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ABSTRACT 

A t  t h e  p resen t ,  water use i n  t h e  Anchorage a r e a  amounts t o  about 

21 rngd ( m i l l i o n  ga l lons  p e r  day) ;  of t h i s  amount ground water  accounts  

for  about  10 mgd. By 1980, 60 rngd may be r e q u i r e d  t o  meet the demand. 

The g r e a t e s t  p o t e n t i a l  problem is  overpumping the ground-water 

r e s e r v o i r  r e s u l t i n g  i n  excessive d e c l i n e s  i n  water  levels, which, i n  

t u r n ,  might lead t o  sa l t -wa te r  i n t r u s i o n .  A w e l l - l a i d  p lan  f o r  con- 

j unc t ive  use  of  su r face  and ground water  seems t o  be t h e  most promising 

means o f  supplying t h e  expected need of 60 mgd, and of p reven t ing  s a l t -  

water i n t r u s i o n  of t h e  aqu i fe r s .  

T o t a l  inf low i n t o  t h e  Anchorage hydrologic  system amounts t o  about 

180 mgd. O f  t h i s  amount Ship and South Fork Campbell Creeks c o n t r i b u t e  

about 130 mgd, North Fork Campbell Creek and o t h e r  s t reams c o n t r i b u t e  

an e s t ima ted  24 mgd, and p r e c i p i t a t i o n  and ground-water inf low 

c o n t r i b u t e  an es t imated  26 mgd. 

O f  t h e  t o t a l  outflow, which must be equ iva len t  t o  t h e  inf low, 

Ship and Ches ter  Creeks c o n t r i b u t e  about 94 mgd, Campbell Creek about 

25 mgd, and ground-water pumpage c o n t r i b u t e s  an assumed amount of 

approximately 10 mgd. The d i f f e r e n c e  of 50 rngd between inflow and 

outf low presumably is  accounted for by submarine d i scha rge  b e r e z t h  

Cook I n l e t  and evapot ranspi ra t ion .  

Surface and subsurface s t o r a g e  o f  excess  s t ream d i scha rge  du r ing  

pe r iods  of h igh  flow can overcome t h e  problem of  water  s h o r ~ a g e s  

dur ing  pe r iods  o f  g r e a t e s t  demand. Surface s t o r a g e  can be accom- 

p l i shed  by cons t ruc t ion  of  an a d d i t i o n a l  dam on Sh ip  Creek. Natural' 



*. f 

ground-water s t o r a g e  ai, P I  supplemented by spreading  t echn iques  t o  
b 

i nc rease  t h e  amount of ground-water r echa rge .  A d d i t i o n a l  r echa rge  can 

4 
be provided by r e t u r n i n g  a i r - cond i t i on ing  wa te r  t o  t h e  a q u i f e r  through 

recharge w e l l s .  Recharge along t h e  c o a s t l i n e  would be a means of main- 

t a i n i n g  a fresh-wa-t-er h a r r i e r  agains t  s a l t - w a t e r  i n t r u c i o n .  

The area w i t ] :  t h e  g rea tes t  p o t e n t i a l  f o r  ground-water development 

i s  along S h i p  Creek e a s t  and no r th  of  Mountain View. The a l l u v i a l  f a n  

e a s t  of Mountain View seems f avo rab l e  f o r  i n s t a l l a t i o n  o f  deep w e l l s ;  

and  withdrawal o f  ground water  i n  t h i s  a r e a  is not  l i k e l y  t o  r e s u l t  i n  

s a l t - w a t e r  i n t r u s i o n .  S imi l a r  f avo rab l e  c o n d i t i o n s  e x i s t  i n  t h e  a l luv -  

i a l  f an  a r e a s  of  North and South Forks Campbell Creek. I n f i l t r a t i o n  

g a l l e r i e s  i n  a l l u v i a l  depos i t s  a long Sh ip  Creek a r e  a r e l a t i v e l y  
d 

inexpensive and convenient means of withdrawing water .  

& 

To p l an  f o r  o r d e r l y  and economical development of t h e  Anchorage 
LI 

a r e a ' s  water , r e sou rces ,  geologic  and hydro log ic  s t u d i e s  a r e  needed. 

An expanded network o f  stream-gaging s t a t i o n s  and obse rva t ion  w e l l s  

is needed. Deep w e l l s  nea r  t h e  c o a s t l i n e  a r e  needed t o  moni tor  any 

changes i n  chemical  quality of ground wa te r  t h a t  would i n d i c a t e  impend- 

ing s a l t - w a t e r  i n t r u s i o n .  Borehole geophys i ca l  s t u d i e s  and pumping 

t e s t s  a r e  needed t o  d e f i n e  t h e  boundar ies  and hydrau l i c  c h a r a c t e r i s t i c s  

of t h e  aquifers. The primary goal of t h e s e  and o t h e r  supplementing 

I 

s t u d i e s  would be to provide  t h e  in format ion  needed t o  c o n s t r u c t  an 

- 
a e l ec t r i c - a r i a log  model of  t h e  Anchorage hyd ro log ic  system. Such a 

model would p rov ide  a means of a s s e s s i n g  q u a n t i t a t i v e l y  a l t e r n a t i v e  

methods of water development. 

-4- 
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INTRODUCTIOF 

i Scope and Purpose of Report 

A s  p a r t  o f  a coope ra t i ve  program between t h e  U.  S. Geologica l  

Survey and t h e  City of Anchorage, t h e  Survey was reques ted  t o  e v a l u a t e  

t h e  available hydro logic  d a t a  t o  provide g u i d e l i n e s  f o r  development 

of  a d d i t i o n a l  water s u p p l i e s  f o r  t h e  C i t y .  T h i s  r e p o r t  p r e s e n t s  t h e  

r e s u l t s  o f  t h a t  eva lua t ion .  

Publ i shed  r e p o r t s  by Cederstrom, T r a i n e r ,  and Wal le r ,  (1964) and 

Waller ,  (1964) as  well as  r e c e n t l y  c o l l e c t e d  b a s i c  d a t a  have been 

utilized i n  t h e  p r e p a r a t i o n  o f  t h i s  r e p o r t .  Hydraulic  c h a r a c t e r i s t i c s  

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

Y unknown and  d e t a i l e d  ground-water pumpage r e c o r d s  a r e  nonex i s t en t .  

s 

Because r eco rds  of s u r f a c e  water  flow a r e  o f  r e l a t i v e l y  s h o r t  dura-  - 
r ion t h e y  provide only a tentative basis for long-term p r e d i c t i o n s .  

Until such informat ion  is ava i lab le ,  a thorough q u a n t i t a t i v e  hydrol- 

o g i c a l  a n a l y s i s  o f  t h e  a r e a  is  no t  p o s s i b l e .  

Continued growth of t h e  me t ropc l i t an  Anchorage area and t h e  

a s s o c i a t e d  popula t ion  i n c r e a s e  w i l l  impose g r e a t e r  demands f o r  water  

o f  good q u a l i t y .  Consequently, t h e  problem of most immediate concern 

i s  t h e  formula t ion  of an adequate water - resources  development p l a n  t o  

accommodate the i nc reased  use. The ques t i ons  of where t o  l o c a t e  

a d d i t i o n a l  surface  and ground-water s u p p l i e s ,  where t o  r e s e r v e  areas 

of t h e  watershed o r  a q u i f e r s  f o r  munic ipa l  use ,  and where and how t o  

employ conse rva t ion  measures are  of primary i n t e r e s t .  



- .  
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The water  s i t u a t i o n  i n  t h e  Grea t e r  Anchorage Area 

Water use  and p ro jec t ed  demands 

By 1980, t h e  wa te r  demands of the Anchorage a r e a  w i l l ,  it is  

p r e d i c t e d ,  b e  nea r ly  t h r e e  t imes  t h e  p re sen t  u se  and t o  meet t h i s  

demand w i s e  development of  t h e  area's water  r e s o u r c e s  w i l l  be necessary .  

Conjunctive use of bo th  s u r f a c e  and ground wa te r  should  provide an 

adequate supply of  p o t a b l e  water  t o  meet t h e  expected demand. P re sen t  

average d a i l y  use o f  wa te r  i n  t h e  Anchorage area i s  21 mgd ( m i l l i o n  

g a l l o n s  p e r  day). The d a i l y  use  of s u r f a c e  and ground wa te r  i n  t h e  

Anchorage area, inc lud ing  the m i l i t a r y ,  from 1954 t o  1964, i s  shown in  

Figure  1. Ground-water use,  i n  p a r t i c u l a r ,  ha s  r i s e n  s h a r p l y  s i n c e  

1960.  By 1980 t h e  G r e a t e r  Anchorage a r e a  i s  expected t o  have 250,000 

i n h a b i t a n t s  (Wilsey, Ham, and B l a i r ,  1961, p .  150)  and may r e q u i r e  

60 mgd o f  p o t a b l e  water .  

Water problems - present and p o t e n t i a l  

F a i l u r e  t o  d e v i s e  and fo l low an appropr ia te  p l a n  f c r  water-  

r e sou rces  development may r e s u l t  i n  a r e a s  of o v e r d r a f t ,  exces s ive  

declines i n  ground-water levels, salt-water encroachment,  and con- 

tamina t ion  of cons ide rab l e  p o r t i o n s  o f  t h e  a q u i f e r  system. These 

d i f f i c u l t i e s  can be e f f e c t i v e l y  prevented  by con junc t ive  use  of 

s u r f a c e  water and ground wa te r ,  through e f f i c i e n t  management o f  a l l  

a v a i l a b l e  water r e sou rces .  

Decl ining wa te r  l e v e l s ,  owing t o  heavy withdrawals ,  a r e  i n e v i t a b l e  

as ground-water use  i n c r e a s e s ,  and may even have a  s a l u t a r y  e f f e c t  by 

inducing a d d i t i o n a l  recharge  i n  favorable areas. Decl in ing  water  
0 
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l e v e l s ,  i n t e r f e r e n c e  between we l l s ,  and r eg ions  of o v e r d r a f t  are  

closely re la ted  t o  t h e  p o t e n t i a l  problem of s a l t - w a t e r  encroachment; 

i 
and spec ia l  measures may be requi red  t o  reduce o r  e l i m i n a t e  t h e s e  

condit  ions. 

I n t e r f e r e n c e  among c l o s e l y  spaced w e l l s  is a .problem t o  be con- 

s i d e r e d  i n  p lanning  w e l l - f i e l d  development. Usual  cons ide ra t ions  

f o r  well spac ing  a r e  economic, namely, t h e  f a r t h e r  a p a r t  t h e  we l l s ,  

t h e  less t h e  mutual  i n t e r f e r e n c e  caused by pumping, bu t  t h e  g r e a t e r  t h e  

cos t  o f  p i p e l i n e  and e l e c t r i c a l  i n s t a l l a t i o n s .  Often,  cons ide ra t ions  

o t h e r  than  economic may be involved i n  t h e  de te rmina t ion  of w e l l  

spacing.  The p h y s i c a l  l i m i t s  of t h e  a q u i f e r  such as th i ckness ,  a r e a l  

e x t e n t ,  t r a n s m i s s i b i l i t y  and s t o r a g e  c a p a c i t y ,  number and r a t e  of 

b pumping of e x i s t i n g  w e l l s ,  and w e l l  c h a r a c t e r i s t i c s ,  a l l  f a c t o r s  of  

primary importance, a r e  p r e s e n t l y  n o t  known w e l l  enough for  determin- - 
a t ion  of optimum well l oca t ions .  

Well i n t e r f e r e n c e  and ove rd ra f t  cond i t i ons  may occur  i n  t h e  

downtown Anchorage a r e a  and i n  t h e  v i c i n i t y  of t h e  C i t y  well f i e l d ,  

In t h e  downtown area s e v e r a l  privately-owned w e l l s ,  w i th in  a 1,000 

f o o t  r a d i u s ,  a r e  capable of pumping more t h a n  2 ,000 gpm ( g a l l o n s  p e r  

minute).  These w e l l s  a r e  l oca t ed  wi th in  a mi le  of t h e  Ci ty  we l l  f i e l d ,  

which has an i n s t a l l e d  pump capac i ty  of about 8,000 gpm. Continuing 

I 

withdrawal of t h e  f u l l  potential, 10,000 gpm, from t h e s e  two areas 

- could e a s i l y  r e s u l t  i n  r a p i d  d e c l i n e s  i n  water  level with ensuing 

h igher  pumping costs and p o s s i b l e  s a l t - w a t e r  encroachment. 



In c o a s t a l  areas such a s  Anchorage, t h e  danger of s a l t - w a t e r  

i n t r u s i o n  i n t o  t h e  a q u i f e r  system is always p resen t ,  e s p e c i a l l y  when 

l a r g e  q u a n t i t i e s  of  ground water  a r e  withdrawn from t h e  a q u i f e r  system 

close t o  t h e  c o a s t l i n e .  Continued u n r e s t r i c t e d  development of ground 

water  can disturh the n a t u r a l  ba lance  of the ground-water reservoir 

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

al lowing s a l t  water  t o  move landward.  

Contamination of  t h e  a q u i f e r  system from l o c a l  u n r e s t r i c t e d  waste  

d i s p o s a l  and accidental release of toxic l i q u i d s  i s  a p o t e n t i a l  haza rd  

for water-supply development i n  some a r e a s  near Anchorage. According 

t o  l o c a l  a u t h o r i t i e s ,  t h i s  s i t u a t i o n  w i l l  g r a d u a l l y  be a l l e v i a t e d  by 

expansion of municipal  water-supply and was te -d isposa l  systems. 

-9- 
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HYDROLOGIC SYSTEM OF THE ANCHORAGE AREA 

General s e t t i n g  

E f f e c t i v e  u t i l i z a t i o n  and management of t h e  a v a i l a b l e  water  

supply in t h e  Anchorage a r e a  r e q u i r e  r ecogn i t i on  of  t h e  complex i n t e r -  

change of water  between t h e  atmosphere and t h e  e a r t h  and i t s  d i s t r i b u -  

t i o n  and movement on t h e  e a r t h .  I n t e r - r e l a t e d  f a c t o r s ,  such a s  c l ima te ,  

topography, and geology complicate  t h i s  movement of water .  F igure  2 

is a gene ra l i zed  hydro logic  diagram of t h e  Anchorage a rea .  

Most of t h e  s u r f a c e  water  a v a i l a b l e  t o  t h e  Anchorage a r e a  is 

derived d i r e c t l y  from p r e c i p i t a t i o n ,  namely, t h e  inf low of  Ship Creek, 

Campbell Creek, and o t h e r  minor c r e e k s ,  Ches te r  Creek and a few sma l l  

streams a r e  supported l a r g e l y  by seepage of ground water.  Most of t h e  

lakes  and swamps i n  t h e  lowland area a r e  supp l i ed  from s u r f a c e  runoff  

or  d i r e c t  p r e c i p i t a t i o n  and t h e i r  l e v e l s  a re  maintained by seepage of  

ground water .  

Most of t h e  s u r f a c e  water  i s  discharged from t h e  area by Ship  

Creek, Campbell Creek, and Ches te r  Creek into Cook I n l e t .  A large 

amount of water  from S h i p  Creek is  d i v e r t e d  f o r  t h e  water  supply  

system to t h e  m i l i t a r y  and t h e  C i ty  of Anchorage. A cons ide rab le  

percentage of  t h i s  d i v e r t e d  water  is l a t e r  r e l e a s e d  v i a  storm d r a i n s  

and sewer outfalls i n t o  Cook I n l e t .  The amount of  s u r f a c e  water  l o s t  

throllgh evapora t ion  from open water s u r f a c e s  is  unknown. The remainder 

of t h e  s u r f a c e  water  i n f i l t r a t e s  i n t o  t h e  ground and is  e i t h e r  r e t a i n e d  

as  soil mois ture  o r  seeps  downward i n t o  t h e  ground-water r e s e r v o i r .  

-10- 
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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  and su r f ace  water a r e  probably t h e  

major sou rces  of recharge t o  the grourld-wd t e r  supply .  I l l i i  1 t r a t i o n  of  

4 water through bedrock f r a c t u r e s ,  s o l u t i o n  c h ~ n n e l s ,  and f a u l t  zones 

i n  t h e  mountainous recharge  a r e a  and i t s  even tua l  subsu r face  r e l e a s e  

i n t o  t h e  Anchorage a q u i f e r  system provide  an a d d i t i o n a l  l a r g e  amount 

of f r e s h  water .  Release of sewage from i n d i v i d u a l  s e p t i c  t anks  and 

cesspools  is  ano the r  source of recharge  t o  t h e  ground-water r e s e r v o i r .  

That water  i n  excess  of s o i l  mois ture  p e r c o l a t e s  downward through 

t h e  s o i l  t o  become ground water. This  water  body i s  unconfined and 

f r e e  t o  f l u c t u a t e  upward o r  downward a s  water  i s  added t o  o r  removed 

from t h e  system. Water l e v e l s  of t h e  unconfined a q u i f e r s  respond t o  

recharge  from r a i n f a l l ,  stream d i scha rge ,  and changes i n  pumping o r  
P 

drainage.  The water l e v e l  i n  most shal low we l l s  and most of t h e  l a k e s  

i n  t h e  a r e a  f l u c t u a t e s  wi th  t h e  wa te r  t a b l e .  Movement of t h e  wdter  is 

from h ighe r  t o  lower e l e v a t i o n s  where it is d ischarged  through seeps 

o r  s p r i n g s  which c o n t r i b u t e  t o  t h e  s t reams.  

Unconfined ground water  i n  t h e  Anchorage area occurs  p r i n c i p a l l y  

i n  g l a c i a l  outwash and s tream al luvium, with minor amounts i n  g l ac i a l  

fill and a n c i e n t  l a k e  depos i t s .  A high percentage  of t h e  i n d i v i d u a l  

dug and shallow d r i l l e d  w e l l s  l o c a t e d  i n  t h e  Anchorage a r e a  u t i l i z e  

unconfined ground water .  

. The major a q u i f e r s  of t h e  Anchorage a r e a  l i e  between r e l a t i v e l y  

impermeable s t r a t a  and conta in  water  confined under p r e s s u r e .  The - 
recharge  a r e a s  are located a t  h i g h e r  e l e v a t i o n s  n e a r  t h e  Chugach 

Mountains and t h e  i n f i l t r a t i o n  of r a i n ,  snow meltwater ,  s t ream water ,  

and ground-water inf low tend t o  f i l l  t h e  a q u i f e r s .  Th i s  water  mig ra t e s  

downward and l a t e r a l l y .  The d i f f e r e n c e  i n  e l e v a t i o n  between a r e a s  of 
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recharge and d i s c h a r g e  and t h e  impermeable boundaries causes the  water 

t o  be confined under  p r e s s u r e .  

The a r t e s i an  a q u i f e r  system shows much more pronounced w a t e r - l e v e l  

changes  due  t o  d i s c h a r g e - r e c h a r g e  r e l a t i o n s h i p s  t h a n  does  t h e  unconf ined 

system. Pumping-of w e l l s  which p e n e t r a t e  t h e  a r t e s i a n  sys tem c r e a t e s  

cone-shaped d e p r e s s i o n s  i n  t h e  p iezorne t r i c  sur face .  A composi te  cone 

of depress ion is formed when s e v e r a l  a d j a c e n t  w e l l s  are pumped 

s i m u l t a n e o u s l y  and t h e  drawdown a t  any p o i n t  is e q u a l  t o  t h e  sum of 

t h e  i n d i v i d u a l  d ~ ~ t r d o w n s .  During a pe r i od  o f  heavy pumping from 

December 1957 ro A p r i l  1 9 5 8  a cone of d e p r e s s i o n  n e a r l y  2 1 / 2  miles wide 

e x t e n d i n g  t o  w i t h i n  t h r e e - q u a r t e r s  of a mile of Knik Am was developed.  

The water l e v e l  i n  t h e  apex of t h e  cone of d e p r e s s i o n  was v e r y  n e a r  

s e a  l e v e l  (Waller, 1964, p. 30 and p l .  2 ) .  

S a l t - w a t e r  i n t r u s i o n  may o c c u r  i f  t h e  w a t e r  level i s  lowered below 

sea level for extended periods.  The b a l a n c e  between submarine f r e s h  

w a t e r  d i s c h a r g e  and s a l t - w a t e r  i n t r u s i o n  e a s i l y  can be  i n f l u e n c e d  by 

changes  i n  e q u i l i b r i u m  c o n d i t i o n s  w i t h i n  t h e  a q u i f e r  system. Cont inued 

u n r e s t r i c t e d  development of  ground w a t e r  i n  t h e  downtown s e c t i o n  o f  

Anchorage can  f u r t h e r  d i s t u r b  t h e  n a t u r a l  b a l a n c e  o f  t h e  ground-water 

r e s e r v o i r  and s o s s i b l y  allow t h e  posi t ion of  t h e  s a l t - f r e s h  w a t e r  

i n t e r f a c e  t o  s h i f t  landward. A t  p r e s e n t ,  t h e  g e o g r a p h i c  p o s i t i o n  and 

the  geometric c o n f i g u r a t i o n  of t h e  f r e s h - s a l t  water i n t e r f a c e  are 

- unknown. The e x t e n t  o f  i n t r u s i o n  of sea w a t e r  w i l l  be a s i g n i f i c a n t  

f a c t o r  i n  d e t e r m i n i n g  t h e  use of ground water i n  t h e  a r e a  along t h e  

c o a s t .  

The h y d r o l o g i c  system i n  t h e  Anchorage a r e a  can  c o n v e n i e n t l y  be  

c o n s i d e r e d  i n  t h r e e  p a r t s :  1) i n f l o w  of w a t e r  i n t o  t h e  sys tem,  



2 )  movement and s t o r a g e  of water wi th in  t h e  system, and, 3 )  outf low of 

water  from t h e  system. The r e l a t i o n  between inflow-outflow and cha~lge 

; i n  s t o r a g e  is expressed i n  terms of a water budcet .  The d i s c u s s i o n  of 

t h e  w a t e r n  hud::e t oi 1 - 1 1 ~  I,i~c!iorage ~wc>a i :: b,l=:ed or1 ;ic.tuaL measurements, 

e s t i m a t e s ,  and assumptionc. Therefore,  t h e r e  is  a wide ranfie of 

accuracy, hu t  the fijyrc:; given are probably i r ~  t h c  c o r r e c t  o r d e r  of 

magnitude. 

Inflow 

Precipitation 

The average annual  p r e c i p i t a t i o n  measured a t  t h e  Anchorage 

I n t e r n a t i o n a l  A i rpo r t ,  r ep re sen t ing  a 34-year record ,  i s  14 .84  inches .  

Assuming t h a t  t h e  105 square miles of a r e a  surrounding Anchorage 

r e c e i v e s  t h e  same amount of p r e c i p i t a t i o n  and assuming tha t  30 pe rcen t  

e n t e r s  t h e  s o i l ,  t hen  1 4 . 2  mgd is a v a i l a b l e  during t h e  y e a r  f o r  s o i l  

mois ture  and poss ible  ground-water recharge.  The remaining 70 pe rcen t  

of t h e  p r e c i p i t a t i o n  c o n t r i b u t e s  t o  stream runoff  and evapo t r ansp i r a t ion .  

A g e n e r a l  index  of  t h e  r e l a t i v e  amounts of p r e c i p i t a t i o n  a v a i l a b l e  for 

ground-water recharge  may be ind ica t ed  by t h e  monthly average p r e c i p i -  

t a t i o n  i n  inches  l i s t e d  below. However, t h e  ground su r f ace  i s  normally 

f rozen  from December through March, and hence water  f a l l i n g  on t h e  

ground surface cannot f r e e l y  p e r c o l a t e  t o  t h e  a q u i f e r  system. 

Jan.  Feb. Mar. Apr. May June J u l y  Aug. 9. Ocr. Nov. Dec. - - -- -- - 
,88 .73 -56 - 4 6  -51 .95  1.85 2.59 2.55 1.87 .97 .92 



Ground-water in f low 

Another source  of ground water  i n  t h e  Anchorage a r e a  is subsu r f ace  

in f low from t h e  Chugach Mountains. An unknown amount of  p r e c i p i t a t i o n  

and snow-melt wa te r  a t  high e l e v a t i o n s  seeps  downward along j o i n t s  

and f r a c t u r e  systems i n  t h e  h i g h l y  f r a c t u r e d  bedrock of t h e  Chugach 

Mountains. A p o r t i o n  emerges as seeps  along -the base  o f  t h e  mountains,  

and t h e  remainder  cont inues  t o  p e r c o l a t e  downward t o  cons ide rab l e  dep th  

and p rov ides  subsur face  ("hidden") recharge  t o  t h e  Anchorage a q u i f e r  

system. Th i s  concept  is suppor ted  by t h e  e x i s t e n c e  of l a r g e  amounts of 

ground water  i n  f r a c t u r e s  deep beneath t h e  Chugach Mountains. During 

c o n s t r u c t i o n  of t h e  Eklu tna  t u n n e l ,  a few m i l e s  n o r t h e a s t  o f  Anchorage, 

f a u l t  zones,  j o i n t s ,  and s h e a r  zones commonly y i e l d e d  300 gpm and a 

few l a r g e  f a u l t  zones produced n e a r l y  10,000 gpm. Recharge t o  t h e  

a q u i f e r  system by ground-water in f low is e s t i m a t e d  t o  be 1 2  mgd by 

assuming t h a t  1 3  m i l e s  o f  t h e  mountain f r o n t  is capab le  of d i s cha rg ing  

i n t o  t h e  under ly ing  a q u i f e r  system a t  a ra te  of 1,000 a c r e - f e e t  per 

year p e r  mile of mountain f r o n t  ( a  va lue  determined from s t u d i e s  of 

similar t e r r a n e s  i n  Utah).  

Return flow 

According t o  l o c a l  h e a l t h  o f f i c i a l s ,  approximate ly  4 mgd o f  waste 

wa te r  from i n d i v i d u a l  s e p t i c  t a n k s  and ce s spoo l s  i s  r e t u r n e d  t o  t h e  

ground-water r e s e r v o i r  i n  t h e  a r e a s  which do n o t  have a c e n t r a l  sewer 
v 

system. P a r t  of t h i s  water  i s  sha l low r u n o f f ,  p a r t  is l o s t  by 

e v a p o t r a n s p i r a t i o n ,  and p a r t  becomes ground-water recharge ;  t h e  r e l a t i v e  

p r o p o r t i o n s  o f  each cannot be determined from t h e  a v a i l a b l e  data. 



Streamf low 

The flow o f  Sh ip  Creek is d e r i v e d  mostly from direct r u n o f f  of 

p r e c i p i t a ~ i o n ,  i n c l u d i n g  m e l t w a t e r  of snow and ice, i n  its wate r shed  

which includes an a r e a  of 90 s q u a r e  m i l e s  upst ream from t h e  d i v e r s i o n  

dam. Discharge  measurements aad gage-height  r e c o r d s  have been o b t a i n e d  

s i n c e  October  1946 .  Figure 3 shows t h a t  t h e  discharge a f t e r  d ive r s ion  

from 1946  t o  1964 has been, on t h e  a v e r a g e ,  e q u a l  t o  o r  g r ea t e r  t h a n  

17 dEs (cubic  fee t  per s e c o n d ) ,  o r  11 mgd, 90 percent  o f  t h e  t i m e .  

The maximum d i s c h a r g e ,  measured a t  t h e  d i v e r s i o n  dam, was 1,860 c f s ;  

t h e  r e c o r d s  show t h a t  a t  t i m e s  t h e r e  has  been no stream f low.  

F i g u r e  4 i s  a hydrograph o f  t h e  monthly mean d i s c h a r g e  o f  S h i p  

Creek and t h e  cor responding  amounts o f  d i v e r s i o n  of water from 1947  t o  

1964. The 1946-1964 average monthly mean flow of S h i p  Creek before  

d i v e r s i o n  is listed below i n  m i l l i o n s  of g a l l o n s  pe r  day: 

J a n .  Feb, Mar. Apr. June  J u l y  &. -. Oct. Nov. Dec. - - - -  - - -  
32.4 25.5 22.0 25.8 118.6 316.2 216.9 158.1 154.1 103.3 60.7 41.9 

The y e a r l y  average of t h e  monthly mean f low b e f o r e  d i v e r s i o n  i s  

104.6  mgd. 

Discharge  r e c o r d s  f o r  t h e  South Fork Campbell Creek,  which h a s  a 

d r a i n a g e  area  of 30 square m i l e s  above t h e  gaging s t a t i o n ,  show an 

a v e r a g e  mean daily d i s c h a r g e  o f  40.7 e f s  (26 .3  mgd) from Ju ly  1947 t o  

1964. The maximum discharge r e c o r d e d  is 891  cfs; a s h o r t  pe r iod  of 

no-flow when temporary storage o c c u r r e d  upstream from t h e  gaging 

s t a t i o n  h a s  been r e c o r d e d .  A f l o w - d u r a t i o n  c u r v e  of t h e  South Fork 

Can,gbell Creek, Figure  5, shows t h a t  t h e  base flow is 5 cfs (3 .2  mgd) 

and t h a t ,  on t h e  a v e r a g e ,  a f l o w  of 8 .5  cfs ( 5 . 5  mgd) has  been 



Percent of time ~ n d ~ c o t e d  d~schorge  IS equaled or exceeded 

Figure 3,--Flow-duralion curve of Ship Creek showing mean dolly d~schorge after  d ~ w e r s ~ o n  for  thm yeors 1946-1963. 
I _ -17- 





Percen t  of  t ~ m e  ~ n d ~ c o t e d  d~scharge  1s equoled or exceeded 

Figure 5 - -F low-dura t ion  curve o f  the meon dally d ~ s c h o r g s  of tne South Fork of Compbell Creek for the yeors 1953-1963. 
-19- 



maintained a t  t h e  gaging s t a t i o n  90 p e r c e n t  of t h e  time. The average  

monthly mean f l o w  of South Fork Campbell Creek  f o r  t h e  years 1947-1964 

n- 
i s  l i s t e d  below i n  millions of ga l lons  per day: 

Jan. Feb. Mar. Apr. May June J u l y  Aug. Sep. Oct.  Nov. Dec. - - -  ---- - - A - 

9.2  6.7 5.4 5.8 29.4 66.2 51.7 41.4 41.3 28 .9  1 8 . 1  11.'6 

The y e a r l y  a v e r a g e  of t h e  monthly mean flow of t h e  South Fork 

Campbell Creek i s  25.9 mgd. 

Because of t h e  l a c k  of d a t a ,  an i n d i r e c t  approach must be used t o  

determine t h e  discharge of  North Fork Campbell Creek. The yearly 

average d i s cha rge  of bo th  Sh ip  and South Fork Campbell Creeks,  t o  t h e  

p o i n t s  where they  emerge from t h e  mountains,  i s  1 . 1 6  mgd p e r  square' 

m i l e  of d r a i n a g e  area. Applying t h i s  factor t o  t h e  d ra inage  area 

of North Fork Campbell Creek, which is 1 2 . 2  square miles, the average 

discharge is estimated to be 11.0 mgd. 

Based on similar calculations t he  3.9 square miles of drainage 

area of t h e  South Branch of South Fork Ches t e r  Creek provides  about 

5 mgd, t h e  mountainous a r e a  between t h e  South Branch of South Fork 

Ches te r  Creek and Ship  Creek an  estimated 3 mgd, and t h e  area sou th  

of South Fork Campbell Creek about  5 mgd. 





Movement and s t o r a g e  of wa t e r  

Streamflow 

Water from Sh ip  Creek i s  d i v e r t e d  a t  a small c o n c r e t e  dam l o c a t e d  

on bedrock where Sh ip  Creek emerges from the Chugach Mountains. The 

r e s e r v o i r  h a s  a c a p a c i t y  of 1 2  m i l l i o n  g a l l o n s .  Occas iona l l y ,  when a 

p e r i o d  of peak demand co ind ides  wi th  a ~ e r i o d  of low-flow, v i r t u a l l y  a l l  

flow i n  Sh ip  Creek is stopped a t  t h e  d i v e r s i o n  dam. The d i v e r s i o n  of 

Sh ip  Creek f o r  t h e  l a s t  t h r e e  y e a r s ,  1961-1964, h a s  averaged 11.1 mgd, 

wi th  o c c a s i o n a l  monthly mean d i v e r s i o n s  g r e a t e r  t h a n  1 2  mgd. A f t e r  

d i v e r s i o n ,  t h e  exce s s  water  flows ove r  t h e  dam s p i l l w a y  and continues 

down Ship  Creek where some o f  t h e  flow f u r n i s h e s  r e c h a r g e  t o  t h e  ground- 

wa t e r  r e s e r v o i r  and t h e  remainder  c o n t i n u e s  t o  Cook I n l e t .  

A second gaging s t a t i o n  on Ship Creek a t  Elmendorf A i r  Force Base 

was p l aced  i n  o p e r a t i o n  i n  May 1963. The d r a i n a g e  a r e a  above t h i s  

s t a t i o n  is 113 squa re  miles. Maximum d i scha rge  measured was 490 mgd 

and t h e  minimum d i s c h a r g e  was 1 . 3  mgd. Records i n d i c a t e  t h a t  a l o s s  of 

f l o w  o c c u r s  between t h e  gaging s t a t i o n s  a t  t h e  d i v e r s i o n  dam and 

Elmendorf A i r  Force Baser Thi s  l o s s  r e p r e s e n t s  r e c h a r g e  t o  t h e  ground- 

wate r  system and t a k e s  p l ace  where Sh ip  Creek f l o w s  a c r o s s  t h e  a l l u v i a l -  

f a n  d e p o s i t s  of sand ,  s i l t ,  and gravel. The ave rage  mean d a i l y  loss 

dur ing  t h e  low-flow pe r iod ,  October  th rough  May, w a s  8.7 mgd. During 

t h e  high-flow per iod ,  June through September,  t h e  average  d a i l y  mean 

r eco rded  water l o s s  w a s  37 mgd. The maximum recorded s u r f a c e  water l o s s  

on Sh ip  Creek f o r  a s i n g l e  24-hour ~ e r i o d  was 201  mgd i n  June 1964.  

The a c t u a l  amount of r echa rge  dur ing  h igh- f low p e r i o d s  p robab ly  i s  

-22- 

C 



c o n s i d e r a b l e  g r e a t e r  t h a n  t h e  recorded v a l u e ,  because  high-flow dis- 

charge  measurements a r e  made a t  t h e  Glenn Zighway b r i d g e  r a t h e r  t h a n  

a t  t h e  d i v e r s i o n  dam, t h u s  l e a v i n g  a two m i l e  s t r e t c h  of Sh ip  Creek 

f low unrecorded .  The average  monthly  mean l o s s  f o r  t h e  a v a i l a b l e  

period of r e c o r d  is  l i s t e d  below i n  m i l l i o n s  o f  g a l l o n s  per day. 
Y e a r l y  

J a n .  Feb. Mar. Apr. May June  J u l y  Aug. *. Oct. Nov. Dec. Average ----  ---- - ---- 
6.5 7 .1  5.8 11.0 1 8 . 1  65 .3  45.9 20.7 15.5 7.8 11.6 1 2 . 3  18.4  

The y e a r l y  average loss of 18.4  mgd, d i v i d e d  by t h e  l e n g t h  o f  

stream c h a n n e l  o v e r  which t h i s  l o s s  o c c u r s ,  shows a w a t e r  Loss of  2.9 

mgd p e r  l i n e a r  m i l e .  T h i s  f i g u r e  c a n  be used t o  e s t i m a t e  r e c h a r g e  from 

t h e  North Fork  and South Fork Campbell Creek as t h e s e  s t r e a m s  f low a c r o s s  

s i m i l a r  a l l u v i a l - f a n  a r e a s .  Occasional measurements made a t  selected 

p o i n t s  on t h e  South Fork Campbell Creek have demons t ra ted  r e c h a r g e .  Thus, 

t h e  2 .5  m i l e s  of s t ream channe l  of t h e  S o u t h  Fork and 1 . 4  m i l e s  of t h e  

North  Fork Campbell Creek, which meander o v e r  a l l u v i a l  f a n s ,  are es t i -  

mated t o  c o n t r i b u t e  approx imate ly  11 mgd f o r  ground-water r e c h a r g e .  

The t o t a l  ground-water r e c h a r g e  from S h i p  Creek and Campbell Creek 

amounts t o  approx imate ly  30 mgd. The remain ing  f l o w  of S h i p  Creek and 

Campbell Creek t h a t  d i s c h a r g e s  i n t o  Cook I n l e t  i s  e s t i m a t e d  t o  b e  1 0 0  mgd. 

The estimate of 8 rngd f o r  t h e  o t h e r  stream areas is assumed t o  b e  a lmos t  

e n t i r e l y  c o n t r i b u t e d  t o  ground-water  r e c h a r g e .  T h i s  b r i n g s  t h e  t o t a l  

r e c h a r g e  from streamflow t o  n e a r l y  40 mgd. 
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Ground water  
# *  

_ A cons iderable  amount of ground water  i s  i n  s t o r a g e  i n  t h e  

Anchorage a r e a .  Assuming t h a t  t h e  average? p o r o s i t y  of t h e  a q u i f e r  is  

20 percent  and t h a t  t h e  s a t u r a t e d  th i ckness  is 200 f e e t ,  nea r ly  10 

b i l l i o n  g a l l o n s  of water  is es t imated  t o  be s t o r e d  beneath each square 

mile  of t h e  a rea .  Because t h e  amount of ground water  i n  s t o r a g e  is s o  

l a r g e  r e l a t i v e  t o  annual use ,  t h e  ground-water r e s e r v o i r  is an e x c e l l e n t  

p o t e n t i a l  r egu la t ing  body. 

Water moving downward through permeable s u r f i c i a l  d e p o s i t s  t h a t  

comprise t h e  water - tab le  a q u i f e r s  even tua l ly  reaches  l a y e r s  of c l a y  o r  

till, which, because of  t h e i r  r e l a t i v e l y  low pe rmeab i l i t y ,  causes most 

of t h e  water  t o  flow l a t e r a l l y .  Sandy zones i n  t h e  impermeable beds 
I 

apparent ly  permit water t o  move upward o r  downward, bu t  some of t h e  

C water  cont inues  t o  move l a t e r a l l y  until it reaches  t h e  s u r f a c e  and i s  
I 
1 discharged as spr ings  o r  seeps. The amount of water  discharged i n  t h i s  

manner i s  probably cons iderable .  For example, Russian Jack  Springs, 

which has a minimum recorded d a i l y  mean flow of 2.56 mgd and a maximum 

d a i l y  mean flow of  5.73 mgd, c o n t r i b u t e s  a y e a r l y  average of 3 . 7  mgd to 

Chester  Creek. Other s p r i n g s  and seeps  c o n t r i b u t e  l e s s e r  bu t  s i g n i f i -  

can t  amounts of water t o  t h e  lower reaches of all t h e  s t reams of t h e  

I a r e a .  

The a r t e s i a n  a q u i f e r s  appa ren t ly  are recharged mainly from areas 

along t h e  f l a n k  of t h e  Chugach Mountains. From these  a r e a s  t h e  water  

migra tes  downward and l a t e r a l l y .  Permeable zones i n  t h e  over ly ing  

conf in ing  beds presumably permit  water  t o  move upward where t h e  head 

i n  t h e  a r t e s i a n  a q u i f e r  is g r e a t e r  than t h a t  i n  t h e  water - tab le  

a q u i f e r  . 



Water - leve l  measurements show t h a t  from t h e  r e c h a r g e  areas w a t e r  
b* 

i n  t h e  artesian a q u i f e r s  is moving seaward. Apparen t ly  t h e  w a t e r  i s  
w- 

d i s c h a r g e d  through submarine sp r ings  and  s e e p s  b u t  t h e  l o c a t i o n  o f  

t h e s e  s p r i n g s  and s e e p s  and the amount of water d i s c h a r g e d  th rough  them 

are  unknown. 

Outflow -- 

Outflow of water from t h e  sys tem is accomplished by s u r f a c e  wa te r  

d i s c h a r g e  i n t o  Cook I n l e t ,  wi thdrawal  of ground w a t e r  by pumpage, 

submarine d i s c h a r g e  i n t o  Cook I n l e t ,  ground-water  seepage t o  s t reamf low 

through Russ ian  Jack S p r i n g s  and o t h e r  s e e p s ,  and e v a p o t r a n s p i r a t i o n .  

The a c t u a l  amount of wate r  o u t f l o w  is e x t r e m e l y  d i f f i c u l t  t o  e s t i m a t e  

because  o f  t h e  l a c k  of s u f f i c i e n t  d a t a .  

A n a l y s i s  of t h e  r e c o r d  of t h e  Elmendorf A i r  Force  Base gaging 
.I 

s t a t i o n  on  S h i p  Creek i n d i c a t e s  t h a t  f o r  t h e  1964 calendar year t h e  

mean d a i l y  d i s c h a r g e  was 78.5 mgd. The mean d a i l y  o u t f l o w  of 

Campbell Creek is e s t i m a t e d  t o  be a b o u t  25 mgd. 

C h e s t e r  Creek h a s  a r e c o r d e d  mean daily d i s c h a r g e  of 15.7 mgd. 

Of t h i s  amount 4.6 mgd i s  c o n t r i b u t e d  by t h e  d r a i n a g e  area i n  t h e  

Chugach Mountains. The remaining 11.1 mgd, of which 3.7 mgd is 

d e r i v e d  from Russian Jack  S p r i n g s  a l o n e ,  is assumed t o  be seepage 
J 

from t h e  ground-water reservoir. The amount o f  water consumed by 

a e v a p o t r a n s p i r a t i o n  and t h a t  l o s t  by submar ine  d i s c h a r g e  i n t o  Cook 

I n l e t  a r e  p r e s e n t l y  i n d e t e r m i n a t e .  An e s t i m a t e  of t h e  ground-water 

wi thdrawal  from pumpage is 1 0  rngd. 



The average a n n u a l  outflow of watzr from t h e  Anchorage area 

with t h e  i n d i c a t e d  degree of accuracy i s  l i s t e d  below: 

Source 

Streamflow 

MGD (Yearly average) 

Keasured Estimated 

Ship Creek 

Campbell Creek 

C h e s t e r  Creek ( i n c l u d i n g  1 5 . 7  
Russian Jack S p r i n g s )  

Pumping 10 

- 
94.2 3 5 

Total (rounded) 130 

Submarine d ischarge  p l u s  5 0 
evapo t r ansp i r a t ion  (by d i f fe rence)  

To ta l  ( rounded ) 180 

The difference of about  50 mgd between inEvw, a s  shown on page 21 
E 
1 

and  outflow shown above is  assumed t o  be accounted for by submarine 
i 

discharge and evapotranspiration. The relative proportions of each 1 

cannot be estimated on rhe basis of the available data. 



*' DEVELOPMENT OF WATER RESOURCES 

. 

.- The major problem concerning water  management i n  t h e  Anchorage 

a r e a  is t h e  development of a s u i t a b l e  plan t o  compensate f o r  t h e  l ack  

of water  during p e r i o d s  of g r e a t e s t  demand. T h i s  problem can be 

achieved by conjunc t ive  use of  water  through s u r f a c e  and subsur face  

s t o r a g e ,  us ing  t h e  excess d i s cha rge  of streams d u r i n g  per iods  o f  high 

f low t o  provide water  du r ing  t h e  pe r iods  of low flow. 

Two p o t e n t i a l  r e s e r v o i r  s i t e s  on Ship  Creek ( B l a c k  and Veatch, 

1953) have a combined e s t ima ted  capaci ty  of more t han  f o u r  b i l l i o n  

g a l l o n s .  The a v a i l a b i l i t y  of  water  t o  supply these p o t e n t i a l  s u r f a c e  

r e s e r v o i r s  can be determined by convent iona l  eng inee r ing  methods. In 

any water development p l a n ,  p r o v i s i o n  should be made t o  maintain a 

minimum flow i n  the s t ream f o r  q u a l i t y  c o n t r o l ,  waste  management, power 

. 
p l a n t  cool ing ,  and o t h e r  purposes .  

The irt~portance of ground water  w i l l  i n c r e a s e  with time because it 

provides  an economical means of r e g u l a t i n g  supply t o  demand and avoids  

c o s t l y  t rea tment  p l a n t s  and d i s t r i b u t i o n  f a c i l i t i e s .  If ground-water 

use  cont inues  a s  p r o j e c t e d ,  s e v e r a l  changes i n  t h e  p a t t e r n  of use 

should be considered.  

A logical f i r s t  s t e p  i n  changing t h e  p a t t e r n  of use  would be t o  

I phase out  g r adua l ly  t h e  p re sen t  c i t y  supply w e l l s  and replace them 

with new wells c l o s e r  t o  t h e  area of recharge .  
5 

The a r e a  along Sh ip  Creek e a s t  and n o r t h  of Mountain V i e w  has  bhe 

g r e a t e s t  p o t e n t i a l  for ground-water development ( f i g .  6 ) .  Large 

q u a n t i t i e s  of water  a r e  no t  being withdrawn i n  t h i s  area and because 



F i g u r e  6 - -  Sketch map o f  I h e  A n c h o r a g e  a r e a  showing a r s o s  f a v o r a b l e  fo r  

development of g r o u n d - w a t e r  s u p p l ~ e s .  

- -28- 



t h e  area is c o n t r o l l e d  by t h e  m i l i t a r y  t h e  l i ke l i hood  of contaminat ion 
w 

and p o l l u t i o n  is  reduced t o  a  mininum. Beds of permeable g r a v e l  and 
* 

D* sand i n  t h e  a l l u v i a l  f a n  e a s t  of  Mountain View probably w i l l  y i e l d  l a r g e  

q u a n t i t i e s  of ground water t o  p rope r ly  cons t ruc t ed  and developed deep 
I 
1 wel l s .  Because t h e  fan  i s  about 5 m i l e s  from t h e  c o a s t l i n e  and is a 

major a r e a  of recharge ,  withdrawal of ground water  is  no t  l i k e l y  t o  

r e s u l t  i n  s a l t - w a t e r  i n t r u s i o n .  Furthermore, withdrawal i n  t h i s  a r e a  

probably would induce a d d i t i o n a l  recharge. S i m i l a r  favorab le  condi- 

I t i o n s  e x i s t  i n  t h e  a l l u v i a l  f a n s  t r a v e r s e d  by North and South Forks 

Campbell Creek. Channel d e p o s i t s  a long  Ship Creek nor th  of Mountain 

View and west of Glenn Highway c o n s i s t  of permeable sand and g r a v e l  and 

! a r e  thought  s u i t a b l e  fo r  withdrawal  of wa te r  by i n f i l t r a t i o n  g a l l e r i e s .  

I -- I n f i l t r a t i o n  g a l l e r i e s  have an advantage over  t ak ing  water d i r e c t l y  

- 
from Ship Creek i n  t h a t  t h e  a l luv ium through which t h e  water  pa s se s  i n  

moving from t h e  s t ream t o  t h e  g a l l e r y  acts  as a n a t u r a l  f i l t e r  thereby  

e l imina t ing  t r ea tmen t  t o  remove s i l t .  The l i k e l i h o o d  t h a t  t h e  al luvium 

I even tua l ly  might become plugged by sil t  is smal l .  For example, a dug 

w e l l  1 6  f e e t  deep,  which can be cons ide red  an i n f i l t r a t i o n  g a l l e r y ,  used 

t o  supply Elmendorf A i r  Force Base, ha s  been pumped almost cont inuous ly  

1 a t  t h e  r a t e  of 800 gpm f o r  s e v e r a l  y e a r s  wi th  no evidence of plugging.  

Water sp read ing  i n  f avo rab l e  a r e a s  du r ing  t h e  high flow pe r iods  of 

c Ship and Campbell Creeks could increase recharge  t o  t h e  a q u i f e r  system. 

* The use of r echa rge  w e l l s  t o  r e t u r n  wa te r  pumped for  cool ing  o r  a i r -  

cond i t i on ing  would be  ano the r  means of conserv ing  water.  Furthermore, 
* 

i f  recharge  w e l l s  a r e  l o c a t e d  a long  t h e  c o a s t l i n e ,  t h e  a d d i t i o n a l  

recharge would fomn a fresh wate r  barrier, t h u s  reducing t h e  hazard of 

s a l t - w a t e r  i n t r u s i o n .  



Although r echa rg ing  through deep w e l l s  would l o c a l l y  i n c r e a s e  t h e  

p iezomet r ic  p r e s s u r e  i n  t h e  a r t e s i a n  a q u i f e r ,  t h e  l i k e l i h o o d  t h a t  such 

an inc rease  would have any e f f e c t  on foundat ion  cond i t i ons  i n  t h e  over- 

l y i n g  Bootlegger  Cove Clay seems doub t fu l .  Measurements made i n  piezo: 

meter t ubes  i n s t a l l e d  i n  t h e  c l ay  by t h e  Corp o f  Engineers  a f t e r  t h e  

Good Friday ear thquake  and i n  nearby deep w e l l s  show t h a t  t h e r e  i s  l i t t l e  

o r  no r e l a t i o n s h i p  between p iezomet r ic  p r e s s u r e s  i n  t h e  a r t e s i a n  a q u i f e r  

and pore p r e s s u r e s  i n  the o v e r l y i n g  c l ay .  For example, t h e  water  l e v e l  

i n  a well r e p o r t e d  t o  be 200 f e e t  deep a t  t h e  west end of t h e  Park S t r i p  

(near 9 th  and N) s t a n d s  about  70 f e e t  below t h e  surface, whereas t h e  

water  l e v e l  i n  a nearby piezometer  t ube  ex tending  i n t o  t h e  clay t o  a 

depth of about 90 fee t  i s  only about  25 feet  below t h e  s u r f a c e .  Accord- 

i ng  t o  a  r e p o r t  by Shannon and Wilson (1964, p. 2) l a n d s l i d i n g  i n  t h e  

downtown a r e a  took p l a c e  a long  zones a t  an e l e v a t i o n  of  about  40 f e e t  

which is about  40 f e e t  below t h e  top of the c lay .  The clay i n  t h i s  a r e a  

is about 150 f e e t  t h i c k  t h u s  t h e  l a n d s l i d e  zones a r e  s e p a r a t e d  from t h e  

underlying a r t e s i a n  a q u i f e r  by about  110  f ee t  of  e s s e n t i a l l y  impermeable 

c lay .  The p o s s i b i l i t y  t h a t  a l o c a l  i n c r e a s e  i n  p iezomet r ic  p r e s s u r e  

would have any e f f ec t  th rough 110 feet of  c l ay  seems remote. Neverthe- 

l e s s ,  when a r t i f i c a l  r echa rg ing  is undertaken,  obse rva t ions  should  be 

made t o  determine t h e  effects, i f  any, t h e  i nc reased  p r e s s u r e  would have 

on foundat ion cond i t i ons .  





The  l i k e l i h o o d  of s a l t - w a t e r  i n t r u s i o n  i s  s t r o n g l y  sugges ted  by 

-. - t h e  sudden i n c r e a s e  i n  c h l o r i d e  conten t  i n  deep we l l s  on F i r e  I s l a n d .  

+, 
Whether t h i s  reflects t h e  e f f e c t s  of t h e  Alaska ear thquake  of 1964 o r  

an expansion of t h e  cone o f  i n f l u e n c e  of t h e  c i t y  w e l l  f i e l d  i s  debat-  

able. A t  any r a t e ,  deep w e l l s  near t h e  c o a s t l i n e  are needed t o  moni tor  

changes i n  chemical  q u a l i t y  that would i n d i c a t e  in*rus ion  of s a l t  water .  

If in format ion  provided by t h e  monitor ing we l l s  i n d i c a t e s  i n t r u s i o n ,  

immediate i n v e s t i g a t i o n s  can be undertaken t o  detemnine t h e  r a t e  and 

e x t e n t  of  i n t r u s i o n  i n  o r d e r  t o  formulate  remedial measures.  

I n  a d d i t i o n  t o  a s e r i e s  of w e l l s  a long  t h e  c o a s t l i n e  an expanded 

network of w e l l s  t o  monitor  v a r i a t i o n s  i n  water  l e v e l s  i s  needed. 

Information provided by such a network would be used t o  detemnine - 
8 changes i n  ground-water s t o r a g e  and t o  p inpo in t  areas where w a t e r - l e v e l  

P . d e c l i n e s  a r e  o r  a r e  l i k e l y  t o  become excess ive .  

Accurate q u a n t i t a t i v e  s t u d y  of  t h e  ground-water r e s e r v o i r  is v i t a l  

t o  an a n a l y s i s  of the hydro logic  system. Because of t h e  complex sub- 

s u r f a c e  geo log ic  c o n d i t i o n s ,  geophys ica l  logging of test holes and wells 

o f f e r s  t h e  most p r a c t i c a l  means of  d e f i n i n g  a q u i f e r  boundar ies  and 

important  aquifer c h a r a c t e r i s t i c s .  Seismic s t u d i e s  would be u s e f u l  i n  

de f in ing  geohydro logic  c o n d i t i o n s  i n  some p a r t s  of  t h e  area where no 

w e l l s  are a v a i l a b l e  f o r  geophys ica l  logging .  Pumping t e s t s  w i l l  p rov ide  

a d d i t i o n a l  in format ion  on a q u i f e r  boundaries  and c h a r a c t e r i s t i c s .  

Measurements of lake l e v e l s ,  when combined with other data., would 

provide  u s e f u l  in format ion  on changes i n  ground-water s t o r a g e  and s e r v e  

as p o t e n t i a l  i n d i c a t o r s  o f  p o s s i b l e  approaching wa te r - l eve l  d e c l i n e s .  

Measurements t o  determine wa te r  loss from l akes  and swamps would be 

d e s i r a b l e  t o  f u r t h e r  d e f i n e  t h e  inflow-outflow r e l a t i o n s h i p .  The 



e f f e c t s  of swamp environments on chemical q u a l i t y  of ground wa te r  
/ 

- - . . should a l s o  be determined.  

r The e x t e n t  and e f fec ts  of  t h e  March 27 ,  1964 ear thquake  have n o t  

been s t u d i e d  i n  d e t a i l .  The s h o r t  term e f f e c t s  were r a p i d  and e r r a t i c  

f l u c t u a t i o n s  o f  water  l e v e l s  and vary ing  aegrees  o f  damage t o  we l l s .  

Pre l iminary  i n v e s t i g a t i o n s  sugges t  t h a t  compaction of t h e  a q u i f e r  system 

may have occu r r ed  as a r e s u l t  of r e o r i e n t a t i o n  of  m a t e r i a l  w i th in  aqui -  

f e r  u n i t s .  A s t u d y  of t ide-produced c y c l i c  wa te r - l eve l  f l u c t u a t i o n s  i n  

r eco rds  from s e l e c t e d  obse rva t ion  w e l l s  be fo re  and a f t e r  t h e  ear thquake  

sugges ts  a  p o s s i b l e  change i n  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 s ,  

but s u b s t a n t i a t i n g  in format ion  is not a v a i l a b l e .  The impArtant impl i -  

c a t i o n  is t h a t  t h e  dynamic equ i l i b r ium of  t h e  hydro logic  system may have 

a .  been d i s tu rbed .  Thus, t h e  con t inu ing  u t i l i t y  of previously-determined 

hydro logic  d a t a  may be ques t i onab le .  Determination o f  t h e  long-term 

e f f e c t s  o f  t h e  ear thquake  w i l l  r e q u i r e  c o l l e c t i o n  and a n a l y s i s  o f  

a d d i t i o n a l  d a t a ;  t h e  s t u d i e s  o u t l i n e d  i n  prev ious  paragraphs  w i l l  

provide most o f  t h e s e  da t a .  

As prev ious ly  s t a t e d ,  t h e  g o a l  of t h e  s t u d i e s  o u t l i n e d  is t o  con- 

s t r u c t  an e l e c t r i c - a n a l o g  model t h a t  w i l l  s imu la t e  t h e  e n t i r e  hyd ro log ic  

system. An e l e c t r i c - a n a l o g  model is  made of e l e c t r i c a l  r e s i s t o r s  t h a t  

are chosen so as t o  be p r o p o r t i o n a l  t o  t h e  storage c o e f f i c i e n t s .  Elec- 

t r i c a l  v o l t a g e  and c u r r e n t  are s c a l e d  t o  r e p r e s e n t  f i e l d  c o n d i t i o n s  of 

hyd rau l i c  head and q u a n t i t y  of f low.  Such a  model p rov ides  a r a p i d  

means of programming a l a r g e  number of hydro logic  combinations.  By 

proper  a n a l y s i s  t h e  ana log  model can be used t o  g ive  informat ion  a s  t o  

proper  w e l l  spac ing ,  wa te r - l eve l  drawdowns a t  any g iven  p o i n t ,  and 

r e a c t i o n  of t h e  hyd ro log ic  system t o  changing r a t e s  and volumes of  

withdrawal of water .  
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