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GROUND-WATER EXPLORATION, BEAVER CREEK VALLEY 

NEAR KENAI , ALASKA 

BY 
Gary  S.  Ande rson  

INTRODUCTION 

The r e s u l t s  o f  t h e  g r o u n d - w a t e r  i n v e s t i g a t i o n  F o r  t h e  

c i t y  o f  K e n a i  a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  The  i n v e s t i g a -  

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

v i c i n i t y  o f  K e n a i ,  A l a s k a  ( f i g .  I ) ,  and a  t e s t - d r i l l i n g  

p r o g r a m  i n  t h e  B e a v e r  C reek  v a l l e y  n e a r  K e n a i  ( f i g .  2 ) .  As 

a r e s u l t  o f  t h e  t e s t  d r i l l i n g ,  a g r o u n d - w a t e r  s o u r c e  was 

l o c a t e d  and  a s u c c e s s f u l  p r o d u c t i o n  w e l l  was d r i l l e d .  

T h i s  r e p o r t  summar i zes  t h e  r e s u l t s  o f  t h i s  e x p l o r a t i o n  

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

s e l e c t i o n  o f  t h e  t e s t - d r i l l i n g  s i t e s ,  t h e  r e s u l t s  o f  t h e  

t e s t i n g  p r o g r a m ,  and  some s u g g e s t i o n s  r e l a t i v e  t o  f u r t h e r  

e x p l o r a t i o n  f o r  g r o u n d  w a t e r  i n  t h e  a r e a  and t h e  f u t u r e  

management o f  w a t e r  s u p p l y .  

P u r p o s e  and  Scope o f  I n v e s t i g a t i o n  

T h e  p u r p o s e s  o f  t h i s  i n v e s t i g a t i o n  we re  ( 1 )  t o  l o c a t e  a  

g r o u n d - w a t e r  s o u r c e  c a p a b l e  o f  y i e l d i n g  650 gpm ( g a l l o n s  p e r  

m i n u t e )  s u s t a i n e d  a v e r a g e  f l o w ,  o r  3,000 gpm f o r  10  h o u r s  

f i r e  demand; ( 2 )  t o  e v a l u a t e  t h e  w a t e r - b e a r i n g  p r o p e r t i e s  o f  

t h e  a q u i f e r s  i n  t h e  c o m p l e t e d  w e l l s ;  and ( 3 )  t o  d e t e r m i n e  

t h e  c h e m i c a l  q u a l i t y  o f  w a t e r  f r o m  t h e  e x p l o r a t i o n  w e l l s .  





S i n c e  J u l y  1967 ,  t h e  U . S .  G e o l o g i c a l  S u r v e y ,  i n  c o o p e r a -  

t i o n  w i t h  t h e  K e n a i  P e n i n s u l a  Bo rough  has  c o n d u c t e d  a  w a t e r -  

r e s o u r c e s  s t u d y  o f  t h e  K e n a i  Bo rough .  D u r i n g  t h e  summers o f  

1 9 6 9  and  1970 ,  t h e  s c o p e  o f  t h e  b o r o u g h  s t u d y  was expanded  

and  a c o o p e r a t i v e  p r o g r a m  w i t h  t h e  c i t y  o f  K e n a i  was i n i t i a t e d  

t o  make a  r e c o n n a i s s a n c e  g r o u n d - w a t e r  e x p l o r a t i o n  o f  t h e  

B e a v e r  C reek  v a l l e y  n e a r  K e n a i  ( f i g .  2 ) .  The scope  o f  t h e  

1969 summer p r o g r a m  i n c l u d e d  d r i l l i n g  t w o  t e s t  w e l l s  ( t e s t  

w e l l s  1 and  2 )  i n  w h a t  was b e l i e v e d  t o  b e  t h e  m o s t  f a v o r a b l e  

p a r t  o f  t h e  v a l l e y  f o r  t h e  d e v e l o p m e n t  o f  g r o u n d  w a t e r .  

D u r i n g  t h e  summer o f  1970 ,  t h r e e  t e s t  w e l l s  w e r e  programmed 

t o  d e l i n e a t e  t h e  w e s t e r n  edge  o f  t h e  a q u i f e r  and  t h e  c l o s e s t  

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

p a t e d .  These  o b j e c t i v e s  w e r e  f u l f i l l e d  a f t e r  t h e  s e c o n d  

w e l l  ( t e s t  w e l l  4 )  was d r i l l e d ,  and  t h e  t h i r d  p l a n n e d  t e s t  

w e l l  was t h e r e f o r e  n o t  d r i l l e d .  F o l l o w i n g  c o m p l e t i o n  o f  t h e  

1970  t e s t - d r i  l l i n g  p r o g r a m ,  Adams, C o r t h e l l  , Lee ,  Wince ,  and  

A s s o c i a t e s  d e s i g n e d  and  s u p e r v i s e d  t h e  d r i l l i n g  o f  a p r o d u c -  

t i o n  w e l l .  T h r o u g h o u t  t h e  e n t i r e  p l a n n i n g ,  t e s t  d r i l l i n g ,  

and  p r o d u c t i o n - w e l l  t e s t i n g ,  t h e  G e o l o g i  c a l  S u r v e y  a c t e d  i n  

an a d v i s o r y  r o l e  t o  t h e  c i t y  o f  K e n a i  . 
Me thods  o f  I n v e s t i g a t i o n  

D u r i n g  t h e  s t u d y  o f  t h e  K e n a i  P e n i n s u l a  Bo rough  a n d  p r i o r  

t o  t h e  t e s t - d r i l l i n g  p r o g r a m  i n  B e a v e r  C reek  v a l l e y ,  g r o u n d -  

w a t e r  c o n d i t i o n s  i n  t h e  K e n a i  a r e a  h a d  been  d e f i n e d  i n  

g e n e r a l  t e r m s .  I n c l u d e d  i n  t h i s  g e n e r a l  d e f i n i t i o n  w e r e  an  

i n v e n t o r y  o f  e x i s t i n g  w e l l s ,  t h e  c o l l e c t i o n  and  a n a l y s i s  o f  

d r i l l e r s '  l o g s ,  t h e  a u g e r i n g  o f  s h a l l o w  t e s t  h o l e s ,  t h e  

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

i a l  g e o l o g y ,  and  an a n a l y s i s  o f  t h e  c h e m i c a l  q u a l i t y  o f  g r o u n d  

w a t e r .  These  d a t a  w e r e  e v a l u a t e d  t o  d e l i n e a t e  t h e  m o s t  

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

d r i l l e d  a t  t h e  s e l e c t e d  l o c a t i o n s  shown i n  f i g u r e  2 .  



The f o r m a t i o n s  p e n e t r a t e d  d u r i n g  d r i l l i n g  w e r e  sampled ,  

and t h e  c u t t i n g s  and  c o r e s  w e r e  a n a l y z e d  f o r  p a r t i c l e - s i t e  

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

and  m i c r o f o s s i l s .  The r e s u l t i n g  t e s t  h o l e s  were  l o g g e d  

g e o p h y s i c a l l y  u s i n g  n a t u r a l  gamma, gamma-gamma, and 

n e u t r o n - e p i  t h e r m a l  - n e u t r o n  t e c h n i q u e s  f o l  l o w e d  b y  b o r e h o l e  

f l o w  t e s t s  e m p l o y i n g  fl owrneter b r i  n e - i  n j e c t i o n  t e c h n i q u e s .  

W a t e r  samp les  w e r e  c o l l e c t e d  and  e i t h e r  a n a l y z e d  i n  t h e  

f i e l d  f o r  s e l e c t e d  w a t e r - q u a l i t y  p a r a m e t e r s  o r  s e n t  t o  t h e  

l a b o r a t o r y  f o r  a n a l y s i s .  I n  a d d i t i o n ,  a q u i f e r  t e s t s  w e r e  

p e r f o r m e d  on t h e  t e s t  w e l l s  as t h e y  we re  c o m p l e t e d  and on 

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

G e o h y d r o l  o g i  c  S e t t i n g  

The Kena i  a r e a  i s  u n d e r l a i n  b y  u n c o n s o l i d a t e d  d e p o s i t s  

as mapped i n  f i g u r e  2. They  a r e  s t r a t i f i e d  s e d i m e n t a r y  

d e p o s i t s  o f  g l a c i a l  o r i g i n .  They  have  b e e n  s u b d i v i d e d  u s i n g  

e x i s t i n g  maps, a e r i a l  p h o t o g r a p h s ,  w e l l  l o g s ,  f i e l d  i n s p e c t i o n  

o f  l a n d f o r m s ,  and  s u r f i c i  a1 e x p r e s s i o n .  The  u n i t s  i n c l u d e  

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

d e p o s i t s ,  abandoned -channe l  d e p o s i t s ,  and  a1 1 u v i  um. 

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

be c l a s s i f i e d  p r e c i s e l y  o w i n g  t o  t h e  comp lex  n a t u r e  o f  t h e  

s e d i m e n t a t i o n  and  t h e  s c o p e  o f  g e o l o g i c  mapp ing  and  i n t e r -  

p r e t a t i o n .  N e v e r t h e l e s s ,  a t  m o s t  p l a c e s  t h e  u n c o n s o l i d a t e d  

d e p o s i t s  as mapped d i f f e r  f r o m  each  o t h e r  i n  f o r m ,  p h y s i c a l  

c h a r a c t e r i s  t i  cs  , and w a t e r - b e a r i  ng  p r o p e r t i e s  . A1 t h o u g h  

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

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

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

g r e a t e r  t h a n  100 f e e t .  

G e o l o g i c  u n i t s  m o s t  f a v o r a b l e  f o r  g r o u n d - w a t e r  d e v e l o p -  

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

and  t h e  abandoned -channe l  d e p o s i t s  . The  d r i f t  and d e l  t a i  c 

d e p o s i t s  have  been  s u i t a b l e  s o u r c e s  f o r  i n d u s t r i a l  and  

rnuni c i p a l  w e l l s  i n  N o r t h  Kena i  and S o l d o t n a ,  b u t  have  n o t  





p r o v e n  s u i t a b l e  w i t h i n  t h e  s t u d y  a rea .  The c o a s t a l - p l a i n  

d e p o s i t s  a r e  g e n e r a l l y  u n f a v o r a b l e  because o f  t h e  l a r g e  

q u a n t i t i e s  o f  f i n e - g r a i n e d  sand, s i l t ,  and c l a y .  The 

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

a b l e  w a t e r - b e a r i n g  u n i t ,  b u t  may p r o v e  s u i t a b l e  f o r  i n f i l -  

t r a t i o n  g a l l e r i e s  a d j a c e n t  t o  t h e  Kena i  R i v e r .  B u r i e d  

outwash d e p o s i t s  may p r o v i d e  s u i t a b l e  a q u i f e r s  b e n e a t h  t h e  

a l l u v i u m .  

S e l e c t i o n  o f  T e s t - D r i l  l i n q  S i t e s  

The c o a s t a l - p l a i n  d e p o s i t s  upon w h i c h  t h e  c i t y  o f  

Kena i  i s  l o c a t e d  were  r e j e c t e d  as a  p o t e n t i a l  s o u r c e  o f  

m u n i c i p a l  g r o u n d  w a t e r  on t h e  b a s i s  o f  a v a i l a b l e  we1 1  

d a t a .  These d e p o s i t s  c o n s i s t  o f  an u p p e r  sand u n i t ,  

r a n g i n g  i n  t h i c k n e s s  f r o m  40 t o  100 f e e t  o v e r l y i n g  a 

p r e d o m i n a n t l y  s i l t  and c l a y  u n i t  a t  l e a s t  600 f e e t  t h i c k .  

P r i o r  t o  t h i s  e x p l o r a t i o n  and deve lopmen t  p rogram,  t h e  

c i t y  o f  Kenai  o b t a i n e d  i t s  m u n i c i p a l  s u p p l y  f r o m  t h e  upper  

sand u n i t .  A few p r i v a t e  w e l l s  p roduced  w a t e r  f r o m  sand 

and g r a v e l  a q u i f e r s  w i t h i n  t h e  s i l t  and c l a y  u n i t  a t  dep ths  

r a n g i n g  f r o m  180 t o  250 f e e t .  Y i e l d s  o f  as much as 180 gpm 

have been o b t a i n e d  a t  Wi ldwood S t a t i o n  f r o m  t h e  u p p e r  sand 

u n i t ,  and as much as 50 gpm f r o m  pe rmeab le  zones w i t h i n  t h e  

s i l t  and c l a y  u n i t .  Water  f r o m  t h e  u p p e r  sand u n i t  c o n t a i n s  

as much as 8.2 m g / l  (mi  l l i g r a m s  p e r  l i t e r )  o f  i r o n ,  and 

70 p e r c e n t  o f  t h e  samples c o n t a i n  more t h a n  1  m g / l  o f  i r o n .  

Water  f rom t h e  deeper  u n i t s  c o n t a i n s  e x c e s s i v e  amounts o f  

d i s s o l v e d  m i n e r a l s  and o r g a n i c  m a t e r i a l s .  

From t h e  s t u d y  o f  t h e  g e o l o g y  and h y d r o l o g y  o f  t h e  a r e a ,  

two  a reas  were s e l e c t e d  as b e i n g  f a v o r a b l e  f o r  e x p l o r a t i o n :  

( 1 )  t h e  abandoned-channel  d e p o s i t s  and ( 2 )  t h e  o u t w a s h - p l a i n  

d e p o s i t s  a d j a c e n t  t o  Beave r  Creek v a l l e y .  

The abandoned-channel  d e p o s i t s  o f  t h e  Beaver  Creek 

v a l l e y  were  t h o u g h t  t o  have a good w a t e r - b e a r i n g  p o t e n t i a l  

f o r  h i g h - c a p a c i  t y  we1 1s because g e o l o g i c  d a t a  i n d i c a t e d  

t h a t  t h e  a n c e s t r a l  Beaver  Creek v a l l e y  was a  m a j o r  d r a i n a g e  

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



t h a t  w e l l - s o r t e d  sand and g r a v e l  c o u l d  have been d e p o s i t e d  

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

t h e  Kena i  l o w l a n d s .  T h i s  s u p p o s i t i o n  was v e r i f i e d  b y  good 

y i e l d s  f r o m  s e v e r a l  d o m e s t i c  w e l l s  c o m p l e t e d  i n  f a v o r a b l e  

w a t e r - b e a r i n g  m a t e r i a l s .  The w a t e r  q u a l i t y  was a l s o  

e x c e l l e n t ,  a1 though  a  few we1 1s had  c h l o r i d e  c o n t e n t s  

g r e a t e r  t h a n  250 m g / l .  

The o u t w a s h - p l a i  n  d e p o s i  t s  a d j a c e n t  t o  t h e  Beave r  Creek 

v a l l e y  have been l i t t l e  e x p l o r e d .  One auger  w e l l  ( w e l l  1, 

T. 6 N . ,  R. 11 W. ,  sec .  12, f i g .  2 )  p e n e t r a t e d  70 f e e t  o f  

w a t e r - b e a r i n g  c o a r s e  sandy g r a v e l  and t h e  q u a l i t y  o f  w a t e r  

was good. Because o f  s i m i l a r i t i e s  be tween t h i s  a r e a  and 

a r e a s  o f  p r o v e n  y i e l d ,  t h e  p o s s i b i l i t y  was good f o r  f i n d i n g  

a r t e s i a n  a q u i f e r s  i n  t h e s e  d e p o s i t s  w i t h i n  300 f e e t  o f  t h e  

s u r f a c e .  

The e x p l o r a t i  on p rog ram was ' i n i  ti a t e d  i n  t h e  abandoned- 

channe l  d e p o s i t s  o f  t h e  Beave r  Creek v a l l e y .  The outwash- 

p l  a i  n  d e p o s i  t s  a d j a c e n t  t o  Beave r  Creek v a l l  ey were  n o t  

t e s t e d  as p a r t  o f  t h i s  e x p l o r a t i o n  program.  

SUMMARY OF TEST RESULTS - BEAVER CREEK VALLEY 

D e s c r i p t i o n  o f  W a t e r - B e a r i  n g  M a t e r i a l  

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

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

complex t o  a l l o w  p r e c i s e  c o r r e l a t i o n  be tween w e l l s .  T h r e e  

m a j o r  u n i t s  were  d i s t i n g u i s h a b l e :  an upper  s u r f i c i a l  u n i t  

o f  w a t e r - b e a r i n g  sand and g r a v e l ;  a  m i d d l e  c o n f i n i n g  u n i t  o f  

c l a y ,  s i l t ,  s i l t y  sand, and  cemented g r a v e l ;  and a  l o w e r  

u n i t  o f  sand  a n d  g r a v e l l y  sand  t h a t  c o n s t i t u t e s  t h e  m a j o r  

c o n f i n e d  a q u i f e r .  

The s u r f i c i a l  d e p o s i t s  range  i n  t h i c k n e s s  f r o m  15 t o  

80 f e e t .  They c o n t a i n  l a r g e  q u a n t i t i e s  o f  w a t e r ,  b u t  t h e  

w a t e r  c o n t a i n s  o b j e c t i o n a b l e  c o n c e n t r a t i o n s  o f  i r o n .  



The middle c o n f i n i n g  u n i t  o f  i n t e rbedded  c l a y ,  s i l t ,  

s i l t y  s a n d ,  and cemented g r ave l  i s  i n  sha rp  c o n t a c t  w i t h  

t h e  s u r f i  c i  a1 uni t b u t  g rades  i n t o  t h e  unde r ly ing  con f ined  

a q u i f e r .  

T h e  lower u n i t  c o n s i s t s  of i n t e rbedded  f i n e  t o  c o a r s e  

w e l l - s o r t e d  sand and sandy g r a v e l  c o n t a i n i n g  some c l a y  and 

s i l t  l a y e r s ,  and i s  c h a r a c t e r i z e d  by l a r g e  q u a n t i t i e s  of 

coa l  and wood f ragments  w i t h i n  t h e  wa te r -bea r ing  u n i t .  In 

t e s t  wel l  3  the  t o t a l  a q u i f e r  t h i c k n e s s  was on ly  6 f e e t ,  

b u t  i n  t e s t  we l l  2 t h e  t h i c k n e s s  was more than  135 f e e t .  

In t e s t  wel l  3 the  l a s t  90 f e e t  p e n e t r a t e d  were i n  

p redominant ly  f i n e  m a t e r i a l  y i e l d i n g  very 1  i  t t l e  w a t e r .  

All  the o t h e r  t e s t  and p roduc t i on  w e l l s  d i d  no t  f u l l y  

p e n e t r a t e  t h e  w a t e r - b e a r i n g  u n i t ;  t h e  u n i t  d i d  g rade  w i t h  

depth t o  predominant ly  f i n e  s a n d ,  s i l t y  s a n d ,  and i n t e r b e d s  

of  c l a y  and s i l t .  

A more complete  d e s c r i p t i o n  of  t h e  sed iments  p e n e t r a t e d  

by t h e  t e s t  and p roduc t i on  w e l l s  i s  p r e s e n t e d  i n  f i g u r e s  3 

through 7 ,  which a r e  composi tes  of d r i l l e r ,  g e o l o g i c a l ,  and 

geophys ica l  l ogs  compared t o  a wel l  c o n s t r u c t i o n  diagram; 

and i n  t a b l e  1 ,  which i n c l u d e s  r e s u l t s  o f  t h e  l a b o r a t o r y  

sample a n a l y s e s .  Apparent i n c o n s i s t e n c i e s  i n  t h e  diagrams 

between 1  i tho1 ogi c l o g s ,  wa te r -y i  e l  di  ng zones ,  and c a s i  ng 

p e r f o r a t i o n s  may be e x p l a i n e d  a t  l e a s t  i n  p a r t  by t h e  

l i m i t a t i o n s  i n h e r e n t  i n  the  logg ing  t echn iques .  

Hydraul i c  T e s t s  

The phys i ca l  p r o p e r t i e s  of t h e  m a t e r i a l s  making u p  t h e  

con f i  ned a q u i f e r  and a d j a c e n t  con f i  n i  ng beds were de te rmi  ned 

by 1  a b o r a t o r y  and f i e l d  t e s t s  . 
Hydrau l ic  c o n d u c t i v i t y ,  a measure of t h e  r a t e  of w a t e r  

f low through a  porous medium, was de te rmined  i n  t h e  l a b o r a t o r y  

f o r  s e l e c t e d  samples ( t a b l e  2 ) .  Hydrau l i c  c o n d u c t i v i t y  of  

m a t e r i a l s  making u p  t h e  con f ined  a q u i f e r  was de te rmined  on 

repacked d r i l l - c u t t i n g  samples .and ranged from 5 . 4  x 10-I  

t o  23 .2  m daym1 (me te r s  pe r  d a y ) ,  e q u i v a l e n t  t o  a f i e l d  



Gravel ,  coarse 

Clay,  sandy. blu i sh-gray  

Sand,  s i l t ,  c l a y ,  s t r a t i f i e d  

Figure 3.--Composite l o g s  a n d  well c o n s t r u c t i o n  diagram o f  t e s t  w e l l  1. 
9 



8- lnch  c a s i n g  

F i g u r e  4 . - - C o m p o s i t e  l o g s  and w e l l  c o n s t r u c t i o n  d i a g r a m  o f  t e s t  w e l l  2 .  
10 





Clay,  s o f t ,  b l u e  

Sand,  f i n e  w f t h  s i l t  and 

~ i ~ u r e  6.--Composite  l o g s  a n d  w e l l  cons truc t ion  diagram of  t e s t  wel l  4.- 
12 



Figure 7.--Composi t e  l o g s  and we1 1 cons truc t ion  d i a g r a m  o f  production 
we l l  1 .  

13 



Table 1.--Pa~tioZo-oiso anaZt(ooo of asbeoted e m p Z e a  f ~ o m  t e a t  and p~oduotion woZZo. 
(Analyses by U.S. Geological Suwey) 

p- 

Percent of saple by weight of size indicated (millimeters) 

Clay Silt Sand Gravel 

Sample Hydrologic Very Fine Medium Coarse Very Pine Medium Coarse 
depth laboratory fine coarse :Z 
(feet] sample <0.004 0.004- 0.0625- 0.125- 0.25- 0.5- 1.0- 2.0- 4.0- 8.0- 16.0- 

.0625 .I25 .25 .5 1.0 2.0 4.0 8.0 16.0 32.0 

70 ALS 6 

70 ALS 1 
70,ALS 8 
70 ALS 11 

70 ALS 12 

70 ALS 13 

70 ALS 14 

70 ALS 15 

70 ALS 16 

70 ALS 17 

70 ALS 18 

70 ALS 19 

70 ALS 20 

70 ALS 21 

70 ALS 33 

70 ALS 35 

70 ALS 37 

70 ALS 22 

70 ALS 23 

70 ALS 24 

70 ALS 25 

70 ALS 26 

70 ALS 27 

70 ALS 28 

70 ALS 29 

70 ALS 30 

70 ALS 31 

70 ALS 38 

Test well 1 

30.5 

24.4 

21.3 

5.9 

1.5 

1.3 

3.0 

1.0 

2.5 

0.2 

2.5 

0.6 

2.8 

71 ALS 6 

71 ALS 7 

71 ALS 8 
71 ALS 9 

71 ALS 10 

71 ALS 11 
71 ALS 12 

Tost well 2 

41.7 

38.3 

44.2 

27.1 

17.8 

17.1 

20.9 

8.8 

10.7 

.3.0 

19.3 

6.8 

17.1 

19.7 24.8 , 16.4 38.3 

3.2 3.4 

9.6 23.9 

1.5 

3.9 

1.5 

4.5 

0.2 

3.1 

0.6 

1.1 

4.6 
4.9 

34.7 54.5 

Test well 4 

Test well 3 

19.2 

12.5 

7.8 

5.4 

41.7 

36.7 

21.4 

20.3 

40.8 

21.2 

62.6 

44.4 

64.4 

60.1 

1.1 

157-165 

165-170 

175-180 

242-243 

6.5 

1.9 

6.3 

28.0 

52.9 

50.0 

57.7 

24.7 

24.8 

24.9 

46.4 

34.4 

47.5 

13.1 

2.3 

5.2 

0.4 
39.3 

32.9 

22.5 

12.3 

13.1 

23.1 

5.5 

3.4 

2.9 

2.9 

1.6 

6.3 

2.3 

5.3 

28.2 

1.3 

2.8 

0.6 

4.4 

0.5 

2.1 

1.1 

1.8 

4.1 

4.3 

3.6 

0.0 

0.6 

0.6 

8.5 

17.9 

12.1 

10.4 

11.7 

20.9 

62.0 

23.0 

26.7 

25.8 

12.1 

15.4 

53.0 

31.7 

5.1 

11.3 

4.3 

16.6 

11.4 

11.1 

27.7 

31.2 

22.8 

27.0 

2.4 

Production well 1 

71 ALS 2 

71 ALS 3 

71 ALS 4 

71 ALS 5 

14.5 

8.5 

11.1 

5.1 

14.4 

5.5 

4.6 

6.0 

48.1 

29.5 

53.2 

73.2 

21.8 

53.9 

29.4 

15.2 

1.2 

2.4 

1.7 

0.4 

0.0 

0.2 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



Table 2.--8ydrazcEic p r o p e r t t s s  of s e l e c t e d  sampLes f ~ o n i  t e s t  and production w e l l s .  

T e s t  w e l l  1 

Sample 
depth 

( f e e t )  

T e s t  w e l l  2 

95- 96 

153-159 
, 183-186 

196-198 

180-183 

Remarks nydraulic Field p e ~ e 8 b i l i t  coefficient of - , 

T e s t  w e l l  3 

- -- 
Meters p e r  day 

9.7 x l a - 2  
5.4 
1 .6  

23.2 

8.6 

16- 17 

120-121 

140-141 

158-160 

169-185 

198-202 

~ a l l o n s  perYday 
p e r  square  f o o t  

T e s t  w e l l  4 

2.4 

130 

390 

570 

210 

7 ; l  x 
5.4 x lo-' 

11.3 

17.5 

14.3 

2.7 

84- 85 

Drive sample; repacked f o r  t e s t  

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  

D r i l l  c u t t i n g s ;  repaCked f o r  t e s t  

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  

D r i l l  c u t t i n g s ;  r epacked  f o r  t e s t  

P roduc t ion  w e l l  1 

0.017 

1 3  

280 

430 

350 

6 6  

2.2 x 

242-243 

Drive sample; r u n  und is tu rbed  

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  

Drill c u t t i n g s ;  repacked f o r  t e s t  

D r i I l  c u t t i n g s ;  repacked f o r  t e s t  

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  

Drill c u t t i n g s ;  repacked f o r  t e s t  

0.0054 

7 . 6  

2 50 

255 

265 

2 70 

275 

280 

287 

Drive sample; r u n  u n d i s t u r b e d  

186 

5.8 

5.9 

10.8 

7 . 8  

10.3 

11.9 

11.0 

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  

142 

145 

265 

19 1 

252 

29 2 

270 

Drill c u t t i n g s ;  repacked f o r  t e s t  

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  

D r i f l  c u t t i n g s ;  repacked f o r  t e s t  

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  

Drill c u t t i n g s ;  repacked f o r  t e s t  

D r i l l  c u t t i n g s ;  r e p a c k e d . f o r  t e s t  

D r i l l  c u t t i n g s ;  repacked f o r  t e s t  



c o e f f i c i e n t  o f  p e r m e a b i l i t y  o f  13  t o  570 gpd p e r  f t z  

( g a l l o n s  p e r  day p e r  s q u a r e  f o o t ) .  T h i s  r a n g e  can  be  con -  

s i d e r e d  t o  be  l o w  t o  m o d e r a t e l y  p e r m e a b l e ,  b u t  g r e a t  c a u t i o n  

needs t o  be  e x e r c i s e d  i n  a p p l y i n g  r e s u l t s  on r e p a c k e d  samp les .  

H y d r a u l  i c  c o n d u c t i v i t y  , d e t e r m i n e d  by  u s i n g  b o r e h o l e  f l o w -  

t e s t i n g  e q u i p m e n t ,  w i t h i n  each  t e s t  w e l l  was v a r i a b l e .  The 

m o s t  p e r m e a b l e  u n i t s  we re  g r a v e l l y  sand .  However,  t h e  l e s s  

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

because  t h e y  a r e  t h i c k .  H y d r a u l i c  c o n d u c t i v i t y  o f  t h e  

m a t e r i a l s  w i t h i n  t h e  c o n f i n i n g  beds r a n g e d  f r o m  2 . 2  x 

t o  9.7 x  rn d a y - I  ( p e r m e a b i l i t y  = 0 .0054  gpd p e r  f t 2  t o  

2.4 gpd p e r  f t 2 ) .  Even t h e s e  l o w  h y d r a u l i c  c o n d u c t i v i t i e s  

a1 l o w  a  l a r g e  amount  o f  l e a k a g e  t o w a r d  t h e  u n c o n f i n e d  

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

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

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

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

F i e l d  h y d r a u l i c  t e s t s  m e a s u r i n g  t r a n s m i s s i v i t y  and 

s t o r a g e  c o e f f i c i e n t  a r e  summar i zed  i n  t a b l e  3. Maximum 

measu red  d i s c h a r g e s  and  s p e c i f i c  c a p a c i t i e s  a r e  a l s o  

i n c l u d e d ,  b u t  may n o t  r e f l e c t  t h e  t r u e  p o t e n t i a l  y i e l d  

because  o f  d i f f e r e n c e s  imposed  b y  c a s i n g  s i z e ,  w e l l  

c o n s t r u c t i o n ,  and  e f f e c t i v e n e s s  o f  d e v e l o p m e n t  and  pumping  

t e c h n i q u e s .  T r a n s m i s s i v i t y ,  a measure  o f  t h e  r a t e  a t  w h i c h  

w a t e r  f l o w s  t h r o u g h  a  v e r t i c a l  s t r i p  o f  t h e  a q u i f e r  1 - f o o t  

w i d e  e x t e n d i n g  t h r o u g h  t h e  f u l l  s a t u r a t e d  t h i c k n e s s  u n d e r  a 

u n i t  h y d r a u l i c  g r a d i e n t ,  was d e t e r m i n e d  b y  m a i n t a i n i n g  

c o n s t a n t  d i s c h a r g e  i n  t h e  t e s t  w e l l  and  m e a s u r i n g  drawdown 

i n  t h e  t e s t  o r  o b s e r v a t i o n  w e l l .  T r a n s m i s s i v i t y  r a n g e d  f r o m  

4,000 t o  9,900 f t2  day ' l  ( s q u a r e  f e e t  p e r  d a y )  (30,000 t o  

74,000 gpd  p e r  f t ) .  T r a n s m i s s i v i t i e s  i n  excess  o f  

1,300 f t *  day ' l  (10,000 gpd p e r  f t )  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  a d e q u a t e  f o r  m o s t  i n d u s t r i a l  o r  m u n i c i p a l  p u r p o s e s .  



Table 3.--Summary of hydrauZic  tests. 

Well nuinber 

Tes t  we l l  1 

Diam- j 
e t e r  

[ inches) .  

Well cons t ruc t i on  

I 1 I 

2 / ! 
6 Open ho l e ,  208-212 f e e t  600- 20 

4/ ,' 
1 55,000- 

: Pe r fo r a t ed  cas ing  143-206 f e e t  600" I 22  
51 1 i 30,000- 

Maximum 
discharge  

I I 
T e s t  w e l l  2  6 1 Pe r fo r a t ed  115-212 f e e t ;  1 1,100- 1 29 ' 13,500- 

open ho l e ,  212-240 f e e t  i 5' i 
j I 

T e s t  w e l l  3 1 6 ; Pe r fo r a t ed  177-182 f e e t  
! 6 0- i 

S p e c i f i c  f' 
capac i ty  
(gpm pe r  f t  

A f t e r  24 hours flow o r  pumping. 

of drawdown) 

Transmiss iv i ty  

7/ 
T e s t  we l l  4  Open ho l e ,  191-245 f e e t  ! 400- 

Production w e l l  1 12 Screened 252 t o  287 f e e t  
a /  

1 850- 
I 1 t 

Natura l  flow est imated by head on 6- inch  pipe.  

Storage 
c o e f f i c i e n t  

I 
i ! 

I 
I 

9 /  lo/ / 46,OoOY i 7 . 5  x 10-4 -  8.5- 

i I 

Well pumped by a i r  l i f t  and d ischarge  measured by flow through r ec t angu l a r  we i r ;  700 gpm n a t u r a l  flow 
es t imated  by head on 6- inch  p ipe .  

(gpd pe r  f t l  

Average t r an smi s s iv i t y  determined from drawdown da t a  i n  f lowing we l l  us ing  Theis  nonequil ibr ium wel l  
formula and Jacob modif ied nonequil ibr ium formula. 

Average t r an smi s s iv i t y  determined from drawdown d a t a  us ing  Theis  nonequil ibr ium w e l l  formula and Jacob 
modified nonequil ibr ium formula, and from recovery d a t a  u s ing  t h e  r e l a t i o n s h i p  between r e s i d u a l  drawdown 
and t h e  r a t i o  of time s i n c e  flow was s t a r t e d  t o  time a f t e r  f low was s topped,  t / t t .  

Ba i l e r  t e s t .  

Well pumped by a i r  l i f t  and d ischarge  measured by b a r r e l  and stopwatch. 

Well pumped with t u rb ine  pump and d ischarge  measured by o r i f i c e  p l a t e .  

Transmiss iv i ty  and s t o r a g e  c o e f f i c i e n t  determined from drawdown d a t a  of t h e  observa t ion  we l l  ( t e s t  wel l  4)  
us ing  the  Theis  nonequil ibr ium we l l  formula. 

s/ This low s p e c i f i c  c apac i t y  i s  t he  r e s u l t  of incomplete development of t h e  we l l  and p a r t i a l  pene t r a t i on  of 
t h e  aqu i f e r .  



The t r a n s m i s s i v i t y  v a l u e s  f o r  t e s t  w e l l s  1 and  2 

( f i g s .  7 -8 )  w e r e  d e t e r m i n e d  f r o m  measurements o f  drawdown o r  

r e c o v e r y  d u r i n g  t h e  f l o w i n g  t e s t s  o f  t h e s e  w e l l s .  D u r i n g  

t h e  pump t e s t  o f  p r o d u c t i o n  w e l l  1  ( f i g .  9), t e s t  we1 1  4 

was u s e d  a s  an o b s e r v a t i o n  w e l l  t o  r e c o r d  changes i n  head .  

T h i s  t e s t  p r o v i d e d  a  good  r e c o r d  by  w h i c h  t o  a n a l y z e  s t o r a g e  

c o e f f i c i e n t  ( f i g .  l o ) ,  w h i c h  i s  t h e  vo lume  o f  w a t e r  r e l e a s e d  

o r  t a k e n  i n t o  s t o r a g e  p e r  u n i t  o f  s u r f a c e  a r e a  o f  t h e  a q u i f e r  

p e r  u n i t  change i n  head.  The  measured  s t o r a g e  c o e f f i c i e n t ,  

7 .5  x l o m 4 ,  i s  t y p i c a l  f o r  a  c o n f i n e d  a q u i f e r .  I n  mos t  

c o n f i n e d  a q u i f e r s ,  v a l u e s  a r e  i n  t h e  r a n g e  o f  l o m 5  t o  

i n d i c a t i n g  t h a t  even  m o d e r a t e  w i t h d r a w a l s  o f  w a t e r  w i l l  cause  

p r e s s u r e  changes o v e r  e x t e n s i  ve a r e a s .  

The shape o f  t h e  t ime -d rawdown  c u r v e s  ( f i g s .  8 - 1 2 )  

d u r i n g  c o n s t a n t - d i s c h a r g e  t e s t s  i s  r e l a t e d  t o  t h e  a q u i f e r  

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

s l o p e  o f  t h e  t ime -d rawdown  c u r v e  i s  g e n e r a l l y  c o n s t a n t ,  as 

i n  f i g u r e s  8 a n d  9;  o r  i f  t h e  d a t a  p l o t  on t h e  t y p e  c u r v e ,  

as i n  f i g u r e  12,  t h e  t e s t  i s  s a i d  t o  b e  u n a f f e c t e d  b y  

b o u n d a r y  c o n d i t i o n s .  B u t ,  when t h e  s l o p e  o f  t h e  c u r v e  

s t e e p e n s  w i t h  t i m e  a n d  changes m a r k e d l y ,  as i n  f i g u r e  10, 

an i m p e r v i o u s  h y d r a u l i c  b o u n d a r y  c o n d i t i o n  may be  t h e  cause .  

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

t h a t  t h e  e a s t e r n  edge o f  t h e  c o n f i n e d  a q u i f e r  may c o i n c i d e  

w i  t h  t h e  e a s t e r n  1  i m i  t o f  t h e  abandoned -channe l  d e p o s i  t s  

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

b y  an i m p e r m e a b l e  b o u n d a r y .  No b o u n d a r i e s  w e r e  d e t e c t e d  

d u r i n g  t h e  t e s t  o f  p r o d u c t i o n  we1 1  1  ; p o s s i b l y  a n o t h e r  

p r o d u c t i o n  w e l l  c o u l d  be  d r i l l e d  w e s t  o f  p r o d u c t i o n  w e l l  1. 

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

u s e d  t o  c a l c u l a t e  ( 1 )  r a t e  o f  l o w e r i n g  o f  w a t e r  l e v e l  w i t h  

t i m e  a t  any  p l a c e  w i t h i n  t h e  cone  o f  d e p r e s s i o n  and  ( 2 )  shape  

and  p o s i t i o n  o f  t h e  cone o f  d e p r e s s i o n  a t  a g i v e n  t i m e  w i t h i n  

t h e  a r e a  t e s t e d .  F o r  examp le ,  t h e  drawdown o f  w a t e r  l e v e l  

i n  t h e  c o n f i n e d  a q u i f e r  a t  va r i .ous  d i s t a n c e s  f r o m  t h e  pumped 
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-1 s t a t i c  w a t e r  l e v e l :  
+4  f e e t  above l a n d  s u r f a c e  
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Cased t o  252 f e e t  
Screened 252 t o  287 f e e t  

TIME SINCE PUMPING STARTED, I N  MINUTES 
F i g u r e  11.--Time drawdown c u r v e  p r o d u c t q o n  w e l l  1. August  11  t o  12. 1970. 





w e l l  i n  B e a v e r  Creek  v a l l e y  can  b e  p r e d i c t e d  u s i n g  t h e  v a l u e s  

o f  t r a n s m i s s i v i t y  and  s t o r a g e  c o e f f i c i e n t  and  know ledge  o f  

b o u n d a r y  c o n d i  t i  ons d e t e r m i  ned f r o m  t h e  h y d r a u l  i c t e s t s  i n 
t h i s  a r e a .  F i g u r e  13a i s  a  g r a p h  o f  p r e d i c t e d  d e c l i n e  i n  

w a t e r  l e v e l  a t  a  d i s t a n c e ,  r ,  f r o m  p r o d u c t i o n  w e l l  1  a f t e r  

pumping  f r om s t o r a g e  f o r  t days .  Some a s s u m p t i o n s  made i n  

p r e p a r i n g  t h e  g r a p h s  a r e :  ( 1 )  t h e  a q u i f e r  i s  a r e a l l y  honio- 

geneous a n d  i n f i n i t e  i n  e x t e n t ;  ( 2 )  t r a n s m i s s i v i  t y  a n d  

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

w e l l  1  a r e  r e p r e s e n t a t i v e  o f  t h e  a q u i f e r ;  ( 3 )  t h e  w e l l  i s  

pumped a t  a  c o n t i n u o u s  r a t e  o f  500 gpm; a n d  ( 4 )  a l l  w a t e r  

pumped i s  t a k e n  f r o m  s t o r a g e .  F i g u r e  13b i s  a  g r a p h  s h o w i n g  

p r e d i c t e d  d e c l i n e  i n  w a t e r  l e v e l  a t  v a r i o u s  d i s t a n c e s  f r o m  

p r o d u c t i o n  w e l l  1  a f t e r  pumping  s p e c i f i e d  q u a n t i t i e s  f o r  

1  day .  These g r a p h s  can  be  u s e d  t o  p r e d i c t  op t imum s p a c i n g  

o f  w e l l s  when u s e d  i n  c o n j u n c t i o n  w i t h  economic  a n d  e n g i n e e r -  

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

On t h e  b a s i s  o f  t h e  a v a i l a b l e  a q u i f e r - t e s t  d a t a ,  t h e  

c i t y  o f  K e n a i  s h o u l d  be a b l e  t o  o b t a i n  t h e  r e q u i r e d  6 5 0  gpm 

s u s t a i n e d  a v e r a g e  f l o w  o r  3,000 gpm f o r  10 h o u r s  f r o m  t w o  

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

C reek  v a l l  ey  . 
Q u a l i t y  o f  G round  W a t e r  

The w a t e r  f r o m  a l l  w e l l s  was o f  t h e  s o d i u m  b i c a r b o n a t e  

t y p e  and  o f  good  q u a l i t y  ( t a b l e  4 ) .  I r o n  c o n t e n t  r a n g e d  

f rom 0 . 0 8  t o  0 .80  m g / l ,  w h i c h  i s  l o w  f o r  t h e  K e n a i  a r e a .  

The w a t e r  samples  r a n g e d  i n  h a r d n e s s  f r o m  1  t o  9 5  m g / l .  

Some o f  t h e  samples  had  a s l i g h t  h y d r o g e n  s u l f i d e  o d o r  and  

an amber c o l o r .  

I n  a l l  t e s t  and  p r o d u c t i o n  w e l l s ,  e x c e p t  t e s t  w e l l  1,  

t h e  q u a l i t y  o f  w a t e r  was s i m i l a r  t h r o u g h o u t  t h e  d r i l l e d  

i n t e r v a l  . The w a t e r  f r o m  t e s t  we1 1  1  had  t h e  h i g h e s t  

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

i n g .  T h i s  w e l l ' i s  l o c a t e d  w i t h i n  a  zone o f  s a l t y  g r o u n d  





w a t e r  t h a t  i s  known t o  o c c u r  n e a r  t h e  Cook I n l e t  s h o r e l i n e  

and  i n  some o f  t h e  d e e p e r  w e l l s  i n l a n d  f r o m  t h e  c o a s t .  

T e s t  w e l l  1  i s  n e a r  w e l l s  numbers 4 a n d  5 ( T .  5 N. ,  R .  11,  

s e c .  10 .  f i g .  2 ) ,  w h i c h  have  c h l o r i d e  c o n t e n t s  o f  446 a n d  

400 m g / l ,  r e s p e c t i v e l y .  The b o u n d a r y  o f  t h e  s a l t y  w a t e r  i s  

n o t  a c c u r a t e l y  known. 

FUTURE POTENTIAL FOR GROUND-WATER DEVELOPMENT 

E f f i c i e n t  d e v e l o p m e n t  a n d  u t i  l i z a t i o n  o f  t h e  g r o u n d -  

w a t e r  r e s o u r c e s  i n  t h e  B e a v e r  C reek  v a l l e y  w i  11 r e q u i r e  

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

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

p r o g r a m  o f  w e l l - f i e l d  management.  

D e s i g n  o f  E x p l o r a t i o n  a n d  T e s t i n g  P r o g r a m  

A  c o n t i n u i n g  e x p l o r a t i o n  a n d  t e s t i n g  p r o g r a m  s h o u l d  

h a v e  a  t w o - f o l d  p u r p o s e :  ( 1 )  t o  l o c a t e  s i t e s  s u i t a b l e  f o r  

p r o d u c t i o n  w e l l s ,  and  ( 2 )  t o  d e l i n e a t e  t h e  e x t e n t  a n d  

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

A r e a s  c o n s i d e r e d  f a v o r a b l e  f o r  c o n t i n u e d  e x p l o r a t i o n  

o c c u r  w i  t h i n  t h e  u n i t  mapped as abandoned -channe l  d e p o s i  t s  

( f i g .  2 ) ;  s p e c i f i c a l l y ,  t h e  f o l l o w i n g  a r e a s  b e a r  c o n s i d e r a -  

t i o n :  ( 1 )  b e t w e e n  t e s t  w e l l s  1  a n d  2 and  2 a n d  4,  ( 2 )  n o r t h  

o f  t h e  K e n a i  S p u r  h i g h w a y ,  and  ( 3 )  b e t w e e n  p r o d u c t i o n  w e l l  1  

and  t h e  w e s t e r n  b o u n d a r y  o f  t h e  abandoned -channe l  d e p o s i t s .  

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

t e s t  w e l l  t o  e v a l u a t e  t h e  g r o u n d - w a t e r  p o t e n t i a l  a n d  t o  

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

w e l l .  The t e s t  w e l l  w o u l d  p r o v i d e  d a t a  t o  be  u s e d  t o  

e f f i c i e n t l y  d e s i g n  t h e  p r o d u c t i o n  well a n d  t o  s e r v e  as an 

o b s e r v a t i o n  w e l l  d u r i n g  t h e  a q u i f e r  t e s t i n g .  The  h y d r a u l i c  

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

o f  t h e  w a t e r - s u p p l y  sys  tem a n d  i n  i t s  o p e r a t i  on and  manage- 

men t .  



The p red ic t ed  d i s  tance-drawdown curves f o r  product ion 

well 1  ( f i g .  13)  t o g e t h e r  with engineer ing  and economic 

cons ide ra t ions  can be used as a  guide i n  s e l e c t i n g  the  

spacing of t e s t  s i t e s  f o r  addl t i o n a l  production w e l l s .  The 

k n o w n  physical  a n d  hydrologi c  c h a r a c t e r i s  t i c s  of the  Beaver 

Creek a q u i f e r  probably wi 11 allow the development of a 
f a i r l y  c lose-spaced  system of w e l l s .  This sugges t ion  i s  

supported by t h e  p red ic t ed  distance-drawdown curve of 

product ion well  1  and by the  f a c t  t h a t  t h e r e  a r e  approxi-  

mately 250 f e e t  of a v a i l a b l e  drawdown. 

We1 1  Cons t ruc t ion  and Development 

The e f f e c t i v e -  desi  g n  a n d  cons t r u c t i  on of addi t i  onal 

s u c c e s s f u l  production wel l s  i n  Beaver Creek va l l ey  should 

t ake  i n t o  account the f a c t  t h a t  most of the  sediments a r e  

f i n e  grained--sand in terbedded with s i l t  a n d  c l ay  and 

conta in  many fragments of wood a n d  c o a l .  

The t h i n  beds of f ine -g ra ined  sand i n  the  Beaver Creek 

a q u i f e r s  may be capable of y i e l d i n g  l a r g e  amounts of water  

t o  w e l l s ,  b u t  the  beds a r e  d i f f i c u l t  t o  screen  and t o  de- 

velop.  During the  d r i l l i n g  of t e s t  well  2 ,  f o r  example, 

t h e  s t r a t i f i e d  sandy c l ay  and sand u n i t  from 210 t o  250 f e e t  

produced very l i t t l e  wa te r .  However, a f t e r  development t h e  

geophysical logs showed t h a t  t h e  uncased hole  had remained 

open between 210 and 240 f e e t  and t h a t  t h i s  lower u n i t  was 

c o n t r i b u t i n g  approximately 25  percent  ( f i g .  4) of the  well  

d i scharge .  Consequently,  the  success fu l  d r i  1  l i n g  and 

completi on  of we1 1s i  n t hese  materi  a l s  wi 11 requi  r e  c a r e f u l  

we1 1 c o n s t r u c t i o n ,  s c r e e n i n g ,  and development. 

During t h e  d r i l l i n g  of t e s t  we l l s  1  and 2 ,  g r e a t  q u a n -  
t i t i e s  of wood and coal fragments washed t o  the  s u r f a c e .  

Approximately 1 2  hours a f t e r  t e s t  well  2 had been screened 

between 208 a n d  2 1 8  f e e t ,  the  d ischarge  decreased by one -ha l f .  

Af t e r  p e r f o r a t i n g  between 143 a n d  206 f e e t ,  t he  flow re tu rned  

t o  maximum. Explorat ion showed no flow from the  screened 





s e c t i o n  a f t e r  p e r f o r a t i o n  and, f r o m  p r e v i o u s  e x p e r i e n c e ,  t h e  

d r i l l e r  r e a s o n e d  t h a t  t h e  s c r e e n s  had  been p l u g g e d  b y  wood 

and c o a l  f r a g m e n t s .  An easy  s o l u t i o n  t o  remova l  o f  wood and 

c o a l  f r o m  t h e  s c r e e n  mesh o r  p e r i p h e r y  i s  n o t  r e a d i l y  

a p p a r e n t .  T h i s  p r o b l e m  dese rves  f u r t h e r  s t u d y .  

WELL-FIELD MANAGEMENT 

P r o p e r  management o f  g r o u n d - w a t e r  r e s o u r c e s  i n  Beave r  

Creek v a l l e y  r e q u i r e s  c o n t i n u e d  m o n i t o r i n g  a c t i v i t i e s  and a 

r e f i n e m e n t  o f  h y d r o l o g i  c c o n c e p t s .  C o n t i n u o u s  r e c o r d s  

s h o u l d  be  k e p t  o f  a l l  w i t h d r a w a l s  o f  g r o u n d  w a t e r  and o f  

w a t e r -  l e v e l  changes i n s e l e c t e d  o b s e r v a t i  on and p r o d u c t i  on 

w e l l s .  Samples o f  g r o u n d  w a t e r  f o r  c h e m i c a l  a n a l y s i s  s h o u l d  

be  c o l l e c t e d  p e r i o d i c a l l y  f r o m  w e l l s  a l o n g  t h e  Kena i  R i v e r  

and Cook I n l e t .  D a t a - c o l  l e c t i o n  a c t i v i t i e s  s h o u l d  c o n t i n u e  

and r e c o r d s  s h o u l d  b e  o b t a i n e d  on  any new t e s t  w e l l  o r  

pumping t e s t .  Da ta  g a i n e d  f r o m  d r i l l i n g  and t e s t i n g  a d d i -  

t i  o n a l  we1 1  s  t h r o u g h o u t  t h e  v a l  l e y  f o l l  owed b y  moni t o r i  ng 

o f  t h e  w a t e r - l e v e l  d e c l i n e  a s s o c i a t e d  w i t h  pumping t h e s e  

w e l l s  w i l l  h e l p  t o  e s t a b l i s h  t h e  op t imum pumping s c h e d u l e s  

f o r  t 'he w e l l  f i e l d  a n d  t o  d e s i g n  f o r  f u r t h e r  e x p a n s i o n .  As 

more d a t a  a r e  a c q u i r e d ,  c o n s i d e r a t i o n  s h o u l d  be  g i v e n  t o  

t h e  c o n s t r u c t i o n  o f  a  model o f  t h e  g r o u n d - w a t e r  sys tem.  

T h i s  w i l l  h e l p  t o  p r e d i c t  t h e  f u t u r e  r e s p o n s e  o f  t h i s  s y s t e m  

t o  use .  
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