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INTRODUCTION 

The pr iva te ly-owned A l p i n e  Woods w a t e r  s y s t e m  was c o n s t r u c t e d  d u r i n g  1983 

and 1984 t o  p r o v i d e  w a t e r  f rom w e l l s  t o  a  p l a n n e d  s u b d i v i s i o n  of  54 

s i n g l e - f a m i l y  homes i n  t h e  H i l l s i d e  area o f  Sou th  Anchorage.  The o c c u r r e n c e  

o f  l ong- t e rm w a t e r - l e v e l  d e c l i n e s  and r e s i d e n t i a l  w e l l  f a i l u r e s  a t  l ower  

I f i l l s i d e  l o c r r t i o n s  ( D e a r l ~ o r n  and M u n t e r ,  1985; Munter ,  1985) h a s  c a u s e d  

c o n c e r n  r ega r t l i ng  t h e  e f f e c t s  o f  new t leve lopments  i n  t h e  a r e a .  An a p p l i c a t i o n  

by t h e  owner of t h e  A l p i ~ i c  lJoods w a t c r  r;ystem t o  t h e  Alaska  1 ) i v i s i o n  o t  Land 

and Water  Management f o r  ,I p e r m i t  t o  cx t r ac l :  27 ,000 g a l l o n s  p e r  cloy (gp t l )  o i  

w a t c r  prompted a h y d r o g e o l o g i c  s t u d y  o f  s e c t i o n  23,  'r12N, R3W, SM, where  t h e  

A l p i n e  Woods wa te r  sys t em i s  l o c a t e d  ( f i g .  1 ) .  The o b j e c t i v e s  o f  t h e  s t u d y  

were  t o  d e t e r m i n e  t h e  e f f e c t s ,  i f  a n y ,  of  h i s t o r i c  ground-water  e x t r a c t i o n  i n  

t h e  a r e a ,  t o  f i e l d  t e s t  t h e  a q u i f e r  s y s t e m  t apped  by t h c  A l p i n e  Woods w e l l s ,  

and t o  e s t ima t e  t h e  l i k e l y  drawdown i n  t h e  immedia te  a r e a  o f  t h e  p roposed  

e x t r n c t i o r i  of 27,000 gpd f rom t h e  A l p i n e  Woods w e l l s .  

HYDROGEOLOGY 

S e c t i o n  2 3  is  l o c a t e d  i n  a f o o t h i l l s  t r e a  betwccn t h e  Chugach Mounta ins  

and t h e  m e t r o p o l i t a n  lowland area  o f  Ar~chorage  (Unrnwcl l  and o t h e r s ,  1972) .  

S u r f  i c i a l  d e p o s i t s  ;Ire mapped as Q u a t e r n a r y - a g e  g l a c  i a l  , m a r i n e ,  . ~ n d  a l l u v i a l  

d e p o s i t s  (Schmoll  and Dobrovo lny ,  1 9 7 2 ) ,  w ~ t h  much of t11e s e c t i o n  c x t i i b i t i n g  

knob and k e t t l e  t opography  i n d i c a t i v e  o f  a  g l a c i a l  mora ine .  Examina t ion  of  

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

most  of  t i le  n o n l i t h i f i e t l  d e p o s i t s  a r e  s i l t y  and of  g e n e r a l l y  Low h y d r a u l i c  

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



F i g u r e  1 .  1 ,ocn t ion  of  s t u d y  a r e a .  

from s o u t h e a s t  t o  n o r t h w e s t ,  ; i t t a i r l i .ng  a p r o b a b l e  t h i c k n e s s  of  o v e r  300 f-t 

( f i g .  2 ) .  

Metamorphic r o c k s  ( h e r e a f t e r  te rmed "bedrock")  u n d e r l i e  t h e  n o n l i t h i f i e d  

d e p o s i t s .  Although b e d r o c k  t o  t h e  e a s t  of  s e c t i o n  23 i s  mapped as  t h e  

Mesozoic-age McHugh Complex, c o n s i s t i n g  of  m e t a c l a s t i c  and m e t a v o l c a n i c  rocks  

( C l a r k ,  1972) ,  t h e  Borde r  Ranges f a u l t  zone (MacKevett and P l a f k e r ,  1 9 7 4 ) ,  

d e s c r i b e d  l o c a l l y  a s  t h e  Knik f a u l t  by C l a r k  ( 1 9 7 2 ) ,  t r a v e r s e s  t h e  s c c t i o n .  

O t h e r  metamorphic r o c k  t y p e s  may o c c u r  b e n e a t h  t h e  O u a t e r n a r y  s e d i m e n t s  i n  

s e c t i o n  23 wes t  of t h e  Borde r  Ranges f a u l t  zone .  



F i g u r e  2 .  Thickness of Q u a t e r n a r y  sediments irl the s t u t l y  area. 
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Most w e l l s  i n  s e c t i o n  2 3  o b t a i n  w a t e r  from c o n f i n e d  s a n d  and  g r a v e l  

a q u i f e r s  a few f e e t  t h i c k  and o f  l i m i t e d  l a t e r a l  e x t e n t  w i t h i n  t h e  s e q u e n c e  of  

s i l t y  s e d i m e n t s .  By c o n s i d e r i n g  t h e  t o t a l  a s semblage  of  s a n d  and g r a v e l  

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

(1) t h e  t o p  of t h e  a q u i f e r  s y s t e m  and ( 2 )  t h e  p o t e n t i o m e t r i c  s u r f a c e  ( f i g .  3 ,  

f i g .  4 )  c a n  be  c o n s t r u c t e d .  The maps u t i l i z e  d a t a  f rom d r i l l e r s '  l o g s  o f  

w a t e r  w e l l s  d r i l l e d  from 1952-1985. 

The s t r u c t u r e  c o n t o u r  map o f  t h e  t o p  of t h e  a q u i f e r  s y s t e m  ( f i g .  3) shows 

;I f l ~ i r l y  uni form d e c r e a s e  i n  ~ l l t i t l i d r .  from s o ~ i t h e a s t  t o  n o r t h w e s t  . l c ros s  

s e c t  i on  2 3 ,  s i m i l a r  t o  t h e  slope of  t h e  l and  s u r t a c e .  T h i s  c o n t r a s t s  w i t h  t h e  

s l o p e  o f  t h e  p o t c n t i o m e t r i c  s u r f a c e  ( f i g .  A ) ,  which i s  f a i r l y  f l a t  i n  t h e  

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

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

t h e  a q u i f e r  sys tem s u r f a c e  i n  t h e  v i c i n i t y  of  t h e  s t e e p l y  i n c l i n e d  p o r t i o n  of 

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

s o u t h e a s t .  The c l o s e  p r o x i m i t y  u f  t h e  a r e a  o f  i n f e r r e d  low t r a n s m i s s i v i t y  t o  

t h e  Border  Kangr.5, t n u l t  zonr3 \ r ~ g g c s t ,  t h a t  t h e  f a u l t  zone  may h a v e  an 

i n f l u e n c e  on t h e  h y d r a u l i c s  of t h e  ( ] u a t c r n a r y  a q u i i e r  sys t em.  

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

s e v e r a l  a q u i f e r s  i n  s e c t i o n  23 (fig. 3 ) .  Two o f  t h e s e  a q u i f e r s ,  h e r e i n  

i n f o r m a l l y  c a l l c d  t h e  Raven Woods and A l p i n e  Woods a q u i f e r s ,  a r e  i m p o r t a n t  t o  

t h e  c h a r a c t e r i z a t i o n  of  t h e  A l p i n e  Woods w a t e r  sys t em.  
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F i g u r e  3 .  S t r u c t u r e  c o n t o u r  map O F  t h e  t o p  of t h e  Q u a t e r n a r y  a q u i f e r  sys t em.  
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EFFECTS OF HTSTORICAL GROUND-WATER EXTRACTlON 

To e s t i m a t e  t h e  e f f e c t s  of h i s t o r i c a l  ground-water e x t r a c t i o n  i n  t h e  SW% 

of s e c t i o n  23 ,  measurements were made i n  p r i v a t e  domes t i c  w e l l s  and compared,  

where poss ib l . e ,  t o  w a t e r  l e v e l s  r e p o r t e d  by d r i l l e r s  a t  t h e  t ime of w e l l  

c o n s t r u c t i o n .  Tab le  I summarizes t h e  r e s u l t s .  

T a b l c  I .  Compari:;on of  watcr-  l ~ v e  1 d a t a  o b t a i n e d  d u r i n g  1985 w i t h  r e p o r t e d  
d a t a  L r o m  p r i o r  yc.;tr:,. 

Depth t o  w a t e r  1;ct.t o f  wntcr-  
( f  t l)clow l ' lnd ] ) a t e  I (,vc, l r i s e  ( t )  

Well i t ! c r l t i f i c> r*  : > u r t a c c )  
- - 

measureti or -- tlrop (-) 

1-1  1 0 5 0 5 / 1 6 / 8 3  
6 5 . 4  091 12/85 -0.  4 

* S e e  i i g u r c  3 

The d a t a  shown i n  ' fab le  I e x h i b i t  no s i g n i f i c a n t .  trerltl of i n c r e a s i n g  o r  

t l ec rcns ing  w~1tc.r level: ,  i r l  t he  i t r c n .  Thus,  h i s t o r i c  i;rountl-water purnp;igc i s  

concluded t o  have had i n s i g n i f i c a n t  e f f e c t  on w a t e r  Levels i n  w e l l s  i n  t h e  

v i c i n i t y  of  Alpine  Woods s u b d i v i s i o n .  



ALPTNE WOODS WATER SYSTEM 

The A l p i n e  Woods w a t e r  s y s t e m  u t i l i z e s  w e l l  1-72 as a p r i m a r y  s o u r c e ,  

w i t h  w e l l  1-74 a s  a  backup s o u r c e .  Wells 1-75 and  1-76 a r e  n o t  c o n n e c t e d  t o  

t h e  d i s t r i b u t i o n  s y s t e m .  Wel l  2-72 is a n  o b s e r v a t i o n  w e l l  l o c a t e d  0 . 2  f t  f rom 

w e l l  1-72. W e l l  2-72 was abandoned a s  a  p r o d u c t i o n  w e l l  b e c a u s e  a s c r e e n  

c o u l d  n o t  be p r o p e r l y  s e t  i n  t h e  w e l l .  Well 1-72 and  2-72 a r e  of  s i m i l a r  

d e p t h s .  Wells 1-72, 2-72, 'ind 1-73 a l l  t a p  t h e  A l p i n e  Woods a q u i f e r  ( f i g .  3 ) .  

The Kaven Woods : i q u i f e r  i s  t apped  by numerous  o t h e r  ( Iomest ic  w e l l s  i n  t h e  a r e a  

( f i g .  3 ) .  

A I , P T N K  WOOIIS AQUIFER 'rI:sT I 

On J u n e  26 ,  1985,  an  a q u i f e r  t e s t  was c o n d u c t e d  u s i n g  w e l l  1-72 a s  t h e  

p r o d u c t i o r ~  wcll, w i t h  t l i s c h a r g e  of w a t e r  t h r o u g h  t h e  Alpirlc woods w a t e r  s y s t e m  

t o  a n  o u t l e t  l o c a t e d  a b o u t  0 . 5  m i  f rom t h e  p r o d u c t i o n  w e l l .  The t e s t  was  

t e r m i n a t e d  a f t e r  n p p r o x i m a t c l y  8 h r s  o f  pumping a t  a n  a v e r a g e  r a t e  of  a b o u t  50 

gpnl hec; iusc o f  l a r g e  i r r c . g r ~ l , ~ r i t i c s  i n  t h e  pumping r a t e ,  i n c l u t l i n g  s e v e r a l  

pump i ~ l f ;  : ;h~itdowns. The mnxin~u~n drawdown obse rve t i  i n  w e l l  1-73 was 37 i t .  

Aclui ier  c o e f f i c i e n t s  ~ : ; t i r nn t r c l  f rom t h e  test  d a t a  :;uggestcd t h a t  ,I s t a n d a r d  

p r o  j e c t i o n  of  drawdown by t h e  Thei:; Method (1935)  , which  does  n o t  c o n s i d e r  t h e  

e f f e c t s  of  a q u i f e r  bound;iry c o n d i t i o n s ,  would r e s u l t  i n  t h e  f a i l u r e  of b o t h  

w e l l  1-73 and 1-72 w i t h  a pr~mping r a t e  o f  27 ,000  gpd frvm w e l l  1-72. The 

c , l f e c t s  o f  bouxldriry c o r ~ d i  t ion. ;  c o u l d  n o t  b e  identified 1)crausc~ o f  t h e  s l i o r t  

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

ALPTNE WOODS AQUIFER TESTS 2 AN11 3 

A s e c o n d  t c s t  o f  t h e  A lp ine  Woods a q u i f e r  was corlducted Sep tember  25-27, 

1985,  a t  a n  a v e r a g e  r a t e  of pumping of  16.1 gpm. The t e s t  was u n e x p e c t e d l y  



and p r e m a t u r e l y  t e r m i n a t e d  by a power f a i l u r e  a f t e r  3 9 . 2  h r s  of  pumping. The 

t e s t  was r e s t a r t e d  on Oc tobe r  2, 1985, and  was t e r m i n a t e d  on Oc tobe r  15, 12.86 

days  l a t e r .  T h i s  t h i r d  t e s t  was i n t e r r u p t e d  by  a  power f a i l u r e  f o r  4 h r s  on 

October  8. Da ta  c o l l e c t e d  from w e l l  2-72 f rom tests  7 and 3 a r e  shown i n  

f i g u r e  5 .  Drawdowns o b s e r v e d  d u r i n g  t e s t  3 w e r e  s l i g h t l y  l e s s  t h a n  drawdowns 

obse rved  d u r i n g  t e s t  2 ,  c o r r e s p o n d i n g  w i t h  t h e  s l i g h t l y  lower  r a t e  of  pumping 

of  w e l l  1-72 d u r i n g  t c s t  3. Drawdowns o b s e r v e d  d u r i n g  t h e  l a t t e r  p a r t s  of  

t e s t s  2  and 3 were n o t  a s  1:irge a s  w c r c  e x p e c t e d .  T h e  most  f e a s i b l e  

exp1:inntion f o r  t h i s  appear:; t o  b e  t h a t  t h e  A l p i n e  Woods a q u i f e r  r e c e i v e d  

wa te r  f r o m  lc>;tky r o n f  i r l i r l g  betls ( lu r ing  t h e  t e s t .  

F i g u r e  5 .  1)rnwdown d a t a  c o l l e c t c d  from w e l l  2-72 d u r i n g  t e s t s  2  and 3. 
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DATA FROM TEST 2 

AVERAGE PUMP I NG RATE= 15.7 GPM 
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D e t a i l e d  drawdown d a t a  w e r e  c o l l e c t e d  i n  w e l l  1-73 d u r i n g  t h e  e a r l y  

p o r t i o n  of  tes t  2 ,  b u t  w e r e  n o t  c o l l e c t e d  d u r i n g  t h e  e a r l y  p o r t i o n  o f  t e s t  3 .  

With a n  a d j u s t m e n t  of  t h e  d a t a  from tes t  2 f o r  t h e  s l i g h t l y  h i g h e r  pumping 

r a t e ,  t h e  d a t a  f rom t e s t s  2 and 3 a r e  s u p e r i m p o s e d  o n  f i g u r e  6 and  a r e  

a n a l y z e d  a s  i f  a s i n g l e  a q u i f e r  t e s t  had b e e n  c o n d u c t e d .  Us ing  t h e  l e a k y  

c o n f i n e d  a q u i f e r  t y p e  c u r v e  method of Cooper  ( 1 9 6 3 ) ,  as d e s c r i b e d  by Lohman 

( 1 9 7 2 ) ,  v a l u e s  of t r a n s m i s s i v i t y  ( T )  of 6 9  f t 2 / d a y  and  s t o r a t i v i t y  ( S )  of 2 .6  

X a r e  c a l c u l a t e d .  C o o p r r ' a  (1963) method i s  b a s e d  o n  v e r t i c a l  f l o w  t o  n 

c o n f i n e d  ; ~ q u i f e r  ( s u c h  a s  t h e  A l p i n e  Woods a q u i f e r )  t h r o u g h  a c o n f i n i n g  bed of  

t h i c l cncs s  1 ) '  w i t h  ;i v e r t i c a l  h y d r , l u l i c  cont luc t  i v i t y  K ' .  A t  n d i s t a n c e  r from 

1 

t h e  pumping w e l l ,  t h e  d i m e n s i o n l e s s  p a r a m e t e r  v = r / 2  ( K 1 / b ' T ) "  c a n  be  

de t e rmined  from t h e  c u r v e  m a t c h i n g  t e c h n i q u e .  The v a l u e  o f  v  d e t e r m i n e d  f rom 

t h e  d a t a  I n  f i g u r e  6 i s  0.06.  't'hc p a r a m e t e r s  T ,  S ,  and v c a n  be  u sed  t o  

c s t i m n t e  t h e  e f f e c t s  of  e x t r a c t i n g  w a t e r  f rom t h e  A l p i n e  Woods a q u i f e r  a t  

r a t e s  and d u r a t i o n s  of pumping th ' l t  a r e  d i k f c r e n t  t h a n  t h e  r a t e s  and d u r a t i o n s  

u t i l i z e t l  t lurirlg t h e  a q u i f  c . r  test : ,  . 

I n  o r d e r  t o  a s s e s s  t h e  c.1 f c , c  ts 0 1  c'xtr:lc't Lrlg w a t e r  f rom t h e  Alpirlr. Woods 

n q u i f c r  on t h e  Kaven Woods a q u i l c r ,  w a t e r - l e v e l  d a t a  were  c o l l e c t e d  from w e l l s  

1-41 and 1-42 d u r i n g  t i l e  Octo1)cr 2-15, 1985 t c s t .  The d a t a  a r e  shown i n  

f i g u r e  I ,  a l o n g  w i t h  d a t a  c o l l e c t e d  a t  w e l l  1-75 and  w e l l  2 - 7 2 ,  which 

i l l u s t r , l t c  background w a t e r - l e v e  1 t r e n d s  i n  t h e  a r e a .  Only w e l l  1-f11 

e x h i b i t e d  n declining w a t e r  l e v e l  t r e n d  d u r i n g  t h e  t e s t  p e r i o d ,  and t h e  

a v e r a g e  r a t e  of  d e c l i n e ,  a b o u t  0 . 0 2  f t / d a y ,  i s  s m a l l .  The t r e n d  i s  n o t  of 

s u f f i c e n t  magni tu t le  t o  b e  , ~ t t r i b u t c d  c o n c l u s i v c ~ l y  t o  pumping a t  w e l l  1 - 7 2 ,  



F i g u r t ,  6 .  1)rawdown d a t a  r o l l e c - t e d  f r o m  w e l l  1-73 d u r i n g  t e s t s  2 and 3 .  
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ESTIMATES OF POTENTIAL DRAWDOWN 

The medium-term drawdown i n  t h e  A l p i n e  Woods a q u i f e r  c a n  b e  e s t i m a t e d  by 

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

methodology of Cooper ( 1 9 6 3 ) .  By e x t r a c t i n g  a n  a v e r a g e  27 ,000 gpd o f  w a t e r  

(18.75 gpm) from w e l l  1-72, drawdown i n  w e l l  1-73 would b e  e x p e c t e d  t o  

s t a b i l i z e  a t  a p p r o x i m a t e l y  16 f t  o f  drawdown. C o o p e r ' s  (1963)  t h e o r y  must  be  

a p p l i e d  c a u t i o u s l y  t o  t h e  A l p i n e  Woods s e t t i n g ,  l iowever,  b e c a u s e  t h e  l o c a l  

g e o l o g y  d i f f e r s  i n  s e v e r a l  ways f rom c o n d i t i o n s  of  t h e  t h e o r y .  

While  Cooper':; (1963)  t h e o r y  i:; modeled on ari i n f i n i t e  n q u i  f e r  c o n f i n e d  

by one  impermeable c o n f i n i n g  u n i t  and one  semi -pe rmcn t~ le  c o n f i n i n g  u n i t ,  t h e  

A l p i n e  Woods a q u i f e r  i s  bounded L a t e r a l l y ,  a b o v e ,  and be low by semi-permeable  

c o n f i n i n g  u n i t s .  The t h e o r y  a l s o  a s sumes  t h a t  an  u n l i m i t e d  s o u r c e  of  w a t e r  

o c c u r s  on  t h e  o t h e r  s i d e  o f  t h e  s emi -pe rmeab le  c o n f i n i n g  bed .  Most l i k e l y ,  

howeve r ,  w a t e r  i s  o b t a i n e d  f rom a n o t h e r  a q u i f e r  t l i a t  i s  s u b j e c t  t o  drawdown i n  

r e s p o n s e  t o  tlic w i t h d r a w a l  of w a t e r .  The e f f e c t  o f  t h e s e  d i f f e r e n c e s  i s  t h a t  

l ong - t e rm w a t e r - l e v e l  d e c l i n e s ,  i n  a d d i t i o n  t o  t h o s e  d e s c r i b e d  p r e v i o u s l y ,  may 

o c c u r  i n  t h e  A lp ine  Wootls a q u i f e r  o r  nc i jacent  . ~ q u i f c r : ;  a s  a  r e s u l t  of 

e x t r a c t i n g  27 ,000  gpd o f  w a t e r  f rom w e l l  1 - 7 2 .  

Two o b s e r v a t i o n s  a r e  r e l e v a n t  t o  t h e  e s t i m a t i o n  o f  long- te rm drawdowns 

t h a t  may r e s u l t  f rom e x t r a c t i n g  2 7 , 0 0 0  gpd f rom w e l l  1 -77 .  F i r s t  a s  n o t e d  

p r e v i o u s l y ,  t h e  e x i s t i n g  p o p u l a t i o n  d e n s i t y  i n  t h e  v i c i n i t y  of  A l p i n e  Woods 

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

Second ,  t h e  proposed  p o p u l a t i o n  d e n s i t y  o f  A l p i n e  Woods s u b d i v i s i o n  i s  n o t  

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

su r rou r id ing  a r e a .  These  two i a c  t o r s  s u g g e s t  t h a t  long- te rm drawdowns may 



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

e x t r a c t i o n .  I f  deve lopment  of  t h e  A l p i n e  Woods a q u i f e r  p r o c e e d s ,  t h e  

a c q u i s i t i o n  o f  a d d i t i o n a l  w a t e r - l e v e l  and  wa te r -use  i n f o r m a t i o n  w i l l  b e  

c r i t i c a l  t o  i d e n t i f y i n g  and  a s s e s s i n g  a n y  long - t e rm drawdown e f f e c t s  t h a t  may 

o c c u r .  
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