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ABSTRACT 

Ground water i s  a n  abundan t  and l i t t l e - u s e d  r e s o u r c e  i n  t h e  

T e n n e s s e e  Region,  a 41,000 s q u a r e  m i l e  area dominated  by  t h e  

Tennessee  R i v e r  s y s t e m  and i n c l u d i n g  p a r t s  of Alabama, Georg ia ,  

Kentucky,  M i s s i s s i p p i ,  N o r t h  C a r o l i n a ,  Tennessee ,  and  V i r g i n i a .  

O n e - f i f t h  t o  o n e - q u a r t e r  of  t h e  p r e c i p i t a t i o n  t h a t  f a l l s  on t h e  

r e g i o n  e n t e r s  t h e  ground-water  reservoirs .  

i m a t e l y  t h e  same amount of water leaves t h e  ground-water  s y s t e m ,  

s u s t a i n i n g  t h e  dry-weather  f l o w  o f  streams. 

i s  a b o u t  22,000 million g a l l o n s  per day  o r  0.5 m i l l i o n  g a l l o n s  p e r  

d a y  p e r  s q u a r e  m i l e .  

Dur ing  t h e  y e a r  approx-  

Recha rge  f o r  t h e  r e g i o n  

The ma jo r  t y p e s  o f  a q u i f e r s  i n  t h e  r e g i o n  are u n c o n s o l i d a t e d  

mater ia l  ( i n c l u d i n g  s a n d  and r e g o l i t h ) ,  c a r b o n a t e  r o c k s ,  and f r a c t u r e d  

n o n c a r b o n a t e  r o c k s .  One o r  more of  t h e s e  a q u i f e r  t y p e s  o c c u r s  i n  e a c h  

o f  t h e  six p h y s i o g r a p h i c  s u b d i v i s i o n s  of t h e  r e g i o n .  The p r o d u c t i v i t y  

of t h e s e  a q u i f e r s  depends  on t h e i r  h y d r a u l i c  p r o p e r t i e s  and on  t h e  

d i s t r i b u t i o n  o f  t h e s e  p r o p e r t i e s .  The u n c o n s o l i d a t e d  sand  a q u i f e r s  a r e  

t h e  most  homogeneous i n  c o m p o s i t i o n  arid most  p r e d i c t a b l e  i n  o c c u r r e n c e .  

T h e s e  a q u i f e r s  commonly y i e l d  as much as 200 t o  600 g a l l o n s  

p e r  m i n u t e  p e r  w e l l  depend ing  on t h e  t h i c k n e s s  of sand  p e n e t r a t e d .  
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The most  d i f f i c u l t  a q u i f e r s  t o  p r e d i c t  i n  r e g a r d  t o  d e p t h  and  y i e l d  

a re  t h e  c a r b o n a t e  r o c k s .  

h o l e s  w i t h i n  a few hundred  f e e t  of wells c a p a b l e  o f  p r o d u c i n g  s e v e r a l  

t housand  g a l l o n s  p e r  m i n u t e .  

s t u d y  t o  d e t e r m i n e  t h e  o c c u r r e n c e  of  ground water and  a p l anned  t es t  

d r i l l i n g  program,  y i e l d s  of 300 g a l l o n s  p e r  m i n u t e  p e r  w e l l  c a n  b e  e x p e c t e d  

i n  t h e  c a r b o n a t e  a q u i f e r s .  

a q u i f e r s  are  l o w e r  t h a n  i n  t h e  c a r b o n a t e  r o c k s .  

I n  t h e s e  a q u i f e r s  i t  i s  p o s s i b l e  t o  d r i l l  d r y  

However, w i t h  a n  a d e q u a t e  r e c o n n a i s s a n c e  

P o t e n t i a l  y i e l d s  f rom t h e  f r a c t u r e d  n o n c a r b o n a t e  

The c h e m i c a l  a n d  p h y s i c a l  p r o p e r t i e s  of ground water i n s t h e  T e n n e s s e e  

Region a re  e i u a l l y  w i t h i n  t h e  l i m i t s  recommended by t h e  Env i ronmen ta l  

P r o t e c t i o n  Agency f o r  d r i n k i n g  water, and  t h e  ground water i n  all b u t  some 

v e r y  s h a l l o w  a q u i f e r s  t e n d s  t o  be f r e e  o f  p a t h o g e n i c  mic roorgan i sms .  

S a l i n e  water i s  n o t  known t o  o c c u r  i n  s i g n i f i c a n t  q u a n t i t i e s  i n  t h e  r e g i o n .  

In 1970 ,  173 m i l l i o n  g a l l o n s  p e r  d a y  o f  ground water were used  

t h e  T e n n e s s e e  Region.  

t i t y  o f  water used  i n  t h e  r e g i o n  and  o n l y  0.8  p e r c e n t  o f  t h e  e s t i m a t e d  

ground-water  r e c h a r g e .  

water s u p p l y  f o r  r u r a l  areas and small  towns .  

i n d u s t r i e s  and commerc ia l  e s t a b l i s h m e n t s  l o c a t e d  beyond t h e  l i m i t s  o f  

i n  

T h i s  was less  t h a n  e i g h t  p e r c e n t  o f  t h e  t o t a l  quan- 

Ground water i s  used  c h i e f l y  as  a s o u r c e  o f  

A lesser  amount i s  used  by 

m u n i c i p a l  w a t e r - s u p p l y  s y s t e m s .  However, t h e r e  i s  p o t e n t i a l  f q r  s i g n i -  

f i c a n t l y  i n c r e a s e d  u s e  i n  o r d e r  t o  augment s u r f a c e - w a t e r  supplies and 

t o  u t i l i z e  t h e  t o t a l  water r e s o u r c e  more e f f i c i e n t l y .  



. , .  

H y d r o l o g i c  s t u d i e s  and a d e q u a t e  t e s t  d r i l l i n g  would g r e a t l y  i n -  . 

crease t h e  chances  of l o c a t i n g  l a r g e  amounts  o f  ground water,  espe-  

c i a l l y  i n  t h e  n i n e - t e n t h s  of  t h e  Tennessee  Region  t h a t  i s  u n d e r l a i n  

by e i t h e r  c a r b o n a t e  r o c k s  o r  f r a c t u r e d  n o n c a r b o n a t e  r o c k s  which h a v e  

h i g h l y  v a r i a b l e  w a t e r - b e a r i n g  p r o p e r t i e s .  

are  u s e f u l  i n  d e v e l o p i n g  a c o n c e p t  o f  t h e  h y d r o l o g i c  s y s t e m  which  would 

p e r m i t  t h e  deve lopment  of c r i t e r i a  f o r  s e l e c t i n g  w e l l  s i tes  i n  o t h e r  

areas w i t h  a similar g e o l o g i c a l  and h y d r o l o g i c a l  s e t t i n g .  

s t u d i e s  t h a t  i n c l u d e  t e s t  d r i l l i n g  h a v e  been  u n d e r t a k e n  i n  a l l  p a r t s  of 

t h e  r e g i o n  e x c e p t  t h e  Cumberland P l a t e a u .  

C o l l e c t i v e l y ,  s u c h  s t u d i e s  

H y d r o l o g i c  

Some of t h e  b a s i c  d a t a  n e c e s s a r y  € o r  h y d r o l o g i c  s t u d i e s ,  s u c h  as 

g e o l o g i c  maps, w e l l  r e c o r d s ,  and s t r e a m f l o w  r e c o r d s  a r e  ava i l ab le  

t h r o u g h o u t  t h e  r e g i o n .  However, d e t a i l e d  i n f o r m a t i o n  on ground-water  

l eve l s ,  ground-water  q u a l i t y  and a q u i f e r  c h a r a c t e r i s t i c s  a r e  n o t  

e q u a l l y  a v a i l a b l e  t h r o u g h o u t  t h e  region. T h i s  t y p e  of i n f o r m a t i o n  

c a n n o t  b e  o b t a i n e d  q u i c k l y  when  i t  is nceded;  i t  must  b e  t h e  p r o d u c t  

of  a c o n t i n u i n g  program t o  e v a l u a t e  t h e  'Tennessee Region '  Y ground-  

water r e s o u r c e .  

Because  of  t h e  interdepcriticnc.C o f  s r o u n d  watcr and s u r f J c c  warer. 

water, management c € f n r t s  C ~ I K  b e  f u l l y  e i i e c r i v e  on1.y i f  t h e y  i n v o l v e  . 
t h e  whole  water r e s o u r c e .  

h i g h l y  c o n t r o l l e d ,  b u t  t iwrc is  .It prt?sent no r e g i o n w i d c  wLiit2r--Tesorirces 

I n  tile 'Icnncsscc i tcg ion ,  surf.1ce water i s  

management p l a n  t h a t  i n c l u d e s  ground w a t e r .  
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INTRODUCTION 

The s i g n i f i c a n c e  o f  ground water as a r e s o u r c e  i s  o f t e n  n o t  f u l l y  

r e c o g n i z e d  i n  areas where s u r f a c e  water i s  abundan t .  

h i d d e n  from view, and  r e q u i r e s  s p e c i a l  t e c h n i q u e s  t o  d e f i n e  i t s  occur -  

r e n c e  and  a v a i l a b i l i t y .  

a f f e c t i n g  development  o f  water r e s o u r c e s  do  n o t  a lways  have  a d e q u a t e  

i n f o r m a t i o n  w i t h  which  t o  e v a l u a t e  g round  water as an a l t e rna te  o r  

s u p p l e m e n t a l  s o u r c e  o f  water. 

Ground water is  

P l a n n e r s  and  water managers  who make d e c i s i o n s  

I n  o r d e r  t o  d e m o n s t r a t e  t h a t  t h e  N a t i o n ' s  ground water i s  a l a r g e  

and i m p o r t a n t  r e s o u r c e ,  t h e  U.S. G e o l o g i c a l  Survey  h a s  u n d e r t a k e n  a 

b r o a d - p e r s p e c t i v e  a p p r a i s a l  of t h e  g round-wa t s r  r e s o u r c e s  i n  e a c h  of 

t h e  twenty-one r s g i o n s  i n t o  which  t h e  Un i t ed  States  h a s  been  d i v i d e d  

by t h e  I Ja t z r  Resources  Counc i l  ( f i g .  1). The p u r p o s e  of t h e s e  r e g i o n a l  

a p p r a i s a l s  i s  t o  show t h a t  i n  many p a r t s  of  t h e  N a t i o n  ground water can 

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

f u r t h e r  s t u d y  and  c o n s i d e  

The Tennessee  Region 

a n  a rea  o f  $1,000 m i '  which l i e s  m n i r i l y  i n  Tennessee, Alabama  and 

Nor th  C a r o l i n a  b u t  i r i c l u d  

and X i s s i s s i p p i .  T h i s  d i  

p r o v i n c e s  e'ich tiLivirlq d i s t i n c t i v e  tdpogrL1phy .ind seo logy  ( f i g .  2 ) .  

11 iidrts ef L ' i r g i n i J ,  Georgia,  Kentucky 
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F i g u r e  1.--Water Resources  Counc i l  r e g i o n s  of t h e  United S t a t e s .  
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/ 

F i g u r e  2.  - -Physiographic  s u b d i v i s i o n s  of t h e  Tennessee Region (modif ied 'from 

Hunt,  1967; Mil ler ,  1974; Adams and o t h e r s ,  1926; B u t t s ,  1933; 

and LaForge and o t h e r s ,  1925). 



The Tennessee River system has played a major r o l e  i n  t h e  r eg ion ' s  

development. H i s t o r i c a l l y ,  severe f lood ing  along t h e  Tennessee River 

hindered i n d u s t r i a l i z a t i o n  of t h e  reg ion .  

i t y ,  c r e a t e d  by Congress i n  1933 as a r e g i o n a l  r e source  development 

agency, ve ry  e a r l y  began t o  cons t ruc t  dams a long  t h e  Tennessee t o  c o n t r o l  

f l ood ing ,  promote nav iga t ion  and produce electric power. 

of t h e  river w a s  followed by i n d u s t r i a l i z a t i o n ,  popula t ion  growth, and 

a h ighe r  s tandard  of l i v i n g .  

The Tenneases Val ley Author- 

The harness ing  

The f low of t h e  Tennessee River and its t r i b u t a r i e s ,  however, is 

only a small p a r t  of the r e g i o n ' s  water resources .  

record  10 .3  m i l l i o n  acre-f t  o f  useable  water w a s  s t o r e d  i n  t h e  Tennessee 

River's r e s e r v o i r  system (TVA, 1973). This  i s  450 b i l l i o n  f t 3  of water. 

M. I. Kaufman ( w r i t t e n  comm. 1975) es t imated  t h a t  25,800 b i l l i o n  f t 3  of 

ground water w a s  a v a i l a b l e  from s t o r a g e  i n  t h e  Tennessee Region. While 

h i s  f i g u r e  i s  d i f f i c u l t  t o  v e r i f y ,  i t  i s  i n d i c a t i v e  of t h e  magnitude of 

d i f f e r e n c e  between ground-water and surface-water  s t o r a g e  even f o r  a 

fu l ly - r egu la t ed  river system. In many areas where s u r f a c e  water is  n o t  

a v a i l a b l e ,  l a r g e  q u a n t i t i e s  of ground w a t e r  are a v a i l a b l e  f o r  develop- 

ment. 

Region, but  because of i nc reas ing  p res su re  t o  u t i l i z e  a l l  r e sources  i n  

t h e  mst e f f i c i e n t  and product ive  manner, ground water is now being 

recognized as an  i n t e g r a l  p a r t  of t h e  r e g i o n ' s  water resources .  

I n  J u l y  of 1973, a 

Ground w a t e r  has been a neglec ted  r e source  i n  t h e  Tennessee 
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I R A I N F A L L  Ib 1 

DISCHARGE - LOW ' F L O ~  
1 4  A )  

TYPICAL WATER BUDGET 

I n c h e s  

F i g u r e  4 . - -Hydrologic  c y c l e  and water budge t  f o r  a t y p i c a l  stream i n  

t h e  T e n n e s s e e  Region based  on  a v e r a g e  of v a l u e s  f o r  six 

d r a i n a g e  b a s i n s .  ( H y d r o l o g i c  c y c l e  from B u r c h e t t ,  1977 ) .  

-9- 



Fig1 re 5.--Ground water l e v e l s  a f f e c t  s t r e a m f l o w .  I n  th,; l i m e s t o n e  

a q u i f e r ,  t y p i c a l  o f  t h e  C e n t r a l  B a s i n ,  r e c h a r g e  i s  s t o r e d  

t e m p o r a r i l y  above  stream level .  When t h e r e  i s  a g r a d i e n t  

toward  t h e  stream, ground water i s  d i scha l tged  t o  t h e  

stream, s u s t a i n i n g  i t s  f low.  A s  s o l u t i o n  o p e n i n g s  are  

d r a i n e d ,  t h e  water t a b l e  becomes almost f l a t  a t  o r  be low 

t h e  stream level  and s t r e a m f l o w  ceases. 

-10- 
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- 
The e f f e c t  t h a t  water-level f l u c t u a t i o n  h a s  on s t reamflow i n  areas --- . 

u n d e r l a i n  by a l i m e s t o n e  a q u i f e r  w i t h  a t h i n  s o i l  cover  is  shown i n  

f i g u r e  5 .  Ground water i n  t h e s e  areas i s  d i s c h a r g e d  r a p i d l y  d u r i n g  

Lu p e r i o d s  of l i t t l e  o r  no r a i n f a l l ,  c a u s i n g  a d e c l i n e  i n  ground-water 

leve 1s i n  t t  ie a q u i f e r  which r e s u l t s  i n  t h e  d e p l e t i o n  of s t reamflow.  - 

S t r e a m s  t h a t  c u t  d e e p l y  i n t o  t h i c k ,  u n c o n s o l i d a t e d  a q u i f e r s  have ~ U S -  

t a i n e d  stream f l o w  even through l o n g  p e r i o d s  of dry weather because of 

t h e  slow release of ground water from t h e s e  a q u i f e r s .  I n  most a q u i f e r s ,  

t h e  rep len ishment  of ground water a t  t i m e s  exceeds t h e  o u t f l o w  o r  vice 

versa, b u t  over  a l o n g  p e r i o d  t h e  r e c h a r g e  and d i s c h a r g e  are  about  

equal, so t h a t  ground-water d i s c h a r g e  in a normal y e a r  can b e  approx- 

imately equated  w i t h  t h e  average  a n n u a l  b a s e  f low of streams. i 

-11- 



The amount of ground-water r e c h a r g e  i n  t h e  Tennessee Region was 

e s t i m a t e d  u s i n g  hydrographs of s t reamflow a t  s i x  gaging  s t a t i o n s  d u r i n g  

t h e  1968 water y e a r ,  a y e a r  of n e a r l y  a v e r a g e  s t reamflow a c r o s s  t h e  r e g i o n .  

Hydrograph s e p a r a t i o n s  were made t o  o b t a i n  maximum and minimum e s t i m a t e s  

of b a s e  f l o w  ( f i g .  6 ) .  The v a l u e s  o b t a i n e d  ranged from 5 t o  16 i n f y r  or 

13 t o  33 p e r c e n t  of t h e  y e a r ' s  p r e c i p i t a t i o n  ( f i g .  

a v e r a g e  r a t e  of  r e c h a r g e  f o r  t h e  r e g i o n  as a whole i s  about  10 t o  13 in /Yr  O r  

19 t o  25 p e r c e n t  of t h e  p r e c i p i t a t i o n .  

o r  22,000 Mgal/d f o r  the e n t i r e  r e g i o n .  

4 is  a n  a v e r a g e  f o r  t h e  r e g i o n .  

water budget  s t u d i e s  i n  t h e  Pomperaug River  b a s i n  i n  C o n n e c t i c u t ,  a b a s i n  

u n d e r l a i n  by f r a c t u r e d  c r y s t a l l i n e  rocks  and t h i n  g l a c i a l  d r i f t  (Meinzer 

and S t e a r n s ,  1929)  and Beaverdarn Creek b a s i n  i n  Maryland, u n d e r l a i n  by 

7 ) .  The e s t i m a t e d  

T h i s  i s  about  0.5 (Mgal/d)/mi2 
e 

The water  budget  shown i n  f i g u r e  

The numbers a g r e e  w i t h  p r e v i o u s  

c o a s t a l  p l a i n  d e p o s i t s  (Rasrnussen and Andreasen, 1957, t a b l e  1). S i n c e  

t h e  h y d r o l o g i c  p r o p e r t i e s  of t h e  a q u i f e r s  i n  t h e  Tennessee Reqion are 

i n t e r m e d i a t e  between t h o s e  o f  t h e  o t h e r  two b a s i n s ,  i t  i s  r e a s o n a b l e  t h a t  

t h e  w a t e r  budget  f i g u r e s  f o r  t h e  Tennessee Region 

t h o s e  of t h e  o t h e r  two s t u d i e s .  Average r e c h a r g e  f i g u r e s  can s e r v e  o n l y  

as  a rough g u i d e  t o  t h e  amoiints o f  ground water available Tor withdrawal  

because they  d e s c r i b e  o n l y  t h e  annual  miount of  water p a s s i n g  through t h e  

s y s t e m ,  o n l y  p a r t  of which i s  a v a i l a b l e  t o  w e l l s .  

as a whole f a l l  between 

- 12- 
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F i g u r e  6.--Baseflow of  B u f f a l o  River  n e a r  L o b e l v i l l e  d u r i n g  t h e  1968 water y e a r ,  a y e a r  of  a v e r a g e  s t reamflow.  
A f t e r  about  6 d a y s  ove r l and  runof f  h a s  l e f t  t h e  b a s i n  and f l o w  i s  s u p p l i e d  from t h e  ground-water 
r e s e r v o i r .  
f o r  1968 water y e a r .  
each  peak were p r o j e c t e d  back t o  t h e  day of  t h e  peak.  
t o  t h e  p o i n t  where t h e  stream began t o  r ise .  

Maximum and minimum ground-water c o n t r i b i i t i o n  t o  s t r eamf low was determined g r a p h i c a l l y  
For t h e  maximum ground w a t e r  o u t f l o w ,  t h e  r e c e s s i o n  c u r v e s  from 6 days  a f t e r  

An a r b i t r a r y  l i n e  was then  drawn from t h e  peak 
For t h e  minimum, each r e c e s s i o n  c u r v e  was extended t o  

by a s t r a i g h t  l i n e  t o  t h e  p o i n t  6 days a f t e r  t h a t  peak.  
i bed  by Busby and Armentrout (1965) and Moore, B u r c h e t t  

and Bingham (1969) .  
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RECHARGE AS PERCENT OF 1968 RAINFALL 
IN EACH DRAINAGE BASIN 

F i g u r e  7.--Ground-water r echa rge  ( n o t  i n c l u d i n g  ground-water  evapo- 

t r a n s p i r a t i o n )  i n  1968 i n  s i x  d r a i n a g e  b a s i n s  i n  t h e  

Tennessee r e g i o n ,  and r e c h a r g e  f o r  t h e  r e g i o n .  'This 

v a l u e  is the  ave rage  of  t h e  maximum and minimum v a l u e s  

f o r  t he  s i x  b a s i n s .  
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T a b l e  1.--Coniparison of water bl d e t  of  a y p i c a l  s t r eam 
i n  t h e  Tennessee  Region w i t h  water budge t s  f o r  Pomperaug 

R i v e r  and Beaverdam Creek b a s i n s .  

p e r c e n t  of p r e c i p i t a t i o n .  

Va lues  a r e  g iven  a s  

Pomperaug Beaver d am 
Bas i n  Creek  Bas in  

&. 

Tennessee  
Region 

Evapo t r a n s p i r s  t i o n  52 .2  60 .7  5 7 . 2  

T o t a l  r u n o f f  
( s t r eamf low)  

Ground w a t e r  
1 r u n o f f  ( b a s e  

46 .4  

1 9 . 6  

36 .1  

25 .9  

4 2 . 8  

f low)  

Change i n  s t o r a g e  1 . 4  2 . 1  Not c a l c u l a t e d  
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Flow-duration c u r v e s  of streams are ,  i n  p a r t ,  i n d i c a t o r s  of  t h e  

w a t e r - s t o r i n g  p r o p e r t i e s  of a q u i f e r s .  A f low-dura t ion  c u r v e  i s  con- 

s t r u c t e d  by p l o t t i n g  s p e c i f i e d  s t r eamf lows  a g a i n s t  t h e  p e r c e n t a g e  of 

t i m e  t hey  a re  e q u a l l e d  o r  exceeded a t  a gag ing  s t a t i o n .  

a t  any t i m e  depends on t h e  climate, d r a i n a g e  area, topography,  over- 

The s t r eamf low 

burden,  and geology of t h e  b a s i n .  V a r i a t i o n s  i n  t h e s e  f a c t o r s  from o n e  

b a s i n  t o  a n o t h e r  r e s u l t  i n  a v a r i e t y  of s h a p e s  of f low-dura t ion  c u r v e s  

( B u r c h e t t  and Moore, 1 9 7 1 ) .  The shape  of t h e  low-flow p o r t i o n s  of 

d u r a t i o n  c u r v e s  i s  c o n t r o l l e d  c h i e f l y  by t h e  geo logy  of t h e  b a s i n  

(Sea rcy ,  1959) and i s  i n d i c a t i v e  of  t h e  i n t e r a c t i o n  of ground water and 

s u r f a c e  water i n  t h e  b a s i n .  

Flow-durat ion c u r v e s  of s i x  long-term gag ing  s t a t i o n s  on u n r e g u l a t e d  

streams i n  t h e  Tennessee Region a r e  shown i n  f i g u r e  8. Each c u r v e  i s  

r e p r e s e n t a t i v e  of  t h e  f low c h a r a c t e r i s t i c s  of streams i n  a p a r t i c u l a r  

p h y s i o g r a p h i c  p rov ince .  The  e f f e c t s  of t h e  d i € f e r e n c e  i n  s i z e  of  d r a i n -  

a g e  areas have been minimized by p l o t t i n g  t h e  s t r e a m f l o w  i n  c u b i c  f e e t  

p e r  second p e r  s q u a r e  m i l e .  

The d e c r e a s i n g  s l o p e  of f o u r  of t h c  d u r a t i o n  c u r v e s  shows t h a t  

t h o s e  streams have well-sustained b-ise f l o w  i n d i c a t i n g  t h e  a b i l i t y  

of u n c o n s o l i d a t e d  a q u i f e r  materia1 t o  s t o r e  and release water s l o w l y .  

Big Sandy River  a t  Uruceton, Tenn. t r a v e r s e s  u n c o n s o l i d a t e d  sand.  

B u f f a l o  R ive r  n e a r  L o b e l v i l l e ,  T e n n . ,  C l i n c h  R ive r  above T a z e w e l l ,  

Tenn., and L i t t l e  R ive r  n e a r  Y a r y v i l l e ,  Tenn. a r e  i n  areas w i t h  t h i c k  

r e g o l i t h .  

-16- 
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99 99.8 PERCENT OF TIME INDICATED SI"I'EAMFLOW WAS EQUALLED OR EXCEEDED 

Figure 8. --Streamf low-duration curves for s i x .  gaging s t a t i o n s  i n  the 

Tennessee Region. 
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The curves f o r  Wartrace Creek a t  Bell Buckle, Term. and Emory River 

at Oakdale, Term. a re  markedly d i f fe ren t  from the other  curves, ind ica t -  

ing the  low water-stGring propert ies  of  the rock underlying the basins 

and the very poorly-sustained low flows. The curve f o r  Emory River a t  

Oakdale shows t h e  low storage capacity of the fractured rocks capping the 

the Cumberland Plateau. 

and rap id  release of ground water i n  f l a t - l y i n g  limestone aquifers of 

the Central Basin. Interconnected solut ion openings i n  the  limestone 

rapidly discharge the water tha t  is temporarily s tored  above stream 

leve l .  

tha t  base flow of  Emory River and \\'artrace Creek is  much more poorly- 

sustained than tha t  of the other  four strems ( tab le  2 ) .  

me curve f o r  Wartrace Creek shows the low storage 

Low-flow frequency analyses f o r  these gaging s t a t ions  a l so  show 



3-day 20-year  low f l o w  
i n  c u b i c  f e e t  p e r  s e c o n d  

p e r  s q u a r e  m i l e  
S t a t  i o n  

---- 

T a b l e  2.--3 d a y  20-year  l o w  f l o w s  a t  s i x  g a g i n g  s t a t i o n s  
i n  t h e  T e n n e s s e e  Region 

I 

P r o v i n c e  

B l u e  R idge  

V a l l e y  a n d  R idge  

Cumberland P l a t e a u  

Highland  Rim 

C e n t r a l  B a s i n  

C o a s t a l  P l a i n  

------ . - - -  

L i t t l e  River a t  
Maryville, Tenn. 

C l i n c h  R i v e r  a b o v e  
T a z e w e l l ,  Tenn. 

Emory River a t  
Oakda le ,  Tenn. 

B u f f a l o  River n e a r  
L o b e l v i l l e ,  Tenn. 

W a r t r a c e  Creek  a t  
, B e l l  Buck le ,  Tenn. 

Big Sandy River a t  
B r u c e t o n ,  Tenn. 

0 .17 

0.08 

0.0005 

0 . 2 2  

0.0014 

0 .16  

. 
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Three t y p e s  o a q u i  

Major A q u i f e r s  

x s  o c c u r  i n  t h e  T e n n e s s e e  Region:  

u n c o n s o l i d a t e d  material  w i t h  i n t e r g r a n u l a r  p o r o s i t y ,  c a r b o n a t e  r o c k s  

w i t h  s o l u t i o n  o p e n i n g s ,  and n o n c a r b o n a t e  r o c k s  w i t h  f r a c t u r e s  ( f i g .  9 ) .  

One o r  more of t h e s e  a q u i f e r s  i s  c h a r a c t e r i s t i c  o f  e a c h  p h y s i o g r a p h i c  

p r o v i n c e  ( f i g .  10). 

Unconso l ida t ed  A q u i f e r s  

U n c o n s o l i d a t e d  materials a r e  s i g n i f i c a n t  a q u i f e r s  i n  a b o u t  h a l f  of 3 

t h e  Tennessee  Region  ( f i g .  lo). 

4000 m i ’  on t h e  w e s t e r n  edge  of t h e  r e g i o n ,  t h e  i m p o r t a n t  a q u i f e r s  are  

s a n d  f o r m a t i o n s  which d i p  t o  t h e  w e s t .  These  f o r m a t i o n s  are  t h e  most  

u n i f o r m l y  p r o d u c t i v e  a q u i f e r s  o f  t h e  r e g i o n ,  commonly y i e l d i n g  200 t o  

600 g a l / m i n  t o  s i n g l e  w e l l s .  P a r t s  o f  a n o t h e r  18,000 m i ’  are c o v e r e d  

by u n c o n s o l i d a t e d  mater ia l ,  r e f e r r e d  t o  as r e g o l i t h ,  which  i s  a m a n t l e  

I n  t h e  C o a s t a l  Plain, an area of 

- 

of  d i s i n t e g r a t e d  r o c k  t h a t  112s accumuld ted  o v e r  t h e  b e d r o c k .  G r a i n  s i z e  

f rom c l a y  t o  coarse g r a v e l  and i s  3 major  f a c t o r  i n  d e t e  

t h e  r e g o l i t h ‘ s  water -bc ; l r ing  p r o p e r t i e s .  

s i g n i f i c a n t  i n  areas where i t  i s  t h i c k  and p e r m e a b l e ,  e s p e c i a l l y  i n  t h e  

High land  R i m  and parts of t h e  B l u e  Ridge and Valley and Ridge. 

areas i t  a c t s  3s a sponge i n  , I b s u r b i n g  s ~ i d  s t o r i n g  l a r g e  amou 

The r e g o l i t h  i s  hyd 

t h e s e  

ground water. Where s d t u r a t c i l ,  t ! ~ e  r d g o l i t l ~  y i c l c i s  d e p e n d a b l e  d o m e s t i c  

s u p p l i e s ,  b u t  l J r g e r  s u p p l  ips c,in b e  o b  tcliiied where f r a c t u r e s  o r  s o  Lu- 
- 

t i o n  o p e n i n g s  in t h e  u n d e r l y i n g  h c ~ l r , ) c k  ‘ire h y d r a u l i c a l l y  connec t a i  w i t h  

t h e  r e g o l i t h .  
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F i g u r e  9.--The t h r e e  m a j o r  t y p e s  of  d q u i f e r s  i n  t h e  r e n n e s s e  

R e g i o n ,  d i s t i n g u i s h e d  b y  the k i n d  o f  w a t e r - b e a r i n g  

o p e n i n g s  t h e y  c o n t a i n  (,if t e r  P t e i n z e r ,  1 9 2 3 ) .  
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Carbonate  A q u i f e r s  

Carbona te  a q u i f e r s  u n d e r l i e  a b o u t  h a l f  of t h e  Tennessee  Region 

The r o c k s  i n  t h e  V a l l e y  and Ridge  s e c t i o n  of t h e  r e g i o n  ( f i g .  10). 

are  s t e e p l y  t i l t e d  and w e s t  of t h e  Va l l ey  and Ridge  a re  e s s e n t i a l l y  f l a t -  

l y i n g .  Water o c c u r s  i n  open ings  a l o n g  f r a c t u r e s ,  f a u l t s ,  and  bedd ing  

p l a n e s  which have  become e n l a r g e d  by c i r c u l a t i n g  ground water. 

open ings  occupy a s m a l l  volume i n  t h e  r o c k  and  g e n e r a l l y  o c c u r  w i t h i n  

a b o u t  300 f t  of l a n d  s u r f a c e .  

o f  a n  i n c h  t o  several f e e t  i n  h e i g h t  and can b e  l a t e r a l l y  e x t e n s i v e .  

S o l u t i o n  

I n d i v i d u a l  open ings  r a n g e  from a f r a c t i o n  

Wells t h a t  p e n e t r a t e  l a r g e  open ings  may be  a b l e  t o  p roduce  s e v e r a l  

thousand g a l l o n s  p e r  minu te ,  b u t  such  open ings  occupy a small p r o p o r t i o n  

of t h e  rock .  As a r e s u l t ,  w e l l  y i e l d s  va ry  w i d e l y  i n  c a r b o n a t e  t e r r a n e .  

For  example, at F r a n k l i n ,  Tenn.,  i n  t h e  C e n t r a l  Bas in  j u s t  n o r t h  of t h e  

Tennessee  Region, two test  w e l l s  100 f t  apa r t  produced 18 and a b o u t  

180 g a l / m i n  r e s p e c t i v e l y .  

placement c r i t i c a l  i n  o b t a i n i n g  l a r g e  amounts of ground water from 

c a r b o n a t e  r o c k s .  

V a r i a b i l i t y  of s o l u t i o n  open ings  makes w e l l  

-24- 
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F r a c t u r e d  Noncarbonate A q u i f e r s  

S l i g h t l y  more t h a n  a t h i r d  of t h e  Tennessee Region i s  u n d e r l a i n  

by nonca rbona te  r o c k s  which, u n l i k e  t h e  C o a s t a l  P l a i n  d e p o s i t s ,  have 

v e r y  l i t t l e  p o r o s i t y  a s i d e  from f r a c t u r e s  ( f i g . 1 0  ).  . .  

These r o c k s  r a n g e  from sed imen ta ry  r o c k s  such  as s h a l e  and sand- 

s t o n e  u n d e r l y i n g  t h e  Cumberland P l a t e a u  t o  r o c k s  t h a t  have been sub- 

j e c t e d  t o  metamorphism and d e f o r m a t i o n  i n  t he  Blue Ridge. 

a l o n g  f r a c t u r e s  and f a u l t s  has c r e a t e d  avenues  f o r  water movement. 

These f r a c t u r e  open ings  p robab ly  comprise  less t h a n  one p e r c e n t  of t h e  

r o c k  volume, and wa te r -bea r ing  f r a c t u r e s  a r e  uncommon a t  d e p t h s  o v e r  

300 f t  (McMaster and Hubbard, 1 9 7 0 ) .  The f r a c t u r e s  a t  g r e a t e r  d e p t h s  

a r e  l i k e l y  t o  be unweathered and c l o s e d .  F r a c t u r e s  a r e  commonly more 

abundant  n e a r  f a u l t s .  

and d e g r e e  of i n t e r c o n n e c t i o n  of f rac tures  p e n e t r a t e d  and by t h e  t h i c k -  

Weathering 

Well p r o d u c t i o n  i s  determined by t h e  d e p t h ,  s i z e ,  

n e s s  o f  ove rburden  h y d r a u l i c a l l y  connected t o  t h e  f r a c t u r e s .  

F r a c t u r e d  r o c k s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  b e  poor a q u i f e r s ,  b a t .  

t hey  have g e n e r a l l y  n o t  been a d e q u a t e l y  t c s c e d  t o  d e t e r m i n e  t h e i r  water- 

y i e l d i n g  p o t e n t i a l .  Newcome clnd Smith (1358) r e p o r t  t h a t  wells produc- 

i n g  50 g a l / m i n  o r  more a r e  r J r?  011 the  Cuml>crland P l J t r a u .  

town o f  IJartburp,, 'L'enn. \ u s  t h rcc  w e l l s  w l i i c l i ,  J t  t h e  t i m e  t hzy  were 

d r i l l e d ,  were r 2 p o r t c d  t o  produce more than 100 galt'min c x h .  Test  

However, :he 

d r i l l i n g  i n  t h e  Great Smoky I lountains  N a c i o u a l  Park ( X c b s t e r  and Hubbnrd, 

1970)  showed t h a t  where f r a c r u r e d  rock  i s  h y d r a u l i c a l l y  connected TO 

t h i c k  r e g o l i t h ,  p r o p e r l y  l o c a t e d  w e l l s  can produce 100 ga l /min  o r  more. 

-26-  
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Aqui fe r  P r o d u c t i v i t y  

Aqu i fe r  p r o d u c t i v i t y  a s  used i n  t h i s  r e p o r t  r e f e r s  t o  t h e  ra te  a t  

which ground water can  b e  withdrawn from a n  a q u i f e r  a t  a p a r t i c u l a r  

l o c a l i t y  on a c o n t i n u i n g  b a s i s  by means of a w e l l  o r  group of w e l l s .  

Well y i e l d s  a re  de te rmined  by t h e  h y d r a u l i c  p r o p e r t i e s  of t h e  a q u i f e r .  

I n  t h e  Tennessee Region, however, t h e  a rea l  v a r i a b i l i t y  i n  p r o p e r t i e s  

of t h e  a q u i f e r s ,  combined w i t h  l a c k  of d a t a  f o r  many areas make the 

d e f i n i t i o n  o f  a q u i f e r  p r o d u c t i v i t y  d i f f i c u l t .  

be  used t o  q u a n t i f y  a q u i f e r  p r o d u c t i v i t y .  

S e v e r a l  approaches c a n  

The b a s i c  h y d r a u l i c  p r o p e r t i e s  of a n  a q u i f e r  are t r a n s m i s s i v i t y  

( t h e  r a t e  a t  which w a t e r  c a n  b e  t r a n s m i t t e d  th rough  t h e  a q u i f e r )  and 

s t o r a g e  ( r e l a t e d  t o  t h e  amount of  water t h a t  is r e l e a s e d  by d r a i n i n g  

p a r t  of a w a t e r - t a b l e  a q u i f e r  o r  l o w e r i n g  t h e  p r e s s u r e  i n  an a r t e s i a n  

a q u i f e r ) .  

b e a r i n g  p r o p e r t i e s ,  t h e  more a p p l i c a b l e  a r e  t h e s e  measures o f  h y d r a u l i c  

c h a r a c t e r i s t i c s .  

The more n e a r l y  a n  a q u i f e r  approaches  u n i f o r m i t y  i n  i t s  water- 

I n  t h e  Tennessee Region, t h e  u n c o n s o l i d a t e d  a q u i f e r s  of t h e  C o a s t a l  

P l a i n  s e c t i o n ,  on t h e  w e s t e r n  margin of t h e  r e g i o n ,  a re  t h e  l ea s t  v a r i a b l e  

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

o f  3300 and 4300 f t 2 / d  and c o e f f i c i e n t s  o f  s t o r a g e  of 0.0008 and 0.0001 

f o r  t h e  ?lcNairy Sand, a c o n f i n e d  unconso Lid3 ted a q u i f e r  (Boswell ,  Floore 

and FhcCary 1965) .  However, n i n e  t e n t h s  o f  t h e  r e g i o n  i s  u n d e r l a i n  by 

c a r b o n a t e  o r  f r a c t u r e d  noncclrbonLitc . i q u i f e r s  whicli clre f a r  from un i fo rm 

i n  t h e i r  hydr , iul ic  p r o p e r t i e s .  

Xhbamcl, i n d i c a t e  t r J n s r n i s s i v i t y  rclnging from 650 t o  1 ~ 0 , 0 0 0  f t ’ i d  and 

s t o r a g e  of 0.04 t o  0.0004 f o r  t h e  F o r t  P,iync Cher t  ( k l m b r r g  and Downing, 

1 9 5 7 ) .  

Two a q u i f e r  t e s t s  i n d i c a t e  t r a n s m i s s i v i t y  

. 
F i v e  aqu i i e r  tests i n  i’ladison County,  

T h i s  extreme v a r i a b i l i t y  i s  e v i d e n t  i n  t h e  r e s u l t s  of a q u i f e r  

t e s t s  made e l sewhere  i n  t h e  Tennessee Region and is t y p i c a l  of c a r b o n a t e  

a q u i f e r s .  
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P Another i n d i c a t o r  of a q u i f e r  p r o d u c t i v i t y  is t h e  s p e c i f i c  capac- 
' 

Although i t  is i t y  of w e l l s ,  t h e  r a t e  of y i e l d  p e r  f o o t  of drawdown. 

a c h a r a c t e r i s t i c  i n f l u e n c e d  i n  p a r t  by c o n d i t i o n s  i n  and around t h e  

w e l l ,  

The r a n g e s  of s p e c i f i c  c a p a c i t i e s  shown i n  f i g u r e  1 4  i l l u s t r a t e  t h e  

h i g h  d e g r e e  of  v a r i a b i l i t y  i n  t h e  a q u i f e r s  of t h e  Tennessee Region, 

a l t h o u g h  some o f  t h e  low v a l u e s  may b e  t h e  r e s u l t  of poor w e l l  d e s i g n  

r a t h e r  t h a n  a q u i f e r  p r o p e r t i e s .  

impor t ance  i n  d e v e l o p i n g  a ground-water s u p p l y  because  t h e  more var- 

i a b l e  t h e  a q u i f e r  p r o d u c t i v i t y ,  t h e  g r e a t e r  t h e  r i s k  of f a i l u r e  t o  

o b t a i n  t h e  d e s i r e d  amount of ground-water a t  a p a r t i c u l a r  s i t e .  I n  

t h e  Tennessee Region, t h e  least v a r i a b i l i t y  o f  y i e l d s  i s  from w e l l s  

t h a t  t a p  u n c o n s o l i d a t e d  a q u i f e r s .  The most v a r i a b i l i t y  i s  i n  ca rbona te -  

rock a q u i f e r s  n o t  a s s o c i a t e d  w i t h  a t h i c k ,  s a t u r a t e d  m a n t l e  of  r e g o l i t h .  

I n  economic terms, g r e a t e r  v a r i a b i l i t y  in y i e l d s  means t h a t  more p r e -  

l i m i n a r y  s t u d y ,  more t es t  w e l l s ,  z n d  more leeway i n  well l o c a t i o n  w i l l  

probably be  needed t o  o b t a i n  3 d e s i r e d  amount of r round  WatPT 

s p e c i f i c  c a p a c i t y  d a t a  r e f l e c t  t h e  p r o p e r t i e s  of t h e  a q u i f e r .  
'f 
r 

d 
9 

T h i s  v a r i a b i l i t y  is of c r i t i c a l  

I 

I 
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Another approach t o  q u a n t i f y i n g  a q u i f e r  p r o d u c t i v i t y  i s  t o  e s t i -  

mate p r o b a b l e  y i e l d s  t h a t  cou ld  be  o b t a i n e d  from w e l l s  l o c a t e d  on 

t h e  b a s i n  of g e o l o g i c  and h y d r o l o g i c  i n f o r m a t i o n .  

t h a t  might  b e  expec ted  from d i f f e r e n t  t y p e s  of  a q u i f e r s  i n  t h e  Tennessee 

Region. These y i e l d s  are f o r  s i n g l e  w e l l s  c o n s t r u c t e d  t o  o b t a i n  maximum 

y i e l d  hav ing  a t  l eas t  50 f t  of  a v a i l a b l e  drawdown. 

based on f i g u r e s  g i v e n  by Cederstrom ( 1 9 7 3 )  f o r  areas w i t h  geology 

s i m i l a r  t o  t h a t  of t h e  Tennessee Region and on i n f e r e n c e s  drawn from 

r e c o r d s  of w e l l  p r o d u c t i o n  i n  t h e  r e g i o n .  

u l t i m a t e l y  l i m i t e d  by t h e  ra te  of r e c h a r g e  t o  t h e  a q u i f e r .  

Tennessee r e g i o n ,  maximum wi thd rawa l s  on a c o n t i n u i n g  b a s i s  are  abou t  

0.5 ?igal/d p e r  s q u a r e  m i l e  o f  area c o n t r i b u t i n g  r e c h a r g e  t o  t h e  system. 

Tab le  3 g i v e s  y i e l d s  

The numbers a re  

Ground-water w i thd rawa l s  a re  

I n  t h e  

T a b l e  3.--Probable y i e l d s  from t h e  major  a q u i f e r  t y p e s  of  

t h e  Tennessee Region. 

Type  of a q u i f e r  Y ie ld  p e r  w e l l ,  i n  g a l l o n s  p e r  minut 

Unconso l ida t ed  Sand 500-100 

Carbona te  r o c k s  w i t h  r e g o l i t h  100-300 

Carbona te  rocks  w i t h o u t  r e g o l i t h  

Noncarbonate r o c k s  w i t h  

r e g o l i t h  

Noncarbonate r o c k s  w i t h o u t  

0-300 

25-100 

. 
Unknown 

r ego 1 i t h  
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E f f i c i e n t  and economical  development of  t h e  ground-water r e s o u r c e s .  

of  t h e  Tennessee Region a re  s t r o n g l y  i n f l u e n c e d  by t h e  v a r i a b i l i t y  of  

a q u i f e r  p r o d u c t i v i t y .  P r e d i c t a b i l i t y  of w e l l  y i e l d s  and t h e  a v a i l -  

a b i l i t y  of  ground-water s u p p l i e s  a t  p a r t i c u l a r  s i tes  i s  g r e a t e s t  i n  

t h e  C o a s t a l  P l a i n  sand a q u i f e r s  and t h e  r e g o l i t h - m a n t l e d  c a r b o n a t e  

r o c k s .  Hence, i t  i s  p r o b a b l e  t h a t  ground-water development w i l l  proceed 

most e f f i c i e n t l y  i n  t h e s e  areas.  The r i s k  of  n o t  o b t a i n i n g  a ground- 

water s u p p l y  is  g r e a t e s t  i n  t h e  nonca rbona te  r o c k s  and t h e  c a r b o n a t e s  

t h a t  have no r e g o l i t h  c o v e r .  

e f f i c i e n t  u n t i l  methods a r e  developed t o  l o c a t e  ground water and p r e -  

d i c t  w e l l  y i e l d s  w i t h  g r e a t e r  accu racy .  

I n  t h e s e  areas, development w i l l  be less 

Occurrence of Ground Water 

The d i s t r i b u t i o n  of ground water i n  t h e  Tennessee Region i s  

i n f l u e n c e d  by t h e  d i f f e r e n c e  i n  topography,  geo logy ,  and hydrology 

among t h e  s i x  p h y s i o g r a p h i c  p r o v i n c e s  ( f i g .  2 ) .  Though l a r g e  amounts 

of ground water e x i s t  i n  each phys iog raph ic  area,  less  p r e l i m i n a r y  

s t u d y  and e x p l o r a t o r y  d r i l l i n g  a r e  u s u a l l y  needed t o  o b t a i n  a s p e c i f i e d  

s u p p l y  i n  areas where the ground water o c c u r s  i n  t h e  i n t e r g r a n u l a r  

po re  s p a c e s  of  unconso l ida t ed  a q u i f e r s ,  t han  i n  arcas  where water o c c u r s  

i n  d i s c r e t e  f r a c t u r e s  or open ings .  The f o l l o w i n g  s e c t i o n  des-cribe t o r  

each  p h y s i o g r a p h i c  area the t o p o g r a p h i c ,  g e o l o g i c ,  and h s d r o l o g i c  con- 

t r o l s  o n  t h e  d i s t r i b u t i o n  of ground water.  

-3221 ( 3 3  f 0 l s ) -  
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Blue  Ridge  

The p a r t  of t h e  Tennessee  Region i n  t h e  Blue Ridge p r o v i n c e  i s  

composed of t h e  rernants of a n  a n c i e n t  mounta in  c h a i n .  

i s  rugged and  re l ie f  i s  g r e a t e r  t h a n  i n  any  p a r t  of the r e g i o n ,  

most p l a c e s ,  t h e  d e n s e ,  m a s s i v e  bed rock  c o n t a i n s  l i t t l e  water e x c e p t  

where f a u l t e d  o r  f r a c t u r e d .  

s t e e p e r  s l o p e s  is a m a n t l e  of r e g o l i t h  t h a t  is more t h a n  100 f t  t h i c k  

on t h e  lower  s l o p e s  of t h e  mounta ins .  

c l a y  and r o c k  f r a g m e n t s  (McMaster and Hubbard, 1 9 7 0 ) .  I t  s t o r e s  l a r g e  

amounts of water ,  r e l e a s i n g  i t  s l o w l y  t o  t h e  u n d e r l y i n g  f r a c t u r e s  and 

The topography 

I n  

O v e r l y i n g  t h e  bed rock  on a l l  b u t  t h e  

The r e g o l i t h  i s  composed of s a n d ,  

t o  s p r i n g s  and streams. 

water b u t  acts  as c a l l e c t o r s ,  t r a n s m i t t i n g  water from t h e  o v e r l y i n g  

r e g o l i t h  t o  p o i n t s  o f  d i s c h a r g e  ( f i g .  15 ) .  Most of  t h e  bed rock  i n  t h e  

The f r a c t u r e s  s t o r e  o n l y  l i m i t e d  amounts of  

Blue Ridge  i s  n o n c a r b o n a t e ,  b u t  a few areas u n d e r l a i n  by c a r b o n a t e  

r o c k s ,  such  as Cades Cove, c o n t a i n  t h e  l a r g e s t  amounts of ground 

water i n  s o l u t i o n  o p e n i n g s  and i n  porous  zones  i n  t h e  i n t e n s i t y  wea the red  

r o c k .  

I n  t h e  Blue  Ridge p r o v i n c e ,  Mc?fnster and Hubbard (1970)  and LeGrand 

( 1 9 6 7 )  de t e rmined  t h a t  t h e  chances  u f  d r i l l i n g  hi::ii-producing wells a r e  

i n c r e a s e d  a t  s i tes  i n  r e l a t i v e l y  low t o p o g r a p h i c  p o s i t i o n  w i t b i n  a Lew 

hundred f e e t  of a f a u l t  zone ,  and i n  J r cns  hriving th ick  r e g o l i t h .  The 

broad v a l l e y s  u n d e r l a i n  by c a r b o n a t e  r o c k s ,  such  a s  Cades Cove, may b e  

f a v o r a b l e  s i tes  f o r  l o c a t i n g  ground-water s u p p l i e s .  However, t h e s e  

o c c u r  o n l y  i n  a few small areas of t h e  B lue  Ridge. 
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F i g u r e  15.--  S k e t c h  of i d e a l i z e d  g e o l o g i c  and h y d r o l o g i c  c o n d i t i o n s  

i n  t h e  Blue Ridge province .  
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Val l ey  and Ridge 

The V a l l e y  and Ridge p r o v i n c e  i s  c h a r a c t e r i z e d  by n o r t h e a s t -  

t r e n d i n g  r i d g e s  u n d e r l a i n  by r e s i s t a n t  r o c k  s e p a r a t e d  by v a l l e y s  under- 

l a i n  by less res i s tan t  rock .  

narrow b e l t s  p a r a l l e l  t o  t h e  t r e n d  of r i d g e s  and v a l l e y s ;  some b e l t s  

are bounded by f a u l t s .  

d r a i n a g e  i n t o  a "trell is" p a t t e r n  of l o n g  streams f lowing  a l o n g  v a l l e y  

f l o o r s  f e d  by s h o r t  l a t e r a l  s t r eams .  

The r o c k  f o r m a t i o n s  c r o p  o u t  i n  l o n g ,  

The l i n e a r  r i d g e s  and v a l l e y s  c h a n n e l  s u r f a c e  

All t h r e e  major a q u i f e r  t y p e s  occur  i n  t h e  V a l l e y  and Ridge. 

The s h a l e  and s a n d s t o n e  f o r m a t i o n s  ( f r a c t u r e d  nonca rbona te  r o c k s )  a re  

t h e  p o o r e s t  a q u i f e r s .  

o c c u r  w i t h  a c a v e r  of r e g o l i t h  r ang ing  i n  t h i c k n e s s  from a few f e e t  t o  

ove r  100 f t  w i t h  extreme a r e a l  v a r i a b i l i t y  (DeBuchananne and R icha rdson ,  

1 9 5 6 ) .  

r o c k s ,  e s p e c i a l l y  where t h e y  arz a s s o c i a t e d  w i t h  t h i c k  r e g o l i t h  ( f i g .  1 6 ) .  

Water moves through e n l a r g e d  f r a c t u r e s  and s o l u t i o n  open ings  i n  t h e s e  

c a r b o n a t e  r o c k s ,  emerging i n  p l a c e s  as  l a r g e  s p r i n g s .  Some of  t h e s e  

f low a t  a n  a v e r a g e  r a t e  of  4500 g,il/min o r  more (Sun, C r i n e r ,  and Poo le .  

1 9 6 3 ) ,  Geo log ic  maps a r e  e s s e n t i a l  t c o l s  f o r  s i t e  s e l e c t i o n ,  e s p e c i a l l y  

i n  t h e  V a l l e y  and Ridge p r o v i n c e .  The Knox Dolomite ,  which u n d e r l i e s  

Limestone and d o l o m i t e  of v a r y i n g  s o l u b i l i t y  

The l a r g e s t  ground-water s u p p l i e s  are  i n  t h e  s o l u b l e  c a r b o n a t e  

. 
a b o u t  60 p e r c e n t  of t h e  p r o v i n c e ,  i s  tile most s i g n i f i c a n t  water-bearin:  

f o r m a t i o n .  

water d i s c h a r g e  such  a s  stream v a l l e y s  o r  e l se  they  p e n e t r a t e  f r a c t u r e  

zones.  These f r a c t u r e  zones a r e  sometimes i n d i c a t e d  by s t r a i g h t  stream 

segments and a l i g n e d  t r i b u t a r i e s .  

The most p r o d u c t i v e  w e l l s  a r e  l o c a t e d  i n  arc'is of ground- 

. I  -35- 
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F i g u r e  16.-- S k e t c h  o f  i d e a l i z e d  g e o l o g i c  and h y d r o l o g i c  c o n d i t i o n s  

i n  t h e  V a l l e y  and Ridge p r o v i n c e .  
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Most of t h e  l a r g e r  water -bear ing  openings i n  t h e  Knox occur  a t  a depth  

of less t h a n  300 f t .  Swingle  (1959) s t a t e s  t h a t  s u r f a c e  f a u l t s  i n d i -  

cate  areas w i t h  deep and numerous f r a c t u r e s  which a l l o w  deep s o l u t i o n  

a c t i v i t y .  Wells t a p p i n g  w a t e r - f i l l e d  s o l u t i o n  openings i n  low areas 

are more dependable  as  a s o u r c e  of water supply  t h a n  w e l l s  on r i d g e s  

because  t h e  s e a s o n a l  f l u c t u a t i o n s  of water level  a r e  small i n  t h e  low 

I 

I.- 

.reas. 
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Cumberland P l a t e a u  

The Cumberland P l a t e a u  s e c t i o n  of t h e  Appalachian P l a t e a u s  province  

i s  about  1000 t o  1500 f t  h i g h e r  t h a n  t h e  a d j o i n i n g  Val ley  and Ridge 

province  and Highland R i m .  It e x t e n d s  a b o u t  1 7 5  m i l e s  nor theas t - south-  

w e s t  a c r o s s  t h e  Tennessee Region. North from Anderson County, Tennessee,  

t h e  s t e e p  e a s t e r n  escarpment of t h e  P l a t e a u  forms t h e  Tennessee River- 

Cumberland River d i v i d e .  

The bedrock i s  a sequence of most ly  h o r i z o n t a l  Pennsylvanian 

sands tone ,  s h a l e ,  conglomerate ,  and c o a l ,  u n d e r l a i n  by E l i s s i s s i p p i a n  

and o l d e r  s h a l e  and c a r b o n a t e s .  The M i s s i s s i p p i a n  c a r b o n a t e s  are  

exposed where Sequatch ie  V a l l e y ,  a 130 m i l e  long ,  l i n e a r  v a l l e y ,  c u t s  

d e e p l y  i n t o  t h e  P l a t e a u .  Large s p r i n g s  emerge a l o n g  t h e  s i d e s  of t h e  

P l a t e a u  and from t h e  M i s s i s s i p p i a n  and o l d e r  l i m e s t o n e s  exposed ir, 

S e q u a t c h i e  Val ley  ( f i g .  1 7 ) .  An example of t h e s e  l a r g e  s p r i n g s  i s  

Blue Spr ing  which is used as  a s o u r c e  of water s u p p l y  by t h e  C i t y  

of Jasper,  Tenn. An average  of 173,000 g a l i d  w a s  used by t h e  C i t y  i n  

1970 (Tennessee D e p t .  of P u b l i c  H e a l t h ,  1 9 7 5 ) .  Newcome and Smith 

(1958) r e p o r t e d  t h e  f low of t h i s  s p r i n g  t o  b e  900 ga l jmin  b u t  t h e  season-  

a l  v a r i a t i o n  i n  d i s c h a r g e  has n o t  been de termined .  

. 



The Pennsylvanian r o c k s  have low p e r m e a b i l i t y  except  where f r a c -  

t u r e d .  l’hc r e g o l i t h  is  u s u a l l y  t h i n ,  p r o v i d i n g  l i t t l e  ground-water 

s t o r a g e  (DeBuchananne and Richardson,  1956) .  A s  a r e s u l t  of t h e  uneven 

d i s t r i b u t i o n  of f r a c t u r e s ,  t h e  a v e r a g e  of r e p o r t e d  w e l l  y i e l d s  i s  less 

t h a n  50 ga l /min  (Newcome and Smith,  1958) .  Even domest ic  s u p p l i e s  

cannot  always be  o b t a i n e d .  However, s i n c e  d e t a i l e d  s t u d i e s  i n v o l v i n g  

t e s t  d r i l l i n g  have n o t  been made, t h e  f u l l  w a t e r - y i e l d i n g  p o t e n t i a l  

of t h e  P l a t e a u  is  n o t  known. Wilson (1965) s ta tes  t h a t  i n  Cumberland 

Co., Tennessee,  t h e  Sewanee Conglomerate, 200 t o  500 f t  below t h e  

s u r f a c e  of t h e  P l a t e a u ,  i s  a r e l a t i v e l y  u n t e s t e d  a q u i f e r .  

I 

. 
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F i g u r e  17.--Sketch showing i d e a l i z e d  g e o l o g i c  and hydro logic  condi -  

t i o n s  i n  t h e  Cumberland P l a t e a u  s e c t i o n .  

of s o l u t i o n  openings i n  t h e  l imes tone  u n d e r l y i n g  t h e  

The preva lence  

P l a t e a u  i s  unknown. 
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Highland R i m  

The Highland R i m  s e c t i o n  of t h e  I n t e r i o r  Low P l a t e a u s  province  i s  

a g e n t l y  r o l l i n g  p l a t e a u  which occupies  a l a r g e  p a r t  of t h e  c e n t e r  of 

t h e  Tennessee Region. It i s  e x t e n s i v e l y  d i s s e c t e d  where i t  a d j o i n s  

t h e  C e n t r a l  Basin and C o a s t a l  P l a i n  lowlands.  The bedrock of t h e  

Highland R i m  i s  f l a t - l y i n g  M i s s i s s i p p i a n  c a r b o n a t e s .  These f o r m a t i o n s ,  

p r i n c i p a l l y  t h e  F o r t  Payne C h e r t ,  a c h e r t y  d o l o m i t e ,  and t h e  Tuscumbia 

Limestone ( w i t h  i t s  e q u i v a l e n t s ,  t h e  Warsaw Limestone and S t .  Louis  

Limestone) ,  c o n s t i t u t e  t h e  most a r e a l l y  e x t e n s i v e  a q u i f e r  i n  t h e  

Tennessee Region. 

These M i s s i s s i p p i a n  f o r m a t i o n s  weather  t o  form a deep c h e r t  reg- 

o l i t h  t y p i c a l l y  having a " rubble  zone'' a t  t h e  base .  The r e s i d u a l  c h e r t  

g r a d e s  from g r a v e l - s i z e d  fragments  a t  t h e  b a s e  t o  a l a y e r  of c l a y - s i z e d  

c h e r t  par t ic les  which p a r t i a l l y  seals t h e  t o p  of t h e  a q u i f e r  c r e a t i n g  

a r t e s i a n  c o n d i t i o n s  i n  some a r e a s .  The r e g o l i t h  i n  p l a c e s  may r e s t  

d i r e c t l y  on t h e  Chattanooga Shale  which r e t a r d s  downward movement of 

t h e  water, b u t  i n  most p l a c e s  i t  rests on unweathered F o r t  Payne bedrock.  

I n  many p l a c e s  t h e  c a r b o n a t e  bedrock c o n t a i n s  s o l u t i o n  openings  which 

can  t r a n s m i t  water r a p i d l y .  For  example, i n  a r e a s  a d j a c e n t  t o  t h e  

Highland R i m  escarpment ,  water d r a i n s  o u t  o f  t h e  bedrock openings a s  

s p r i n g s  and seeps. 

of s t r e a m s  t h a t  d i s s e c t  the  edge of  t h e  Highland R i m .  However, i n  t h e  

These s p r i n g s  p r o v i d e  ' t h e  w e l l - s u s t a i n e d  low f low 

broad u n d i s s e c t e d  a r e a s  of t h e  Highland R i m  s t r e a m s  b a r e l y  c u t  i n t o  t h e  

r e g o l i t h  and,  t h e r e f o r e ,  have l i t t l e  e f f e c t  on t h e  d i s c h a r g e  of water 

from t h e  r e g o l i t h  and s o l u t i o n  openings  i n  t h i s  area. The s o l u t i o n  open- 

i n g s  t h a t  supply  water  t o  w e l l s  i n  t h e  u n d i s s e c t e d  a r e a s  a r e  hydrau- 

l i c a l l y  connected t o  water  s t o r e d  i n  t h e  r e g o l i t h  ( f i g .  18 ) .  
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F i g u r e  18.-- S k e t c h  of i d e a l i z e d  g e o l o g i c  and h y d r o l o g i c  c o n d i t i o n s  

i n  t h e  Highland R i m  s e c t i o n  of t h e  I n t e r i o r  L o w  

P l a t e a u s  province .  
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The a q u i f e r  formed by t h e  bedrock and r e g o l i t h  of t h e  F o r t  Payne 

Cher t  h a s  been named t h e  "Manchester a q u i f e r "  ( B u r c h e t t  and Hollyday,  

1974) .  

w e s t e r n  Highland R i m .  

p r e s e n t  i n  t h e  Tuscumbia Limestone and F o r t  Payne Chert  i n  pa r t s  of 

n o r t h e r n  Alabama. I n  p l a c e s  where t h e  r e g o l i t h  is  t h i n  and l i t t l e  o r  

no bedrock remains o v e r l y i n g  the Chat tanooga S h a l e  o n l y  s m a l l  amounts 

o f  ground water are a v a i l a b l e .  

c a r b o n a t e  r o c k s  remain b e n e a t h  a t h i c k  r e g o l i t h ,  however, e x t e n s i v e  

s o l u t i o n  networks may deve lop  t h a t  y i e l d  l a r g e  q u a n t i t i e s  of  water t o  

w e l l s  and s p r i n g s .  For example, d i s c h a r g e  measurements a t  Water Cress 

Spr ing  i n  Madison County, Alabama, i n d i c a t e  a s u s t a i n e d  f l o w  of  abou t  

5000 ga l /min  (7-1/2 Mgal/d) (Geol. Survey of A l a . ,  1975) .  The Ui l l iams  

w e l l ,  sou thwes t  of H u n t s v i l l e ,  Alabama, h a s  been pumped c o n t i n u o u s l y  

a t  3000 g a l / m i n  f o r  t h r e e  days  w i t h  a maximum drawdown i n  water l e v e l  

of 2 .5  f t .  I t  was a l s o  noted d u r i n g  t h e  p e r i o d  of pumping c h a t  wa te r  

l e v e l s  0.8 m i l e  away w e r e  u n a f f e c t e d  (W. J .  Powe l l ,  U.S. G e o l o g i c a l  

Survey, o r a l  commum. 1 9 7 5 ) .  

Its area l  e x t e n t  h a s  n o t  been de te rmined ,  e s p e c i a l l y  on t h e  

T h i s  i s  b a s i c a l l y  t h e  same a q u i f e r  t h a t  i s  

I n  areas where s e c t i o n s  of  M i s s i s s i p p i a n  

Cr i te r ia  t h a t  a r e  i m p o r t J n t  i n  s e l e c t i n g  w e l l  s i t e s  on t h e  Highland 

R i m  a re  a s  f o l l o w s :  a n  area w i t h  a t  l e a s t  40 f t  o f  r e g o l i t h  o v e r l y i n g  

t h e  F o r t  Payne C h e r t ,  a m p l i t u d e  of  water l eve l  f l u c t u a t i o n  l e s s  than  

10  f t ,  ( W .  J .  P o w e l l ,  o r a l  corn .  1 9 7 5 ) ,  and a t  leas t  1 / 2  t o  1 m i l e  

from t h e  Highland R i m  escarpinent i n  a t o p o g r a p h i c  low area such as a 

long s h a l l o w  d e p r e s s i o n  ( swa lc )  pJ ra l le1  t o  t h e  escarpment  .ind o t h e r  

l i n e a r  f e a t u r e  (C. R. B u r c h e t t  and E. F. Hollyday,  U.S. G e o l o g i c a l  

Survey, o r a l  commun. 1975) .  Se i smic  s u r v e y s ,  which i n d i c a t e  t h e  d e p t h  

t o  bedrock, may be  a u s e f u l  e x p l o r a t i o n  t o o l  i n  d e t e r m i n i n g  t h e  t h i c k n e s s  

of ove rburden  ( J o i n e r  and Scarbrough,  1969) .  
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C e n t r a l  Basin 

The Tennessee Region i n c l u d e s  t h e  s o u t h e r n  p o r t i o n  of t h e  C e n t r a l  

Basin ( N a s h v i l l e  B a s i n ) .  The C e n t r a l  Bas in ,  a s e c t i o n  of t h e  I n t e r i o r  

Low P l a t e a u s  province ,  i s  a n  o v a l  area i n  middle  Tennessee l y i n g  about  

200 f t  lower  t h a n  t h e  sur rounding  Highland R i m .  

a t e  r o c k s  t h a t  are  g e n e r a l l y  f l a t - l y i n g  b u t  l o c a l l y  are  f o l d e d .  

The bedrock i s  carbon- 

Ground 

water moves through s o l u t i o n - e n l a r g e d  v e r t i c a l  j o i n t s  and h o r i z o n t a l  

bedding-plane openings ( f i g .  1 9 ) .  S o i l  cover  i s  u s u a l l y  t h i n  and s u r -  

face streams are  c u t  i n t o  bedrock.  The l a c k  of r e g o l i t h ,  a long  w i t h  

open j o i n t s  i n  t h e  r o c k ,  a l l o w  r a p i d  r u n o f f  and i n f i l t r a t i o n  of p r e c i p -  

i t a t i o n .  Water is  r e l a t i v e l y  b r i e f l y  s t o r e d  above s t r e a m  level  and i s  

r a p i d l y  d i s c h a r g e d  t o  streams through s o l u t i o n  openings .  A s  a r e s u l t ,  

s m a l l  s t r e a m s  respond q u i c k l y  t o  p r e c i p i t a t i o n  and have p o o r l y - s u s t a i n e d  

b a s e  f l o w s .  

Deeper s o l u t i o n  openings commonly range  from 0.005 t o  0.7  i n  i n  

h e i g h t  and about  100 t o  2,500 f t  i n  width (Moore, 1 9 7 3 ) .  Most s o l u t i o n  

openings  are  w i t h i n  300 f e e t  of  t h e  s u r f a c e .  B u r c h e t t  (1977 ) s ta tes  

t h a t  i n  U p p e r  Duck River  Basin,  " 4 6  p e r c e n t  of t h e  w a t e r  produced from 

w e l l s  i n  t h e  C e n t r a l  Basin comes from a d e p t h  of  60 t o  100 f r e t  below 

l a n d  s u r f a c e .  

300 fee t . "  

b 
> 

Less than  1 p e r c e n t  . . .  comes from a d e p t h  g r e 2 t e r  t h a n  
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F i g u r e  19.--Sketch showing i d e a l i z e d  g e o l o g i c  and h y d r o l o g i c  condi -  

t i o n s  i n  t h e  C e n t r a l  B a s i n  ( N a s h v i l l e  B a s i n  s e c t i o n  of 

t h e  I n t e r i o r  Low P l a t e a u s  province) .  
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The d i s t r i b u t i o n  o f  ground water i n  t h e  C e n t r a l  Bas in  i s  h i g h l y  

v a r i a b l e .  

h a s  e x t r e m e l y  low p o r o s i t y .  Most w e l l s  p roduce  a t  l eas t  some water 

f rom bedding-p lane  c r a c k s  as l a r g e  s o l u t i o n  open ings  are  r e l a t i v e l y  

uncommon. 

i n  Tennessee  ( n o r t h  of t h e  Tennessee  Reg ion) ,  46 p e r c e n t  of t h o s e  i n  

t h e  C e n t r a l  Bas in  produced less t h a n  4 g a l l m i n  and 89 p e r c e n t  (pro- 

duced less t h a n  20 ga l /min .  

g a l / m i n  (Moore and Wilson ,  1 9 7 2 ) .  

p r o d u c t i o n ,  i t  i s  p o s s i b l e  i n  many areas t o  d r i l l  wells c a p a b l e  of  

p roduc ing  o v e r  70 g a l / m i n  o r  0 . 1  > lga l /d .  

t o  d r i l l  w e l l s  c a p a b l e  o f  p roduc ing  several hundred g a l l o n s  p e r  minu te .  

About 15 f t  of s o l u t i o n  open ings  were p e n e t r a t e d  by a t e s t  w e l l  a t  

F r a n k l i n ,  Tennessee ,  ( abou t  1 0  mi n o r t h  of  t h e  Tennessee  Region) .  

The w e l l  w a s  pumped a t  300 g a l / m i n  f o r  8 h o u r s  w i t h  a drawdown i n  water 

l e v e l  of 0.58 f t .  

a 5 f t  opening .  

s t r a t i g r a p h i c  c r i t e r i a ,  a n  i n v e s t i S 3 t i o n  of  s t r eqmf low g a i n s  and l o s s e s ,  

and s u r f i c i a l  e v i d e n c e  o f  solution ~ c t i v i t y .  I t  a p p e a r s  t h a t  t h e  u s e  

of h y d r o l o g i c  and g e o l o g i c  s t u d i e s  i n  s e l e c t i n g ,  d r i l l i n g  site? i n  t h e  

C e n t r a l  Bas in  g r e a t l y  i n c r e a s e s  t h e  c h a n c e s  of w e l l s  p e n e t r a t i n g  

h i g h - y i e l d i n g  s o l u t i o n  open ings ,  

Except f o r  t h e  secondary  o p e n i n g s  most o f  t h e  l i m e s t o n e  

Of t h e  w e l l s  r e p o r t e d  by d r i l l e r s  n e a r  C e n t e r  H i l l  Lake 

Only 3 o u t  of 7 4  wells produced o v e r  50 

I n  s p i t e  of t h e  low r e p o r t e d  w e l l  

I n  some areas i t  i s  p o s s i b l e  

Another t e s t  w e l l  a b o u t  h a l f  a m i l e  away p e n e t r a t e d  

These d r i l l i n g  s i tes  were s e l e c t e d  on t h e  b a s i s  o f  
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The Knox Dolomite,  a t  d e p t h s  of 350 t o  1500 f t  below t h e  

s u r f a c e ,  comprises  a n  a r e a l l y  e x t e n s i v e  a r t e s i a n  a q u i f e r  throughout  

t h e  C e n t r a l  Basin.  I t  i s  a dependable  s o u r c e  of domest ic  water 

s u p p l i e s  ( u s u a l l y  10 g a l / m i n  o r  l e s s )  of v a r i a b l e  q u a l i t y  (Newcome 

and Smith,  1962).  

i n  t h e  Knox i n  t h e  C e n t r a l  Basin is  50 g a l / m i n  (Kernie  Cothran,  

d r i l l e r ,  o r a l  COmm-). 

s i n g l e  w e l l s  i n  t h e  Knox can exceed 1000 gal /min .  The p o t e n t i a l  of 

t h e  Knox t o  y i e l d  l a r g e  amounts o f  ground water i n  t h e  c e n t r a l  p a r t  

of t h e  r e g i o n  is  unknown. 

The l a r g e s t  known p r o d u c t i o n  from a w e l l  f i n i s h e d  

However, i n  e a s t e r n  Tennessee,  p r o d u c t i o n  from 

. 

u 
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Ccastal P l a i n  

A narrow s t r i p  o f  t h e  Coastal  P la in  province extends along t h e  

western edge of  the Tennessee Region. Its eastern boundary i s  approx-. 

iinately the  edge of the  Paleozoic  rock outcrop and its western edge is  

the  Tennessee ,River - Mississ pp i  River drainage d iv ide .  The Tennessee 

River flows along t h e  eastern boundary aga ins t  t he  edge of the  Highland 

R i m .  

than t h a t  of the  d i s sec t ed  edge o f  the  Highland Rim. 

i n  the  Coastal  P l a i n  section of  the  Tennessee Region a r e  two unconsolidated 

Cretaceous formations,  t he  Coffee Sand and FIcNairy Formation ( f i g .  2 0 ) .  

According t o  Bos\<e11 and o thers  (1965),  both the  JlcNairy Fornation 

The topography west o f  he r i v e r  va l l ey  is o f  moderate re l ief ,  less 

The major aquifers 

and the  Coffee Sand 3re capable o f  y i e ld ing  municipal and i n d u s t r i a l  

suppl ies  nea r ly  ever)vhere t o  the west of the  outcrop. 

y i e lds  up to  about 300 gal/min t o  w I l s  and i s  used as a source of  water 

i n  t!ie westemniost couiLtizs i n  the  Tenr\.essee Region ;is f a  n o r t h  as 

Car ro l l  County, Tennessee. 

inuch g r e a t e r  product ion,  a i d  good ~ 1 1 s  produce 500 t o  1000 ga l /n in .  

3IcNaiz-y Formation i s  used as 2 SOUI'CC of water i n  t!ic Tcnricssee Re:;ion 

count ies  nor th  o f  Car ro l l  CoiGit)., '~L'WICSSCC. 

be \cithclr;iw Eroin t k s c  fonli:ir ion5 Jcl)cnJs , i n  part, on the thickless o f  

s a tu ra t ed  sand layers ;mu t h e  construction o f  t!w wells C h 3 t  pcne t ra t~~ 

thern. 

The Coffee Sand 

'Thc bicNai1-y % m a t i o n ,  !io\ucver, i s  capable of  

The 

'I?:e aiimclt o f  hater t!iat can 
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I 

1 

Mississippi River- 
Tennessee River 
Drainage Divide 

Recharge 
I 

I O w l  Creek Predominant Lithology 

Sand 
Clay 
Limestone 

J About 50 miles 1 
Drawing not to scale 

Figure  20.--Sketch showing i d e a l i z e d  g e o l o g i c  and hydro logic  condi -  

t i o n s  i n  t h e  C o a s t a l  P l a i n  province.  

e x t e n d s  east  and w e s t  approximate ly  a t  a l a t i t u d e  of 35"N. 

The c r o s s  s e c t i o n  
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I n  n o r t h e r n  M i s s i s s i p p i , t e s t  w e l l s  i n  a s h a t t e r e d  P a l e o z o i c  

c h e r t  a q u i f e r  p roduced  up t o  550 g a l / m i n  w i t h  a s p c c i F i c  c a p a c i t y  of 

5 ( g a l / r n i n > / f t .  (Newcome and  Callahan, 1964) .  The Camden C h e r t  and  

F o r t  Payne  C h e r t  c o m p r i s e  t h i s  F r a c t u r e d  c h e r t  a q u i f e r  i t 1  T e n n e s s e e  

(Wells, 1933).  
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Q u a l i t y  of  Ground Water 

The n a t u r a l  q u a l i t y  of ground water i n  t h e  Tennessee Region de- 

pends on many f a c t o r s ,  b u t  mainly upon t h e  composi t ion  of t h e  rock  

i n  which t h e  water o c c u r s .  When water from p r e c i p i t a t i o n  e n t e r s  t h e  

a q u i f e r  as  r e c h a r g e  i t  is  g e n e r a l l y  low i n  d i s s o l v e d  s o l i d s ,  s o f t ,  

and s l i g h t l y  a c i d i c .  

a u i r e s  a greater c o n c e n t r a t i o n  of d i s s o l v e d  c o n s t i t u e n t s  which change 

J 
I 

A s  t h e  water moves through t h e  a q u i f e r  i t  ac- 

I 
and p h y s i c a l  p r o p e r t i e s .  

Several changes i n  t h e  chemical  composi t ion  and p h y s i c a l  p r o p e r t i e s  

of ground water t a k e  p l a c e  i n  t h e  a q u i f e r s  of t h e  Tennessee Region, 

depending on t h e  type of r o c k  composing t h e  a q u i f e r .  

o c c u r s  i n  i h e  a q u i f e r s  composed of r e g o l i t h .  

r e g o l i t h  remains s l i g h t l y  a c i d i c  and low i n  d i s s o l v e d  s o l i d s .  This  t y p e  

of ground water  i s  common i n  t h e  r e g o l i t h  of t h e  Blue Ridge and Highland 

The leas t  change 
d 
I The ground water i n  t h e  

3 
R i m .  Water i n  t h e  o u t c r o p  b e l t  ( r e c h a r g e  a r e a )  of t h e  unconsol ida ted  

a q u i f e r s  of  t h e  C o a s t a l  P l a i n  i s  a l s o  f a i r l y  c l o s e  t o  r a i n w a t e r  i n  com- 

p o s i t i o n ,  b u t  becomes h a r d e r  and h i g h e r  i n  d i s s o l v e d  s o l i d s  as i t  moves 

P 
land s u r f a c e .  
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Ground water t h a t  comes i n  c o n t a c t  w i t h  s a n d s t o n e  and s h a l e  

c o n t a i n i n g  p y r i t e  remains  s o f t  b u t  may become a c i d i c  and h i g h  i n  i r o n  

and hydrogen s u l f i d e .  This type o f  water o c c u r s  i n  some noncarbonate  

f o r m a t i o n s  of t h e  V a l l e y  and Ridge, i n  t h e  Pennsylvanian  s h a l e  and sand- 

s t o n e  of t h e  Cumberland P l a t e a u ,  and immediately below t h e  Chat tanooga 

S h a l e  of t h e  Highland Rim. 

A t h i r d  k i n d  of change o c c u r s  i n  water t h a t  c o n t a c t s  c a r b o n a t e  

rocks .  Because r a i n w a t e r  t h a t  has  passed through t h e . s o i l  i s  somewhat 

a c i d i c ,  i t  can d i s s o l v e  l i m e s t o n e  and d o l o m i t e ,  becoming e n r i c h e d  i n  

b i c a r b o n a t e ,  calcium, and magnesium. A s  t h e  d i s s o l v e d  s o l i d s  c o n t e n t  

i n c r e a s e s ,  t h e  water becomes harder  and s l i g h t l y  a l k a l i n e .  This  t y p e  

of chemica l  change o c c u r s  i n  t h e  c a r b o n a t e  a q u i f e r s  such as  t h o s e  i n  

t h e  V a l l e y  and Ridge, i n  t h e  Highland R i m ,  i n  t h e  C e n t r a l  Basin,  i n  

S e q u a t c h i e  V a l l e y  of t h e  Cumberland P l a t e a u ,  and t h o s e  u n d e r l y i n g  l i m e -  

s t o n e  coves  of  t h e  B l u e  Ridge. 

The a n a l y s e s  shown i n  f i g u r e  2 1  a r e  r e p r e s e n t a t i v e  o f  t h e  chemical  

q u a l i t y  of t h e  ground water from t h e  s i x  p h y s i o g r a p h i c  areas of 

Tennessee.  Dissolved c o n s t i t u e n t s ,  c o n s i s t i n g  mainly o f  c a l c i u m  and 

b i c a r b o n a t e  i o n s ,  a r e  h i g h e s t  i n  t h e  ground water  of  t h e  C e n t r a l  B a s i n ,  

w i t h  somewhat lower c o n c e n t r a t i o n s  i n  the Highland Rim and VaLley and 

Ridge. Unlike a q u i f e r s  of t h e  C e n t r a l  Bas in ,  a q u i f e r s  i n  t h e  l a t t e r  two 

areas t o  n o t  c o n s i s t  e n r i r e l y  of c a r b o n a t e  r o c k s ,  and t h e  i n f l u e n c e  o €  

t h e  r e g o l i t h  and o t h e r  noncarbonate  rocks i s  s e e n  i n  t h e  lower amounts 

of d i s s o l v e d  c o n s t i t u e n t s ,  i n c l u d i n g  ca lc ium and b i c a r b o n a t e .  
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P h y s i o g r a p h i c  
. P r o v i n c e  

1 )  Blue  Ridge 

2 )  V a l l e y  and 
Ridge 

3 )  Cumber l a n d  
P l a t e a u  

4 )  Highland Rim 

5 )  C e n t r a l  B a s i n  

6) C o a s t a l  P l a i n  

Values  are medians,  i n  m i l l i g r a m s  p e r  l i t e r  

m 

0.1 

3.9 

1 6  0.05 4.6 0.5 3.3 0.8 29 1 . 6  0 .9  0 .1  
r 

10 0.09 38 12 3,8--*l~c2 178 5 3.5 0.0 

0.8 6.4 1.0 1 6  3.5 3 . 9  1 . 2  60 10 2.8 0.1 

4 t 7 + 4 7 +  
1 4 6  4.2 4 . 0  0.1 1 . 9  1 1 . 5  0.00 39  3.8 

0.5 

0.7 

7.3  0.08 79 9.7 4.4 1.5 256 26 5 .0  0.3 

14 0.5 1 6  4.6 22 3 .4  95 12  4.7 0.2 

Source  of a n a l y s e s :  1) McMaster and Hubbard, 1970, 23 samples ;  2 )  DeBuchananne and Richardson ,  1950,  
235 samples ;  3 )  Newcome and Smith.  1958, 1 3  samples ;  4 )  Geol.  Survey of Alabama b u l l e t i n s ,  1 2 5  sam- 
p l e s ;  5.) U.S.G.S. test  w e l l s  a t  Columbia, Normandy, and F r a n k l f n .  Tenn., 22 samples ;  6) Boswell ,  
Moore. MacCary,and o t h e r s ,  1965, median €or Ripley  Fm. (WcNairy Sand) ,  number of samples  unknown. 

* 

F i g u r e  21.--Results of chemica l  a n a l y s e s  of ground-water samples  

from e a c h  p h y s i o g r a p h i c  s u b d i v i s i o n  of t h e  Tennessee 

Reg ion. 
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The a n a l y s e s  f o r  t h e  Blue Ridge, Cumberland P l a t e a u  and C o a s t a l  

P l a i n ,  a l l  areas w i t h  main ly  non-carbonate  a q u i f e r s ,  i n d i c a t e  con- 

s i d e r a b l y  lower d i s s o l v e d  s o l i d s  i n  t h e  ground water of t h e s e  a r e a s  

t h a n  i n  c a r b o n a t e  t e r r a n e s .  I n  t h e  Blue Ridge, where most of t h e  ground 

water o c c u r s  i n  t h e  highly-weathered r e g o l i t h ,  d i s s o l v e d  s o l i d s  are 

lowes t .  

Ground-water q u a l i t y  is  r e f l e c t e d  i n  t h e  chemical  c h a r a c t e r  of 

stream water d u r i n g  p e r i o d s  o f  b a s e  f low.  To some e x t e n t ,  streams can  

b e  used t o  o b t a i n  an  i n t e g r a t e d  sample of d i s c h a r g e  from t h e  a q u i f e r s  

under ly ing  t h e  watershed.  Betson and McMaster (1975) have developed,  

f o r  t h e  Tennessee River  b a s i n ,  a model t o  s i m u l a t e  m i n e r a l  c o n s t i t u e n t  

c o n c e n t r a t i o n s  i n  s t reamf low f o r  watersheds  u n d e r l a i n  by d i f f e r e n t  t y p e s  

of rock .  Concent ra t ion  v a l u e s  genera ted  u s i n g  t h e i r  r e g r e s s i o n  c o e f f i -  

c i e n t s  and a s t reamflow of 1 ( f t 3 / s ) / m i 2 a g r e e  f a i r l y  c l o s e l y  w i t h  t h e  

a n a l y s e s  i n  f i g u r e  2 1  when t h e  c o e f f i c i e n t s  used a r e  t h o s e  f o r  rock  

t y p e s  most commonly found i n  each phys iographic  p r o v i n c e .  

I n  t h e  Tennessee Region, ground water i s  u s u a l l y  i n  c o n t a c t  w i t h  

t h e  a q u i f e r  material f o r  a s u f f i c i e n t  t i m e  t o  r e a c h  chemica l  e q u i l i b r i u m ,  

b u t  r a t e  of c i r c u l a t i o n  w i t h i n  t h e  a q u i f e r  h a s  an impor tan t  e f f e c t  on 

ground-water q u a l i t y .  Where c c u l a t i o n  has been  r a p i d ,  a q u i f e r s  can be 

f l u s h e d  of r e a d i l y  d i s s o l v e d  subs tances .  Where t h e  r e g o l i t h  i s  h y d r a u l i c a l l y  

connected t o  well-developed openings i n  tile u n d e r l y i n g  bedrock, water  

from t h e  r e g o l i t h ,  low i n  d i s s o l v e d  s o l i d s ,  c a n  c i r c u l a t e  r a p i d l y  t h r o u g h  t h e  

openings  w i t h o u t  g r e a t  i n c r e a s e s  i n  hardness .  As a r e s u l t  of s i t u a t i o n s  

l i k e  t h e s e ,  water from w e l l s  t h a t  t a p  v e r y  permeable f o r m a t i o n s  o r  h ighly-  

developed s o l u t i o n  o r  f r a c t u r e  systems t e n d s  t o  be lower i n  d i s s o l v e d  

s o l i d s  t h a n  w a t e r  from p o o r l y  i n t e r c o n n e c t e d  openings.  

. 
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e n t i r e l y  f r e e  of any i n d i c a t i o n s  of contaminat ion .  
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The q u a l i t y  of ground-water from a p a r t i c u l a r  a q u i f e r  a t  any one 

p l a c e  t e n d s  t o  b e  r e l a t i v e l y  c o n s t a n t  w i t h  t i m e .  T h i s  p r o p e r t y  is  

most e v i d e n t  where t h e  r e g o l i t h  f i l t e r s  t h e  water t h a t  r e p l e n i s h e s  

the a q u i f e r .  I n  a q u i f e r s  having d i r e c t  c o n n e c t i o n s  w i t h  land  s u r f a c e  

( v i a  s i n k h o l e s ,  f o r  example) marked changes i n  q u a l i t y  may occur  as  

s t o r m  runoff  e n t e r s  t h e  system. 

Well-developed openings  and highly-porous material, when less 

t h a n  a b o u t  100 f t  below l a n d  s u r f a c e  a re  v e r y  s u s c e p t i b l e  t o  p o l l u -  

t i o n ,  and s t r o n g  p r o t e c t i v e  measures are needed t o  e n s u r e  t h a t  t h e  

ground-water q u a l i t y  w i l l  remain unimpaired.  

A s t u d y  sponsored by t h e  U.S. P u b l i c  H e a l t h  Service i d e n t i f i e d  

a h i g h  i n c i d e n c e  of contaminat ion  of r u r a l  domest ic  water s u p p l i e s  

i n  t h r e e  c o u n t i e s  i n  Tennessee,  as shown by t h e  p r e s e n c e  of c o l i f o r m  

and f e c a l  c o l i f o r m  b a c t e r i a  i n  water  samples  (Bureau of Water Hygiene, 

1971) .  F i f t y - n i n e  p e r c e n t  of  t h e  water s u p p l i e s  examined f a i l e d  t o  

meet b a c t e r i o l o g i c a l  s t a n d a r d s .  However, a c c o r d i n g  t o  t h e  r e p o r t ,  

n e a r l y  e v e r y  one of t h e  r u r a l ,  i n d i v i d u a l  s y s t e m s  examined had one o r  

more f a c i l i t y  d e f i c i e n c i e s .  Very f e w  of  t h e s e  systems were c o n s t r u c t e d  

t o  p r e v e n t  e n t r a n c e  of contaminat ion.  I t  i s  e n t i r e l y  p r o b a b l e  t h a t  

they  r e p r e s e n t  contaminat ion  a t  t h e  w e l l  s i t e  and n o t  of t h e  a q u i f e r s  

t h a t  f u r n i s h  water t o  t h e  w e l l s .  Water o b t a i n e d  from r e l a t i v e l y  d e e p  

a q u i f e r s  p e n e t r a t e d  by tes t  wells lias u s u a l l y  c o n t a i n e d  v e r y  f e w ,  if 

any,  c o l i f o r m  b a c t e r i a ,  and i t  is n o t  unusua l  f o r  t h e  water t o  b e  



Most of the ground water 

chemical character for public 

the medians and ranges of some 

maximum concentrations have be 

Protection Agency (National Ac 

of Engineering, 1972; EPA, 197 

iron exceed the recommended maximum concentration. but most of the samules 

are well within the recommenda 

in the Tennessee Region is of suitable 

drinking-water supplies. Figure 22 shows 

of the chemical parameters f o r  which 

en recommended by the Environmental 

ademy of Science and National Academy 

5) .  In two areas the median values for 
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EXPLANATION 

A 100 L A R G E S I  C l l l L S  IN U I. -- 

B C O A S I A L  PLAIN - - - - - - 
C CENIRAL 8 A S I N  - - - - - - 
E CUMBEILANO PLAIEAU - - - - 
f VALLEY A N 0  RIDGE - - - - - 
0 HIGHLAND RIM - - - - - - 

-A=J 

IRON 
RLCOMMLNOED MAXIMUM C O N C E N I R A I I O N  0 3 MG/L 

. . . . . . . - 
R b N G I  

SULFATE 

A s 5 7 2  

B .  RECOMMENDED M A X I M U M  

C C O N C E N I P A I I O N  

CHLORIDE 

A ,  9 5 4 0  

8 ' :  )47 5 

C pJoo RECOMMENDED MAXIMUM 

D -  $ 1 9 ~  C O N C E N l E A I I O N  
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F i g u r e  22.--Medians and ranges  of s i x  chemica l  c o n s t i t u e n t s  i n  

u n t r e a t e d  ground water of t h e  Tennessee Region 

and i n  t h e  t r e a t e d ,  f i n i s h e d  water of t h e  100 

l a r g e s t  c i t i es  i n  t h e  Uni ted  S t a t e s .  

are t h e  recommended maximum o r  minimum v a l u e s  f o r  

Also g i v e n  

t h e s e  c o n s t i t u e n t s  i n  d r i n k i n g  water. 
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The Tennessee Region h a s  no known s i g n i f i c a n t  b o d i e s  of s a l i n e  

ground water. O f  a b o u t  1000 a n a l y s e s  (mos t ly  p u b l i s h e d )  of water 

from w e l l s  and s p r i n g s  th roughou t  t h e  r e g i o n ,  o n l y  40  i n d i c a t e  water 

w i t h  o v e r  1000 mg/L t o t a l  d i s s o l v e d  s o l i d s .  

c o n t e n t  is u s u a l l y  a s s o c i a t e d  w i t h  s t a g n a n t  ground water i n  poor ly -  

deve loped  s o l u t i o n  o p e n i n g s  i n  f l a t - l y i n g  c a r b o n a t e  r o c k s .  

and s p r i n g s  w i t h  h i g h  d i s s o l v e d  s o l i d s  a r e  i n  t h e  C e n t r a l  Basin o r  

Highland Rim,and 1 7  of t h e  w e l l s  t a p  t h e  Knox Dolomite of c e n t r a l  

Tennessee.  I n  a l m o s t  e v e r y  c a s e  they r e p o r t e d l y  produce less than 20 

The h i g h  d i s s o l v e d  s o l i d s  

Most of the w e l l s  

ga l /min  (. 03 Mgal/d) . 

. 
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DEVELOPMENT OF THE GROUND WATER RESOURCES 

Ground Water Use 

In 1970. t h e  u s e  of ground water i n  t h e  Tennessee Region t o t a l e d  

173  Mgal/d (l4urray and Reeves, 1972).  T h i s  i s  less t h a n  one p e r c e n t  

of t h e  e s t i m a t e d  22,000 Mgal/d of ground water t h a t  i s  d i s c h a r g e d  

a n n u a l l y  to t h e  streams of t h e  Tennessee Region, which i s  a n  i n d i c a -  

t i o n  of t h e  l a r g e  amounts a v a i l a b l e  f o r  development. 

t h a t  i s  used amounts t o  s l i g h t l y  less t h a n  e i g h t  p e r c e n t  of t h e  t o t a l  

water u s e  i n  t h e  Region exc luding  t h a t  used f o r  e l ec t r i c  power genera-  

t i o n  ( t a b l e  4 ) .  However, t h e  p e r c e n t  of  t h e  p o p u l a t i o n  served  by 

ground water i s  much l a r g e r  t h a n  t h e  t o t a l - u s e  f i g u r e s  would i n d i c a t e .  

The ground water 

According t o  t h e  1970 c e n s u s ,  t h e  p o p u l a t i o n  of t h e  Tennessee 

Region w a s  a b o u t  3,300,000. One t h i r d  of  t h e  people  were l i v i n g  i n  

towns o r  c i t i e s  w i t h  p o p u l a t i o n s  of 2500 o r  more. The res t  l i v e d  

i n  small towns o r  r u r a l  areas (Delury,  1973) .  

A t  p r e s e n t ,  most of t h e  l a r g ?  towns and c i t i e s  i n  t h e  Tennessee 

Region u s e  s u r f a c e  water. A n o t a b l e  e x c e p t i o n  i s  H u n t s v i l l e ,  Alabama, 

a c i t y  of 138,000, which o b t a i n e d  a11 i t s  water from Big S p r i n g  u n t i l  

1950. Now i t  draws half  i t s  supply  from f i v e  wells clod one s p r i n g  and 

. t h e  o t h e r  h a l f  from t h e  Tennessee River  (Gcol. S u r v e y  o f  A h . .  1975) .  

In t h a t  p a r t  of t h e  S t a t e  of Tennessee w i t h i n  t h e  Tennessee River 

b a s i n ,  t h e  l a r g e s t  towns s u p p l i c d  e n t i r e l y  w i t h  ground water a r e  

Tullahoma, p o p u l a t i o n  15,000, clnd E l i z a b e t h t o n ,  p o p u l a t i o n  12,000. 

Both draw t h e i r  w a t e r  from s p r i n g s  (Tennessee Div. Water Resources ,  

w r i t t e n  c o r n . ,  1976).  
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T a b l e  3.--Water u s e  i n  t h e  Tennessee Region i n  

1970 (from Murray and Reeves, 1972) 

Water withdrawn ( i n  Mgal/d) 

Use of water Ground water S u r f a c e  water 

P u b l i c  s u p p l i e s  6 4  ( 2 :  7. )  240  (-tlr,)i 

R u r a l  domes t i c  u s e  51 (qb: . g  (2‘1 

zdb _- 32/c7u. 122 1 3  \’-?; 25 L i v e s t o c k  and i r r i g a t i o n  --_ 
S e l f - s u p p l i e d  i n d u s t r i a l  u s e  

( e x c l u d i n g  power g e n e r a t i o n )  

6 ,100  

12,000 

T o t a l  173 19 ,700  

0 

0 

Power g e n e r a t i o n  ( t h e r m o e l e c t r i c )  

Power g e n e r a t i o n  ( h y d r o e l e c t r i c  

. 
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Many o f  t h e  smaller towns i n  t h e  T e n n e s s e e  Region u s e  ground 

water. Seven ty -n ine  p e r c e n t  o f  t h e  small  w a t e r - d i s t r i b u t i o n  s y s t e m s  

( s e r v i n g  f ewer  t h a n  2500 p e o p l e )  u s e  ground water f o r  a t  l e a s t  h a l f  

t h e i r  s u p p l y .  A s  t h e s e  towns and o t h e r s  t h a t  w i thd raw water from s m a l l  

streams grow, t h e  p r e s e n t  s u r f a c e  s o u r c e  may become i n a d e q u a t e  and ground 

water c o u l d  p l a y  a m a j o r  r o l e  i n  s u p p l e m e n t i n g  t h e s e  s u p p l i e s .  

The r u r a l  p o p u l a t i o n  of t h e  T e n n e s s e e  Region o b t a i n s  most  o f  i t s  

water s u p p l y  from w e l l s  and  s p r i n g s .  Approx ima te ly  50 Mgal ld  w a s  u sed  

f o r  r u r a l  d o m e s t i c  p u r p o s e s  i n  1970 .  I n  c o n t r a s t ,  o n l y  a t h i r d  of w a t e r  

u s e d  f o r  l i v e s t o c k  and  i r r i g a t i o n  was ground water (Murray and Reeves ,  

1 9 7 2 ) .  

I n d u s t r i e s  i n  t h e  Tennessee  Region t h a t  have  t h e i r  own s o u r c e  

o f  water u s e d  45 blgal /d  o f  ground water i n  1970.  T h i s  w a s  o n l y  3 p e r -  

c e n t  o f  t h e  water  u s e d  by s e l f - s u p p l i e d  i n d u s t r i e s  o t h e r  t h a n  power- 

g e n e r a t i n g  p l a n t s .  

I n  a d d i t i o n  t o  i n d u s t r i a l  u s e ,  g round water s u p p l i e s  many bus- 

i n e s s e s  i n  i s o l a t e d  areas s u c h  as service s t a t i o n s  and i i io te l s .  S p r i n g s  

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

t u r b i d i t y  o f  t h e  ground water.  

. 
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P o t e n t i a l  f o r  Development 

Ground water is  g e n e r a l l y  ove r looked  a s  a water supp ly  i n  t h e  

Tennessee Region b e c a u s e  of  t h e  abundance of  s u r f a c e  water. 

p a r t  of t h e  a v a i l a b l e  ground-water s u p p l y ,  abou t  0.8 p e r c e n t  o f  t h e  a v e r a g e  

a n n u a l  r e c h a r g e ,  i s  b e i n g  used.  

water s u p p l y  are as f o l l o w s :  1) i ts  widesp read  a v a i l a b i l i t y ,  2 )  i t s  

g e n e r a l  d e p e n d a b i l i t y ,  p a r t i c u l a r l y  a t  d e p t h ,  3)  t h e  m i n i m a l  amount of 

t r e a t m e n t  r e q u i r e d ,  4 )  t h e  r e l a t i v e l y  low c o s t  of deve lop ing  a ground-water 

s u p p l y ,  and 5 )  i ts  uniform t e m p e r a t u r e  and chemica l  c h a r a c t e r .  Ground 

water c a n  be  used v e r y  e f f i c i e n t l y  f o r  small-scale developments such  a s  

water s u p p l i e s  f o r  r u r a l  communities,  i n d u s t r i e s  and sinall towns. I n  

Only a s m a l l  

The advan tages  i n  u s i n g  ground water a s  a 

a d d i t i o n ,  ground water h a s  p o r e n t i a l  f o r  supp lemen ta l  and c o n j u n c t i v e  u s e  

w i t h  s u r f a c e  water s u p p l i e s .  

The re  i s  growing i n t e r e s t  i n  t h e  f e a s i b i l i t y  and a d v i s a b i l i t y  of  

i n j e c t i n g  f r e s h  wa te r  i n t o  a q u i € e r s  f o r  s t o r a g e .  The u s e  of underground 

s p a c e  f o r  s t o r a g e  of l i q u i d s  h a s  been p r a c t i c e d  on o n l y  a l i m i t e d  s c a l e  

i n  t h e  r e g i o n .  

Avn i l a  b il i t  y 

I n  many p a r t s  o f  t h e  Tennessee Region, ground water i s  a v a i l a b l e  i n  

amounts comparable t o  those  t h a t  might be o b t a i n e d  from s u r f a c e - w a t e r  

impoundments. The ground-water r e s e r v o i r  s t o r e s  water w i t h  minimal 

e v a p o r a t i o n ,  i n s u l a t e d  t o  some d e g r e e  from p o l l u t a n t s  and a v a i l a b l e  a t  

d i v e r s e  p o i n t s ,  as  opposed t o  s u r f a c e  impoundments f o r  which s i t e s  are  

l i m i t e d .  I n  a d d i t i o n ,  ground-water s u p p l i e s  can be developed more 

q u i c k l y  and a t  lower c o s t  compared t o  t h e  time and c o s t  of  c r e a t i n g  

su r face -wa te r  s t o r a g e .  . .  
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Dependabi l i ty  

It i s  a common b e l i e f  t h a t  ground-water l e v e l s  are c o n t i n u a l l y  

dec l in ing  i n  a l l  p a r t s  of t h e  country.  

places where pumpage of ground water g r e a t l y  exceeds n a t u r a l  recharge.  

I n  t h e  Tennessee Region, ground-water levels show only  normal seasonal  

t r ends .  

(Apr i l  - November) and rise dur ing  t h e  remainder of t h e  year  when most 

ground-water systems are being recharged from p r e c i p i t a t i o n  ( f i g .  2 3 ) .  

Shallow dug w e l l s  are no t  dependable sou rces  of supply du r ing  pe r iods  

of prolonged drought  as they  are g e n e r a l l y  no t  dug deep enough t o  

a l low f o r  any extreme d e c l i n e  i n  water l e v e l .  

from d r i l l e d  w e l l s  t h a t  p e n e t r a t e  deeper  s o l u t i o n  c a v i t i e s  o r  water- 

However, t h i s  i s  t r u e  only i n  

Water l e v e l s  u s u a l l y  d e c l i n e  du r ing  t h e  growing season 

However, product ion 

bear ing  format ions  i s  g e n e r a l l y  n o t  s e r i o u s l y  reduced by drought.  

I n  areas where ground water i s  developed,  l o c a l  lowering of water 

levels can occur  as a r e s u l t  of pumping. 

t h e  c a p a c i t y  of the  a q u i f e r  t o  supply water, t h e  ra te  of water - leve l  

d e c l i n e  w i l l  g r adua l ly  d iminish  and t h e  water l e v e l  w i l l  s t a b i l i z e .  

The response  of t h e  water l e y e l  t o  v a r i o u s  rates of pumping is  shown 

i n  f i g u r e  24.  Nowhere i n  t h e  r eg ion  has  ground-water development 

caused s i g n i f i c a n t  dep res s ion  of water levels, a l though t h e r e  are 

i n s t a n c e s  where inadequate  spacing between wells h a s  caused excess ive  

water - leve l  drawdown i n  a l o c a l i z e d  area. 

However, i f  pumpage i s  w i t h i n  
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Figure 23.--Water-level fluctuations in test well M-1,  Manchester, 

Tennessee, showing seasonal trendS(from Burchett, 

1977 >. 
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F i g u r e  24.--Pumping r a t e  a n d  water l e v e l s  i n  w e l l  M-157, C o l b e r t  

County,  Alabama, d u r i n g  pumping t e s t  ( f rom Harris 

and  o t h e r s ,  1963) .  
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Treatment Needs 

Ground water i n  t h e  Tennessee Region u s u a l l y  needs  less t r e a t m e n t  

t han  s u r f a c e  water t o  make i t  a c c e p t a b l e  f o r  most u s e s .  It can o f t e n  

be  used u n t r e a t e d  f o r  c o o l i n g  and p r o c e s s  water in i n d u s t r i a l  p l a n t s .  

C h l o r i n a t i o n  i s  t h e  b a s i c  t r e a t m e n t  needed f o r  d r ink ing -wa te r  s u p p l i e s .  

I n  some cases a e r a t i o n  i s  needed t o  d i s s i p a t e  d i s s o l v e d  g a s e s  such  as 

hydrogen s u l f i d e  o r  t o  p r e c i p i t a t e  d i s s o l v e d  i r o n .  B u f f e r i n g  may b e  

needed, e s p e c i a l l y  f o r  water systems where low-pH ground water i s  t o  

be mixed w i t h  s l i g h t l y  a l k a l i n e  s u r f a c e  water. Ground water u s u a l l y  

h a s  l o w  t u r b i d i t y  and does no t  g e n e r a l l y  r e q u i r e  f i l t r a t i o n  t o  meet 

t u r b i d i t y  s t a n d a r d s  f o r  d r i n k i n g  water. Ground water h a s  t h e  addi-  

t i o n a l  advan tage  of  be ing  uniform i n  chemica l  q u a l i t y ,  and would t h e r e -  

f o r e  r e q u i r e  l ess  m o n i t o r i n g  than  a s u r f a c e - w a t e r  s u p p l y .  For  example,  

t h e  t u r b i d i t y  of s u r f a c e  water is i n c r e a s e d  by s to rm r u n o f f ,  b u t  

ground-water t u r b i d i t y  i s  u s u a l l y  c o n s t a n t ,  excep t  i n  s h a l l o w  c a r b o n a t e  

a q u i f z r s  t h a t  have d i r e c t  c o n n e c t i o n s  w i t h  land s u r f a c e  such  as s i n k -  

h o l e s .  

A s  a r e s u l t  o f  t h e  minimal t r e a t m e n t  needed by most ground-water 

s u p p l i e s ,  low-cost t r e a t m e n t  f a c i l i t i e s  c a n  b e  i n s t a l l e d  3t t h e  w e l l  

f i e l d .  T h i s  makes i t  p o s s i b l e  t o  have r n u l t i p l e  self-contained u n i t s  

l o c a t e d  a t  p o i n t s  of u s e  o f  t h e  water r a t h e r  than a s i n g l e  t r e a t m e n t  

p l a n t  w i t h  a n  e x t e n s i v e  d i s t r i b u t i o n  system. 
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Cost of  Development 

Ano the r  p o t e n t i a l  b e n e f i t  of  ground-water  deve lopment  i s  i t s  

r e l a t i v e l y  low cost .  Cede r s t rom (1973) e s t i m a t e d  t h a t  i n  t h e  Nor th  

A t l a n t i c  s t a t e s  t h e  c o s t  of l a r g e  s u p p l i e s  o f  ground water a t  t h e  w e l l -  

head ,  t a k i n g  i n t o  a c c o u n t  t h e  c o s t s  o f  l o c a t i n g  and d e v e l o p i n g  a w e l l  

or w e l l  f i e l d ,  r anged  f rom 1 . 5  t o  5 c e n t s  p e r  t housand  g a l l o n s  i n  1970 

depend ing  o n  t h e  a q u i f e r  material. 

t h i s  s t u d y  area a re  s imilar  t o  t h o s e  o f  t h e  Tennessee  Reg ion ,  r a n g i n g  

from C o a s t a l  P l a i n  s e d i m e n t s  f rom which  ground water c a n  b e  o b t a i n e d  

most  c h e a p l y  t o  c a r b o n a t e  r o c k s  i n  which  ground-water  deve lopment  i s  

most  c o s t l y .  The i n v e s t m e n t  r e q u i r e d  t o  c o n s t r u c t  and o p e r a t e  a 

ground-water  d i s t r i b u t i o n  f a c i l i t y  i s  f u r t h e r  r educed  a t  places where  

t h e  water r e q u i r e s  l i t t l e  t r e a t m e n t .  

Many o f  t h e  a q u i f e r  materials i n  

A s t u d y  o f  t h e  a l t e r n a t i v e s  f o r  water s u p p l y  may r e v e a l  a n  

economic i n c e n t i v e  t o  u s e  ground water. h example i s  a s m a l l  u t i l -  

i t i e s  d i s t r i c t  i n  c e n t r a l  Hami l ton  County,  Tennessee .  Owing t o  t h e  

p r o x i m i t y  of t h e  s u r f a c e - w a t e r  i n t a k e  f o r  t h i s  sys t em t o  t h e  s i t e  of a 

n u c l e a r  power p l a n t  on t h e  Tennessee  R i v e r ,  a s t u d y  of a l t e r n a t i v e  

s o u r c e s  of  water w a s  made. The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  i n d i c a t e d  

t h a t  t h e  u s e  of ground water from t h e  Knox Dolomi te  would lover t h e  

c o s t  of p r o v i d i n g  f i n i s h e d  water t o  t h e  consumers  by as  much JS 50 

p e r c e n t ,  and  t h e  u t i l i t y  is now u s i n g  wells.  
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Temperature S t a b i l i t y  

A r e l a t i v e l y  c o n s t a n t  annua l  t empera tu re ,  abou t  t h e  same as t h e  

a v e r a g e  a n n u a l  a i r  t empera tu re  of t h e  area where i t  o c c u r s ,  is char-  

a c t e r i s t i c  of ground water. 

u s e f u l  f o r  c o o l i n g  and f o r  i n d u s t r i a l  p r o c e s s e s  where c o n s t a n t  t e m p e r -  

T h i s  c h a r a c t e r i s t i c  makes i t  extremely 

a t u r e  i s  r e q u i r e d .  

no rma l ly  r a n g e  from 50 t o  65'F. 

In  t h e  Tennessee Region ground-water t e m p e r a t u r e s  

A growing u s e  of ground water i s  as a h e a t  exchange medium f o r  

h e a t  pumps. Hea t ing  and c o o l i n g  of b u i l d i n g s  i s  much more e f f i c i e n t  

w i t h  a ground water t o  a i r  r a t h e r  t han  a i r  t o  a i r  i n t e r f a c e ,  because  

of i t s  c o n s t a n t  t empera tu re  and t h e  h i g h  s p e c i f i c  h e a t  of water. 

E f f i c i e n c y  f o r  Small-Scale Development 

Owing t o  t h e  scale of ground-water developments ,  ground water i n  

t h e  Tennessee Region h a s  g r e a t  p o t e n t i a l  a s  a s o l e  water s o u r c e  f o r  

small  communities and i n d u s t r i e s  t h a t  are  remote from l a r g e  r e s e r v o i r s .  

I n  s p a r s e l y  popu la t ed  areas and small r u r a l  communities a mul t i -  

f a m i l y  w e l l  may be a more e f f i c i e n t  water s u p p l y  t h a n  a c o n n e c t i n g  p i p e -  

l i n e  t o  a l a r g e  c e n t r a l i z e d  water d i s t r i b u t i o n  system (Lehr ,  1 9 7 6 ) .  

Cederstrom concluded i n  h i s  c o s t  a n a l y s i s  of  ground--watzr s u p p l i e s  i n  

North - A t l a n t i c  s t a t e s  (1973)  t h a t  ' 'where l a r g e  water r e q u i r e m e n t s  

c o n s i s t  of many s m a l l  t o  moderate  dcmands a t  d i s t i n c t l y  separate p o i n t s  
. 

ground-water s u p p l i e s  may serve admi r Jb ly  from 3 c o s t  p o i n t  o f  view." 

T h i s  approach  i s  be ing  t aken  i n  L i n c o l n  County, Tennessee,  where t h e  

U.S. G e o l o g i c a l  Survey h a s  unde r t aken  a c o o p e r a t i v e  s t u d y  w i t h  t h e  

L i n c o l n  County P u b l i c  U t i l i t i e s  Commission t o  i n v e s t i g a t e  t h e  o c c u r r e n c e  

and a v a i l a b i l i t y  of ground water a s  a n  a i d  i n  d e v e l o p i n g  ground-water 

s u p p l i e s  f o r  small  communities throughout  t h e  coun ty .  
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For i n d u s t r i a l  u s e ,  t h e  c o s t  of i n s t a l l i n g  a w e l l  o r  deve loping  a 

w e l l  f i e l d  may compare f a v o r a b l y  w i t h  t h e  c o s t  of a long p i p e l i n e  con- 

n e c t i n g  t o  a munic ipa l  system. 

by t h e  low o p e r a t i o n  and maintenance c o s t  of t h e  ground-water f a c i l i t y .  

Where s u f f i c i e n t  ground water cannot  b e  o b t a i n e d  o n - s i t e ,  water can  b e  

piped from w e l l s  a t  more f a v o r a b l e  s i tes ,  as i s  be ing  comtemplated i n  

Chattanooga, Tenn. (D. R. R i m a ,  U.S. G e o l o g i c a l  Survey, o r a l  corn.  1976) .  

A l so ,  t h e  i n i t i a l  c o s t  would be d e f r a y e d  

Supplemental  and Conjunct ive  Use 

I n  areas where ground water a l o n e  i s  i n a d e q u a t e  t o  supply  a needed 

amount of water, i t  c a n  p l a y  a supplementa l  r o l e .  

s i t u a t i o n s  i n  which u s e  of ground water would be a n  a t t r ac t ive  a l t e r n a -  

t i v e  s o u r c e  of  supply .  

t h e  p o i n t w h e r e  demand f o r  w a t e r  o c c a s i o n a l l y  exceeds t h e  supply  avail-  

a b l e  from ground water -sources ,  a sur face-water  impoundment might b e  

needed. However, u n t i l  t h e  need w a s  such  t h a t  a major c o n s t r u c t i o n  of  

t h i s  n a t u r e  could b e  j u s t i f i e d ,  ground water ,  even i n  r e l a t i v e l y  s m a l l  

There are  several 

F o r  example, when a town grows g r a d u a l l y  t o  

amounts, could supply  t h e  peak water demand. I n  a r e a s  where s u r f a c e  

water i s  n o t  a v a i l a b l e ,  m u n i c i p a l i t i e s  are  f a c e d  w i t h  t h e  a l t e r n a t i v e s  

of b u i l d i n g  a p i p e l i n e  t o  connec t  t o  a n o t h e r  water s y s t e m o r  of deve loping  

ground-water s u p p l i e s .  I n  t h i s  s i t u a t i o n ,  a thorough i n v e s t i g a t i o n  of 

a v a i l a b l e  ground-water r e s o u r c e s  i s  warran ted  because of t h e  h i g h  c o s t  

of c o n s t r u c t i n g  a p i p e l i n e .  

development as t h e  water supply  f o r  o u t l y i n g  areas of growth. 

Ground water can  a l s o  p l a y  a r o l e  i n  urban  
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C o n j u n c t i v e  u s e  o f  ground water and  s u r f a c e  water  h a s  r e c e i v e d  

l i t t l e  a t t e n t i o n  i n  t h e  Tennessee  Region .  

i l l u s t r a t e  how knowledge o f  ground water - s u r f a c e  water i n t e r a c t i o n  

c o u l d  i n c r e a s e  t h e  e f f i c i e n c y  w i t h  wh ich  b o t h  a r e  used .  

Tennessee ,  t h e r e  i s  a p l a n  t o  modi fy  a water s y s t e m  t h a t  no rma l ly  u s e s  

water f rom a stream which  i s  s u b j e c t e d  t o  o c c a s i o n a l  c h e m i c a l  p o l l u t i o n .  

The stream w i l l  b e  m o n i t o r e d  a n d ,  when p o l l u t i o n  o c c u r s ,  t h e  s y s t e m  

w i l l  draw water f rom n e a r b y  w e l l s  u n t i l  t h e  s u r f a c e  water i s  a g a i n  

The f o l l o w i n g  examples  

I n  Cha t t anooga ,  

u s e a b l e .  Ground water c o u l d  a l s o  b e  u s e d  t o  augment  t h e  low f l o w s  of  

streams, b o t h  t o  s u p p l y  water s y s t e m s  and  t o  m a i n t a i n  s u f f i c i e n t  f l o w  

t o  assimilate waste. 

When a l a r g e  s u r f a c e - w a t e r  impoundment i s  made, i t  c o u l d  b e n e f i t  

ground-water  u s e r s  by r e d u c i n g  t h e  ground-water  l e v e l  f l u c t u a t i o n s  i n  

t h e  v i c i n i t y  of  t h e  l a k e .  S u r f a c e  water c a n  b e  s t o r e d  w i t h o u t  t h e  u s e  

o f  a n  impoundment where  a s u i t a b l e  a q u i f e r  i s  a v a i l a b l e .  Such a n  

a q u i f e r  can  be r e c h a r g e d  w i t h  s u r f a c e  wat.er d u r i n g  t imes o f  h i g h  f l o w  

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

c a p t u r e  s u b s u r f a c e  f l o w  i n  stream beds  by i n d u c i n g  f l o w  from t h e  

stream toward t h e  w e l l s .  

Well f i e l d s  c a n  a l s o  b e  used  t o  

I n  an a l l u v i a l  J q u i f e r ,  of which  t h e r e  a re  few i n  t h e  Bnnessee  

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

t e m p e r a t u r e  i n  t h e  a q u i f e r  caused  by i n f i l t r a t i o n  o f  r i v e r  water.  

The ground water t e m p e r a t u r e  l a g s  a b o u t  s i x  months behind  t h e  r iver  

t e m p e r a t u r e .  I t  i s  w a r m e s t  i n  w i n t e r  and  c o o l e s t  i n  summer. T h i s  

p r o p e r t y  c o u l d  b e  u s e f u l  f o r  h e a t i n g  and  c o o l i n g  pu rposes .  
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Underground S t o r a g e  

Deep w e l l s  a re  be ing  used i n  t h e  Tennessee Region f o r  d i s p o s a l  

of l i q u i d  waste. Two i n d u s t r i e s ,  i n  New J o h n s o n v i l l e ,  Tennessee and 

M t .  P l e a s a n t ,  Tennessee,  u s e  w e l l s  f o r  d i s p o s a l  of chemical  waste. 

A t  Oak Ridge, Tennessee,  medium l e v e l  l i q u i d  r a d i o a c t i v e  wastes are 

i n j e c t e d  i n t o  a s h a l e  f o r m a t i o n  i n  cement g r o u t  s o  t h a t  once t h e y  

s o l i d i f y  they  cannot  move from t h e  p o i n t  of i n j e c t i o n  (de  Laguna, 1968) .  

No a q u i f e r  i n  t h e  Tennessee Region i s  c a p a b l e  of comple te ly  i s o l a t -  

i n g  i n j e c t e d  l i q u i d  s u b s t a n c e s .  T h e r e f o r e ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  

i n j e c t e d  l i q u i d s  would d i s p l a c e  p o o r - q u a l i t y  water and m i g r a t e  upward 

i n t o  a q u i f e r s  used f o r  s o u r c e s  of  water  s u p p l i e s .  

The u s e  of  a q u i f e r s  f o r  s t o r a g e  of f r e s h  water has  n o t  been s t r o n g l y  

c o n s i d e r e d  i n  t h e  r e g i o n .  The inadequacy of i n f o r m a t i o n  on l o c a l  ground- 

water movement c u r r e n t l y  makes i t  d i f f i c u l t  t o  e v a l u a t e  t h e  f e a s i b i l i t y  

and envi ronmenta l  impact of i n j e c t i n g  f r e s h  water i n t o  a deep a q u i f e r  

f o r  l a t e r  wi thdrawal .  
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Locat ing a Ground-Water Supply 

Ground water i s  n o t  n e c e s s a r i l y  a v a i l a b l e  i n  adequate  q u a n t i t i e s  

p r e c i s e l y  where i t  is  needed, e s p e c i a l l y  i n  carbonate  rocks .  The 

chances of f ind ing  adequate  s u p p l i e s  of ground water are  g r e a t l y  in- 

creased i f  d r i l l i n g  of product ion w e l l s  is preceeded by a hydrologic  

s tudy  of t h e  area t o  determine t h e  most f avorab le  areas f o r  high- 

producing w e l l s  and by tes t  d r i l l i n g  t o  v e r i f y  t h e s e  areas. 

a r e a s  t h e  d r i l l i n g  and test pumping of more than  one test  w e l l  might be  

r equ i r ed  b e f o r e  a s a t i s f a c t o r y  supply can  be obtained.  

In  h i s  c o s t  a n a l y s i s  of  ground-water s u p p l i e s  i n  t h e  North A t l a n t i c  

I n  many 

Region, Cederstrom (1973) s ta tes  t h a t  t h e  ' 'average y i e ld"  of w e l l s  i n  

any one area, as commonly given i n  t h e  l i t e r a t u r e ,  i s  no guide  t o  what 

might be  obta ined  because most w e l l s  were cons t ruc ted  t o  supply water 

f o r  domest ic  use  and t h e  p o t e n t i a l  y i e l d  of t h e  a q u i f e r  w a s  no t  de t e r -  

mined. The ' 'average y i e ld" ,  t h e r e f o r e ,  r e p r e s e n t s  something a l i t t l e  

g r e a t e r  than t h e  average need and is no t  a measure of t h e  f u l l  p o t e n t i a l  

of wells i n  t h e  rock type  being s tud ied .  
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I n  t h e  Tennessee Region t h e  g e n e r a l l y  low p r o d u c t i o n  from we l l s  

r e p o r t e d  by d r i l l i n g  c o n t r a c t o r s  has  tended t o  d i s c o u r a g e  e x p l o r a t i o n  

f o r  l a r g e  ground-water s u p p l i e s  i n  a lmost  a l l  a r e a s  except t h e  C o a s t a l  

P l a i n .  For  example, i n  t h e  p a r t  of t h e  Upper Duck River Basin of 

Tennessee t h a t  i s  on t h e  Highland R i m ,  86 p e r c e n t  of w e l l s  r e p o r t e d  t o  

t h e  Tennessee D i v i s i o n  of Water Resources  produced 20 ga l /min  o r  less. 

However, of 1 9  test h o l e s  d r i l l e d  i n  t h e  same area, o n l y  1 6  p e r c e n t  pro- 

duced 20 g a l / m i n  o r  less and 7 4  p e r c e n t  produced 100 ga l /min  

( B u r c h e t t ,  1 9 7 7  ). The r e a s o n  f o r  t h i s  s u c c e s s  i n  t e s t  d r i l l i n g  w a s  

t h e  u s e  of s i t e - s e l e c t i o n  c r i t e r i a  based on hydro logic  concepts  of  

t h e  o c c u r r e n c e  and a v a i l a b i l i t y  of water i n  t h e  F o r t  Payne r e g o l i t h  

o r  more 

and bedrock. 

S i t e - s e l e c t i o n  c r i t e r i a  a r e  t h e  p r a c t i c a l  a p p l i c a t i o n  of a n  under- 

s t a n d i n g  of t h e  hydro logic  s y s t e m  i n  a n  area. I n  some pa r t s  of  t h e  

Tennessee Region t h e  c o n t r o l s  on ground water o c c u r r e n c e  are w e l l -  

d e f i n e d .  Two such a r e a s  are  t h e  C o a s t a l  P l a i n  and n o r t h e r n  Alabama. 

T e s t  d r i l l i n g  i n  t h e  Great Smoky Mountains N a t i o n a l  P a r k  (McMaster 

and Hubbard, 1970)  has helped t o  i d e n t i f y  c r i t e r i a  f o r  t h e  Blue Ridge. 

However, i n  o t h e r  p a r t s  of t h e  r e g i o n ,  c r i t e r i a  a re  e i t h e r  n o n e x i s t e n t  

o r  incomple te .  The Cumberland P l a t e a u  is  t h e  o n l y  a r e a  whore very 

l i t t l e  t e s t  d r i l l i n g  f o r  water has been done. Cons ider ing  t h e  u n r e l i -  

a b i l i t y  of t h e  flow of s u r f a c e  streams on t h e  P l a t e a u  and t h e  r e p o r t e d  

d i f f i c u l t y  i n  o b t a i n i n g  even domest ic  ground-water s u p p l i e s  i n  some 

areas, a n  i n t e n s i v e  s t u d y  of t h e  P l a t e a u ' s  water r e s o u r c e s  would con- 

t r i b u t e  i n f o r m a t i o n  needed t o  fill t h e  b i g g e s t  gap i n  knowledge of 

Tennessee Region ' s  ground-water hydrology.  . .  
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I n  t h e  C e n t r a l  B a s i n ,  Highland  R i m  and V a l l e y  and Ridge  P r o v i n c e s ,  

ongo ing  s t u d i e s  by t h e  U.S. G e o l o g i c a l  S u r v e y ,  i n c l u d i n g  t e s t  d r i l l i n g ,  

a re  l e a d i n g  t o  deve lopment  o f  s i t e  s e l e c t i o n  c r i t e r i a  which c a n  g r e a t l y  

improve  c h a n c e s  of o b t a i n i n g  l a r g e  ground-water  s u p p l i e s  i n  c a r b o n a t e -  

r o c k  t e r r a n e s .  These  c r i t e r i a  are c o n t i n u a l l y  b e i n g  t e s t e d  and r e f i n e d .  

. 
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Some of t h e  h y d r o l o g i c  c o n t r o l s  i n  e a c h  p rov ince  of t h e  Tennessee . 

Region have been d i s c u s s e d  i n  t h e  s e c t i o n  on "Occurrence of Ground 

Water." 

i n g  on which f a c t o r s  have t h e  g r e a t e s t  i n f l u e n c e  on ground-water d i s t r i -  

b u t i o n .  Use of t h e  cr-iteria d o e s  n o t  g u a r a n t e e  t h a t  l a r g e  ground-water 

s u p p l i e s  W i l l  b e  l o c a t e d ;  

s u c c e s s f u l  w e l l s ,  e s p e c i a l l y  when a s i t e  i s  chosen on t h e  b a s i s  of 

s e v e r a l  d i f f e r e n t  c r i t e r i a .  For  example, t e s t  d r i l l i n g ,  test  pumping, 

d e f i n i t i o n  of s u r f a c e  geology and s u b s u r f a c e  s t r u c t u r e ,  mapping of s o i l  

t h i c k n e s s ,  and c o r r e l a t i o n  of t h e  wi thd rawa l  of ground water w i t h  piezo-  

m e t r i c ' m a p s  p repa red  d u r i n g  p e r i o d s  of h i g h  and low water l e v e l s  were 

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

n e a r  H u n t s v i l l e ,  Alabama, c a p a b l e  of producing 14,000,000 g a l / d  a t  a 

f r a c t i o n  of t h e  c o s t  of a proposed s u r f a c e - w a t e r  s u p p l y  (Lamoreaux and 

Powell ,  1963).  F i g u r e  25 i l l u s t r a t e s  t h e  k i n d s  of i n f o r m a t i o n  used i n  

s e l e c t i n g  d r i l l i n g  s i tes  i n  c e n t r a l  Tennessee.  I t  shou ld  a l s o  b e  no ted  

t h a t  i n  areas of g r e a t  v a r i a b i l i t y  i n  ground-water o c c u r r e n c e ,  e s p e c i a l l y  

where c a r b o n a t e  r o c k s  a r e  t h e  a q u i f e r s ,  a s i n g l e  t e s t  hole  i s  not a d e q u a t e  

t o  d e t e r m i n e  t h e  maximum amount of ground water a v a i l a b l e  a t  a p a r t i c u l a r  

s i te .  

S i t e  s e l e c t i o n  c r i t e r i a  v a r y  from one area t o  a n o t h e r  depend- 

i t  mere ly  i n c r e a s e s  t h e  chances  of d r i l l i n g  - -. - - - - I - - - 

. 
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SITE SELECTION AND TEST DRILLING 
Figure 25.--Types of d a t a  used t o  d e r i v e  c r i t e r i a  for l oca t ing  

t e s t  wel l  s i t es .  
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Once a ground-water supply  h a s  been l o c a t e d ,  t h e  c h a r a c t e r i s t i c s  

of t h e  h y d r o l o g i c  system should be t a k e n  i n t o  account  i n  des igning  t h e  

pumping f a c i l i t y .  

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

system ( f o r  example, d i s t r i b u t i o n  of s t r e a m  o r  s p r i n g  f low,  i n t e r f e r e n c e  

The optimum d e s i g n  i s  a b a l a n c e  of w e l l  y i e l d  and 

w i t h  nearby  w e l l s ,  and d e t e r i o r a t i o n  of water q u a l i t y  as a r e s u l t  of 

induced r e c h a r g e ) .  One of t h e  most f r e q u e n t l y  n e g l e c t e d  p r i n c i p l e s  of  

w e l l - f i e l d  d e s i g n  is  a d e q u a t e  s p a c i n g  of w e l l s  t o  a v o i d  i n t e r f e r e n c e .  

For example, i n  1960 t h e  town of Waverly, Tennessee w a s  provided w i t h  

water from two w e l l s  less t h a n  500 f t  a p a r t ,  e a c h  r e p o r t e d l y  producing 

300 ga l /min .  

d e p r e s s i o n  around t h e  w e l l s  (Marcher, Bingham and Lounsbury, 1964) .  

I n  1960 a t h i r d  w e l l  w a s  d r i l l e d  i n  t h e  same city-owned l o t  as t h e  o t h e r  

two m u n i c i p a l  w e l l s ,  b u t  i t  could n o t  s u p p l y  s u f f i c i e n t  water t o  b e  used 

as a p r o d u c t i o n  w e l l .  I n  e f f e c t ,  however, t h e  t h r e e  w e l l s  were 

f u n c t i o n i n g  as a s i n g l e  w e l l ,  and wi thdrawals  had exceeded t h e  c a p a c i t y  

of t h e  a q u i f e r  t o  supply  water t o  t h a t  small area. It i s  l i k e l y  t h a t  

had t h e  w e l l  been p laced  s u f f i c i e n t l y  f a r  away so  as n o t  t o  b e  i n f l u -  

enced by pumping from t h e  o t h e r  two, i t  would have produced a n  a d e q u a t e  

amount of water. 

c a l c u l a t e d  from a q u i f e r  test d a t a .  

Pumpage from t h e s e  w e l l s  had c r e a t e d  a 25 f t  cone of 

The n e c e s s a r y  s p a c i n g  between w e l l s  could  have been 
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Land u s e  can  a l s o  b e  a f f e c t e d  by ground-water development. 

For example, s i n k h o l e  development i s  a p o s s i b l e  consequence of ground- 

water u t i l i z a t i o n  i n  t h e  p a r t s  of t h e  Tennessee Region u n d e r l a i n  by 

c a r b o n a t e  r o c k s .  Where c o n s i d e r a b l e  lower ing  of ground-water l e v e l s  

I 

i s  p r e d i c t e d ,  t h e  l i k e l i h o o d  of a c c e l e r a t e d  s i n k h o l e  format ion  should  -- - - -  - -  _- _ -  - -_ 
I 

be i n v e s t i g a t e d  (Newton, Copeland, and Scarbrough,  1973) .  

Wells withdraw water t h a t  would n a t u r a l l y  d i s c h a r g e  t o  streams o r  

s p r i n g s .  Pumping wells w i l l  i n e v i t a b l y  r e d u c e  t h e  ground-water supply  

t o  t h e s e  d i s c h a r g e  p o i n t s  and may e v e n t u a l l y  a l t e r  t h e  g r a d i e n t  enough 

t o  c a u s e  s u r f a c e  water t o  e n t e r  t h e  a q u i f e r .  

no t  b e  s e r i o u s  o r  may even b e  b e n e f i c i a l ,  p l a n s  f o r  ground-water u s e  

would i d e a l l y  i n c l u d e  a n  e v a l u a t i o n  of  t h e i r  i m p a c t  on b o t h  ground water  

and s u r f a c e  water .  T h i s  i s  p a r t i c u l a r l y  impor tan t  when ground water and 

s u r f a c e  water a r e  t o  b e  used c o n j u n c t i v e l y  because ground-water wi thdrawals  

a f f e c t  s t reamflow a t  t imes of low f l o w  when t h e  need f o r  s u s t a i n e d  s u r f a c e -  

While t h e s e  e f f e c t s  may 

water f low i s  g r e a t e s t .  

. 

. I  

-7a- 



Data Needs 

Accura te  assessment  of a n  area 's  p o t e n t i a l  f o r  ground-water develop- 

ment i s  o n l y  p o s s i b l e  where a d e q u a t e  d a t a  e x i s t  o r  can be acqui red  t o  

d e f i n e  t h e  ground-water system. Much of t h e  b a s i c  d a t a  r e q u i r e d ,  even 

f o r  a small-area s t u d y ,  cannot  be o b t a i n e d  i n  a s h o r t  p e r i o d ,  b u t  must b e  

c o l l e c t e d  on a c o n t i n u i n g  basis throughout  t h e  Region. 

w e l l  r e c o r d s ,  water-level and w a t e r - q u a l i t y  d a t a ,  and i n f o r m a t i o n  on aqui -  

f e r  c h a r a c t e r i s t i c s  are t y p i c a l  of i n f o r m a t i o n  r e q u i r e d  as a f o u n d a t i o n  

for hydrogeologic  s t u d i e s .  

Geologic  d a t a ,  

Large scale g e n e r a l  purpose  g e o l o g i c  mapping is  a v a i l a b l e  n e a r l y  

everywhere i n  t h e  Tennessee Region. I n  a d d i t i o n ,  m i n e r a l  e x p l o r a t i o n  has  

provided s u b s u r f a c e  s t r a t i g r a p h i c  d a t a  i n  many a r e a s .  A l a r g e  volume of 

unpubl i shed  well r e c o r d s  are a v a i l a b l e  as a r e s u l t  of s t a t e  laws r e q u i r -  

i n g  d r i l l e r s  to submit  i n f o r m a t i o n  f o r  w e l l s  they  d r i l l .  This  informa- 

t i o n  soon w i l l  exceed 50 w e l l s  p e r  county  i n  each s ta te .  Some of t h i s  

i n f o r m a t i o n  h a s  been c o m p u t e r - l i s t e d  by s t a t e  water  r e s o u r c e s  a g e n c i e s .  

F e d e r a l  and s t a t e  water - resource  a g e n c i e s  a l s o  keep w e l l  r e c o r d s  and 

' l o g s .  
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The g r e a t e s t  d e f i c i t  i n  ground-water b a s i c  d a t a  is  i n  r e c o r d s  of 

w a t e r - l e v e l s ,  w a t e r - q u a l i t y  and a q u i f e r  tests. Northern Alabama i s  

unusual  i n  t h e  comple teness  of i t s  b a s i c  r e c o r d s .  

shown by f i g u r e  26,  t h e  number of network o b s e r v a t i o n  w e l l s  o p e r a t e d  

by t h e  U . S .  G e o l o g i c a l  Survey i n  t h e  n o r t h e r n  Alabama p a r t  of t h e  

Tennessee Region i s  e q u a l  t o  t h e  number i n  t h e  remainder  of t h e  r e g i o n  

even though o n l y  1 7  p e r c e n t  of t h e  r e g i o n  i s  i n  Alabama. O u t s i d e  of 

Alabama, o b s e r v a t i o n  w e l l s  a re  s p a r s e ,  and t h e y  do n o t  g i v e  r e p r e s e n t a -  

For example, a s  

_- - - 

t i v e  i n f o r m a t i o n  f o r  a l l  t h e  phys iographic  p r o v i n c e s  i n  t h e  r e g i o n .  

S t r e n g t h e n i n g  t h e  o b s e r v a t i o n  w e l l  network b e f o r e  l a r g e - s c a l e  ground- 

water  development t a k e s  p l a c e  would p r o v i d e  n e c e s s a r y  i n f o r m a t i o n  on 

water l e v e l s ,  on b a s e l i n e  ground-water q u a l i t y ,  and on a q u i f e r  b e h a v i o r  

under n a t u r a l  stresses such  a s  dr6ught .  

Records of n a t u r a l  ground-water l e v e l  f l u c t u a t i o n s  are  p a r t i c u l a r l y  

i m p o r t a n t ,  a l o n e  o r  i n  c o n j u n c t i o n  w i t h  s t r e a m  seepage i n v e s t i g a t i o n s ,  

f o r  i d e n t i f y i n g  r e c h a r g e  and d i s c h a r g e  areas. I d e n t i f i c a t i o n  of s o u r c e s  

of  contaminat ion  is  most c r i t i c a l  i n  r e c h a r g e  a r e a s  i n  o r d e r  t o  manage 

ground-water q u a l i t y .  Large ground-water s u p p l i e s  t h a t  a r e  s u b j e c t  t o  

minimal w a t e r - l e v e l  v a r i a t i o n  can  o f t e n  be l o c a t e d  i n  o r  n e a r  ground-water  

d i s c h a r g e  a r e a s .  

p l o r a t i o n  f o r  ground water. 

Hence, t h e  i d e n t i f i c a t i o n  of  t h e s e  a r e a s  aiks i n  ex- 
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A q u i f e r  c h a r a c t e r i s t i c s ,  as  de te rmined  by pumping tes ts ,  are  n o t  

known i n  most o f  t h e  Region. Many of t h e  pumping tes t s  t h a t  have  been 

made s e r v e d  c h i e f l y  t o  tes t  w e l l  pe r fo rmance  r a t h e r  t h a n  a q u i f e r  cha r -  

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

c r e a s i n g  and  more q u a n t i t a t i v e  i n f o r m a t i o n  from pumping tests w i l l  b e  

r e q u i r e d  t o  s a t i s f y  t h e  needs  a n t i c i p a t e d  unde r  t h e s e  r e g u l a t i o n s .  

The r e s u l t s  o f  t h e s e  pumping tests would be  u s e f u l  i n  d e f i n i n g  a q u i f e r  

c h a r a c t e r i s t i c s  on a r e g i o n a l  b a s i s .  

Accord ing  t o  an a s s e s s m e n t  o f  t h e  a v a i l a b i l i t y  o f  ground-water d a t a  

i n  t h e  Tennessee  V a l l e y  (14. M. McMaster, Tennessee  V a l l e y  A u t h o r i t y ,  

w r i t t e n  cam. J u l y ,  1975) t h e  d e n s i t y ,  u t i l i t y ,  and a g e  o f  p u b l i s h e d  r e p o r t s  

of ground-water i n f o r m a t i o n  a re  h i g h l y  v a r i a b l e .  Large-area  r e c o n n a i s s a n c e  

r e p o r t s ,  p u b l i s h e d  between 1932 and 1 9 6 2 ,  e x i s t  f o r  most of t h e  Region. 

These r e p o r t s  a re  g e n e r a l l y  based  on r a t h e r  c u r s o r y  w e l l  i n v e n t o r i e s  and 

cove r  l a r g e  areas. O n l y  t h e  p a r t s  o f  t h e  Tennessee  Region i i i  n o r t h e r n  

Alabama, Kentucky, and  Nor th  C a r o l i n a  a r e  a d e q u a t e l y  cove red  by r e p o r t s  

on smaller areas t h a t  are  u s e f u l  f o r  d e f i n i n g  we l l - s i t e  s e l e c t i o n  c r i t e r i a .  

D e t a i l e d  h y d r o g e o l o g i c  s t u d i e s  i n v o l v i n g  tes t  d r i l l i n g  and a q u i f e r  

t e s t i n g ,  are  n e c e s s a r y  f o r  a n  u n d e r s t a n d i n g  of ground-water hydro logy  

t h a t  would a l l o w  the development o f  c r i t e r i a  f o r  l o c a t i n g  f e s i b l e  a r e a s  

i n  which t o  d e v e l o p  h igh-producing  w e l l s .  T h e  r e s u l t s  o f  t h e s e  s t u d i e s  

shou ld  be  c o n s i d e r e d  i n  r e g i o n a l ,  m e t r o p o l i t a n ,  and i n d u s t r i a l  water 

p l a n n i n g  and management programs. 

. .  
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The s t u d y  of h y d r o l o g i c  systems i n  t h e  Tennessee Region r e q u i r e s  

c o n s i d e r a b l e  t i m e .  

under a severe stress r e s u l t i n g  from a major  drought  o r  p o p u l a t i o n  

expansion,  t h e  d e g r e e  t o  which water management can d e a l  w i t h  problems 

w i l l  depend, i n  p a r t ,  on  how much i n f o r m a t i o n  is  a v a i l a b l e  and on how 

w e l l  t h e  h y d r o l o g i c  sys tems of c r i t i c a l  areas are understood.  

Informat ion  r e q u i r e d  t o  d e a l  w i t h  t h e s e  problems might i n c l u d e  such  

t h i n g s  as where untapped ground-water s u p p l i e s  c a n  b e  l o c a t e d ,  which 

p a r t s  of  t h e  r e g i o n  have t h e  lowest ground-water s t o r a g e ,  how ground 

w a t e r  and s u r f a c e  water c a n  b e  used c o n j u n c t i v e l y ,  and w h a t  t h e  e f f e c t s  

of u t i l i z i n g  one  w i l l  b e  on t h e  o t h e r .  

However, i f  p r e s e n t  s o u r c e s  of supply  a re  p laced  
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Water Resources  Management 

E f f e c t i v e  management o f  water r e s o u r c e s  canno t  d e a l  w i t h  water 

problems i n  i s o l a t i o n  b u t  as they  re la te  t o  t h e  h y d r o l o g i c  s y s t e m  a s  

a whole. S t r e s s  imposed on one  p a r t  of  a h y d r o l o g i c  system i s  c e r -  

t a in  t o  have r e p e r c u s s i o n s  i n  o t h e r  p a r t s  of t h e  sys t em.  Th i s  i s  t r u e  

whether  t h e  stress is  a p p l i e d  t o  ground water o r  s u r f a c e  water. For  

example, ground-water w i t h d r a w a l s  can r e d u c e  t h e  low f low of streams 

by i n t e r c e p t i n g  ground-water t h a t  is n a t u r a l l y  d i s c h a r g e d  t o  t h e  

stream. Impoundment of s u r f a c e  water can  i n c r e a s e  t h e  q u a n t i t y  of 

ground water i n  s t o r a g e  by a l t e r i n g  head r e l a t i o n s h i p s  i n  an a q u i f e r .  

Although t h e  su r face -wa te r  r e s o u r c e s  i n  t h e  Tennessee Region a re  h e a v i l y  

deve loped ,  t h e r e  are no region-wide plans f o r  management of  ground water 

o r  of t h e  combined ground- and su r face -wa te r  r e s o u r c e s  o f  t h e  r e g i o n .  

The r e s p o n s e  of a h y d r o l o g i c  system t o  stress may b e  expe r i enced  a t  

p o i n t s  d i s t a n t  from t h e  p l a c e  where t h e  stress i s  a p p l i e d .  For t h i s  

r e a s o n ,  s t u d y  and management of  water r e s o u r c e s  c a n  b e  accomplished most 

e f f e c t i v e l y  w i t h i n  h y d r o l o g i c  boundar i e s  r a t h e r  t h a n  p o l i t i c a l  b o u n d a r i e s .  

Yet many of  t h e  o r g a n i z a t i o n s ,  i n c l u d i n g  most government a g e n c i e s ,  whose 

f u n c t i o n  is  t o  s t u d y  o r  manage water r e s o u r c e s  have programs which 

o p e r a t e  w i t h i n  p o l i t i c a l  b o u n d a r i e s  s u c h  as  s t a t e  o r  c o u n t i e s .  To d e a l  

w i t h  t h e  broad i m p l i c a t i o n s  of h y d r o l o g i c  problems,  e i t h e r  of- two approaches  

cou ld  be  c o n s i d e r e d :  c l o s e  c o o r d i n a t i o n  among t h e  o r g a n i z a t i o n s ,  o r  t h e  

involvement o f  a n  o r g a n i z a t i o n  whose j u r i s d i c t i o n  i n c l u d e s  t h e  e n t i r e  

h y d r o l o g i c  system. 
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I n  t h e  p a s t  c o n f l i c t s  as t o  matters s u c h  as funding and t h e  means of 

implementing management p o l i c i e s  have a r i s e n  i n  t h e  c o u r s e  of some 

a t t e m p t s  t o  c o o r d i n a t e  t h e  e f f o r t s  of s e v e r a l  o r g a n i z a t i o n s  concerned 

w i t h  water. 

wide scale h a s  been achieved  by a g e n c i e s  such  as t h e  Delaware River  

Notable  s u c c e s s  a t  managing water r e s o u r c e s  of a bas in-  

Basin Commission and t h e  Tennessee V a l l e y  A u t h o r i t y .  However, because  

t h e  Tennessee V a l l e y  A u t h o r i t y  w a s  e s t a b l i s h e d  p r i m a r i l y  t o  c o n t r o l  

t h e  Tennessee River, i t  h a s  n o t  been c a l l e d  upon t o  d i r e c t  a major 

e f f o r t  toward developing  t h e  r e g i o n ’ s  ground-water r e s o u r c e s ,  though 

i t  h a s  suppor ted  ground-water s t u d i e s  i n  some parts of t h e  r e g i o n .  _ _  

. .  -85- 



The need f o r  a region-wide ground-water management p l a n  is  n o t  IL 

y e t  p r e s s i n g  i n  t h e  p r e s e n t  i n f a n c y  of ground-water development i n  the 

Tennessee Region. I n  t h e  absence of cr is is ,  a r e g i o n a l  ground-water 

management p l a n  could serve serveral  purposes:  1) t o  c o o r d i n a t e  d a t a  

c o l l e c t i o n  and i n t e r p r e t i v e  s t u d i e s ,  2 )  t o  i n d i c a t e  t h e  most e f f i c i e n t  

and economical u s e  of ground-water r e s o u r c e s  i n  t h e  r e g i o n ,  3 )  t o  

recommend measures t o  m a i n t a i n  t h e  q u a l i t y  o f  p r e s e n t  and p o t e n t i a l  

ground-water s u p p l i e s ,  and 4 )  t o  p r o v i d e  s u p p o r t  f o r  p r e d i c t i n g  t h e  

enviornmenta l  i m p a c t  o f  ground-water d i v e r s i o n s  by means of d i g i t a l  

models which would s i m u l a t e  t h e  c o n j u n c t i v e  f u n c t i o n i n g  of bo th  ground- 

water and sur face-water  systems.  Regard less  of  how a ground-water 

I T  
I 
1 

management p l a n  would b e  a d m i n i s t e r e d ,  i t s  f o r m u l a t i o n  and implementat ion 

i n  c o n j u n c t i o n  w i t h  sur face-water  management p l a n s  should  r e c o g n i z e  t h e  

i n t e r d e p e n d e n c e  of  ground water and s u r f a c e  water  and p r o v i d e  f o r  ? 
u t i l i z a t i o n  of  borh a s p e c t s  of  t h e  r e g i o n ' s  water r e s o u r c e s  t o  t h e i r  

f u l l e s t  p o t e n t i a l .  

. 
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CONCLUSIONS 

Ground water is  a n  abundant r e s o u r c e  i n  t h e  Tennessee Region. 

A s  much as o n e  f i f t h  t o  one t h i r d  of t h e  p r e c i p i t a t i o n  t h a t  f a l l s  i n  

t h e  r e g i o n  e n t e r s  t h e  ground-water r e s e r v o i r s  each  y e a r .  

i c a n t  p a r t  of t h e  22,000 Mgal/d c o n t r i b u t e d  a n n u a l l y  t o  t h e  ground 

water r e s e r v o i r  from p r e c i p i t a t i o n  is  a v a i l a b l e  f o r  development. 

A s i g n i f -  

I n  1970, less t h a n  one p e r c e n t  of  t h e  e s t i m a t e d  ground-water 

r e c h a r g e ,  amounting t o  173 Mgal/d, w a s  used i n  t h e  Tennessee Region. 

T h i s  w a s  less t h a n  e i g h t  p e r c e n t  of t h e  t o t a l  q u a n t i t y  of water used 

i n  t h e  r e g i o n .  There is ,  t h e r e f o r e ,  a l a r g e  p o t e n t i a l  f o r  i n c r e a s e d  

development of ground-water s u p p l i e s .  

A t  p r e s e n t ,  ground water is used c h i e f l y  i n  r u r a l  areas and 

s m a l l  communities and by i n d u s t r i e s  and commercial e s t a b l i s h m e n t s  

beyond t h e  l i m i t s  of m u n i c i p a l  water-supply systems.  T h i s  u s e  of 

ground water f o r  small-scale developments i s  p r a c t i c a l  and economical 

because  i n  many p a r t s  of t h e  r e g i o n  ground water c a n  b e  o b t a i n e d  a t  

o r  n e a r  t h e  p o i n t s  of u s e ,  e l i m i n a t i n g  t h e  need f o r  w a t e r  impoundments 

and e x t e n s i v e  d i s t r i b u t i o n  systems.  The c o s t  i s  f u r t h e r  reduced 

by t h e  need f a r  o n l y  minimal t r e a t m e n t  f a c i l i t i e s  f o r  most ground- 

w b t e r  developments .  * 
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Ground water can a l s o  b e  used i n  l a r g e r  communities t o  augment . 

e x i s t i n g  s u p p l i e s .  Use Of ground water t o  p r o v i d e  f o r  peak demand 

and as a stand-by o r  emergency water s o u r c e  i s  n o t  uncommon i n  t h e  

Tennessee Region, b u t  many more o p p o r t u n i t i e s  e x i s t  i n  which ground 

water could  b e  used a l o n g  w i t h  sur face-water  s u p p l i e s  t o  o b t a i n  maximum 

b e n e f i t  from t h e  water r e s o u r c e s .  Conjunct ive  u s e  of ground water and 

s u r f a c e  water, such as t h e  u s e  of w e l l s  t o  o b t a i n  water t o  m a i n t a i n  a 

minimum streamflow,  has  n o t  been g i v e n  much c o n s i d e r a t i o n  i n  t h e  

Tennessee Region. T h i s  kind of  development a s  w e l l  as t h e  u s e  of aqui -  

f e r s  f o r  s t o r a g e  of s u r f a c e  water d u r i n g  p e r i o d s  o f  excess  f low r e q u i r e  

a d e g r e e  of knowledge of ground-water o c c u r r e n c e  and movement which i s  

a t  p r e s e n t  u n a v a i l a b l e  i n  most of t h e  r e g i o n .  

The amount of ground water a v a i l a b l e  i n  t h e  Tennessee Region, 

i f  a l l  t h e  r e c h a r g e  t o  a n  area w e r e  r e c o v e r a b l e ,  would b e  about  0.5 

(Mgal/d)/mi*. The d e g r e e  t o  which t h i s  q u a n t i t y  i s  r e c o v e r a b l e  depends 

on t h e  h y d r a u l i c  p r o p e r t i e s  of t h e  a q u i f e r s  and t h e i r  a r e a l  v a r i a b i l -  

i t y .  A narrow s t r i p  a l o n g  t h e  w e s t e r n  edge of t h e  r e g i o n ,  i n  t h e  

C o a s t a l  P l a i n  p r o v i n c e , i s  u n d e r l a i n  by u n c o n s o l i d a t e d  sand a q u i f e r s  from 

which a l a r g e  p a r t  o f  t h i s  ground-water r e c h a r g e  could  be recovered w i t h  

proper  development. Aqui fer  y i e l d s  a t  a g i v e n  s i t e  a re  more-predic t -  

a b l e  i n  t h e  C o a s t a l  P l a i n  t h a n  Pnywhere e l se  i n  t h e  r e g i o n  and wells 

producing 500 t o  1000 g a l / m i n  a r e  p o s s i b l e .  
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However, o n l y  a t e n t h  of t h e  Tennessee Region l i e s  i n  t h e  Coas ta l  

P l a i n .  The remainder  is  u n d e r l a i n  by c a r b o n a t e  r o c k s  o r  f r a c t u r e d  

noncarbonate  rocks .  The water -bear ing  p r o p e r t i e s  of t h e s e  rocks  are 

v a r i a b l e  r e s u l t i n g  i n  h i g h  e x p l o r a t i o n  c o s t s  i n  developing ground 

water. Carbonate  r o c k s  w i t h  l i t t l e  o r  no r e g o l i t h ,  as t h e y  occur  i n  

t h e  C e n t r a l  Bas in  and p a r t s  of t h e  V a l l e y  and Ridge, are t h e  most 

v a r i a b l e  w i t h  w e l l  y i e l d s  r a n g i n g  from less t h a n  1 gal /min  t o  as much 

as several thousand g a l f m i n  w i t h i n  a s h o r t  d i s t a n c e .  t 

An impor tan t  f a c t o r  i n  a q u i f e r  p r o d u c t i v i t y  i n  t h e  r e g i o n  i s  t h e  

A t h i c k  r e g o l i t h  s t o r e s  ground water and o c c u r r e n c e  of t h e  r e g o l i t h .  

releases i t  s lowly  t o  openings i n  t h e  u n d e r l y i n g  rock .  Carbonate 

a q u i f e r s  w i t h  a t h i c k  r e g o l i t h  o c c u r  i n  t h e  Highland R i m  and p a r t s  of 

t h e  V a l l e y  and Ridge. Because of t h e i r  g r e a t  areal e x t e n t  and rela- 

t i v e l y  uniform d i s t r i b u t i o n  of ground w a t e r ,  t h e s e  areas have t h e  

g r e a t e s t  p o t e n t i a l  f o r  ground-water development.  

Chemical c o n s t i t u e n t s  and p h y s i c a l  p r o p e r t i e s  of ground water in 

t h e  Tennessee Region are  u s u a l l y  w i t h i n  t h e  l i m i t s  recommended by t h e  

Environmental  P r o t e c t i o n  Agency f o r  d r i n k i n g  water. Water i n  uncon- 

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

s o l i d s ,  and s l i g h t l y  a c i d i c .  I n  c a r b o n a t e  r o c k s  t h e  water  i y  u s u a l l y  

hard and somewhat a l k a l i n e .  Water i n  noncarbonate  r o c k s  is  g e n e r a l l y  

s o f t  and i n  some p a r t s  of t h e  r e g i o n ,  may c o n t a i n  c e r t a i n  u n d e s i r a b l e  

amounts of i r o n  and s u l f a t e .  S a l i n e  water is n o t  known t o  occur  i n  

s i g n i f i c a n t  q u a n t i t i e s  i n  t h e  r e g i o n .  
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Both basic data and interpretation derived from intensive studies 

are essential tools for managing the ground-water resources, and pre- 

dicting the results of  developmental activities. The information 

needed for management cannot be obtained immediately when it is needed; 

it must be the product of a continuing program to understand and 

evaluate the Tennessee Region's water resources. 

development has been largely neglected in the region, there is opportun- 

ity t o  establish the data base and management capability before stress 

on the region's water resources increases to the point that management 

problems become difficult to solve. 

Because ground-water 

At present the management of the region's water resources is un- 

balanced. Due to the establishment of the Tennessee Valley Authority, 

surface water is controlled to a high degree regionwide; however, there 

has been no comparable attempt to manage the ground water systematically. 

Any plans for fully developing the water resources should be based on 

hydrologic principles which recognize the interdependence of ground water 

and surface water and should provide for utilization of b o t h  aspects of  

the regions' water resources to their fullest potential. 

. 
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