

- ,- 

-I 

* 
- F  

r 

Appendix F (continued). 

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY SH N E S T - 5 8 - 1  WELL=R 

0.0 
C R T I O N  

-I 
R N I O N S  

LEGEND: ELEMENT LSZ+J C R  Ezza C L  
E E Z E E l K  MC 
EZZZZZJ NO3 S O Y  

FZZZZ3 HCO3 
NR 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM-NOLICHUCKY SH N E S T = 5 8 - 1  WELL=B 

MEO SUM 

u.5 y 

4.0 { 

3.5 1 

3.0 4 

2.5 { 

2 . 0  4 

1.5 

1 .0  

0 . 5  

0.0 
ANIONS CATION 

LEGEND: ELEMENT R C Z J  CR EZE5J CL 
m K  M G  

NO3 6 I s 3  SO4 

HC03 
INd NA ’ 

. . 
- I  

.I - 
r_ . 

c 

. -  

s 

L 

3 -  
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Appendix 1 ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  GroundyaSsr  

F O R M = H R T N R R D V I L L E  N E S T z 5 9 - 2  WELL=FI 

HEQ SUM 

11.0 1 

3.5 

3.0 

2.5 

2.0 < 

1.5 1 

1.0 : 

0.5 

0.0 
A N I O N S  C R T I O N  

LEGEND:  ELEMENT CR l7sEZzJ CL 
E Z Z Z i 3 K  MG 
EZZZZJ NO3 sclll 

H C 0 3  
Pzzzzl PlR 
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5 -  

4 -  

3 -  

2 -  

1 -  

n 

- -  

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

F O R M = N O L I C H U C K Y  SH N E S T = 5 9 - 1  W E L L = R  

M E Q  SUM 

v 

A N I O N S  C A T I O N  

L E G E N D :  E L E M E N T  tiZG€Sa CA lziPz4 CL EZZEZ. HC03 
K M G  NA E NO3 sou 

. -  
-.-A 
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ME0 SUM 

6 -  

5 -  

Y -  

3 -  

2 -  

1 -  

4 

Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwater 

FORM=NOLICHUCKY SH N E S T = 5 9 - 1  WELL=B 

0- 
CATION 

LEGEND: ELEMENT CA l7zzzJ CL EZiSBB HC03 
- K  M G  NR 

NO3 - so4 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y-12 Groundwater 

fORM=NOLICHUCKY SH N E S T = 5 9 - 1  WELL=C 

MEQ SUM 

u.5 : 

u.0 { 

3.5 { 

3.0 { 

2.5 { 

2.0 : 

1 .5  { 

1 . 0  3 

0.5 

1 
0.0 

R N I O N S  C R T I O N  

lzzzzil CL FZZZZi3 HC03 

62K3 S O Y  
NR 

LEGEND: ELEMENT Q5ZQ CR 
MG - K  

N O 3  

Y 

- -  

. 
..J - 

P. 



253 

. 
\ 

3 

I- 

* 
f 

c 

Appendix F ( con t inued) .  

Ion Balances in Y - 1 2  Groundwater 

F O R M = M A Y N R R O V I L L E  N E S T = 6 0 - 1  WELL=R 

MEQ SUM 

12 

10 

8 

6 

Y 

2 

0 

LEGENO: ELEMENT 

A N I O N S  , C f l T I O N  

C f l  lzzzm CL H C 3 3  
B K  MC m H R  
EZZZZZ NO3 sou 
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Appendix F ( c o n t i n u e d ) .  

Ion Balances in Y - 1 2  Groundwat5r  

F O R M = M R Y N R R b V I L L E  N E S T = G 0 - 1  H E L L = 3  

ME0 SUM 

7 -  

6 -  

5 -  

4 -  

3 -  

2 -  

1 -  

0 
ANIONS C A T I O H  

LEGEND: ELEMENT E5iEiJ CFI Ezza CL 
Llllll M G  ._ ~ D K  

EZZZZZI NO3 SLl4 

. 
3 

L 

2 

V 

- .  _ -  

. > -  

tZLZ.l HC03 
Ezzz2 H R  
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Appendix F ( c o n t i n u e d ) .  

> 

Ion Balances in Y - 1 2  Groundwater 

F O R M = M A Y N A R D V I L L E  N E S T = 6 0 - 2  W E L L = R  

M E Q  SUM 

R N I O N S  C R T I O N  

L E G E N D :  E L E M E N T  R S 2 Q  C R  IzzZzJ CL EWZZZl HC03 
-K E X X I  M G  iNR 
QZZZ N O 3  - SO4 
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