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ABSTRACT 

c 

HAASE, C. S . ,  G. A .  GILLIS, and H .  L. K I N G .  1986. F i s c a l  
yea r  1985 groundwater i n v e s t i g a t i o n  d r i l l i n g  program a t  
t h e  Y-12 P l a n t ,  Oak Ridge, Tennessee. ORNL/lM-9999. 
Oak Ridge N a t i o n a l  Laboratory ,  Oak Ridge, Tennessee. 
108 pp. 

Groundwater i n v e s t i g a t i o n  d r i l l i n g  c p e r a t i o n s  a t  t e n  f o r m e r l y  o r  
c u r r e n t l y  used waste d i s p o s a l  s i t e s  i n  t h e  Y-12 v i c i n i t y  were completed 
d u r i n g  t h e  p e r i o d  August 1 5  th rough  December 20, 1985. A t o t d l  o f  
4 co re  ho les ,  11 s o i l  b o r i n g s ,  and 55 groundwater i n v e s t i g a t i o n  w e l l s  
were d r i l l e d  a t  t h e  Beta-4 S e c u r i t y  P i t ,  t h e  Chestnut Ridge S e c u r i t y  
P i t ,  K e r r  Hol low Quar ry ,  New Hope Pond, t h e  Ravine Disposal  S i t e  
(Bldg. 97121, Rogers Quar ry ,  t h e  Sludge D isposa l  Basin,  t h e  
U n i t e d  Nuc lea r  S i t e ,  a s i t e  on Chestnut Ridge south o f  t h e  Y-12 B u r i a l  
Grounds, and a s i t e  on Pine Ridge n o r t h  o f  t h e  Y-12 B u r i a l  Grounds. 

The o b j e c t i v e  o f  t h e  d r i l l i n g  program was t o  c h a r a c t e r i z e  t h e  geology 
and hyd ro logy  o f  t h e  s i t e s  i n v e s t i g a t e d  so t h a t  an e f f e c t i v e  m o n i t o r i n g  
w e l l  network c o u l d  be designed and i n s t a l l e d .  The bas i c  approach 
f o l l o w e d  a t  each o f  t h e  s i t e s  was t o  i d e n t i f y  t h e  ma jo r  f e a t u r e s  o f  
subsur face geology and then i n s t a l l  t h e  necessary boreholes t o  
i n v e s t i g a t e  t h e  hydrogeologic  s i g n i f i c a n c e  o f  such f e a t u r e s .  

I n i t i a l  1 
s e c t  i o n  
geology . 
t h i s  i n i  
t a r g e t s .  
d r i l l i n g  
( 2 )  t h e  
bed rock  , 
t h e  base 
p o r o s i t y  
zones w i  

y, a co re  h o l e  o r  r e l a t i v e l y  deep bo reho le  was d r i l l e d  a t  an up 
l o c a t i o n  t o  determine t h e  genera l  components o f  t h e  subsur face 

Study o f  d r i l l  cores,  c u t t i n g s ,  and geophysica l  l o g s  f r o m  
t i a l  bo reho le  i d e n t i f i e d  g e o h y d r o l o g i c a l l y  s i g n i f i c a n t  

Those i d e n t i f i e d  f o r  i n v e s t i g a t i o n  d u r i n g  t h e  second stage o f  
a t  a s p e c i f i c  s i t e  i n c l u d e  ( 1 )  t h e  t o p  o f  t h e  wa te r  t a b l e ,  
n t e r f a c e  between t h e  base o f  s o i l  and t h e  t op  o f  weathered 
( 3 )  base o f  weather ing i n  t h e  bedrock, (4)  c a v i t y  zones near  
o f  weather ing i n  t h e  t o p  o f  bedrock, ( 5 )  zones o f  h i g h  
i n  t h e  unweathered bedrock, and ( 6 )  f r a c t u r e s  o r  f r a c t u r e d  
h i n  t h e  unweathered bedrock.  A f t e r  t h e  i n v e s t i g a t o r y  phase 

was completed, groundwater i n v e s t i g a t i o n  w e l l s  were i n s t a l l e d  t o  
p r o v i d e  a d d i t i o n a l  subsur face g e o l o g i c a l  da ta  and t o  p r o v i d e  da ta  on 
h y d r o s t a t i c  heads and wa te r  q u a l i t 4  f o r  t h e  s h a l l o w - f l o w  regime i n  
s o i l s  and upper weathered-bedrock zone and f o r  t h e  deep-f low regimes 
w i t h i n  t h e  bedrock below t h e  zone o f  s i g n i f i c a n t  weat.hering. 

x i  





1. INPROQUCTION 

This  r e p o r t  summarizes d r i l l i n g  ope rd t i ons  conducted a t  t e n  c u r r e n t l y  
o r  f o r m e r l y  used waste d i sposa l  s i t e s  a t  t h e  U.S. Department o f  Energy 
Y-12 f a c i l i t y  i n  Oak Ridge, Tennessee. A t o t a l  o f  4 coreholes,  11 s o i l  
bor ings ,  and 55 groundwater i n v e s t i g a t i o n  w e l l s  were i n s t a l l e d  d u r i n g  
t h e  p e r i o d  August 1 5  th rough Decetnbe- 20, 1985. A t  t h e  Beta-4 S e c u r i t y  
P i t ,  t h e  Chestnut Ridge S e c u r i t y  P i t ,  K e r r  Ho l low Quar ry ,  New Hope 
Pond, t h e  Ravine Disposal  S i t e  (B ldg.  9712), Rogers Quarry, t h e  Sludge 
Disposal  Basin,  t h e  Un i ted  Nuc lear  S i t e ,  a s i t e  on Chestnut Ridge 
immediate ly  south o f  t h e  Y-12 B u r i a l  Grounds, and a s i t e  on Pine Ridge 
immediate ly  n o r t h  o f  t h e  Y - 7 2  B u r i a l  Grounds (Table 1 and F ig .  1 ) .  
I n v e s t i g a t i o n s  and d r i l l i n g  a t  t h e  l a t t e r  two s i t e s  were conducted i n  
coopera t ion  w i t h  t h e  U.S .  Geolog ica l  Survey (USGS). 

The purpose o f  t h e  d r i l l i n g  program was t o  i n s t a l l  groundwater 
i n v e s t i g a t i o n  w e l l s  and t o  conduct p r e l i m i n a r y  geohydro log ic  
i n v e s t i g a t i o n s  t o  o b t a i n  da ta  necessary f o r  the design and i n s t a l l a t i o n  
o f  permanent m o n i t o r  w e l l  networks a t  t h e  s i t e s  under i n v e s t i g a t i o n .  
A l though many such da ta  a r e  a v a i l a b l e  f rom r e c e n t l y  completed 
geohydro log ic  i n v e s t i g a t i o n s  a t  t h e  Y-12 f a c i l i t y ,  a l l  such s tud ies  
centered on t h e  p l a n t  s i t e  i t s e l f  or  on major  waste d i sposa l  f a c i l i t i e s  
immediate ly  west o f  t h e  p l a n t  i n  B e a r  Creek V a l l e y  ( taw  Engineer ing 
1983a and 1983b; Bechte l  1984a, 1984b, 1984c, 1984d, and 1984e; 
Geraghty and M i l l e r  1985a, 1985c, and 1986). As such, the 
i n v e s t i g a t i o n s  prov ided much da ta  on f a c i l i t y - w i d e  hyd ro log i c  systems 
bu t ,  i n  genera l ,  d i d  n o t  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  about t h e  s i t e s  
d iscussed i n  t h i s  r e p o r t .  Furthermore, severa l  o f  t h e  s i t e s  considered 
i n  t h i s  r e p o r t  a re  l oca ted  o u t s i d e  r-egions covered by prev ious  
i n v e s t i g a t i o n s  and a re  i n  areas where l i t t l e  i s  known about the  s i t e  
geohydrology . 
The purpose o f  this r e p o r t  i s  t o  ( 1 )  p resent  t h e  d e t a i l s  o f  t h e  
d r i l l i n g  program; ( 2 )  summarize the  d e t a i l s  o f  and t h e  e x i s t i n g  da ta  
on, t h e  va r ious  s i t e s ;  and ( 3 )  b r i e f l y  summarize borehole s i t i n g  
cons ide ra t i ons .  D iscuss ion  and i n t e r p r e t a t i o n  o f  g e o l o g i c a l ,  
h y d r o l o g i c a l ,  and borehole geophysica l  da ta  c o l l e c t e d  d u r i n g  d r i l l i n g  
ope ra t i ons  w i l l  be presented i n  a fo r thcoming r e p o r t  (Haase and King,  
i n  p r e p a r a t i o n ) .  

2. BOREHOLE SIlING AND DESIGN CONSIDERATIONS 

The p r i n c i p a l  c o n s i d e r a t i o n  i n  s i t i n g  boreholes was t o  l o c a t e  them such 
t h a t  a maximum amount o f  g e o l o g i c a l  and h y d r o l o g i c a l  da ta  cou ld  be 
ob ta ined f r o m  each w e l l  i n s t a l l e d .  Borehole l o c a t i o n s  were i n i t i a l l y  
based on s i t e  topography, a v a i l a b l e  geologic and hyd ro log i c  da ta ,  and 
knowledge gained f rom prev ious  i n v e s t i g a t i o n s  a t  y e o h y d r o l o g i c a l l y  
s i m i l a r  s i t e s .  The approach f o l l o h e d  a t  each o f  t h e  s i t e s  was t o  
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ORNL-DWO O S - ~ l L :  

Fig .  1. Index map o f  U.S. Department o f  Energy Oak Ridge Reservation illustrating locations 
o f  the s i t e s  investigated in t h i s  study {l mile = 1.609 km). 
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i d e n t i f y  t h e  m j o r  f e a t u r e s  o f  subsurface geology and then  t o  
i n s t d l l  co re  holes and groundwater i n v e s t i g a t i o n  w e l l s  t o  s tudy t h e  
hydrogeologic  s i g n i f i c a n c e  o f  such f e a t u r e s .  The w e l l s  were designed 
t o  p r o v i d e  da ta  on subsurface geology and on h y d r o s t a t i c  heads and wa te r  
q u a l i t y  f o r  s h a l l o w - f l o w  regimes i n  soils and upper weathered-bedrock 
zones and f o r  deeper- f low regimes i n  t h e  unweathered bedrock. 

D r i l l i n g  a t  each s i t e  progressed i n  two stages. I n i t i a l l y  a co re  h o l e  
o r  r e l a t i v e l y  deep borehole was d r i l l e d  a t  an up-sect ion l o c a t i o n  t o  
determine t h e  genera l  components o f  t h e  subsurface geology. Study o f  
d r i l l  core,  c u t t i n g s ,  and geophysica l  l ogs  ob ta ined  f rom t h i s  i n i t i a l  
borehole a l l owed  g e o h y d r o l o g i c a l l y  s i g n i f i c a n t  t a r g e t s  t o  be 
i d e n t i f i e d .  I n v e s t i g a t o r y  d r i l l i n g  a c t i v i t y  was minimal a t  s i t e s ,  
such as Mew Hope Pond, where subsurface geology was reasonably w e l l  
understood. A t  s i t e s  such as t h e  K e r r  Hollow and Rogers q u a r r i e s ,  
however, i n v e s t i g a t o r y  d r i l l i n g  f o r  t h e  f i r s t  s tage was s u b s t a n t i a l  
because few da ta  on s i t e  subsurface geology were a v a i l a b l e .  

Dur ing t h e  second s t a g e  o f  t h e  d r i l l i n g  program, groundwater 
i n v e s t i g a t i o n  w e l l s  were i n s t a l l e d  t o  i n t e r s e c t  des ignated t a r g e t s .  
The depths and des ign o f  t h e  boreholes f a l l  i n t o  two ca tegor ies ,  w i t h  
each one in tended t o  i n v e s t i g a t e  a p a r t i c u l a r  p o r t i o n  o f  t h e  h y d r o l o g i c  
system. Screened groundwater i n v e s t i g a t i o n  w e l l s  were i n s t a l l e d  t o  
examine geohydro log ic  c o n d i t i o n s  i n  t h e  unconsol idated m a t e r i a l  above 
bedrock and i n  t h e  weathered rock w i t h i n  t h e  uppermost b t o  15 m 
(20-50 f t )  o f  bedrock. Such w e l l s  range i n  depth f rom 9 t o  60 in 
(30-200 f t ) .  Open groundwater i n v e s t i g a t i o n  w e l l s  were i n s t a l l e d  t o  
determine geohydro log ic  c o n d i t i o n s  w i t h i n  t h e  unweathered bedrock and 
deeper subsurface. Such w e l l s  range i n  depth f rom 60-120 m 
(200-400 f t ) .  Targets  i d e n t i f i e d  f o r  i n v e s t i g a t i o n  d u r i n g  t h e  second 
stage o f  d r i l l i n g  a t  a s p e c i f i c  s i t e  i n c l u d e  ( 1 )  t h e  t o p  o f  t h e  wa te r  
t a b l e ,  ( 2 )  t h e  i n t e r f a c e  between t h e  base o f  s o i l  and t h e  t o p  o f  
weathered bedrock, ( 3 )  t h e  base o f  weather ing i n  t h e  bedrock, 
( 4 )  c a v i t y  zones near  t h e  base o f  weather ing i n  t h e  t a p  o f  bedrock, 
( 5 )  zones o f  h i g h  p o r o s i t y  i n  t h e  unweathered bedrock, and 
( 6 )  f r a c t u r e s  or f r a c t u r e d  zones w i t h i n  t h e  unweathered bedrock. 

3. BOREHOLE CONSTRUCTION D E T A I L S  

A genera l  d e s c r i p t i o n  o f  bo reho le  c o n s t r u c t i o n  procedures i s  p rov ided  
i n  t h i s  s e c t i o n .  Fo r  most boreholes,  seve ra l  d r i l l  r i g s  were 
a v a i l a b l e ,  and t h e r e  were seve ra l  p o s s i b l e  v a r i a t i o n s  i n  t h e  genera l  
c o n s t r u c t i o n  procedures and m a t e r i a l s  d iscussed below. 

3.1 S o i l  Bor ings and Spl i t -Spoon Sampling 

S o i l  bo r ings  were d r i l l e d  immediate ly  ad jacen t  t o  permanent groundwater 
i n v e s t i g a t i o n  w e l l s  a t  s e l e c t e d  l o c a l i t i e s .  These boreholes were 
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temporary,  a u g e r - d r i l l e d  ho les  f o r  sp l i t - spoon  s o i l  sampl ing.  A f t e r  
sampl ing was completed, soil bor ings  were f i r s t  back f i l l e d  w i t h  t h e  
c u t t i n g s  ob ta ined f rom them d u r i n g  d r i l l i n g  and then abandoned. 
S p l i t - s p o o n  samples were taken a t  nerninal 1.5-m ( 5 - f t )  i n t e r v a l s .  S o i l  
bo r ings  were d r i l l e d  w i th  Mob i le  B-5.3 o r  8-61 d r i l l  r i g s  us ing  1 5 -  o r  
20-cm-diam (6- o r  8-- in.-diam) hol low-stern augers. S o i l  bor ings  
proceeded u n t i l  auger r e f u s a l ;  depths ranged f rom 3.5 t o  18 m 
(12-60 f t ) .  I n  a d d i t i o n  t o  s o i l  bo r ings  conducted s p e c i f i c a l l y  f o r  
sampling, s p l i t - s p o o n  sampl ing was undertaken d u r i n g  auger ing  o f  
boreholes t h a t  w i l l  be used f o r  t h e  i n s t a l l a t i o n  o f  sha l low,  screened 
groundwater i n v e s t i g a t i o n  w e l l s .  

S p l i t - s p o o n  sampl ing w i t h i n  sha l low auger ho les  a l l ows  s o i l  f r o m  the  
vadose zone, above t h e  s t a t i c  water  t a b l e ,  t o  be chemica l l y  analyzed. 
Study o f  such samples prov ides  an o p p o r t u n i t y  t o  deterrnine i f  
contaminants have migra ted  away f rom d i sposa l  areas through t h i s  zone 
a t  some pas t  l i m e .  A d d i t i o n a l  c h a r a c t e r i z a t i o n  o f  t h e  soil samples 
ob ta ined was n o t  undertaken d u r i n g  t h i s  p r o j e c t .  

3.2 Core Holes 

Core ho les  d r i l l e d  d u r i n g  t h e  i n i t i a l  stage o f  i n v e s t i g a t i o n  range i n  
depth f rom 165 t o  257 m (540-842 f t ) .  Core d r i l l i n g  was conducted w i t h  
a Joy 22 d r i l l  r i g  us ing  C h r i s t i a n s e n  HQ b i t s ,  core  b a r r e l s ,  and d r i l l  
rods. The d iameter  o f  core recovered i s  n o m i n a l l y  6 cm (2.4 i n . )  and 
t h e  boreho le  d iameter  i s  n o m i n a l l y  9 cm (3.7 i n . ) .  The sur face  
conductor  f o r  t h e  core  ho les  was 11.5 cm-OD (4.5 i n .  OD), t readed and 
coupled s t e e l  p ipe .  The sur face  conductor  was i n s t a l l e d  i n  a nominal 
18-cm (7- in . -d iam.) ,  w a t e r - r o t a r y - d r i l l e d  boreho le  t h a t  extended 
f rom ground su r face  t o  t h e  t o p  o f  unweathered bedrock. The conductor  
was t remie-grou ted  i n  p l a c e  w i t h  a Por t l and  Type 1 cement s l u r r y .  

A complete geophysica l  l o g  package was ob ta ined f rom each core  ho le .  
The s tandard borehole geophysics package cons is ted  o f  gamma-ray, 
borehole-compensated d e n s i t y ,  borehole-compensated neut ron  p o r o s i t y ,  
s i n g l e - p o i n t  res i s tance ,  spontdneous p o t e n t i a l ,  40-  and 163-cm 
(16- and 64- in . )  normal r e s i s t i v i t y ,  temperature,  and c a l i p e r  logs.  
Borehole-compensated acous t i c  v e l o c i t y ,  sonic  v a r i a b l e  dens i t y ,  and 
acous t i c  boreho le  t e l e v i e w e r  logs  were run  i n  a d d i t i o n  t o  t h e  standard 
l o g  s u i t e  i n  severa l  core  ho les .  

The core ho les  were l e f t  open and uncased below t h e  sur face  conductor  
t o  p e r m i t  hyd ro log i c  t e s t i n g  o f  deeper subsurface hor izons .  Such 
i n v e s t i g a t i o n s  a r e  planned f o r  FY-86 and beyond and w i l l  make use o f  
s t r a d d l e  packers and sampling equipment supported by e i t h e r  w i r e l i n e  
equipment o r  a d r i l l  r i g .  
t h e  packers may be l e f t  i n  p lace  f o r  f u r t h e r  long- term d a t a  c o l l e c t i o n  
o r  t hey  may be removed, i n  which case t h e  core h o l e  w i l l  be g rou ted  
c losed.  

A t  t h e  comple t ion  o f  t h e  hyd ro log i c  t e s t i n g ,  
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3.3 Screened Groundwater I n v e s t i g a t i o n  Mells 

Groundwater i n v e s t i g a t i o n  w e l l s  f i n i s h e d  i n  unconsol idated m a t e r i a l s  o r  
i n  t h e  uppermost, weathered p o r t i o n s  o f  bedrock were i n s t a l l e d  us ing  
sand f i l t e r  packs and spiral-wound screens. Wel l -screen and cas ing  
m a t e r i a l  was e ’ l ther  s t a i n l e s s  s t e e l  o r  p o ? y v i n y l  c h l o r i d e  ( P V C ) ,  
depending on a n t i c i p a t e d  groundwater chemis t r y  a t  a p a r t i c u l a r  s i t e .  A 
schematic diagram o f  a t y p i c a l  screened w e l l  i s  i l l u s t r a t e d  i n  F ig .  2. 

Screened w e l l s  f i n i s h e d  i n  s o i l s  and unconsol idated m a t e r i a l  were 
i n s t a l l e d  w j t h  a Mob i l e  553 d r i l l  r i g .  These w e l l s  were d r i l l e d  w i t h  a 
20-cm-diam ( 8 - i n .  - d i m )  hol low-stem auger t o  t o t a l  depth,  which was 
g e n e r a l l y  a t  t h e  p o i n t  o f  auger r e f u s a l .  Sur face conductors were n o t  
i n s t a l l e d  i n  a u g e r - d r i l l e d  screened w e l l s .  Johnson UOP s t a i n l e s s  
s t e e l  o r  PVC,  10-cm-ID ( 4 - i n . - I D ) ,  s p i r a l  -wound w e l l  screens w i t h  
0.025 -crsr-wide (0.010- in .  -wide) s l o t s  were i n s t a l  l e d ;  screens ranged i n  
l e n g t h  f rom 1.5 t o  6 m (5-20 f t ) .  The cas ing  used i n  t h e  w e l l s  i s  
Johnson UOQ f l u s h  j o i n t  11.4--cm-OD (4.5-in.-OD s t a i n l e s s  s t e e l  o r  
Schedule 40 P V C  m a t e r i a l .  Por ter -Warner  sand b l a s t  sand was poured o r  
t rem ied  i n t o  t h e  annulus around t h e  screen t o  form t h e  f i l t e r  pack. 
S u f f i c i e n t  sand was p laced i n  the  borehole t u  b r i n g  t h e  l e v e l  o f  t h e  
sand approx imate ly  0.3 t o  0.6 m (1-2 f t )  above t h e  t o p  o f  t h e  screen. 
A l a y e r  o f  b e n t o n i t e  p e l l e t s  0.6 t o  0,9 rn t h i c k  (2 -3  f t  t h i c k )  was 
poured o r  t rem ied  on t o p  o f  t h e  sand f i l t e r  pack i n t o  t h e  annulus 
around t h e  cas ing t o  form an upper seal  f o r  t h e  f i l t e r  pack. A 
P o r t l a n d  Type 1 cement s l u r r y ,  mixed a t  t h e  r a t i o  o f  5 .2 t o  5.6 L 
( 5 . 5 - 6 . 0  g a l j  pe r  sack o f  s o l i d s ,  was t remied i n t o  t h e  annulus around 
t h e  cas ing  t o  seal  i t  f rom t h e  t o p  o f  t h e  b e n t o n i t e  seal  t o  t h e  ground 
su r face .  Dur ing i n s t a l l a t i o n  o f  t h e  sand f i l t e r  pack, t h e  b e n t o n i t e  
sea l ,  and t h e  g r o u t ,  t h e  cas ing  was suspended f rom t h e  d r i l l  r i g  t o  
a l l o w  i t  t o  be centered i n  t h e  borehole;  c e n t r a l i z e r s  were n o t  used an 
t h e  a u g e r - d r i l l e d  screened w e l l s .  

Screened wells f i n i s h e d  i n  bedrock w e r e  i n s t a l l e d  w i t h  e i t h e r  a 
D r i l t e c h  D-25, a I n g e r s o l  -Rand R300, o r  a Inyersol-Rand T5 d r i l l  r i g .  
Because o f  t h e  g e n e r a l l y  g r e a t e r  depths o f  these r o t a r y - d r i l  l e d  w e l l s  
compared t o  t h e  a u y e r - d r i l l e d  screened w e l l s ,  s u r f a c e  conductors were 
i n s t a l l e d  t h a t  extend through t h e  s o i l  and unconsol idated m a t e r i a l  t o  
t h e  t o p  o f  s o l i d  bedrock. Depths o f  su r face  conductors ranged f rom 4.6 
t o  35 m (15-115 f t ) .  The s u r f a c e  conductors were e i t h e r  27.3 cm-OD 
(10.75 in.-OD) American ?et ro leum I n s t i t u t e  ( A P I )  grade F-25, s t e e l  
p i p e  o r  26.6 cm--OD (10.5 i n .  OD)  schedule 40 PVC p i p e .  Sur face 
conductars were i n s t a l l e d  i n  nominal 30.4- o r  38-crn-diam, 
a i r - r o t a r y - d r i l  l e d  boreholes and were trernie-grouted i n  p l a c e  w i t h  
Por t lar id  Type 1 cement s l u r r y  as desc r ibed  above. A f t e r  a l l o w i n g  t h e  
s u r f a c e  conductor g r o u t  t o  s e t ,  t h e  r o t d r y -  d r i l l e d  screened w e l l s  were 
advanced t o  t o t a l  depth w i t h  a 25.4-cm-diarn (10 - in .  -diam) t r i c o n e  
r o l l e r  b i t  ( Ingerso l -Rand 1 5 )  o r  w i t h  a 25.4 -cm-diain (10-in.-diam) 
air*-hammer percuss ion b i t  ( D r i l t e c h  8-25 and Ingerso l -Rand R300). The 
boreholes were d r i l l e d  w i t h  f i l t e r e d  compressed a i r ,  us ing  j u s t  enough 
wa te r  [ t y p i c a l l y  3.8-7.5 L/min (1-2 ypm)] t o  adequate ly  c l e a r  c u t t i n g s  
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F i g .  2. Schematic diagram illustrat5ny t y p i c a l  construction 
c h a r a c t e r i s t i c s  of  a screened groundwater i n v e s t i g a t i o n  well 
( 1  in. = 2.54 cm). 
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f rom t h e  borehole.  NL I n d u s t r i e s  'tQwik-Foam't was used d u r i n g  d r l l l i n g  
t o  f a c i l i t a t e  c u t t i n g s  removal. S t a i n l e s s  s t e e l  o r  PVC w e l l  screens 
and cas ing  m a t e r i a l ,  as discussed above,  ere used t o  complete t h e  
r o t a r y - d r i l l e d ,  screened w e l l s ,  F i l t e r - p a c k  sand and b e n t o n i t e  sea l  
m a t e r i a l  were poured o r  tremied i n t o  t h e  annulus,  Dur ing i n s t a l l a t i o n  
o f  t h e  sand f i l t e r  pack, t h e  b e n t o n i t e  seal ,  and t h e  g r o u t ,  t h e  c a s i n g  
was suspended f rom t h e  d r i l l  r i g  t o  a l l o w  i t  t o  be centered i n  t h e  
borehole;  c e n t r a l i z e r s  were used on r o t a r y - d r i l l e d  screened w e l l s  t h a t  
a r e  i n  excess o f  4 6  rfl (150 f t )  i n  depth. When used, c e n t r a l i z e r s  were 
l o c a t e d  a t  every o t h e r  cas ing  j o i n t .  s t d r t i n g  w i t h  the  f i r s t  j o i n t  above 
t h e  t o p  o f  t h e  screen. A f i n a l  c e n t r a l i z e r  was p laced a t  t h e  t o p  o f  
t h e  cas ing,  near  ground l e v e l ,  t o  c e n t e r  i t  w i t h i n  t h e  s u r f a c e  
conductor .  

3.4 Open Groundwater I n v e s t i g a t i o n  Wel ls 

R o t a r y - d r i l l e d ,  open groundwater i n v e s t i g a t i o n  w e l l s  range i n  
depth f rom 61 t o  122 m (200-400 f t ) .  These w e l l s  were i n s t a l l e d  t o  
i n v e s t i g a t e  h y d r o l o g i c  behav io r  o f  unweathered p o r t i o n s  of t h e  bedrock 
t h a t  were s u f f i c i e n t l y  competent so t h a t  i n s t a l l a t i o n  o f  a screen was 
n o t  r e q u i r e d .  A schematic diagram f o r  a t y p i c a l  open groundwater 
i n v e s t i g a t i o n  w e l l  i s  i l l u s t r a t e d  i n  F i g .  3. 

Open wells were d r i l l e d  w i t h  a D r i ' l t e c h  13-25? a Ingersol-Rand T5, o r  a 
Ingersol-Rand R300 d r i  11 r i g .  Sur face conductors t h a t  extend through 
t h e  s o i l  and unconsol idated m a t e r i a l  l a y e r  t o  t h e  t o p  o f  s o l i d  bedrock 
were i n s t a l l e d  on a l l  open w e l l s .  The su r face  conductors a r e  e i t h e r  
27.3-cm-OD (10.75- in.  -OD), A P I  grade F-25, s t e e l  p i p e  o r  26.7-cm-08 
(10 ,5 - in . -00 ) ,  Schedule 40 P V C  p i p e .  Surface conductors were i n s t a l l e d  
i n  nominal 38.5-cm-diam (15-- in.-diam),  a i r - r o t a r y - d r i l l e d  boreholes and 
were t remie-grouted i n  p lace  w i t h  a P o r t l a n d  Type 1 cement s l u r r y  as 
desc r ibed  above. Depths o f  s u r f a c e  conductors ranged froin 3 t o  30 m 
(10-100 f t ) .  

A f t e r  a1 l ow ing  t h e  su r face  conductor  g r o u t  t o  se t ,  t h e  r o t a r y - d r i l  led,  
open w e l l s  were advanced t o  t d r g e t  depth f o r  t h e  bot tom o f  t h e  cas ing  
w i t h  a 25.4-ccn-diam t r i c o n e  r o l l e r  b i t  ( I n g e r s o l  -Rand T5)  o r  a 
25.4-cm-diam a i  r-hammer percuss ion b i t  ( D r i  l t e c h  9-25 and I n g e r s o l  -Rand 
R30Q). The boreholes were d r i l l e d  w i t h  f i l t e r e d  compressed a i r ,  u s i n g  
j u s t  enough water  [ t y p i c a l l y  3-8--7.5 L/min (1-2 gpm)] t o  adequate ly  
c l e a r  c u t t i n g s  f rom t h e  borehole.  NL I n d u s t r i e s  nQwjk-Foam" was used 
on seve ra l  boreholes where extreme problems w i t h  mud i n f l o w  o r  c u t t i n g s  
removal w e r e  encountered. The cas ing  was i n s t a l l e d  u s i n g  t h e  draw 
works on t h e  d r i l l  r i g .  The cas ing  m a t e r i d l  was 16.8-cm-OD 
( 6 . 6 2 5 - i n .  -OD) ,  A P I  grade F-25,  25 kg/m (17.0 l b / f t )  s t e e l - t h r e a d e d  and 
coupled p ipe .  Casing j o i n t s  were t a c k  welded t o  p reven t  them f rom 
unserewing d u r i n g  i n s t a l l a t i o n .  A W a l l i b u r t o n  Combination Guide-Float  
Shoe was i n s t a l l e d  on t h e  bot tom o f  t h e  cas ing s t r i n g  and H a l l i b u r t o n  
S3 c e n t r a l i z e r s  were tack  welded a t  every t h i r d  cas ing  j o i n t  
[ app rox ima te l y  every 18 m (60 f t ) ] .  
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F i g .  3 .  Schematic diaqram i l l u s t r a t i n g  t y p i c a l  const ruct ion  
c h a r a c t e r i s t i c s  of  an open groundwater i n v e s t i g a t i o n  well 
( 1  i n .  = 2.54 cm). 



The cas ing  was pressure grouted i n  p l a c e  by H a l l i b u r t o n  Wel l  Serv ices.  
The g r o u t  f o r m u l a t i o n  was H a l l i b u r t o n  P Q Z  M i x  A w i t h  4% b e n t o n i t e ,  2% 
H a l l i b u r t o n  Cal Seal, and 2% ca lc ium c h l o r i d e  as a d d i t i v e s .  The s l u r r y  
was mixed w i t h  21 t o  23 L (5 .5 -6 .0  g a l )  o f  wa te r  p e r  sack (Q.023 m3; 
1 f t 3 )  o f  s o l i d s .  Grout s l u r r y  was c i r c u l a t e d  u n t i l  r e t u r n  o f  g r o u t  
o f  t he  o r i g i n a l  cons i s tency  was observed i n  t h e  annulus around t h e  
cas ing.  The i n s i d e  o f  t h e  cas ing  was c l e a r e d  o f  g r o u t  by pumping down 
a bottom p l u g  t o  seat  a g a i n s t  t h e  f l o a t  shoe. Water pressure was 
mainta ined on t h e  bottom p l u g  u n t i l  i t  was determined t h a t  t h e  f l o a t  
shoe was h o l d i n g  p r o p e r l y .  

Grout around w e l l  cas ings was a l l owed  t o  s e t  f o r  a minimum o f  24 h. 
A f t e r  t h a t  w a i t i n g  p e r i o d ,  d r i l l i n g  of  t h e  open-hole i n t e r v a l  i n  each 
w e l l  began. This  i n t e r v a l  was d r i l l e d  w i t h  a 15-cm-dim (6-in.-diarn) 
t r i c o n e  r o l l e r  b i t  ( I n g e r s o l  Rand 1 5 )  o r  a 15-cm-diam air-hammer 
percuss ion b i t  ( D r i l t e c h  0 - 2 5  and Ingersol-Rand R300). The open-hole 
i n t e r v a l s  were d r i l l e d  w i t h  f i l t e r e d  compressed a i r ,  u s i n g  j u s t  enough 
wa te r  [ t y p i c a l l y  3.8-7.6 L/min ( 1  -2 gpm)] t o  adequate ly  c l e a r  c u t t i n g s  
f rom t h e  borehole,  N C  I n d u s t r i e s  "Qwik--Foarn'~ was used on seve ra l  
boreholes where extreme problems w i t h  c u t t i n g s  removal were 
encountered. The open h o l e  i n t e r v a l s  were advanced t o  t h e  t o t a l  depth 
and ranged i n  e x t e n t  f rom 1.5 t o  21 m. 

3.5 W e l l  Development 

Wel l  development was accomplished by removing a t  l e a s t  seven w e l l  
volumes o f  water  f rom t h e  completed w e l l .  I n  h i g h - y i e l d  w e l l s  
( 7 . 6  L/min o f  w a t e r ) ,  development pumping was conducted more o r  l e s s  
c o n t i n u o u s l y  u n t i l  t h e  r e q u i r e d  volume o f  water  had been removed and a 
c o n s i s t e n t  l e v e l  o f  wa te r  c l a r i t y  had been achieved. Dur ing t h e  e a r l y  
stages o f  development, pumping a c t i o n  was o s c i l l a t e d  o r  moinentar i ly  
stopped so as t o  surge t h e  w e l l  t o  f a c i l i t a t e  removal o f  d r i l l i n g  f i n e s  
f rom t h e  w e l l  bore.  Th is  process was repeated two t o  f i v e  t imes i n  
screened w e l l s  and two t o  t h r e e  t imes i n  open w e l l s .  

Low y i e l d  w e l l s  (c7.5 L/min) t y p i c a l l y  would n o t  produce seven w e l l  
volumes o f  wa te r  w i t h i n  6 t o  8 h o f  development t ime .  I n  t h i s  case t h e  
w e l l  was pumped t o  dryness and a l l owed  t o  recove r  f o r  24 h, a t  which 
t i m e  t h e  process was repeated. Depending on t h e  recovery behav io r  o f  
t h e  w e l l ,  t h i s  procedure was repeated two t o  f i v e  t imes ove r  a l-week 
p e r i o d .  

W e l l  development was done w i t h  e i t h e r  an e l e c t r i c  submersible pump o r  a 
r o t a r y  d r i l l  r i g  us ing  t h e  a i r  l i f t  method. For  w e l l s  up t o  76 m 
(250 f t )  i n  depth, an e l e c t r i c  submersible pump was lowered t o  t h e  
bot tom o f  t h e  w e l l  on 2.54-cm-00 s t e e l  p i p e .  H e l l s  deeper than  76 m 
were developed by a i r  l i f t i n g  water  f rom t h e  bot tom o f  t h e  w e l l  u s i n g  a 
s tandard 11.4-cm-diam d r i l l  p i p e  and f i l t e r e d  compressed a i r  f rom a 
d r i l l  r i g .  
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4. S I T E S  I N V E S T I G A I E Q  

D e t a i l s  o f  t h e  w e l l  i n s t a l l a t i o n  a c t i v i t i e s  a t  each o f  t h e  s i t e s  
i n v e s t i g a t e d  a r e  presented i n  t h i s  s e c t i o n .  The d i s c u s s i o n  b r i e f l y  
summarizes t h e  w e l l - s i t i n g  s t r a t e g y  f o r  each s i t e  and t h e  s a l i e n t  
geohydro log i ca l  obse rva t i ons  made d u r i n g  w e l l  i n s t a l l a t i o n .  S p e c i f i c  
d e t a i l s  o f  c o n s t r u c t i o n  f o r  a p a r t i c u l a r  w e l l  a r e  conta ined i n  
Appendix A .  Summaries o f  t h e  g e o l o g i c a l  f o m a t i o n ( s )  and o f  t h e  
f r a c t u r e s  and c a v i t i e s  pene t ra ted  by a p a r t i c u l a r  w e l l  a r e  presented i n  
Tables 2 and 3 .  

4.1 Beta-4 S e c u r i t y  P i t  

4.1 .l Background 

The Beta-4 S e c u r i t y  P i t  s i t e  i s  l o c a t e d  on t h e  western edge o f  t h e  
E x c l u s i o n  Area w i t h i n  t h e  Y--12 complex ( F i g .  1 ) .  The s i t e  was used f o r  
d i s p o s a l  o f  c l a s s i f i e d  m a t e r i a l  f rom February 1968 th rough  A p r i l  1976. 
D e t a i l s  o f  t h e  d i s p o s a l  h i s t o r y  and geography o f  t h e  s i t e  a r e  summarized 
elsewhere ( P r o d u c t i o n  O p t i m i z d t i o n  Departrnent/Y-12 P l a n t ,  1984a). 

4.1 .2  S i t e  Geoloqy 

The s i t e  i s  l o c a t e d  on s o i l s  and residuum developed on t h e  upper t o  
m i d d l e  p o r t i o n s  o f  t h e  M a r y v i l l e  Limestone o f  t h e  Conasauga Group. 
t r a c e  o f  t h e  upper c o n t a c t  of t h e  M a r y v i l l e  Limestone passes immediate ly  
south o f  t h e  s i t e .  
t y p i c a l l y  rang ing  f rom 3 t o  4.6 m (10-15 f t ) .  S tud ies  i n  s o i l s  and 
weathered bedrock developed on t h e  Conasauga Group b o t h  i n  Bear Creek 
V a l l e y  (S ledz  and Hu f f  1981; R o t h s c h i l d  e t  a l .  1984a) and i n  Mel ton 
V a l l e y  (S ledz  and H u f f  1981; R o t h s c h i l d  e t  a l .  1984b) i n d i c a t e  t h a t  
j o i n t s  and f r a c t u r e s  can e x h i b i t  a s t r o n g  c o n t r o l  on groundwater f l o w  
d i r e c t i o n .  
para1 l e 1  and p e r p e n d i c u l a r  t o  geo log i c  s t r i k e ,  which p a r a l l e l s  t h e  
r i d g e  c r e s t s .  It i s  a n t i c i p a t e d ,  t h e r e f o r e ,  t h a t  groundwater movement 
a t  t h e  s i t e  would be g r e a t e s t  i n  d i r e c t i o n s  p a r a l l e l  and p e r p e n d i c u l a r  
t o  t h e  r i d g e  c r e s t s .  

The 

Depth t o  bedrock v a r i e s  th roughou t  t h e  s i t e ,  

A t  t h e  Beta-4 S e c u r i t y  P i t  s i t e ,  ma jo r  j o i n t  d i r e c t i o n s  a r e  

4 . 1 . 3  D r i l l i n g  Summary 

Loca t ions  o f  groundwater i n v e s t i g a t i m  w e l l s  i n s t d l l e d  a t  t h e  Be ta -4  
S e c u r i t y  P i t  l o c a l i t y  a r e  i l l u s t r a t e d  i n  F i g  4. A t o t a l  o f  e i g h t  
b o r i n g s  were made a t  t h i s  l o c a l i t y .  Bo r inys  93-192 and SB-195 a r e  
auger / sp l i t - spoon  s o i l  b o r i n y s  ob ta ined  t o  p r o v i d e  samples o f  
unconso l i da ted  m a t e r i a l  f o r  chemical  a n a l y s i s .  These b o r i n y s  a r e  n o t  
i l l u s t r a t e d  on F i g .  4 b u t  a r e  immedi3te ly  a d j a c e n t  t o  groundwater 
i n v e s t i g a t i o n  w e l l s  w i t h  t h e  same d e s i g n a t i o n ,  At t h e  comp le t i on  o f  
sampling, t h e  s o i l  b o r i n y s  were b a c k f i l l e d  w i t h  c u t t i n g s  and m a t e r i a l  
ob ta ined  d u r i n g  t h e  d r i l l i n g  process. 



NdRE 

-- 

CH 143 
CH 357 
W-185 
W 189 
ad 142 
W 143 
w 146 
GW 145 
W 146 
W-147 
w 140 
W- 149 
W-150 
GU 151 
W 152 

'M 153 
Gw-154 
ar-155 
W- 156 
Gu- I57  
w 158 
(u-159 
w- 162 
W 163 
W-164 
GU 165 
W-166 
GU 173 
01-174 
W-I 76 
GU I77 
0 1 - 1  79 
(u-184 
(u-185 
Ob-lBd 
01-187 
W-188 
w 189 
w-191 
w-192 
01-194 
w 195 
W-1% 
Qc 197 
w-198 
W-199 
W - m  
(3-201 
w 202 
w-203 
w 205 
w 220 
W-221 
Gu 222 
GU 223 
GU-224 
W-231 
w-240 
W 241 

1 2  

Table 2. Borehole geology sunnary 
- 

__ 
Rock formations(s) and datnhole footagesa 

CHICK: A O - I 7 7 / K W X  177-td 
KNOX 
CHICK: E 0-123/D 123-183IC 183-379/8 319-680/A 680-td 
W I C K :  6 O-26WA 268-5IE/KNOX 5 7 8 - t d  
W I C K .  A 0-220/KNOX 220-td 
CHICK: A O- I I I /KNOX 177-td 
CHICK. A O - I 7 7 / K W X  Ill-td 
KNOX 
KNOX 
K W X  
CON: Maynardville 
CON: kynardville 
CON: Mynardville 
CON: Maynardville 
COM: Maynardvi I le 
CON: Mynardvi 1 le 
CON: Maynardville 
KNOX 
KNOX 
K W X  
KNOX 
KNOX 
COK: Purpkin Valley 
CON: Purpkin Valley O-XWROIE 204-td 
CON: Plnptin Valley 0-191/Ro)*. 197-td 
K W X  
KNOX 
K W X  
K W X  
KNOX 
K W X  
K W X  
CHICK: C 
CHICK: B 
CHICK: C 
CHICK: E 
CHICK: 0 
CHICK: C 
CON: Mryville 
CON: Mryville 
CON: hryville 
CON: Mryville 
Cow: Mryville 
CON: Mryville 
CON: Rutledge 
CON: Rogersville 
CON: bgersville 
CON: Rcgersville 
CON: Rutledw 
K W X  
KNOX 
CON: kynardvil le 
K W X  
CON: naynardvi 1 le 
a3H. kynardville 
CHICK: E 
K W X  
CON: Maynardvi 1 le 
KNOX 

-. 

aA, B. C. D. and E - units of the Chickmuga Graup as defined 
by Stockdale (1951); CHICK - Chicksmauga Group; CW 
Group ;  K W X  - K m x  Group; IUME - Rune Fomtion; td - total 
depth. 

CMlasauga 
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Table 3. S m r y  of mdjor fractures and so lut ion cav i t ies  encountered 
during d r i  11  iiig nperations 

Name Fracture o r  so lut ion cav i ty ,  depth, and approximate water y ie l#  

- I__- 

Gw-144 
cw-147 
Gw -149 
(34-151 
Gw-153 
GW-154 
GW-155 
Gw-156 
CM-151 
GW- 158 
GW-159 
Gw- 162 
GW-164 
GW-165 
GW-166 
Gw-173 
Gw-114 
GW-177 
Gw-179 
GW-184 
W-185 
Ow-186 
W-187 
Ow-188 
Ow-189 
Cw-198 
Gw- 199 
(34-200 
GW-201 
cw-202 
Gw-220 
Gw-221 
Gw-222 
Gw-223 
GW-224 
Gw-23 1 
Gw-240 
GW-241 

Frac @ 170 (W, 20-30 gpd’) 
Frac @10-12.5(w), 19(w), 20-21(w), 24-25, 32.5-33(H), 46.5 t o  87.5(W), 59.5 t o  60.5 
Water @ 4.0 / (W) @ 25-28 
Frac @ 26(w) 
Frdc @ 29-30 
Water @ 5.0 
Frac @ 130-136, 165-177W) 
Cav Q 92-93, 101-103, 106-112 / Frac @ 150 
Water Q 74 / Frac @ 114-116.5. 140(w) 
Frac Q 98(foam), 180(W, SUI) ,  220-230, 250 -260(ftW, >2s g p m ) .  
Cav @ 112-117 / Water Q 130 
Water @ 118 
Frac @ 150(w), 197(w), 280, 392(w) 
Cav @ 103-113, 314-317(M, >lo0 gpm) / Fra: (a 92-96, 100-102 
Frac @ 287-290, 320-323, 358-363(W, >300 ggm 
Frac @ 103.6 / Cav @ 108.9, 140-141 
Frac @ 143 / Cav @ 63-79.6, 91, 140 
Q v  @ 68-73, 96-97.5 / Frac @ 130-133 
Cav @ 53-73 / Frac @ 112 
Frac @ 115(u), 126-130(u) 
Frac @ 73(W, 20-30 gpm) , 17O(w), 366(W, gas) 
Frac @ 25(w), 164 -169(W) 
Frac @ 92(w), l15-121(w), 134-135(W, >25 w), 159 -160&4 >25 gpm) 
&v(nlrl) @ 27-29 / Frdc @ 47-48, 55-58.5, 63-68. 
Frac @ 44(w), 143-145(WI, 164-165(W), 170(Y), 2OO[W) 
Hater @ 22 
Water @ 16 
Frac @ 52Cw) 
Water @ 21 
Water @ 17 
Hater @ 11.0 
Frac @ 36-80, 153 
Fractured zone cav i ty  @ 19.0 

Frac @ 115-120(W, su l )  
Frac @ 15-16.5, 17-17.5(w), 19-20.5(w), 23-24, 25-27, 28-29 
Frac @ 29 to 30 
Cav @ 78-89 / Frac (a 89-94.6 

Lost c i rcu la t ion  @ 60-68 

&v(fl) Q 57-59 / FrdC @ 17-18, 27.5-29, 34-34.5, 36-36.5, 37-37.5, 38-39, 66-67, 68.5-69.5 

-. 

aCav - cav i ty ;  Frac - f racture o r  fracture in terva l ;  Water - depth a t  which the water tab le was 
encountered, not necessarily associated wi th  a fracture o r  cavity; (H) - mud, o r  thick, extremely 
muddy water; (W) - muddy water; (sul)  - sulferous me11 t o  water; (w) - ma11 flow of water 
<5 gpm; (W) - large flou of water, >5 gpn. Yields c i t e d  are based on d r i l l e r s  estimates o f  
surface discharge during d r i l l i n g .  

b l  gpm 1 3.7 L/min. 
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Fig. 4. Topographic map o f  t h e  Beta-4 Security Pit locality. 
Locations o f  groundwater investigation wells are indicated by 
solid circles. Contour lines are i n  feet (1 f t  -- 0.3048 cm). 
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Wel l s  GW-191, GW-194, GW-195, GW-196, and GW-197 a r e  shal low, screened, 
a u g e r - d r i l l e d  boreholes t h a t  extend i n t o  t h e  t o p  o f  t h e  wa te r  t a b l e  a t  
t h e  approximate t o p  o f  weathered bedpock. Me11 Gk9-192 extends i n t o  t h e  
unweathered bedrock zone and i s  p a i r e d  w i t h  w e l l  GM-191 t o  form a 
p iezometer  c l u s t e r  t o  i n v e s t i g a t e  t h e  v e r t i c a l  componelnt o f  groundwater 
f l o w  a t  t h e  s i t e ,  

Wel l  Ghs-196 has t h e  h i g h e s t  e l e v a t i o n  and should serve as an 
up -g rad ien t ,  background we1 1 f o r  t h e  s i t e ,  We1 Is GW-197, GW--191 and 
GW-192 a r e  approx ima te l y  a l o n g  s t r i k e  f rom t h e  s i t e  t o  t h e  west and t o  
t h e  e a s t ,  r e s p e c t i v e l y ,  and w i l l  a l l o w  p o t e n t i a l  s t r i k e - p a r a l l e l  
movement o f  m a t e r i a l  away from t h e  s i t e  t o  be i n v e s t i g a t e d .  
GW-195 and GW-194 a r e  south o f  t h e  s i t e  and serve t o  m o n i t o r  p o t e n t i a l  
movement o f  contaminants f r o m  t h e  s i t e  i n  a d i r e c t i o n  p e r p e n d i c u l a r  t o  
s t r i k e .  

We l l s  

4.2 Chestnut Ridge S e c u r i t y  P i t  

4 . 2 . 1  Background 

The Chestnut Ridge S e c u r i t y  P i t  i s  l o c a t e d  on t h e  c r e s t  o f  Chestnut 
Ridge i m n e d i a t e l y  south o f  t h e  c e n t r d l  p o r t i o n  o f  t h e  Y-12 complex 
( F i g .  1 ) .  Disposal  o f  c l a s s i f i e d  ma':eriaIs a t  t h e  s i t e  i s  conducted i n  
t renchs  and auger ho les .  D e t a i l s  o f  d i s p o s a l  ope ra t i ons  and genera l  
i n v e n t o r i e s  o f  m a t e r i a l s  d isposed o f  a r e  summarized elsewhere 
( P r o d u c t i o n  Q p t i m i r a t i o n  Departinent/Y-12 p l a n t ,  1984b). Before t h e  
d r i l l i n g  o p e r a t i o n s  summarized i n  t h i s  r e p o r t ,  one groundwater 
m o n i t o r i n g  w e l l ,  No. 1080, had been i n s t a ' i l e d  a t  t h e  s i t e .  

4.2.2 S i t e  Geology 

The s e c u r i t y  p i t  i s  l oca ted  i n  sail dnd residuum developed on t o p  o f  
t h e  s t r a t i g r a p h i c a l l y  lowermost p o r t i o n  of  t h e  Copper Ridge Dolomite,  
which i s  t h e  basal  f o r m a t i o n  i n  t h e  Knox Group, The so i l  and residuum 
l o c a l l y  c o n t a i n  abundant c h e r t  and r u b b l e - r i c h  ho r i zons  t h a t  occu r  a t  
t h e  t o p  o f  bedrock and a r e  d i spe rsed  i r r e g u l a r l y  t h roughou t  t h e  s o i l  
column. Depth t o  bedrock a t  t h e  s i t e  v a r i e s  f rom 1 5  t o  27 m (50-90 f t ) .  

A v a i l a b l e  i n f o r m a t i o n  on s i t e  hyd ro logy  was summarized by Gerayhty and 
M i l l e r  (1985b). I n  genera l ,  t h e  hyd ro logy  o f  t h e  Knox Group a t  t h e  
s i t e  i s  n o t  w e l l  understood. Groundwater f l o w  d i r e c t i o n s  i n  t h e  
s h a l l o w  subsur face (61  m) have n o t  been determined b u t  a r e  p robab ly  
g e n e r a l l y  c o n t r o l l e d  by a groundwater d i v i d e  t h a t  runs a long  t h e  c r e s t  
o f  Chestnut Ridge i n  t h e  v i c i n i t y  o f  t h e  s e c u r i t y  p i t s .  The l o c a t i o n  
o f  t h e  groundwater d i v i d e  would i n f l u e n c e  whether wa te r  f ro in  t h e  s i t e  
would f l o w  nor thward i n t o  t h e  Bear Creek watershed o r  southward toward 
watersheds i n  Be the l  V a l l e y .  Work by K e t e l l e  and H u f f  (1984) elsewhere 
a long  Chestnut Ridge i n d i c a t e s  t h a t  j o i n t s ,  f r a c t u r e s ,  and s o l u t i o n a l  
f e a t u r e s  developed w i t h i n  t h e  upper bedrock can e x e r t  s u b s t d n t i a l  l o c a l  
i n f l u e n c e  on groundwater f l o w  d i r e c t i o n s .  A n a l y s i s  o f  j o i n t  and 



f r a c t u r e  p a t t e r n s  suggests t h a t  p r e f e r r e d  groundwater f l o w  d i r e c t i o n s  
w i t h i n  t h e  upper bedrock a r e  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  r i d g e  
c r e s t  (Law Engineer ing,  1 9 8 3 b ) .  

....-... 4.2.3 D r i l l i n g  Sumtnary 

I n i t i a l  p lans f o r  m o n i t o r i n g  w e l l  i n s t d l l a t i o n  a t  t h e  Chestnut Ridge 
S e c u r i t y  P i t  s i t e  were developed by Geraghty and M i l l e r  (1985b). 
Because o f  t h e  comp lex i t y  o f  s i t e  hydro logy discussed above, t h e  
o r i g i n a l  w e l l  i n s t a l l a t i o n  p lans were m o d i f i e d  d u r i n g  t h e  p resen t  
d r i l l i n g  program t o  more complete ly  address t h e  h y d r o l o g i c  issues 
d iscussed above. Loca t ions  o f  t h e  f i v e  groundwater i n v e s t i g a t i o n  wells 
completed a t  t h i s  s i t e  a r e  shown i n  F ig .  5 .  

A t o t a l  o f  1 2  bor ings  were made a t  t h i s  l o c a l i t y .  Bor ings 58-173, 
SB -1 74, SE-176, SB-177, and 58 -1 79 a r e  auger /sp l  i t-spoon s o i  1 b o r i n y s  
ob ta ined  t o  p r o v i d e  samples o f  unconsol idated m a t e r i a l  f o r  chemical  
a n a l y s i s .  These bo r ings  a r e  n o t  i l l u s t r a t e d  i n  F ig .  5 b u t  a r e  
immediate ly  ad jacen t  t o  groundwater i n v e s t i g a t i o n  w e l l s  w i t h  t h e  same 
d e s i g n a t i o n .  Two a d d i t i o n a l  s o i l  bo r ings  (SB-178 and SS--180), n o t  
assoc ia ted  w i t h  groundwater i n v e s t i g a t i o n  w e l l s ,  were a l s o  completed. 
l h e y  a r e  l o c a t e d  immediate ly  ad jacen t  t o  t h e  no r thwes t  and n o r t h e a s t  
co rne rs  o f  t h e  d i s p o s a l  area i l l u s t r a t e d  i n  F i g .  5. A l l  s o i l  b o r i n y s  
a t  t h e  Chestnut Ridge S e c u r i t y  P i t  s i t e  a r e  n o m i n a l l y  18.3 m deep and 
were auyered t o  r e f u s a l .  I n  a l l  cases, t h e  so i l  bor ings  bottomed i n  
zones o f  c h e r t  g r a v e l  d i spe rsed  w i t h i n  t h e  s o i l  and d i d  n o t  reach t o  
t h e  t o p  o f  bedrock (as  determined by subsequent d r i l l i n g  o f  groundwater 
o b s e r v a t i o n  w e l l s ) .  S p l i t - s p o o n  samples were taken d u r i n g  t h e  auger ing 
a t  1.5-m i n t e r v a l s  f o r  chemical s tudy.  

Wel ls  GW-173, GW--174, GW-176, GbJ-177, and GW-179 a r e  screened and 
f i n i s h e d  i n  t h e  t o p  o f  bedrock. The o b j e c t i v e  o f  these w e l l s  was t o  
m o n i t o r  groundwater o c c u r r i n g  a t  t h e  t o p  o f  t h e  wa te r  t a b l e ,  which 
t y p i c a l l y  corresponds t o  t h e  so i l / bed rock  i n t e r f a c e .  Dur ing t h e  
i n s t a l l a t i o n  o f  t h e  s u r f a c e  conductor  f o r  these w e l l s ,  lanes o f  c a v i t y  
f o r m a t i o n  and s o l u t i a n a l  a l t e r a t i o n  were encountered w i t h i n  3 t o  7.6 m 
(10-25 f t )  o f  t h e  t o p  o f  bedrock. The v e r t i c a l  e x t e n t  o f  such c a v i t i e s  
ranged f rom 0.3 t o  5 tn (1-17 f t ) .  I n  a l l  cases, t h e  s u r f a c e  conductor  
was advanced 0.3 t o  1.5 rn ( 5  f t )  p a s t  t h e  bot tom o f  t h e  f i r s t  
s i g n i f i c a n t  c a v i t y  encountered below t h e  t o p  o f  bedrock. Such a 
p r a c t i c e  p reven ts  p o t e n t i a l  i n t e r c a v i t y  m i g r a t i o n  o f  s u r f a c e  waters .  

Wel ls  GW-177 and GW-173 were i n s t a l l e d  t o  t h e  west and t o  t h e  e a s t  o f  
t h e  a c t i v e  and proposed b u r i a l  areas t o  m o n i t o r  p o s s i b l e  m i g r a t i o n  
a long  s t r i k e  o f  m a t e r i a l  f rom t h e  d i s p o s a l  area. Furthermore, w e l l  
Ghl-177 occupies t h e  h i g h e s t  topographic  l o c a t i o n  and should serve as an 
u p - g r a d i e n t  w e l l  f o r  t h e  s i t e .  Wel ls  GW-176 and GW-174, i n  c o n j u n c t i o n  
w i t h  e x i s t i n g  w e l l  1080, were p laced south o f  t h e  a c t i v e  s i t e  t o  
m o n i t o r  p o t e n t i a l  movement o f  m a t e r i a l  away f rom t h e  s i t e  i n  a 
d i r e c t i o n  p e r p e n d i c u l a r  t o  s t r i k e .  S i m i l a r l y ,  w e l l  GW-179 was 
i n s t a l l e d  n o r t h  o f  t h e  a c t i v e  d i s p o s a l  area t o  m o n i t o r  p o t e n t i a l  



1 7  

Fig. 5. Topographic map o f  the Chestnut Ridge Secur i ty  Pit locality. 
Locations o f  groundwater investigation wells are indicated by 
solid circles, Solid square indicator p o s i t i o n  o f  existing, 
groundwater monitoring well. 
(I f t  = 0.3.048 cm). 

Contour lines are in feet 
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movement o f  m a t e r i a l  p e r p e n d i c u l a r  t o  s t r i k e  northward. Ana lys i s  and 
comparison o f  h y d r o l o g i c  d a t d  f rom these w e l l s  should p e r m i t  
i d e n t i f i c a t i o n  o f  t h e  groundwater d i v i d e  and r e s o l u t i o n  o f  i t s  
s i g n i f i c a n c e  t o  groundwater f l o w  behav io r  a t  t h e  s i t e .  

4.3 K e r r  Hol low Q u a r r y  

4.3.1 Background 

K e r r  Hol low Q u a r r y  i s  l o c a t e d  on a low r i d g e  runn ing  a long  t h e  n o r t h  
s i d e  o f  Bethel  V a l l e y  ( F i g .  1 ) .  The quar ry  was a c t i v e  i n  t h e  1940s and 
was abandoned sometime i n  t h e  l a t e  1940s. Since t h e  e a r l y  195Os, t h e  
q u a r r y  has been used f o r  t h e  d i s p o s a l  o f  r e a c t i v e  m a t e r i a l s  f rom t h e  
Y-12 P l a n t  and f rom Oak Ridge N a t i o n a l  Laboratory .  Genera l ized d e t a i l s  
o f  t h e  m a t e r i a l  d isposed o f  and d i s p o s a l  ope ra t i ons  conducted a t  t h e  
quar ry  were presented by Geraghty and M i  1 l e r  (19856).  

4.3.2 S i t e  Geoloqy 

K e r r  Hol low Q u a r r y  i s  l o c a t e d  a t  t h e  c o n t a c t  between t h e  Newala 
Format ion o f  t h e  Knox Dolomi te and U n i t  A o f  t h e  Chickamauga Gr0up.l  

A t  t h e  s i t e ,  t h e  c o n t d c t  i s  an uncon fo rm i t y  and e x h i b i t s  app rox ima te l y  
1 5  t o  30 m o f  topographic  r e l i e f .  
s i t e  c o n s i s t s  o f  medium-bedded t o  massive do los tone  w i t h  l o c a l l y  
abundant nodu la r  t o  bedded c h e r t  o c c u r r i n g  throughout .  The basal  
p o r t i o n  o f  t h e  Chickamauga Group c o n s i s t s  o f  abundant t h i n -  t o  
mediurn-bedded maroon and gray s i l t s t o n e s  and th in-bedded l imestones and 
less-abundant- to- rare,  nodular- to-bedded c h e r t .  A schematic c ross  
s e c t i o n  o f  t h e  quar ry  s i t e  i s  presented i n  F i g .  6. As w i t h  o t h e r  
s t r a t a  i n  t h e  Oak Ridge v i c i n i t y ,  bo th  t h e  upper Knox Group and t h e  
basal  Chickamauga Group a r e  p e r v a s i v e l y  j o i n t e d ,  w i t h  predominant j o i n t  
d i r e c t i o n s  be ing  p a r a l l e l  and p e r p e n d i c u l a r  t o  g e o l o g i c a l  s t r i k e ,  which 
i s  app rox ima te l y  p a r a l l e l  t o  t h e  r i d g e  c r e s t s .  I n  t h e  v i c i n i t y  o f  K e r r  
Hol low Quar ry ,  an a d d i t i o n a l  j o i n t  s e t  t h a t  t rends  approx ima te l y  
n o r t h - s o u t h  i s  a l s o  noted (Law Engineer ing,  1983b). 

The uppermost Knox Group a t  t h i s  

P o r o s i t y  and d e n s i t y  geophysica l  l ogs  f rom t h e  s i t e  suggest t h a t  most 
o f  t h e  s t r a t a  a r e  " t i g h t , "  w i t h  low p o r o s i t y  ( 0  t o  5%) and, by 
i n f e r e n c e ,  low p e r m e a b i l i t y .  Examinat ion o f  d r i l l  cores demonstrates, 
however, t h a t  s i g n i f i c a n t ,  ma jo r  f r a c t u r e s  and f r a c t u r e d  i n t e r v a l s  
occu r  throughout  t h e  bedrock t o  depths o f  183 m (600 f t ) .  Furthermore, 
such f r a c t u r e d  zones g e n e r a l l y  correspond t o  pronounced anomalies on 
t h e  s i n g l e  p o i n t  r e s i s t a n c e  and spontaneous p o t e n t i a l  geophysica l  
l ogs .  Taken t o g e t h e r ,  t h e  d r i l l  co re  and geophysica l  l o g  da ta  suggest 
t h e r e  a r e  t h i n  E0.3-0.9 m ( 4 - 3  f t ) ] ,  r e l a t i v e l y  permeable, 

?Stockdale (1951) d i v i d e d  t h e  Chickamauga Group i n t o  e i g h t  u n i t s ,  
A t h rough  H, based on rock  t y p e  and bedding p a t t e r n s ;  U n i t  A i s  t h e  
1 owermos t u n i  t . 
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wate r -bea r ing  zones assoc ia ted  w i t h  most f r a c t u r e d  zones o c c u r r i n g  
throughout  t h e  bedrock (Haase and King, i n  p r e s s ) .  It appears h i g h l y  
probable,  t h e r e f o r e ,  t h a t  groundwater movement w i t h i n  t h e  bedrock 
occurs p r i n c i p a l l y  w l t h i n  f r a c t u r e s  and f r a c t u r e  systems and n o t  
p e r v a s i v e l y  w i t h i n  any one s t r a t i g r a p h i c  u n i t .  To understand t h e  
h y d r o l o g i c  behav io r  i n  t h e  v i c i n i t y  o f  t h e  quar ry  i t  i s  necessary t o  
understand t h e  spacing, d e n s i t y ,  and o r i e n t a t i o n s  o f  f r a c t u r e  systems. 

4.3.3 D r i l l i n g  Summary 

I n i t i d l  p lans  f o r  m o n i t o r i n g  w e l l  i n s t d l l a t i o n s  a t  t h e  K e r r  Hol low 
Q u a r r y  s i t e  were presented by Geraghty and M i l l e r  (198543, The 
o r i g i n a l  w e l l  i n s t a l l a t i o n  p lans  were m o d i f i e d  d u r i n g  t h e  p resen t  
d r i l l i n g  program t o  a l l o w  more complete c h a r a c t e r i z a t i o n  o f  subsurface 
geohydro log ic  c o n d i t i o n s  and t o  i n t e r c e p t  h y d r o l o g i c  t a r g e t s  i d e n t i f i e d  
d u r i n g  t h e  i n i t i a l  c o r e - d r i l l i n g  s t d g e  o f  t h e  i n v e s t i g a t i o n .  Loca t ions  
o f  t h e  e i g h t  bo r ings  conducted a t  t h i s  s i t e  a r e  i l l u s t r a t e d  i n  F i g .  7 .  

Bo r ing  CH-143 i s  a 183-m-deep co re  h o l e  t h a t  was c o l l a r e d  i n  t h e  lower  
p o r t i o n  o f  U n i t  A o f  t h e  Chickamauya Group. The co re  h o l e  pene t ra ted  
t h e  c o n t d c t  w i t h  t h e  Newala Dolomite o f  t h e  Knox Group and cont inued 
approx ima te l y  122 m i n t o  t h e  Newala. 
d e t a i l e d  map o f  t h e  s t r a t i g r a p h y  and s t r u c t u r a l  c h a r a c t e r  o f  t h e  s t r a t a  
surrounding K e r r  Hol low Quarry t h a t  was used t o  s e l e c t  t a r g e t  depths 
f o r  t h e  o t h e r  groundwater obse rva t i on  w e l l s  a t  t h e  s i t e  ( F i g .  6 ) .  
Because o f  t h e  h y d r o l o g i c  importance o f  f r a c t u r e s  and f r a c t u r e d  zones, 
much o f  t h e  d r i l l i n g  was aimed a t  such f e a t u r e s .  Because o f  t h e i r  
spacing and frequency, however, w e l l s  i n  t h i s  i n i t i a l  s tage o f  
i n v e s t i g a t i o n  were f i n i s h e d  t o  s tudy seve ra l  c l o s e l y  spaced f r a c t u r e s  
o r  groups o f  f r a c t u r e d  zones. Depending on t h e  r e s u l t s  o f  chemical  
a n a l y s i s  and h y d r o l o g i c  data,  a d d i t i o n a l  w e l l s ,  f i n i s h e d  t o  s p e c i f i c  
f r a c t u r e s ,  may be r e q u i r e d .  F u r t h e r  d e t a i l s  o f  t h e  g e o l o g i c a l  and 
geophysica l  da ta  f rom co re  h o l e  CH-143 and t h e i r  i n t e r p r e t a t i o n  w i l l  be 
presented elsewhere (Haase and King, i n  p r e p a r a t i o n ) .  

Core h o l e  CH-143 p rov ides  a 

W e l l  GW-142 i s  an open w e l l  t h a t  has t h e  h i g h e s t  topographic  
e l e v a t i o n .  It was i n s t a l l e d  as a p o t e n t i a l  up-gradient ,  background 
w e l l  completed i n  unweathered bedrock, Dur ing  t h e  d r i l l i n g  o f  GW-142, 
o n l y  t r a c e  q u a n t i t i e s  o f  wa te r  were encountered i n  t h e  bedrock down t o  
depths o f  61 rn (200 f t ) .  Casing was i n s t a l l e d  t o  a depth o f  76 rn 
(248.5 f t ) ,  a f t e r  seve ra l  water-bear ing f r a c t u r e d  i n t e r v a l s  had been 
encountered. Subsequent d r i l l i n g  o f  t h e  open h o l e  p o r t i o n  o f  t h e  w e l l  
below 16 m i n d i c a t e s  t h a t  t h e  s t r a t a  remained r e l a t i v e l y  t i g h t  and 
c o n t a i n  o n l y  smal l  q u a n t i t i e s  o f  water  a l s o  assoc ia ted  w i t h  f r a c t u r e d  
zones. 

Wel ls  GW-143 and GW-144 fo rm a piezometer c l u s t e r  designed t o  
i n v e s t i g a t e  p o t e n t i a l  h y d r o s t a t i c  head d i f f e r e n c e s  between t h e  
uppermost Knox Group and lowermost Chickarnauga Group. Both w e l l s  a r e  
f i n i s h e d  i n  bedrock and a r e  screened. These w e l l s  a l s o  i n t e r s e c t  t h e  
downdip p r o j e c t i o n  o f  a l l  s t r a t a  t h a t  c rop  o u t  i n  t h e  quar ry  and w i l l  
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200 400 

Fig. 7. Topographic map o f  the Kerr Hollow Quarry locality. Locations 
of  groundwater investigaticn wells are indicated by solid 
circles. Contour lines a r e  in feet ( I  ft = 0.3048 m). 
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serve t o  m o n i t o r  p o t e n t i a l  downdip m i g r a t i o n  o f  m a t e r i a l  o u t  of t h e  
quar ry .  80 th  w e l l s  i n t e r s e c t  seve ra l  apparent bedd ing -p lane -pa ra l l e l  
f r a c t u r e  systems t h a t  occur  w i t h i n  t h e  s t r a t i g r a p h i c  i n t e r v a l  o f  
i n t e r e s t  e 

Wel ls  GW-145 and 6M-145 and w e l l s  G -147 and GkJ-231 form two p iezometer  
c l u s t e r s  a long  t h e  western edge o f  t h e  quar ry .  
designed t o  i n v e s t i g a t e  p o t e n t i a l  head d i f f e r e n c e s  between va r ious  
s t r a t i g r a p h i c  u n i t s  c ropp ing  o u t  w i t h i n  t h e  quar ry  and t o  m o n i t o r  f o r  
p o t e n t i a l  s t r i k e - p a r a l l e l  movement o f  m a t e r i a l  o u t  o f  t h e  quar ry .  W e l l  
GW-146 i s  an open w e l l  f i n i s h e d  i n  unweathered bedrock.  Wel ls  GW-145, 
GW-147, and GbJ-231 Ere  screened w e l l s  f i n i s h e d  i n  unweathered bedrock.  

These w e l l s  a r e  

4.4 New Hope Pond 

4 .4 .1 Ba c kq r o unci- 

New Hope Pond i s  l o c a t e d  on t h e  eas t  end o f  t he  Y-12 complex ( F i g .  1 ) .  
I t  i s  a man-made impoundment on t h e  East Fork o f  Pop la r  Creek. The 
pond serves as a s e t t l i n g  b a s i n  f o r  creek waters  b e f o r e  be ing  d ischarged 
i n t o  t h e  n a t u r a l  channel and f l o w i n g  o f f  Y-12 p r o p e r t y .  

4.4.2 S i t e  Geology 

The New Hope Pond s i t e  i s  l o c a t e d  on s o i l s  and residuum developed on 
t h e  M a y n a r d v i l l e  Limestone o f  t h e  Conasauga Group. The t r a c e  of t h e  
c o n t d c t  between t h e  M a y n a r d v i l l e  Limestone and t h e  u n d e r l y i n g  
No l i chucky  Shale r o u g h l y  c o i n c i d e s  w i t h  t h e  Y - 7 2  access road (Second 
S t r e e t )  t h a t  passes immediate ly  n o r t h  o f  t h e  pond. Depth t o  bedrock 
ranges f rom 3 t a  4.6 m (10 t o  1 5  f t )  throughout  t h e  s i t e .  As i s  
t y p i c a l  o f  t h e  Condsaugd Group, j o i n t s  and f r a c t u r e s  may have 
s i g n i f i c a n t  i n f l u e n c e  on groundwater f l o w  d i r e c t i o n s .  P r i n c i p a l  j o i n t  
d i r e c t i o n s  a t  t h e  New Hope Pond s i t e  a r e  p a r a l l e l  and p e r p e n d i c u l a r  t o  
g e o l o g i c a l  s t r i k e ,  and i t  i s  a n t i c i p a t e d  t h a t  those o r i e n t a t i o n s  would 
be p r e f e r r e d  groundwater f l o w  d i r e c t i o n s .  A t  o t h e r  s i t e s ,  app rox ima te l y  
610 t o  1219 m (2000 t o  4000 f t )  eas t  o f  New Hope Pond, t h e  M a y n a r d v i l l e  
Limestone has been demonstrated t o  e x h i b i t  s o l u t i o n  c a v i t i e s  and o t h e r  
s o l u t i o n a l  a l t e r a t i o n  f e a t u r e s  ( R o t h s c h i l d  e t  a l .  1984a). Such 
fea tu res  can p r o f o u n d l y  i n f l u e n c e  groundwater movement, a l t hough  t h e  
impact o f  such f e a t u r e s  cannot be p r e d i c t e d  as e a s i l y  as t h a t  o f  
r e g i o n a l l y  systemat ic  j o i n t s  and f r a c t u r e s .  Al though seve ra l  f r a c t u r e  
zones w i t h i n  t h e  Maynardvi l l e  Limestone were encountered d u r i n g  
d r i l l i n g  a t  t h i s  s i t e ,  o n l y  one s i g n i f i c a n t  s o l u t i o n  c a v i t y  was 
encountered ( i n  we1 1 GW-153) .  

4.4.3 D r i l l i n g  Summary 

To c h a r a c t e r i z e  t h e  geohydro loy i ca l  s e t t i n g  o f  t h e  New Hope Pond s i t e ,  
11 b o r i n y s  were completed ( F i g .  a ) ,  An i n i t i a l  p l a n  f o r  m o n i t o r  w e l l  
i n s t a l l a t i o n  was presented by Geraghty and M i l l e r  (1985b), and t h e  
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. 
F i g .  8. Topographic map of  t h e  Mew Hope Pond l o c a l i t y .  Locations o f  

groundwater i n v e s t i g a t i o n  wells  a r e  i n d i c a t e d  by s o l i d  
c i r c l e s .  Contour l i n e s  a r e  i n  f e e t  { l  f t  = 0.3048 m ) .  
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p resen t  d r i l l i n g  program i s  b a s i c a l l y  an implementat ion o f  t h e i r  p lan,  
w i t h  t h e  a d d i t i o n  o f  seve ra l  bo r ings  t o  more comp le te l y  i n v e s t i g a t e  
s i  Le hydro1 oyy.  

A l l  groundwater i n v e s t i g a t i o n  w e l l s  a t  t h e  New Hope Pond s i t e  a r e  
screened. They were i n s t a l l e d  i n  piezometer c l u s t e r s  such t h a t  da ta  on 
bo th  l a t e r a l  and v e r t i c a l  groundwater f l o w  components cou ld  be 
obta ined.  Two c l u s t e r s ,  one t o  t h e  eas t  and one t o  t h e  west o f  t h e  
pond, were i n s t a l l e d  t o  m o n i t o r  p o t e n t i a l  s t r i k e - p a r a l l e l  groundwater 
movement, 

l o  t h e  east ,  w e l l  GW-I50 i s  f i n i s h e d  i n  t h e  unconsol idated s o i l  and 
residuum developed on t h e  M a y n a r d v i l l e  Limestane. Wel l  GW-220 i s  
completed i n  t h e  lower  M a y n a r d v i l l e  Limestone t o  a depth o f  14 m 
(45.2 f t )  and w e l l  GW-151 i s  completed i n  t h e  basal  M a y n a r d v i l l e  
Limestone, i n  a t r a n s i t i o n  zone c h a r a c t e r i r e d  by a l t e r n a t i n g  l a y e r s  o f  
sha le  and l imestone,  t o  a depth o f  29.4 m (96.5 f t ) .  To t h e  west, w e l l  
GW-154 i s  f i n i s h e d  i n  t h e  unconsol idated residuum. Wel l  GW-222 i s  
f i n i s h e d  i n  t h e  lower  M a y n a r d v i l l e  Limestone t o  a depth o f  7.6 rn 
(25.0 f a )  and w e l l  GW--223 i s  f i n i s h e d  i n  t h e  sha le / l imes tone  t r a n s i t i o n  
zone a t  t h e  base o f  t h e  H a y n a r d v i l l e  Limestone t o  a depth o f  27.6 rn 
(90.5 f t ) .  

l o  t h e  n o r t h  o f  t h e  s i t e ,  w e l l  GN-148 i s  complete l o  a t o t a l  depth o f  
3.4 m (11.1 f t )  i n  residuum developed a t  t h e  c o n t a c t  between t h e  
M a y n a r d v i l l e  Limestone and t h e  Nol ichucky Shale. Wel l  GW-149 i s  
f i n i s h e d  i n  t h e  basal  M a y n a r d v i l l e  Limestone t o  a depth o f  15.4 m 
(50.5 f t ) .  

l h e  w e l l s  i n  t h e  c l u s t e r  a t  t h e  south s i t e  o f  t h e  s i t e  a r e  
t o p o g r a p h i c a l l y  t h e  h ighes t ,  and t h e  sha l l owes t  w e l l  i n  t h e  c l u s t e r  
(GW-152) should serve as up -g rad ien t  w e l l ,  a t  l e a s t  f o r  f l o w  i n  t h e  
unconsol idated zone. Wel l  GW-152 i s  completed i n  M a y n a r d v i l l e  
Limestone residuum t o  a depth o f  5.3 m (17.3 f t ) .  Wel ls  GW-153, 
completed t o  a depth o f  18.3 in (60  f t ) ,  and GW-248, completed t o  a 
dept.h o f  9 m (29.5 f t ) ,  a r e  bo th  f i n i s h e d  i n  t h e  upper M a y n a r d v i l l e  
Limestone. 

4.5 Ravine Disposal  S i t e  ( B u i l d i n g  9712) 

4.5.1 Bac kqround 

The Ravine Disposal  S i t e  i s  l o c a t e d  immediate ly  n o r t h  o f  t h e  Y-12 
garaye ( B u i l d i n g  9712), i n s i d e  t h e  Y-12 p e r i m e t e r  fence t h a t  runs a long  
t h e  south s i d e  of Bear Creek Road ( F i g .  1 ) .  The h i s t o r y  o f  d i s p o s a l  of  
m a t e r i a l  a t  t h i s  s i t e  i s  p o o r l y  known, b u t  i t  appears t o  comprise a 
s u b s t a n t i a l  amount o f  woad, c o n s t r u c t i o n  d e b r i s ,  and d i r t .  Lesser 
amounts o f  meta l  scrap and p o s s i b l y  some uranium-contaminated m a t e r i a l  
were a l s o  disposed o f  a t  t h e  s i t e  b e f o r e  t h e  mid-1950s. A v a i l a b l e  da ta  
f o r  t h e  Ravine Disposal  S i t e  a r e  summarized elsewhere (P roduc t i on  
O p t i m i z a t i o n  Department/Y-12, 1 9 8 4 ~ ) .  
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4.5.2 S i t e  Geology 

The Ravine Q i s p o s a l  S i t e  i s  l o c a t e d  on s o i l s  and residuum developed on 
t h e  R o g e r s v i l l e  Shale and Rut ledge Limestone f o r r m t i o n s  o f  t h e  
Conasauga Group. The t r a c e  o f  t h e  c m t d c t .  between these fo rma t ions  
runs approx ima te l y  e a s t  t o  west and b i s e c t s  t h e  s i t e .  The t r a c e  o f  t h e  
c o n t a c t  between t h e  R o g e r s v i l l e  Shale and t h e  H a r y v i l l e  Limestone runs 
a long  t h e  south edge o f  t h e  s i t e .  Depth t o  bedrock v a r i e s  th roughou t  
t h e  s i t e ,  t y p i c a l l y  r a n g i n g  f rom 3 t o  4.5 m (10 to 1 5  f t ) .  As w i t h  
o t h e r  fo rma t ions  i n  t h e  Conasauga Group, t h e  R o g e r s v i l l e  Shale and 
Rut ledge Limestone a r e  p e r v a s i v e l y  j D i n t e d ,  w i t h  t h e  p r i n c i p a l  j o i n t  
d i r e c t i o n s  be ing  p a r a l l e l  and p e r p e n d i c u l a r  t o  g e o l o g i c a l  s t r i k e .  It 
i s  suspect t h a t  such j o i n t s  and f r a c t u r e s  a t  t h e  Ravine Disposal  S i t e  
s t r o n g l y  c a n t r a l  groundwater f l o w  d i r e c t i o n .  

4.5.3 D r i l l i n q  Summary 

To i n v e s t i g a t e  geohydro log ic  c o n d i t i o n s  at t h e  Ravine Disposal  S i t e ,  
f i v e  groundwater i n v e s t i g a t i o n  w e l l s  were i n s t a l l e d  ( F i g .  9 ) .  8ased on 
topograph ic  c o n s i d e r a t i o n s ,  groundwater should move f rom no r thwes t  t o  
southeast .  The e f f e c t  o f  t h e  o r i g i n a l  r a v i n e  should be t h a t  o f  a 
west- ta-east c o n d u i t  w i t h i n  t h e  unconsol idated and f i l l  m a t e r i a l ,  and 
thus  t h e  presence o f  t h e  rav ine ,  even though i t  i s  f i l l e d  i n ,  w i l l  have 
a s i g n i f i c a n t  i n f l u e n c e  on groundwater movement. 

We l l s  GW-198 and GW-199 s t r a d d l e  t h e  o r i g i n a l  r a v i n e  on t h e  n o r t h  and 
sou th  s i d e  r e s p e c t i v e l y .  Both w e l l s  a r e  screened and a r e  completed i n  
t h e  unconso l i da ted  s o i l s  and res iduwn t o  depths o f  8.1 and 6.9 m (26.5 
and 22.5 f t ) ,  r e s p e c t i v e l y .  These w e l l s  should m o n i t o r  h y d r o l o g i c  
c o n d i t i o n s  w i t h i n  t h e  o r i g i n a l  r a v i n e  and d e t e c t  p o t e n t i a l  
s t r i k e - p a r a l l e l  t r a n s p o r t  o f  m a t e r i a l  f rom t h e  r a v i n e  f i l l .  

Wel l  GW-202 i s  a screened w e l l  d r i l l e d  t o  a depth o f  6.1 m (20.1 f t ) .  
It i s  f i n i s h e d  i n  t h e  unconso l i da ted  s o i l s  and residuum developed on 
t h e  Rut ledge Limestone. Th is  w e l l  i s  a t  t h e  h i g h e s t  topographic  
e l e v a t i o n  o f  t h e  w e l l s  a t  t h e  s i t e  and should serve as a background or 
up-g rad ien t  w e l l .  

Wel ls  GW-200 and GW-201 a r e  screened w e l l s  t h a t  f o rm a p iezometer  
c l u s t e r  t o  i n v e s t i g a t e  t h e  v e r t i c a l  flow component f a r  groundwater 
movement a t  t h e  s i t e .  Wel l  GW-200 i s  f i n i s h e d  t o  a depth o f  17.5 m 
(57.5 f t )  i n  bedrock a t  t h e  c o n t a c t  between t h e  M a r y v i l l e  Limestone and 
R o g e r s v i l l e  Shale, and Wel l  GW-200 i s  f i n i s h e d  t o  a depth o f  6.4 m i n  
residuum developed above t h e  c o n t a c t  zone. 

4.6 Rogers Quar ry  

4.6.1 8ackground 

Rogers Q u a r r y  i s  l o c a t e d  a long  Be the l  V a l l e y  Road, app rox ima te l y  4.8  km 
west o f  K e r r  Ho l l ow  Q u a r r y  and 8 km e a s t  o f  Oak Ridge N a t i o n a l  



Fig. 9. Topographic map o f  the Ravine Disposal (Bldg. 9712) locality. 
Locations of groundwater investigation wells are indicated by 
solid circles. Contour lines are in feet (1 f t  = 0.3048 m ) .  
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Labora to ry  ( F i g .  I ) .  The q u a r r y  i s  dpproximate y 915 m (3000 f t )  south 
o f  t h e  '4-12 complex and I s  l o c a t e d  oil a l i n e  o f  low h i l l s  r u n n i n g  a long  
t h e  n o r t h  s i d e  of B e t h e l  V a l l e y  a t  t h e  southern edge o f  Chestnut 
Ridge. The q u a r r y  was a source o f  c o n s t r u c t i o n  m a t e r i a l s  in t h e  1940s 
t h rough  t h e  l a t e  1950s. I t  was abandoned i n  t h e  e a r l y  1960's and has 
subsequent ly been used f o r  d i s p o s a l  of a v a r i e t y  of m a t e r i a l s  front t h e  
Y-12 P l a n t .  It c u r r e n t l y  rece ives  f l y  ash s l u r r y  f rom t h e  Y-12 Steam 
P l a n t .  Background d e t a i l s  and a sumnary o f  d i s p o s a l  ope ra t i ons  a r e  
presented elsewhere ( P r o d u c t i o n  O p t i m i z a t i o n  Department/Y-12 P l a n t ,  
1984d) .  

4.6.2 S i t e  Geology 

Rogers Q u a r r y  i s  s i t u a t e d  i n  t h e  lower  p o r t i o n  o f  t h e  Chickamauga Group. 
A schematic c ross  s e c t i o n  i s  presented i n  F ig .  10. The f o o t w a l l  
(bot tom) o f  t h e  q u a r r y  i s  t h e  uppermost p o r t i o n  o f  U n i t  8 o f  t h e  
Chickamauga Group. Uni t  E3 c o n s i s t s  o f  i n te rbedded  r e d  t o  redd ish -g ray  
ca lcareous s i l t s t o n e s .  The u n i t  i s  v a r i a b l e  i n  c h a r a c t e r  and t h i c k n e s s  
th roughou t  t h e  Oak Ridge v i c i n i t y ;  a t  t h e  q u a r r y  i t  i s  app rox ima te l y  
62 m (220 f t )  t h i c k  b u t  o n l y  t h e  uppcrmost 15 t o  30 in (50-100 f t )  a r e  
exposed i n  t h e  q u a r r y  proper .  W i t h i n  t h e  q u a r r y  t h i s  upper p o r t i o n  i s  
p redominan t l y  s i l t s t o n e .  The hanging w a l l  ( t o p )  o f  t h e  q u a r r y  i s  
U n i t  0 and t h e  lowermost p o r t i o n  i s  U n i t  E o f  t h e  Chickamauga Group. 
U n i t s  D and L c o n s i s t  o f  i n te rbedded  g ray  ca lcareous s i l t s t o n e s ,  wavy 
t o  even ly  bedded l imestones,  and t h i r l y  bedded c h e r t s .  Al l  o f  U n i t  D 
(13 m (42  f t ) ]  and approx ima te l y  1 5  t o  30 m (100 t o  750 f t )  o f  U n i t  E 
a r e  exposed a t  t h e  quarry .  The pay zone of  t h e  q u a r r y  c o n s i s t s  o f  
U n i t  C o f  t h e  Chickamauya Group. This u n i t  i s  a medium t o  l i g h t  gray,  
pure, even ly  bedded l imes tone .  The l imes tone  i s  medium- t o  f i n e - g r a i n e d  
and, i n  seve ra l  i n t e r v a l s ,  approaches l i t h o g r a p h i c  l imestone i n  q u a l i t y  
and u n i f o r m i t y .  U n i t  C i s  app rox ima te l y  45 m (150 f t )  t h i c k  and i s  
100% exposed a t  t h e  quar ry .  

Depths t o  bedrock a t  t h e  quar ry ,  away from t h e  workings, va ry  f rom 3 t o  
9 m (10 t o  30 f t ) .  The c o n t a c t  between overburden and bedrock appears 
t o  be sharp, o c c u r r i n g  w i t h i n  a few meters.  A 1 1  s t r a t a  a t  Rogers 
Q u a r r y  have a u n i f o r m  d i p  t o  t h e  southeast  o f  35 t o  45. Large-scale 
( s e v e r a l  meters o r  more) f o l d s  o r  f a u l t s  appear t o  be r a r e ,  On a sma l l  
s c a l e  ( l e s s  than  seve ra l  meters) ,  however, t h e  s t r a t a  e x h i b i t  j o i n t s  
and f r a c t u r e s  w i t h  t h e  d e n s i t y  and l a t e r a l  c o n t i n u i t y  o f  such f e a t u r e s  
v a r y i n g  f r o m  bed t o  bed. Most f r a c t u r e s  appear t o  be f i l l e d  w i t h  
secondary c a l c i t e  m i n e r a l i z a t i o n ,  a l t hough  open f r a c t u r e s  occur  
th roughou t  t h e  s t r a t a  a t  t h e  quar ry .  T h i n  Ct0.3 t o  6 m (<I  t o  20 f t ) ]  
c h e r t - r i c h  i n t e r v a l s  t y p i c a l l y  have t h e  h i g h e s t  f r a c t u r e  d e n s i t y ,  
f o l l o w e d  by t h i n  l i m e s t o n e - r i c h  i n t e r v a l s .  S i l t s t o n e s  t y p i c a l l y  
e x h i b i t  t h e  lowest  f r a c t u r e  d e n s i t y .  There are,  however, numerous 
excep t ions  t o  t h e  p reced ing  y e n e r a l i z a t i o n ,  and t h e  a n a l y s i s  o f  
f r a c t u r e - j o i n t  p a t t e r n s  a t  t h e  q u a r r y  will be a complex task .  The 
l i m e s t o n e - r i c h  p o r t i o n s  o f  a l l  u n i t s  l o c a l l y  e x h i b i t  s o l u t i o n a l l y  
widened bedding su r faces  and f r a c t u r e s .  Sucti zones range f r o m  t0.3 
t o  1.5 m i n  th i ckness .  No d i s c r e t e  s o l u t i o n  c a v i t i e s  were noted. 
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F i g .  10. Schematic cross s e c t i o n  o f  Rogers Q u a r r y  l o c a l i t y .  
o f  s e c t i o n  i s  f r o m  n o r t h  t o  south,  a long  t h e  E 60,000 g r i d  
l i n e .  
t o  t h e  l i n e  o f  t h e  cross s e c t i o n .  
2 X ;  1 f t  = 0.3048 m. 

The l i n e  

A s t e r i s k s  denote boreholes t h a t  have been p r o j e c t e d  on 
V e r t i c a l  exaggera t i on  i s  
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Severa l  f r a c t u r e  zones w i t h i n  U n i t  C con ta ined  pet ro leum shows. 
T y p i c a l l y ,  f r a c t u r e s  were no ted  t h a t  were p a r t i a l l y  f i l l e d  w i t h  
r e s i d u a l  crude a i l .  However, i n  severa l  occurrences [e.g. a t  
62 m (204 f t )  i n  CH-1851, f r a c t u r e s  p a r t i a l l y  s a t u r a t e d  w i t h  v o l a t i l e ,  
f r e e  crude o i  1 were noted.  Most p e t r o l e u m - b e a r i n g  f r a c t u r e  zones were 
a l s o  assoc ia ted  w i t h  m ino r  n a t u r a l  gas shows. 

L i t t l e  i s  known about t h e  subsur face hyd ro logy  a t  t h e  quar ry .  The 
p o r o s i t y  and d e n s i t y  geophysicaf  l o g s  suggest t h a t  most o f  t h e  s t r a t a  
a r e  " t i g h t "  w i t h  low p o r o s i t y  and, by i n f e r e n c e ,  low p e r m e a b i l i t y .  A 
s i g n i f i c a n t  e x c e p t i o n  t o  t h i s  p a t t e r n  occurs i n  t h e  l i inestones o f  
U n i t s  D and E and more r a r e l y  i n  those  o f  U n i t  C. Severa l  anomalies 
a r e  noted on t h e  e l e c t r i c  logs f o r  l imestones of these u n i t s  t h a t  
suggest t h e r e  a r e  t h i n  ( t 0 . 3 - 1  m ) ,  r e l a t i v e l y  permeable, 
wa te r -bea r ing  zones o c c u r r i n g  w i t h i n  these u n i t s .  C o r r e l a t i o n  o f  t h e  
e l e c t r i c  log anomalies w i t h  d r i l l  co re  and w i t h  a c o u s t i c  l o g s  
demonstrates t h a t  t h e  e l e c t r i c  l og  anomalies a r e  u s u a l l y  assoc ia ted  
w i t h  f r a c t u r e d  zones (Haase and King, i n  p ress ) .  Wel ls  completed i n t o  
two f r a c t u r e  zones i d e n t i f i e d  f rom e l e c t r i c  l o g  anomalies (GW-187 and 
GW-224.) had wa te r  p r o d u c t i o n  o f  94 L/min (25 gpm) f rom a f r a c t u r e  zone 
a t  36 m (120 f t )  depth and >150 L/min (>48 gpm] f rom a f r a c t u r e  zone a t  
46 m (160 f t )  depth. Water from both zone5 had a d i s t i n c t  " s u l f u r ' '  
smel l .  E l e c t r i c  l o g s  o f  c o r e  h o l e  CH-I85 suggest t h a t ,  a t  depths below 
100 m (350 f t ) ,  a low r e s i s t i v i t y  f l u i d  occurs i n  t h e  w e l l  bore. U n t i l  
a sample can be ob ta ined  f o r  chemical  a n a l y s i s ,  a l l  t h a t  can be i n f e r r e d  
about  t h i s  f l u i d  i s  t h a t  i t  has ve ry  low r e s i s t i v i t y ,  much l e s s  than i s  
t y p i c a l  o f  " f r e s h "  wa te r  o c c u r r i n g  i n  t h e  s h a l l o w  subsurface. E l e c t r i c  
log p a t t e r n s  resemble those observed i n  deep, b r i n e - f l o o d e d  boreholes 
i n  Mel ton V a l l e y  near  QRNL (Haase, i n  p r e p a r a t i a n ) .  

4.6.3 D r i l l i n g  Summary 

I n i t i a l  p lans  f o r  groundwater and su r face  wa te r  m o n i t o r i n g  a t  t h e  
Rogers Q u a r r y  s i t e  were prepared by Geraghty and M i l l e r  (19854). T h e i r  
proposal  was focused p r i m a r i l y  on t h e  s u r f a c e  wa te r  system and on 
a n t i c i p a t e d  r e g u l a t o r y  requi rements.  The d r i l l i n g  program summarized 
i n  t h i s  document was d i r e c t e d  t o  o b t d i n i n y  a more complete 
c h a r a c t e r i z a t i o n  of  geohydro log ic  c c n d i t i o n s  a t  t h e  q u a r r y  s i t e .  The 
n i n e  boreholes completed a t  Rogers Cluarry a r e  i l l u s t r a t e d  i n  F i g .  11. 

Two co re  h o l e s ,  CH-185 and CH-189, were d r i l l e d  a t  t h e  s i t e  t o  
determine subsur face geology and t o  i d e n t i f y  d r i l l j n g  t a r g e t s  f o r  
groundwater i n v e s t i g a t i o n  w e l l s .  Core h o l e  CH-185 was c o l l a r e d  i n  
U n i t  E [0.3-38 m ( I  t o  123 f t ) ]  o f  t h e  Chickamauyd Graup and pene t ra ted  
a l l  o f  U n i t s  D [38-55 m (123-183 f t ) ] ,  C [55-115 m (183-379 f t ) ] ,  and B 
[115-207 m (379 t o  680 f t ) ] .  Core h o l e  CH-185 reached a t o t a l  depth o f  
257 m (841.7 f t )  i n  U n i t  A o f  t h e  Chickamauga Group. Core h o l e  CH-189 
was c o l l a r e d  i n  U n i t  B [O-82 m ( 0  t o  268 f t ) ]  o f  t h e  Chickamauga Groupt 
pene t ra ted  a l l  o f  U n i t  A [82-176 m (268-578)] ,  and reached t o t a l  depth 
o f  233 m (763 f t )  i n  t h e  Newala Forniat ion o f  t h e  Knox Group [176-233 m 
(578-763 f t ) ] .  F u r t h e r  d e t a i l s  o f  t h e  g e o l o g i c a l  and geophysica l  d a t a  
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F i g .  11. Topographic map o f  t h e  Rogers Q u a r r y  l o c a l i t y .  Loca t ions  o f  
groundwater i n v e s t i g a t i o n  w e l l s  a r e  i n d i c a t e d  by s o l i d  
c i r c l e s .  
wells. 

S o l i d  squares denote e x i s t i n g  groundwater m o n i t o r i n g  
Contour l i n e s  a r e  i n  f e e t  ( 1  f t  = 0.3048 m ) .  



f r om c o r e  ho les  CH-I85 and CH-189 and t h e i r  i n t e r p r e t a t i o n  w i l l  be 
presented elsewhere (Haase and King, .in p r e p a r a t i o n ) .  

Groundwater i n v e s t i g a t i o n  w e l l  G -1IJ4 i s  a screened w e l l  d r i l l e d  t o  a 
depth o f  40 in ( I 3 0  f t ) .  I t  i s  completed i n  i n te rbedded  maroon 
s i l t s t o n e s  and g ray  l imestones t h a t  occur  i n  t h e  lowermost p o r t i o n  o f  
U n i t  C o f  t h e  Chickamauga Group. These s t r a t a  form t h e  f o o t w a l l  o f  t h e  
q u a r r y  and a r e  exposed a long  t h e  extreme n o r t h e r n  p o r t i o n s  o f  t h e  
q u a r r y  p i t .  Topographic c o n s i d e r a t i o n s  suggest t h a t  yroundwater a t  t h e  
q u a r r y  should move f rom n o r t h  t o  south Because w e l l  GW-184 i s  open t o  
s t r a t a  o c c u r r i n g  a l o n g  t h e  n o r t h  edge o f  t h e  q u a r r y  p i t  and because i t  
has t h e  h i g h e s t  e l e v a t i o n ,  t h i s  we1I should serve as an up -g rad ien t ,  
background w e l l  f o r  t h e  q u a r r y  s i t e .  

Ne11 GW--188 i s  21 in (70 f t )  deep dnti i s  a screened w e l l  f i n i s h e d  i n t o  a 
prominent  zone o f  f r a c t u r e d  l imestones w i t h i n  U n i t  D o f  t h e  Chickamauga 
Group t h a t  had been i d e n t i f i e d  i n  CH-185. The w e l l  was p o s i t i o n e d  t o  
m o n i t o r  f o r  p o t e n t i d l  s t r i k e - p a r a l l e l  movement o f  contaminants away 
f rom t h e  q u a r r y  w i t h i n  t h i s  f r a c t u r e  system. 

The remain ing f i v e  w e l l s  a t  t h e  quar ry  s i t e  were grouped i n t o  two 
p iezometer  c l u s t e r s  t o  i n v e s t i g a t e  n o t  o n l y  s p e c i f i c ,  h y d r o l o g i c a l l y  
a c t i v e ,  subsur face zones b u t  t o  a l s o  i n v e s t i g a t e  t h e  v e r t i c a l  f l o w  
p o t e n t i a l  o f  t h e  yroundwater surrounding t h e  quar ry .  Wel ls  GW-187 and 
GM-224 a r e  screened w e l l s  t h a t  form a c l u s t e r  w i t h  an e x i s t i n g  w e l l ,  
No. 1081. Well  Mo. 1081 i s  12 m (38 f t )  deep and i s  screened i n  
unconso l i da ted  residuum and s a i l  developed on U n i t  E o f  t h e  Chickamauga 
Group. Wel ls  GW-224 and GW-187 a r e  d r i l l e d  t o  t o t a l  depths o f  38 and 
4 5  m, r e s p e c t i v e l y ,  and a r e  completed in prominent f r a c t u r e  zones 
w i t h i n  U n i t  E o f  t h e  Chickamauya Group t h a t  were i d e n t i f i e d  i n  c o r e  
h o l e  CH-185. 

Wel ls  GW--185, GW-186, and GW-189 fo rm a p iezometer  c l u s t e r  t o  
i n v e s t i g a t e  h y d r o l o g i c  t a r g e t s  w i t h i n  U n i t  C and t h e  upper p a r t  o f  
U n i t  8. Wel ls  GW-186 and GW-189 a r e  screened and were d r i l l e d  t o  t o t d l  
depths o f  52 and 64 m (171 and 210 f t ) ,  r e s p e c t i v e l y .  They a r e  
completed i n  prominent f r a c t u r e  zones w i t h i n  U n i t  C o f  t h e  Chickamauga 
Group t h a t  were i d e n t i f i e d  i n  co re  h o l e  CH-185. Wel l  GW-185 i s  an open 
w e l l  and was d r i l l e d  t o  a t o t a l  depth o f  144 m (471.5 f t ) .  It was 
completed to i n v e s t i g a t e  h y d r o l o g i c  t a r g e t s  w i t h i n  s t r a t a  o f  U n i t  B 
t h a t  u n d e r l i e  those i n v e s t i g a t e d  by w e l l  GW-184. 

4 . 7  Sludge Disposal  Bas in  

L.----.- 4 a 7 .1  Background 

l h e  Sludge Disposal  Bas in  i s  l oca ted  on t h e  n o r t h e r n  c r e s t  o f  Chestnut 
Ridge, app rox ima te l y  305 m (1000 f t )  due south o f  New Hope Pond 
( F i g .  1 ) .  The s i t e  has been used t o  d ispose o f  sediments and s ludge 
removed f rom p e r i o d i c  d redg ing  o f  New Hope Pond. A summary o f  
a n a l y t i c a l  r e s u l t s  and yroundwater q u a l i t y  da ta  f rom t h e  d i s p o s a l  s i t e  
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a r e  presented by Geraghty and M i l l e r  (1985b).  Two groundwater 
m o n i t o r i n g  wells, Nos.  1095 and 1096, had been i n s t a l l e d  p r e v i o u s l y  a t  
t h e  s i t e .  

4.7.2 S i t e  Geology 

l h e  Sludge Disposal  Basin i s  l o c a t e d  i n  s o i l  and residuum developed on 
t o p  o f  t h e  s t r a t i g r a p h i c a l l y  lowermost p o r t i o n  o f  t h e  Copper Ridge 
Dolomite,  which i s  t h e  basal  f o r m a t i o n  i n  t h e  Knox Group. A schematic 
cross s e c t i o n  o f  t h e  s i t e  i s  shown i n  F ig .  12 .  The s o i l  and residuum 
l o c a l l y  c o n t a i n  abundant c h e r t  and r u b b l e - r i c h  ho r i zons  t h a t  occu r  b o t h  
a t  t h e  t o p  o f  bedrock and d i spe rsed  i r r e g u l a r l y  throughout  t h e  s o i l  
column. Depth t o  bedrock a t  t h e  s i t e  ranges f rom 15 t o  27 m (50-90 f t ) .  

l h e  Copper Ridge Dolomi te a t  t h e  s i t e  c o n s i s t s  o f  t h i n l y  t o  t h i c k l y  
bedded, dark gray t o  b u f f  do los tones .  Oolostones range f rom massive 
bedded, w i t h o u t  s i g n i f i c a n t  bedding s t r u c t u r e ,  t o  hav ing f a i n t ,  p l a n a r  
l am ina t ions .  L o c a l l y ,  do lostones c o n t a i n  i n t e r v a l s  e x h i b i t i n g  wavy t o  
p l a n a r  c r y p t a l g a l  l a m i n a t i o n s .  Such i n t e r v a l s  a r e  t y p i c a l l y  
in terbedded w i t h  i n t r a f o r m a t i o n a l  b r e c c i a s  and m i c r i t e - r i c h  beds 
c o n t a i n i n g  d isseminated r i p - u p  c l a s t s .  
c h e r t  occur  throughout  t h e  p o r t i o n  o f  t h e  Copper Ridge Dolomi te 
pene t ra ted  by co re  h o l e  CH-157. 

I n t e r v a l s  o f  bedded t o  nodu la r  

I h e  Copper Ridge Dolomi te a t  t h e  Sludge Disposal  Basin has an u n i f o r m  
d i p  t o  t h e  southeast  o f  35 t o  45. 
f r a c t u r e s ,  w i t h  t h e  d e n s i t y  and l a t e r a l  c o n t i n u i t y  o f  such f e a t u r e s  
v a r y i n g  f rom bed t o  bed. Most f r a c t u r e s  appear t o  be f i l l e d  w i t h  
secondary c a l c i t e  m i n e r a l i z a t i o n  a l though  open f r a c t u r e s  occur  
throughout .  Th in [<0.3-6 in (4  t o  20 f t ) ]  c h e r t - r i c h  i n t e r v a l s  
t y p i c a l l y  have t h e  h i g h e s t  f r a c t u r e  d e n s i t y ,  f o l l o w e d  by t h i n  do los tone  
i n t e r v a l s .  L o c a l l y ,  many s t r a t i g r a p h i c  i n t e r v a l s  e x h i b i t  s o l u t i o n a l l y  
widened bedding, j o i n t ,  o r  f r a c t u r e  su r faces  a l though  no d i s c r e t e  
s o l u t i o n  c a v i t i e s  were noted. L o c a l l y ,  g e n e r a l l y  bedding p l a n e - p a r a l l e l  
f r a c t u r e s  a r e  concentrated i n t o  f r a c t u r e  zones f rom c0.3 t o  1 m 
(4  t o  3 f t ) ]  i n  t h i c k n e s s .  Numerous h i g h - a n g l e  f r a c t u r e s  a r e  a l s o  
noted throughout  t h e  s t r a t d  pene t ra ted  by co re  h o l e  CH-157. 

The s t r a t a  e x h i b i t  j o i n t s  and 

L i t t l e  i s  known about t h e  subsurface hyd ro logy  a t  t h e  Sludge Disposal  
Basin.  A v a i l a b l e  i n f o r m a t i o n  on sha l l ow  subsur face hyd ro logy  o f  t h e  
s i t e  has been summarized by Geraghty and M i l l e r  (1985b).  Groundwater 
f l o w  d i r e c t i o n s  i n  t h e  sha l l ow  subsurface [61 m (200 f t ) ]  have n o t  been 
determined but. a r e  p robab ly  g e n e r a l l y  c o n t r o l l e d  by a groundwater 
d i v i d e  t h a t  runs a long  t h e  c r e s t  o f  Chestnut Ridge i n  t h e  v i c i n i t y  o f  
t h e  s e c u r i t y  p i t s .  The l o c a t i o n  o f  t h e  groundwater d i v i d e  would 
i n f l u e n c e  a genera l  c o n t r o l  as t o  whether water  f rom t h e  s i t e  would 
f l o w  northward i n t o  t h e  Bear Creek watershed o r  southward toward 
watersheds i n  Bethel  V a l l e y .  Work by K e t e l l e  and Hu f f  (1984) elsewhere 
a long  Chestnut Ridge i n d i c a t e s  t h a t  j o i n t s ,  f r a c t u r e s ,  and s o l u t i a n a l  
f e a t u r e s  developed w i t h i n  t h e  upper bedrock e x e r t  s u b s t a n t i a l  l o c a l  
i n f l u e n c e  on groundwater f l o w  d i r e c t i o n s .  Ana lys i s  o f  j o i n t  and 
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F i g .  12. Schematic c ross  s e c t i o n  of Sludge Disposal  Basin l o c a l i t y .  
The l i n e  o f  s e c t i o n  i s  f rom n o r t h  t o  south,  a long  t h e  E 63750 
g r i d  l i n e .  A s t e r i s k s  denote boreholes t h a t  have been 
p r o j e c t e d  on t o  t h e  l i n e  of t h e  c ross  s e c t i o n .  V e r t i c a l  
exaggera t i on  i s  2X; 1 f t  =- 0.3048 m. 



34 

f r a c t u r e  p a t t e r n s  suggests t h a t  p r e f e r r e d  groundwater f l o w  d i r e c t i o n s  
w i t h i n  t h e  upper bedrock a r e  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  r i d g e  
c r e s t .  

For  t h e  g e n e r a l l y  unweathered bedrock i n  t h e  deeper subsurface [61 m 
(200 f t ) ] ,  p o r o s i t y  and d e n s i t y  geophysica l  l ogs  f o r  co re  h o l e  C H - 1 5 7  
suggest t h a t  most o f  t h e  s t r a t a  a r e  " t i g h t , "  w i t h  low p o r o s i t y  (0 t o  
5%) and, by i n f e r e n c e ,  low p e r m e a b i l i t y .  Several  anomalies noted on 
t h e  e l e c t r i c  l ogs  suggest t h e r e  a r e  t h i n  [<0.3-1 m (-4 t o  3 f t ) ] ,  
r e l a t i v e l y  permeable, water-bear ing zones o c c u r r i n g  throughout  t h e  
s e c t i o n .  C o r r e l a t i o n  o f  t h e  e l e c t r i c  l o g  anomalies w i t h  d r i l l  co re  and 
w i t h  a f r a c t u r e  d e n s i t y  l o g  prepared f rom examinat ion o f  t h e  d r i l l  co re  
demonstrates t h a t  t h e  e l e c t r i c  l o g  anoinal i e s  a r e  u s u a l l y  assoc ia ted  
w i t h  f r a c l u r e d  zones (Haase and King, i n  p ress ) .  The da ta  suggest t h a t  
wa te r  movement w i t h i n  t h e  deeper bedrock p robab ly  occurs p r i n c i p a l l y  
w i t h i n  f r a c t u r e s  and f r a c t u r e  systems. To understand t h e  h y d r o l o g i c  
behav io r  i n  t h e  v i c i n i t y  o f  t h e  Sludge Disposal  Basin one must 
understand t h e  spacing, d e n s i t y ,  and o r i e n t a t i o n s  o f  f r a c t u r e  systems, 

4.7.3 JrDr-1-1 i ng Summary 

I n i t i a l  p lans  f o r  m o n i t o r i n g  w e l l  i n s t a l l a t i o n  a t  t h e  Sludge Disposal  
Basin s i t e  were presented by Geraghty and i l l e r  (1985b). The o r i g i n a l  
w e l l  i n s t a l l a t i o n  p lans were mod i f i ed  d u r i n g  t h e  p resen t  d r i l l i n g  
program t o  more comp le te l y  address t h e  h y d r o l o g i c  issues d iscussed 
above. Locat ions o f  t h e  seven bo r ings  conducted a t  t h e  s i t e  a r e  
i l l u s t r a t e d  i n  F ig .  13. 

CH-157 i s  a 165-m-deep co re  h o l e  c o l l a r e d  i n  t h e  lower  p o r t i o n  o f  t h e  
Copper Ridge Dolomi te The co re  h o l e  p rov ided  da ta  f o r  a d e t d i l e d  map 
o f  t h e  s t r a t i g r a p h y  and s t r u c t u r a l  c h a r a c t e r  o f  t h e  s t r a t a  u n d e r l y i n g  
t h e  Sludge Disposal  Basin s i t e .  

Screened w e l l s  were i n s t d l l e d  a long  t h e  immediate p e r i m e t e r  of  t h e  s i t e  
and a t  some d i s t a n c e  f rom i t  t o  m o n i t o r  groundwater o c c u r r i n g  a t  t h e  
t o p  o f  t h e  wa te r  t a b l e ,  which t y p i c a l l y  corresponds t o  t h e  s o i l / b e d r o c k  
i n t e r f a c e .  Furthermore, a n a l y s i s  and comparison o f  h y d r o l o g i c  da ta  
f rom a l l  w e l l s  a t  t h e  s i t e  should p e r m i t  i d e n t i f i c a t i o n  o f  t h e  
groundwater d i v i d e  and r e s o l u t i o n  o f  i t s  s i g n i f i c a n c e  t o  groundwater 
f l o w  behav io r  a t  t h e  s i t e .  Dur ing t h e  i n s t a l l a t i o n  o f  t h e  su r face  
conductor  f o r  these w e l l s ,  zones o f  c a v i t y  f o r m a t i o n  and s o l u t i o n a l  
a l t e r a t i o n  were encountered w i t h i n  3 t o  7 . 5  m (10-25 f t )  o f  t h e  t o p  o f  
bedrock.  The v e r t i c a l  e x t e n t  o f  such c a v i t i e s  ranged f rom (0.3 t o  
1.5 m (1-5 f t ) .  I n  a l l  cases, t h e  su r face  conductor  was advanced 1 t o  
5 m p a s t  t h e  bottom o f  t h e  f i r s t  s i g n i f i c a n t  c a v i t y  encountered below 
t h e  t o p  o f  bedrock,  

Wel ls  GW-156 and GW-159 were i n s t a l l e d  t o  t h e  west and t o  t h e  e a s t  o f  
t h e  a c t i v e  and proposed b u r i a l  areas t o  m o n i t o r  p o s s i b l e  m i g r a t i o n  
a long  s t r i k e  o f  m a t e r i a l  f rom t h e  d i s p o s a l  area.  The w e l l s  a r e  bo th  
48 m deep and a r e  completed i n  t h e  uppermost weathered bedrock. 
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Fig. 13. Topographic map of the Sludge Disposal Basin locality. 
Locations o f  groundwater investigation wells are i n d i c a t e d  by 
solid circles. 
monitoring wells. 

Solid squares denote e x i s t i n g  groundwater 
Contour lines are i n  feet (1 f t  = 0.3048 m ) .  



These w e l l s ,  t o g e t h e r  w i t h  e x i s t i n g  w e l l  No. 1095, which i s  a l s o  
screened i n  t h e  i n t e r v a l  a t  t h e  t o p  o f  bedrock, a r e  n o r t h  o f  t h e  
d i s p o s a l  area and w i l l  serve t o  i n v e s t i g a t e  movement o f  m a t e r i a l  
p e r p e n d i c u l a r  t o  s t r i k e  northward f rom t h e  s i t e .  Comparison o f  
h y d r o l o g i c  da ta  f rom b o t h  groups o f  w e l l s  should a l s o  p e r m i t  
i d e n t i f i c a t i o n  o f  t h e  groundwater d i v i d e  a t  t h e  s i t e .  

Me11 GW-155 occupies t h e  h i g h e s t  topographic  l o c a t i o n  and should serve 
as an up-gradient ,  background w e l l  f o r  t h e  s i t e .  Th i s  w e l l  i s  54 m 
deep and i s  a l s a  completed i n  weathered bedrock immediate ly  below t h e  
t o p  o f  rock .  

Wel l  GW--.157, i n  c o n j u n c t i o n  w i t h  e x i s t i n g  w e l l  No. 1096, was p laced 
south o f  t h e  a c t i v e  s i t e  t o  m o n i t o r  p o t e n t i a l  movement o f  m a t e r i a l  away 
f rom t h e  s i t e  southward, i n  a d i r e c t i o n  p e r p e n d i c u l a r  t o  s t r i k e .  Wel l  
GW-157 i s  44 m deep and, l i k e  w e l l  No. 1096, i s  completed i n  weathered 
bedrock j u s t  below t h e  t o p  o f  rock.  

Wel ls  GW--158 and GW-241 form a piezometer c l u s t e r  t h a t  was p laced 
approx ima te l y  90 m south o f  t h e  s i t e .  Wel l  GW-211 i s  a 31-m-deep 
screened w e l l  completed a t  t h e  t o p  o f  bedrock.  Wel l  GW-158 i s  a 
134-m-deep open w e l l  completed i n  a f r a c t u r e d  i n t e r v a l .  These w e l l s  
w i l l  a l l o w  t h e  v e r t i c a l  component o f  groundwater f l o w  south o f  t h e  s i t e  
t o  be i n v e s t i g a t e d  and t h e  p o t e n t i a l ,  a l o n g - f r a c t u r e ,  downdip movement 
o f  m a t e r i a l  away f rom t h e  s i t e  t o  be moni tored.  

4.8 U n i t e d  Nuclear  S i t e  

4.8.1 Background 

l h e  Un i ted  Nuclear  S i t e  i s  l oca ted  on t h e  n o r t h e r n  c r e s t  o f  Chestnut 
Ridge, immediate ly  south o f  t h e  western end o f  t h e  Y-12 complex 
( F i g .  l ) ,  and i s  used t o  d ispose o f  waste f rom t h e  Rhode Is land-based 
company. M a t e r i a l s  disposed o f  a r e  l o w - l e v e l  r a d i o a c t i v e  wastes and 
contaminated equipment packaged i n  0.02-m3 ( 5 5 - g a l )  drums and i n  
boxes. A summary o f  s i t e  d i s p o s a l  a c t i v i t i e s  and groundwater chemis t r y  
i s  presented i n  Gerayhty and H i l l e r  (1985b). 

5.8.2 S i t e  Geology 

The Un i ted  Nuclear  S i t e  i s  l o c a t e d  i n  s o i l  and residuum developed on 
t o p  of  t h e  s t r a t i g r a p h i c a l l y  lowermost p o r t i o n  o f  t h e  Copper Ridge 
Dolomite,  which i s  t h e  basal  f o r m a t i o n  i n  t h e  Knox Group. The s o i l  and 
residuum l o c a l l y  c o n t a i n  abundant c h e r t  and r u b b l e - r i c h  ho r i zons  t h a t  
occur  bo th  a t  t h e  t o p  o f  bedrock and a r e  d i spe rsed  i r r e g u l a r l y  
throughout  t h e  s o i l  column. Depth t o  bedrock a t  t h e  s i t e  ranges frorn 
15 t o  27 III (50-90 f t ) .  

l h e  geohydro log ic  s e t t i n g  o f  t h e  Un i ted  Nuclear  S i t e  i s  ve ry  s i m i l a r  t o  
t h a t  d iscussed for t h e  Chestnut. Ridge S e c u r i t y  P i t  and t h e  Sludge 
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Disposal  Basin S i t e s .  A v a i l a b l e  ~ ~ f o ~ ~ a t i o n  on s i t e  hyd ro logy  has been 
summarized by Gerayhty and M i l l e r  (1983b).  Groundwater f l o w  d i r e c t i o n s  
have n o t  been determined b u t ,  as a t  t h e  o t h e r  s i t e s  mentioned, a r e  
p robab ly  y e n e r a l l y  c o n t r o l l e d  by a groundwater d i v i d e  t h a t  runs a long  
t h e  c r e s t  o f  Chestnut Ridye i n  t h e  v i c i n i t y  o f  t h e  s i t e .  The l o c a t i o n  
o f  t h e  groundwater d i v i d e  would i n f l u e n c e  a genera l  c o n t r o l  as t o  
whether wa te r  f rom t h e  s i t e  would f l o w  nor thward i n t o  t h e  Bear Creek 
watershed o r  southward toward watersheds i n  Be the l  Val l e y .  

4.8.3 D r i l l i n g  Summary 

The l o c a t i o n s  o f  t h e  t h r e e  b o r i n g s  completed a t  t h i s  s i t e  a r e  g i v e n  i n  
F i g .  14. A l l  b o r i n g s  a t  t h e  s i t e  a r e  screened w e l l s  f i n i s h e d  i n  t h e  
t o p  o f  bedrock.  The o b j e c t i v e  a f  tbese w e l l s  was t o  m o n i t o r  
groundwater o c c u r r i n g  a t  t h e  t o p  o f  t h e  wa te r  t a b l e ,  which t y p i c a l l y  
corresponds t o  t h e  s a i l / b e d r o c k  i n t e r f a c e .  Dur ing  t h e  i n s t a l l a t i o n  o f  
t h e  s u r f a c e  conductor  f o r  these w e l l s ,  zones OF c a v i t y  f o r m a t i o n  and 
s o l u t i o n a l  a l t e r a t i o n  were encountered w i t h i n  3 t o  7.6 m (10-25 f t )  o f  
t h e  t o p  o f  bedrock.  The v e r t i c a l  e x t e n t  o f  such c a v i t i e s  ranged froin 
0.3 t o  3 rn (1-10 f t ) .  I n  a l l  cases, t h e  s u r f a c e  conductor  was advanced 
0.3 t o  1.5 m ( 1 - 5  f t )  p a s t  t h e  bot tom o f  t h e  f i r s t  s i g n i f i c a n t  c a v i t y  
encountered below t h e  t o p  of bedrock.  

We l l s  GW-203, GW-205, and GW-221 were p laced  sou th  o f  t h e  a c t i v e  s i t e  
t o  m o n i t o r  p o t e n t i a l  movement o f  m a t e r i a l  away f r o m  t h e  s i t e  i n  a 
d i r e c t i o n  p e r p e n d i c u l a r  t o  s t r i k e .  The w e l l s  a r e  47.5 ,  50, and 48.1 m 
(156, 164,  and 158 f t )  deep, r e s p e c t i v e l y .  E x i s t i n g  w e l l s  a t  t h e  s i t e ,  
Nos.  1090 and 1091, a r e  also screened i n  t h e  i n t e r v a l  a t  t h e  t o p  o f  
bedrock.  Wel l  1090 i s  no r thwes t  o f  t h e  d i s p o s a l  area and serves t o  
i n v e s t i g a t e  movement o f  m a t e r i a l  p e r p e n d i c u l a r  t o  s t r i k e  nor thward f rom 
t h e  s i t e .  Wel l  1091 i s  e a s t  o f  t h e  s i t e  and serves t o  m o n i t o r  
p o t e n t i a l  contaminant movement p a r a l l e l  t o  s t r i k e .  Camparison o f  
h y d r o l o g i c  da ta  f rom a l l  w e l l s  should p e r m i t  i d e n t i f i c a t i o n  o f  t h e  
groundwater d i v i d e  and r e s o l u t i o n  of i t s  s i g n i f i c a n c e  t o  groundwater 
f l o w  a t  t h e  s i t e .  

4 . 9  USGS H y d r o s t a t i c  Head Wel ls  - Si te-1N 

4.9.1 Backsround 

S i t e  USGS-1N i s  l o c a t e d  on t h e  south s lope  o f  P ine Ridge, immediate ly  
n o r t h  o f  t h e  a c t i v e  p o r t i o n  o f  t h e  1'-12 B u r i a l s  Grounds i n  Bear Creek 
V a l l e y  ( F i g .  1 ) .  The w e l l s  d r i l l e d  a t  t h i s  s i t e  were c o n s t r u c t e d  i n  
c o o p e r a t i o n  w i t h  t h e  U.S. Geologica l  Survey. The w e l l s  w i l l  p r o v i d e  
i n f o r m a t i o n  on h y d r o s t a t i c  heads w i t h i n  t h e  l ower  Pumpkin V a l l e y  Shale 
and t h e  Rome f o r m a t i o n  t h a t  i s  requ;red t o  suppor t  USGS groundwater 
model ing e f f o r t s  f o r  Bear Creek Val 'ey. The w e l l s  w i l l  a l s o  become 
part.  of t h e  Y-12 w e l l  network and w ' l l  serve as u p - g r a d i e n t  and 
background w e l l s  f o r  n o r t h e r n  p o r t i o n s  o f  t h e  Bear Creek V a l l e y  B u r i a l  
Grounds 
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Fig. 14. Topographic map o f  the United Nuclear Disposal locality. 
Locations o f  groundwater investigation wells are indicated by 
solid circles. 
monitoring wells. 

Solid squares denote existing groundwater 
Contour lines are i n  feet (1 f t  = 8.3048 m ) .  
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4 . 9 . 2  S i t e  Geoloqy 

The s i t e  i s  l o c a t e d  on s o i l  and residuum developed on t h e  Pumpkin 
V a l l e y  Shale o f  t h e  Conasauya Group. Depth t o  s o l i d  bedrock a t  t h e  
s i t e  was approx ima te l y  3.5 m (12 f t ) .  The Pumpkin V a l l e y  s t r a t d  
i n t e r s e c t e d  c o n s i s t  o f  i n te rbedded  m3roon and yray-brown s i l t s t o n e s  and 
shales.  Rome Format ion s t r a t a  pene t ra ted  d u r i n g  t h e  d r i l l i n g  c o n s i s t  
o f  a massive 15- t o  23 -m- th i ck  (50- t o  7 5 - f t - t h i c k )  g ray  green 
sdndstone a t  t h e  t o p  o f  t h e  fo rma t ion ,  f o l l o w e d  by in terbedded maroon 
and g r a y  sandstones, s i l t s t o n e s ,  and shales o c c u r r i n g  i n  t h e  m idd le  
p o r t i o n s  o f  t h e  fo rma t ion .  S t r a t a  o f  t h e  lower  Rome Format ion were n o t  
pene t ra ted .  

-~ 4.9.3 D r i l l i n g  Summary 

Loca t ions  o f  t h e  t h r e e  w e l l s  i n s t a l l e d  a t  s i t e  USGS-IN d r e  i l l u s t r a t e d  
i n  F i g .  15. 7he w e l l s  f o rm a piezometer c l u s t e r  t o  i n v e s t i g a t e  t h e  
v e r t i c d l  f l o w  o f  groundwater a t  t h i s  l o c a l i t y .  Wel l  GW-162, w i t h  a 
t o t a l  depth o f  38 m (125 f t ) ,  i s  completed i n  in terbedded s i l t s t o n e s  
and shales o f  t h e  l ower  member o f  t h e  Pumpkin V a l l e y  Shale. Wel l  
GW-163 has a t o t a l  depth o f  69 m ( 2 2 5  f t )  and i s  completed i n  a 
massive, y r a y - g r e e n  sandstone a t  t h e  t o p  o f  t h e  Rome Format ion. Th is  
w e l l  produced wa te r  a t  t h e  r a t e  o f  app rox ima te l y  3.7 t o  7.6 L/min (1 t o  
2 gpm) d u r i n g  d r i l l i n g .  It i s  c u r r e n t l y  a r t e s i a n  w i t h  a f l o w  r a t e  of  
app rox ima te l y  1.9 U r n i n  (0.5 ypm). bnlell W-164 has a t o t d l  depth o f  
123 m (405 f t )  and i s  completed i n  in terbedded sandstones, s i l t s t o n e s ,  
and shales o f  t h e  m idd le  p o r t i o n  o f  t h e  Rome Format ion. The w e l l  
produced approx ima te l y  3.7 t o  7.6 L/min (1 -2  ypm) o f  wa te r  d u r i n g  
d r i l l i n g  o f  t h e  upper 113 -m-deep (370 - f t -deep)  s e c t i o n .  A f t e r  t h i s  
i n t e r v a l  was cased o f f ,  l i t t l e  wa te r  was produced d u r i n g  t h e  d r i l l i n g  o f  
t h e  open h o l e  p o r t i o n  u n t i l  a depth o f  app rox ima te l y  122 m (400 f t )  was 
reached. A t  t h a t  depth a f r a c t u r e d  i n t e r v a l  was encountered and t h e  
w e l l  began t o  produce approx ima te l y  3.7 L/min o f  water .  The w e l l  i s  
c u r r e n t l y  a r t e s i a n ,  w i t h  a f l o w  r a t e  est imated a t  4 . 9  L/min (c0.5 gpm). 

4.10 USGS H y d r o s t a t i c  Head Wells - S i t e - I S  

~ . _ -  4.10.1 Background 

S i t e  USGS-1s i s  l o c a t e d  on t h e  s lope  o f  Chestnut Ridge, s l i g h t l y  n o r t h  
o f  t h e  n o r t h e r n  c r e s t  o f  t h a t  r i d g e  ( F i g .  1 ) .  The s i t e  i s  immediate ly  
south o f  t h e  a c t i v e  p o r t i o n  o f  t h e  Y - I 2  Burial  Grounds i n  Bear Creek 
V a l l e y  ( F i g .  1 ) .  'The w e l l s  d r i l l e d  a t  t h i s  s i t e  were c o n s t r u c t e d  i n  
coopera t i on  w i t h  t h e  U.S. Geo log ica l  Survey. The w e l l s  w i l l  p r o v i d e  
da ta  on h y d r o s t a t i c  heads w i t h i n  t h e  lower  Copper Ridge Dolomi te t h a t  
a r e  r e q u i r e d  t o  suppor t  USGS groundwater model ing e f f o r t s  f o r  Bear 
Creek V a l l e y .  The w e l l s  w i l l  a l s o  become p a r t  o f  t h e  Y-12 w e l l  network 
and w i l l  serve as up -g rad ien t  w e l l s  f o r  t h e  southern p o r t i o n s  o f  t h e  
Bear Creek V a l l e y  B u r i a l  Grounds. 
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F i g .  15. Topographic map of the USGS-IN locality. Locations o f  
groundwater investigation wells are indicated by solid 
circles. 
wells. Contour lines are in feet (1  ft = 0.3048 in). 

Solid squares denote existing groundwater monitoring 
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4 .10 .2  S i t e  Geology 

. She b o r i n g s  a t  t h i s  ' l o c a l i t y  a r e  l o c a t e d  i n  s o i l  and residuum developed 
on t h e  Copper Ridge Dolomi te.  Depth t o  bedrock a t  t h e  s i t e  ranges f r 0 m  
1 2  t o  23 in (40 t o  7 5  f t ) .  
s i m i l a r  t o  those d iscussed f o r  t h e  Sludge Disposal  Basin,  t h e  Chestnut 
Ridge S e c u r i t y  P i t ,  and t h e  U n i t e d  Nuclear  s i t e s .  

S i t e  geohydro log i ca l  c o n d i t i o n s  a r e  g e n e r a l l y  

4.10.3 D r i l l i n g  Summary 

Loca t ions  o f  t h e  two b o r i n g s  i n s t a l l e d  a t  t h i s  s i t e  a r e  i l l u s t r a t e d  i n  
F i g .  1 6 .  The w e l l s  were i n s t d l l e d  t o  fo rm a p iezometer  c l u s t e r  that 
i n v e s t i g a t e s  t h e  v e r t i c a l  component o f  groundwater movement a t  t h e  s i t e  
and two o f  seve ra l  s i g n i f i c a n t  f r a c t u r e  and cave i n t e r v a l s  encountered 
a t  depths below 61 m (200 f t ) .  Wel l  GW-165 i s  d r i l l e d  t o  d t o t a l  depth 
o f  100 m (325 f t )  and i s  completed i n  a ma jo r  cave and f r a c t u r e  zone. 
l h e  w e l l  produced ove r  318 L/min o f  s l i g h t l y  t u r b i d  water  d u r i n g  
development. Wel l  GW-766 has a t o t a l  depth o f  1 7 7  m (385 f t )  and i s  
cornpleted i n  a l - -m- long ( 3 - f t - l o n g )  m u d - f i l l e d  cave o r  f r a c t u r e d  zone. 
Dur ing  development, t h i s  w e l l  produced i n  excess o f  1440 L/min 
(300 gpm) o f  v e r y  muddy wa te r .  

Geo log ica l  and geophysica l  d a t d  ob ta ined  f rom t h e  c o r e  h o l e s  and deep 
groundwater i n v e s t i g a t i o n  w e l l s  i n s t a l l e d  d u r i n g  t h i s  d r i l l i n g  program 
p r o v i d e  i n f o r m a t i o n  e s s e n t i a l  t o  t h e  documentdt ion o f  s i t e  geology a t  
each l o c a l i t y .  Such i n f o r n i a t i o n ,  combined w i t h  h y d r o l o g i c  da ta  f rom 
t h e  groundwater i n v e s t i g a t i o n  w e l l s ,  w i l l  a l l o w  t h e  h y d r o l o g i c  behav io r  
o f  each s i t e  t o  be i n t e r p r e t e d  i n  a comprehensive g e o l o g i c a l  framework. 
Because o f  t h e  s t r o n g  c o n t r o l  t h a t  c i t e  geology e x e r t s  on groundwater 
flow i n  t h e  Oak Ridge v i c i n i t y ,  such an understanding i s  e s s e n t i a l  t o  
t h e  des ign o f  an e f f e c t i v e  contdminant m o n i t o r i n g  program. The 
boreholes i n s t d l l e d  i n  t h i s  d r i l l i n g  p r o j e c t  rep resen t  t h e  f i r s t  
s tep  i n  such a m o n i t o r i n g  e f f o r t .  

A l though t h e  w e l l s  i n s t a l l e d  were dpsigned and l o c a t e d  w i t h  groundwater 
c h a r d c t e r i z a t i o n  as t h e  pr'lmdry o b j e c t i v e ,  t h e y  a l s o  p r o v i d e  an i n i t i d 1  
m o n i t o r i n g  c a p a b i l i t y  around t h e  s i t e s .  I n  p a r t i c u l a r ,  c o n s t r u c t i o n  
techniques were used t h a t  should p e r m i t  use o f  t h e  groundwater 
i n v e s t i g a t i o n  w e l l s  i n  a comprehensive contaminant m o n i t o r i n g  network.  
Any d e c i s i o n  p e r t a i n i n g  t o  t h e  a p p l i c a b i l i t y  o f  t h e  w e l l s  d iscussed i n  
t h i s  r e p o r t  t o  such a m o n i t o r i n g  e f f o r t  must a w a i t  e v a l u a t i o n  o f  da ta  
ob ta ined  f rom them d u r i n g  t h e  i n i t i a l  y e a r ( s )  o f  t h e i r  o p e r a t i o n .  
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F i g ,  16. Topographic map of  t h e  USGS-1s l o c a l i t y .  Locat ions o f  
groundwater i n v e s t i g a t i o n  w e l l s  a r e  i n d i c a t e d  by s o l i d  
c i r c l e s .  
w e l l s .  

S o l i d  squares denote e x i s t i n g  groundwater m o n i t o r i n g  
Contour l i n e s  a r e  i n  f e e t  ( 1  f t  = 0.3048 m). 
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