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STATE OF ALASKA 
Department of N a t u r a l  Resources  

DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS 

According t o  Alaska S t a t u t e  41,  t h e  Alaska D i v i s i o n  of Geolog ica l  and 
Geophysical  Surveys  i s  charged w i t h  conduct ing ' g e o l o g i c a l  and g e o p h y s i c a l  
s u r v e y s  t o  de te rmine  t h e  p o t e n t i a l  of Alaskan l and  f o r  p r o d u c t i o n  of m e t a l s ,  
m i n e r a l s ,  f u e l s ,  and geothermal  r e s o u r c e s ;  t h e  l o c a t i o n s  and s u p p l i e s  of 
ground w a t e r  and c o n s t r u c t i o n  m a t e r i a l s ;  t h e  p o t e n t i a l  g e o l o g i c  h a z a r d s  t o  
b u i l d i n g s ,  r o a d s ,  b r i d g e s ,  and o t h e r  i n s t a l l a t i o n s  and s t r u c t u r e s ;  and s h a l l  
conduct such o t h e r  s u r v e y s  and i n v e s t i g a t i o n s  a s  w i l l  advance knowledge of 
t h e  geology of Alaska . '  

I n  a d d i t i o n ,  t h e  D i v i s i o n  of G e o l o g i c a l  and Geophysical  Surveys s h a l l  
c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  and d i s t r i b u t e  d a t a  on t h e  q u a n t i t y ,  q u a l i t y ,  and 
l o c a t i o n  of underground, s u r f a c e ,  and c o a s t a l  w a t e r  of t h e  s t a t e ;  p u b l i s h  o r  
have p u b l i s h e d  d a t a  on t h e  w a t e r  of t h e  s t a t e  and r e q u i r e  t h a t  t h e  r e s u l t s  
and f i n d i n g s  of s u r v e y s  of w a t e r  q u a l i t y ,  q u a n t i t y ,  and l o c a t i o n  be f i l e d ;  
r e q u i r e  t h a t  wa te r -wel l  c o n t r a c t o r s  f i l e  b a s i c  w a t e r  and a q u i f e r  d a t a ,  
i n c l u d i n g  b u t  n o t  l i m i t e d  t o  w e l l  l o c a t i o n ,  e s t i m a t e d  e l e v a t i o n ,  w e l l -  
d r i l l e r ' s  l o g s ,  pumping t e s t s ,  f low measurements, and w a t e r - q u a l i t y  
d e t e r m i n a t i o n s ;  a c c e p t  and spend funds  f o r  t h e  purposes  of t h i s  s e c t i o n ,  AS 
41.08.017 and 41.08.035, and e n t e r  i n t o  agreements w i t h  i n d i v i d u a l s ,  p u b l i c  
o r  p r i v a t e  a g e n c i e s ,  communities, p r i v a t e  i n d u s t r y ,  and s t a t e  and f e d e r a l  
a g e n c i e s ;  c o l l e c t ,  r e c o r d ,  e v a l u a t e ,  a r c h i v e ,  and d i s t r i b u t e  d a t a  on s e i s m i c  
e v e n t s  and e n g i n e e r i n g  geology of t h e  s t a t e ;  and i d e n t i f y  and inform p u b l i c  
o f f i c i a l s  and i n d u s t r y  about  p o t e n t i a l  s e i s m i c  h a z a r d s  t h a t  might a f f e c t  
development i n  t h e  s t a t e .  

A d m i n i s t r a t i v e  f u n c t i o n s  a r e  performed under  t h e  d i r e c t i o n  of t h e  
D i r e c t o r ,  who m a i n t a i n s  h i s  o f f i c e  i n  Fa i rbanks .  The l o c a t i o n s  of DGGS 
o f f i c e s  a r e  l i s t e d  below: 

.794 U n i v e r s i t y  Avenue 
( S u i t e  200) 
Fa i rbanks  
(907) 474-7147 

.400 Willoughby Avenue 
( 3 r d  f l o o r )  
Juneau 
(907) 465-2533 

.I8225 F i s h  Hatchery Road 
P.O. Box 772116 
Eagle River  
(907) 696-0070 

This  r e p o r t  i s  f o r  s a l e  by DGGS f o r  $2.50. DGGS p u b l i c a t i o n s  may be  i n -  
s p e c t e d  a t  t h e  f o l l o w i n g  l o c a t i o n s .  Mail  o r d e r s  shou ld  be addressed  t o  t h e  
Fa i rbanks  o f f i c e .  

.794 U n i v e r s i t y  Avenue 
( S u i t e  200) 
Fa i rbanks ,  99709 

.400 Willoughby Avenue 
(3 rd  f l o o r )  
Juneau 

.U.S. Geolog ica l  Survey . I n f o r m a t i o n  S p e c i a l i s t  
P u b l i c  In format ion  C f f i c e  U.S. Geolog ica l  Survey 
701 C S t r e e t  4230 U n i v e r s i t y  D r i v e ,  Room 101 
Anchorage Anchorage 



CONTENTS 

Page 

Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o . . . . . . . . . . . . . . . . . . . . . .  
Water- level  t r e n d s . . . , . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Problems r e l a t e d  t o  d e c l i n i n g  w a t e r  l e v e l s . . . . . . . . . . . . . . . . . . . . . . . . .  .... 
Water use.......................................a...................... 
E f f e c t s  of i n c r e a s i n g  wate r  u s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Current  problems ( J u l y  1985) ........................................... 
Acknowledgments. ....................................................... 
References  cited....................................................... 

FIGURES 

Figure  1. Map showing l o c a t i o n s  of o b s e r v a t i o n  w e l l s  i n  lower 
Hi l l s ide -Abbot t  a r e a ,  Anchorage ......................... 

2 .  Graph showing w a t e r - l e v e l  d a t a  from C l a r e  o b s e r v a t i o n  w e l l . .  
3 .  Graph showing w a t e r - l e v e l  d a t a  from S t a t e  Manor s t andby  

o b s e r v a t i o n  w e l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 .  Graph showing w a t e r - l e v e l  d a t a  from Zodiac Manor 

o b s e r v a t i o n  w e l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 .  Map showing l o c a t i o n s  of r e p o r t e d  w e l l  f a i l u r e s ,  lower 

Hi l l s ide -Abbot t  a r e a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 .  Map showing e s t i m a t e d  w a t e r  use  by s e c t i o n ,  lower H i l l s i d e -  

Abbott  a r e a ,  1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

iii 



WATER-LEVEL DECLINES I N  WELLS TAPPING LOWER HILLSIDE AQUIFER.S, 
ANCHORAGE, ALASKA (1985) 

by 
L.L.   ear born' and J . A .  ~ u n t e r ~  

INTRODUCTION 

The lower Hi l l s ide -Abbot t  a r e a  of Anchorage ( f i g .  1) r e l i e s  on l o c a l  
ground w a t e r  f o r  most of i t s  wate r  supp ly .  Rapid p o p u l a t i o n  growth i n  t h e  
a r e a  r e s u l t e d  i n  an  i n c r e a s e  i n  w a t e r  u s e ,  which i n  1987 reached about  1 .5  t o  
2  m i l l i o n  g a l l o n s  p e r  day (mgd). Evidence from t h r e e  long-term o b s e r v a t i o n  
w e l l s  and from r e p o r t s  of r e s i d e n t i a l  w e l l  f a i l u r e s  i n d i c a t e s  t h a t  areawide 
w a t e r - l e v e l  d e c l i n e s  a r e  o c c u r r i n g .  F u r t h e r ,  Anchorage Water and Wastewater 
U t i l i t y  (AWWU) h a s  submi t t ed  a  p r o p o s a l  t o  pump 0.72 mgd from a  w e l l  n e a r  
Hanshew J u n i o r  High School .  A p r e l i m i n a r y  a n a l y s i s  s u g g e s t s  t h a t  t h e  e f f e c t s  
of such  a  wi thdrawal  would be s i g n i f i c a n t  and widespread .3  I n  t h i s  r e p o r t ,  
we sunimarize t h e  e x i s t i n g  d a t a  p e r t i n e n t  t o  c u r r e n t  ( J u l y  1985) and p r o j e c t e d  
w a t e r - l e v e l  d e c l i n e s  i n  t h e  lower Hi l l s ide -Abbot t  a r e a . 4  

GEOLOGY 

The lower Hi l l s ide -Abbot t  a r e a  i s  u n d e r l a i n  by u n l i t h i f i e d  Quaternary 
d e p o s i t s  t h a t  range from about  50- t o  700-ft  t h i c k  (Dearborn and Barnwell ,  
1975).  The d e p o s i t s  c o n s i s t  predominant ly  of s i l t y  g l a c i a l  o r  marine 
sed iments  w i t h  i n t e r l a y e r e d  sand and g r a v e l  u n i t s  t h a t  form a q u i f e r s .  
I n d i v i d u a l  a q u i f e r s  a r e  t y p i c a l l y  a  few f e e t  t h i c k  and a r e  r e s t r i c t e d  
l a t e r a l l y ,  which r e s u l t s  i n  r e l a t i v e l y  low y i e l d s  t o  w e l l s  [220 g a l l o n s  p e r  
mi.nute (gpm)]. A t  some l o c a t i o n s  i n  t h e  lower H i l l s i d e ,  p r o d u c t i v e  a q u i f e r s  
have been t e s t e d  a t  1 ,200 gpm. S p e c i f i c  a q u i f e r s  have n o t  been mapped i n  
d e t a i l .  

I n  t h e  s o u t h e a s t  c o r n e r  of t h e  s t u d y  a r e a  n e a r  H i l l s i d e  Drive  and 
DeArmoun Road, t h e  Quaternary d e p o s i t s  a r e  l e s s  t h a n  about  50- t o  100-ft  
t h i c k  (Dearborn and Barnwell ,  1975) ,  and a r e  u n d e r l a i n  by metamorphic r o c k s  
of Mesozoic o r  P a l e o z o i c  age t h a t  form s i g n i f i c a n t  a q u i f e r s  f o r  r e s i d e n t i a l  
u s e .  These a q u i f e r s ,  however, a r e  n o t  t h e  s u b j e c t  of t h i s  i n v e s t i g a t i o n  
because  w a t e r  u s e  from bedrock a q u i f e r s  i s  n o t  expected t o  i n c r e a s e  a t  a  h i g h  
r a t e  i n  t h e  n e a r  f u t u r e ,  and w a t e r - l e v e l  d e c l i n e s  a r e  n o t  a s  pronounced i n  
a q u i f e r s  of t h i s  type a s  t h e y  a r e  i n  a q u i f e r s  found i n  t h e  Quaternary 
d e p o s i t s  west  of B i r c h  Road (Updike and o t h e r s ,  1984).  

'E.c. J o r d a n  Company, 261 Commercial S t r e e t ,  P. 0 .  Box 7050, P o r t l a n d ,  Maine 
041 12. 

2 D ~ ~ ~ ,  P.O. Box 772116, Eagle R i v e r ,  Alaska 99577. 
3 ~ s  of October 7,  1987, a  d e c i s i o n  concerning t h e  w a t e r - r i g h t s  a p p l i c a t i o n  

submi t t ed  by AWWU was s t i l l  pending ( G . J .  Prokosch,  Alaska D i v i s i o n  of Land 
and Water Management, o r a l  commun., 1987).  

4 ~ d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  w a t e r - l e v e l  d e c l i n e s  i n  t h e  lower 
Hi l l s ide -Abbot t  a r e a  i s  con ta ined  i n  Munter (1987).  



Figure 1. Locations of observation wells in lower Hillside-Abbott area, 
Anchorage. 



WATER-LEVEL TRENDS 

F i g u r e  1 shows t h e  l o c a t i o n s  of t h r e e  w e l l s  i n  which p e r i o d i c  
w a t e r - l e v e l  o b s e r v a t i o n s  have been made by t h e  U.S. G e o l o g i c a l  Survey.  The 
l o n g e s t  p e r i o d  of  r e c o r d  (15 y r )  i s  f o r  t h e  C l a r e  wel.1, a r e s i d e n t i a l  w e l l  i n  
u s e  n e a r  t h e  Alaska Zoo ( f i g .  2 ) .  The long-term average  r a t e  of  w a t e r - l e v e l  
d e c l i n e  observed a t  t h i s  w e l l  i s  about  1 f t / y r .  During l a t e  1984, t h e  C l a r e  
w e l l  was deepened 1 2  f t  because  t h e  s t a t i c  w a t e r  l e v e l  i n  t h e  w e l l  was on ly  
s e v e r a l  f e e t  above t h e  bottom of t h e  w e l l ;  t h u s ,  t h e  w e l l  was no t  capab le  of 
s u p p l y i n g  s u f f i c i e n t  q u a n t i t i e s  of w a t e r  f o r  r e s i d e n t i a l  u s e .  
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F i g u r e  2 .  Wate r - l eve l  d a t a  from C l a r e  o b s e r v a t i o n  we1.l (U. S. G e o l o g i c a l  
Survey o b s e r v a t i o n  w e l l  SB12-3-22BABA1-5). See f i g u r e  1 f o r  l o c a t i o n  
of w e l l .  

A hydrograph f o r  t h e  S t a t e  Manor s t a n d b y  w e l l  ( f i g .  3)  e x h i b i t s  a  non- 
uniform t r e n d  th roughout  t h e  p e r i o d  of r e c o r d  b u t  h a s  a  long-term average  
r a t e  of d e c l i n e  of abou t  1 . 8  f t / y r .  S ince  1980, i t s  w a t e r  l e v e l  h a s  d e c l i n e d  
a t  a  r a t e  of  about  4.8 f t / y r .  

The w a t e r  l e v e l  i n  t h e  Zodiac  Manor w e l l  ( f i g .  4 ) ,  a l t h o u g h  o n l y  ob- 
s e r v e d  s i n c e  1980, h a s  shown a  f a i r l y  uniform d e c l i n i n g  t r e n d  of abou t  
2 .3  f t / y r .  T h i s  w e l l  i s  s l i g h t l y  deeper  t h a n  t h e  average  domes t i c  w e l l  i n  
Zodiac Manor s u b d i v i s i o n .  



SEA LEVEL OATUH (FT) 
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F i g u r e  3. Water-level  d a t a  from S t a t e  Manor s t a n d b y  o b s e r v a t i o n  
w e l l  (U.S.  G e o l o g i c a l  Survey o b s e r v a t i o n  w e l l  
SB12-3-29DBAD1-16). See f i g u r e  1 f o r  l o c a t i o n  of  w e l l .  
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F i g u r e  4. Wate r - l eve l  d a t a  from Zodiac  Manor o b s e r v a t i o n  w e l l  
(U.S. G e o l o g i c a l  Survey o b s e r v a t i o n  w e l l  SB12-3-10CBCBl-29). 
See f i g u r e  1 f o r  l o c a t i o n  o f  w e l l .  



To summarize, measurements from three observation wells that represent 
aquifers in a broad area of the lower Hillside-Abbott area document water- 
level declines of 1 to 4.8 ftlyr. 

PROBLEMS RELATED TO OECLINING WATER LEVELS 

Most domestic wells in the lower Hillside-Abbott area are completed with 
open-ended well casing in gravelly, water-bearing strata. At the time of 
well construction, the reported static water level in most wells for which 
records can be found was between 10 and 60 ft above the bottom of the well. 
Drilling records exist for more than 200 wells that had <25 ft of water above 
the bottom of the well at the time they were drilled. If areawide water 
levels continue to drop, these wells and others can be expected to cease 
delivering water, a condition termed well failure. In some cases, the pump 
setting in a well can be lowered to solve the problem, although it may be 
only a temporary solution if water levels continue to decline. For many 
wells, the well must be deepened or a new well drilled to restore a water 
supply. The number of wells susceptible to failure is difficult to estimate 
because drilling records exist for less than half of all wells, and existing 
records are commonly inaccurate or represent hydrologic conditions that no 
longer exist. 

Because information on well failures in the lower Hillside-Abbott area 
is sparse, rates of well failures cannot be quantified. Between 1983 and 
1985, 13 well failures attributable to a general water-level decline were 
reported from the lower Hillside-Abbott area (fig. 5). The actual number of 
well failures, however, is suspected to be much greater than 13. 

WATER USE 

Water-use data in the lower Hillside-Abbott area are practically 
nonexistent. Estimates of water use can be made, however, because water use 
in predominantly residential areas, such as the Hillside, is closely related 
to population. Using a per capita use figure of 100 gal/person/day and 1983 
population figures, water-use totals per section of land were estimated and 
are shown in figure 6. According to figures from the 1980 U.S. census 
(Community Planning Department, Municipality of Anchorage, oral commun., 
1984), population and presumably water use in the area increased about 
50 percent between 1980 and 1983. 

Application has been made to the Alaska Division of Land and Water 
Management for a permit to extract 0.72 mgd of water from AWWU well 14 in 
sec. 16, T. 12 N., R. 3 W. Considering existing estimated water use in a 
9-mi2 area centered on sec. 16, this proposed pumping would represent a 
55-percent increase in water extraction. Continued population growth in the 
lower Hillside-Abbott area is expected to result in continued increases in 
water use at an unknown rate from private wells and community water systems. 

EFFECTS OF INCREASING WATER USE 

A preliminary two-dimensional ground-water flow model has been con- 
structed for the lower Hillside-Abbott area. The model, based on the 
Prickett and Lonnquist (1971) code modified by Walton (1984), has been 
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Figure 5. Locations of reported well failures, lower Hillside-Abbott area. 
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I Scale Water use in gal/day x 1000 I 
F i g u r e  6 .  Es t ima ted  w a t e r  u s e  by s e c t i o n ,  lower H i l l s i d e - A b b o t t  a r e a ,  1983. 



c a l i b r a t e d  w i t h  e x i s t i n g  d a t a  t o  s i m u l a t e  b o t h  t h e  n a t u r a l  s t e a d y - s t a t e  
ground-water f low sys tem and h i s t o r i c  w a t e r - l e v e l  d e c l i n e s ;  t h e  d e c l i n e s  a r e  
about  20 f t  over  nuch of t h e  lower  H i l l s i d e - A b b o t t  a r e a  ( f i g s .  2 ,  3 ,  and 4 ) .  
T r a n s m i s s i v i t y  v a l u e s  used i n  t h e  model r ange  from 27 t o  8 ,000 f t 2 / d a y ;  t h e  
s t o r a t i v i t y  v a l u e ,  0.001.  These v a l u e s  a r e  c o n s i s t e n t  w i t h  d a t a  o b t a i n e d  
from a  l i m i t e d  number of a q u i f e r  t e s t s  conducted i n  t h e  a r e a .  S i m u l z t i o n  of 
long-term pumping a t  a  r a t e  of 0.72 mgd from AWhqJ w e l l  14 r e s u l t e d  i n  about  
20 f t  of drawdown a t  a  1-mi r a d i u s  from t h e  w e l l .  Cursory examina t ion  of 
r e c o r d s  of su r round ing  w e l l s  i n d i c a t e s  t h a t  numerous w e l l s  would be  
s i g n i f i c a n t l y  a f f e c t e d  by such a  drawdown. 

The p r e l i m i n a r y  n o d e l  p r e s e n t e d  above i s  u s e f u l  a s  a g e n e r a l  i n d i c a t o r  
o f  t h e  e f f e c t s  of i n c r e a s e d  w a t e r  u s e .  O f  key impor tance ,  however, i s  t h a t  
t h e  d e c l i n i n g  w a t e r - l e v e l  t r e n d s  a t  e x i s t i n g  o b s e r v a t i o n  w e l l s  show no s i g n s  
of l e v e l i n g  o f f  o r  r e v e r s i n g  and t h a t  hundreds  of w e l l s  i n  t h e  lower 
H i l l s i d e - A b b o t t  a r e a  have f a i r l y  low t o l e r a n c e s  t o  w a t e r - l e v e l  d e c l i n e s .  
E x i s t i n g  r e p o r t s  of  w e l l  f a i l u r e s  r e p r e s e n t  a n  u n d e r r e p o r t i n g  of a c t u a l  w e l l  
f a i l u r e s ,  and s i g n i f i c a n t  p o t e n t i a l .  may e x i s t  f o r  l a r g e  numbers of f u t u r e  
w e l l  f a i l u r e s .  

CURRENT PROBLEMS 

A t  t h e  p r e s e n t  t ime  ( J u l y  1985) ,  t h e  a r e a l  e x t e n t  of d e c l i n i n g  wa te r  
l e v e l s  and a s s o c i a t e d  w e l l  problems i s  n o t  c l e a r l y  d e f i n e d  n o r  have t h e  most 
s i g ~ i f i c a n t  c o n t r i b u t o r s  t o  c u r r e n t  w a t e r - l e v e l  d e c l i n e s  been i d e n t i f i e d .  
Only c rude  e s t i m a t e s  can  p r e s e n t l y  be  made of  f u t u r e  w a t e r - l e v e l  d e c l i n e s  and 
w e l l - f a i l u r e  r a t e s  because  of  a  s h o r t a g e  of i n f o r m a t i o n  r e g a r d i n g  c u r r e n t  
w a t e r  l e v e l s  and h y d r a u l i c  c h a r a c t e r i s t i c s  of t h e  a q u i f e r  sys tem.  I n c r e a s i n g  
c o n f l i c t s  between e x i s t i n g  w a t e r  u s e r s  i n  t h e  a r e a  and d e v e l o p e r s  of new 
ground-water s u p p l i e s  s u g g e s t  t h a t  s t a t e  and m u n i c i p a l  w a t e r  managers may b e  
f o r c e d  t o  t a k e  an i n c r e a s i n g l y  a c t i v e  r o l e  i n  s e l e c t i n g  and p r o v i d i n g  w a t e r  
s u p p l i e s  f o r  t h e  lower  H i l l s i d e - A b b o t t  a r e a  of  Anchorage. 

We a p p r e c i a t e  t h e  c o o p e r a t i o n  of t h e  U.S. G e o l o g i c a l  Survey f o r  pro- 
v i d i n g  a c c e s s  t o  d a t a  used i n  t h i s  r e p o r t .  Mark Tnghram (DGGS) reviewed t h e  
manuscr ip t  and Karen Adams (DGGS) p rov ided  e d i t i n g  s u p p o r t .  
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