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INTRODUCTION 

The Alaska Department of Natural Resources Division of Geological and 

Geophysical Surveys (DGGS), in response to a request from the Division of Land 

and Water Management (DLWM), conducted a study of an alluvial fan aquifer in 

the vicinity of Fire Lake Recreation Center, Eagle River, Alaska (fig. 1). 

The Municipality of Anchorage Parks and Recreation Department has filed a 

water rights application (LAS 1495) to appropriate 11,650 gallons per day 

(gpd) of water from the aquifer. The water is used at Fire Lake Recreation 

Center and Fire Lake Elementary School, and is drawn from a common well at the 

recreation center (Well l), with a backup well (Well 2, fig. 2). Three 

homeowners in the area have filed complaints with DLWM or with the 

Municipality attributing declining water levels or turbidity in their domestic 

wells to pumpage of the recreation center well, and have expressed concern 

over possible future impacts related to overpumping. DGGS examined well logs 

and measured static water levels in 13 wells to determine whether wells in the 

area are hydraulically connected to the recreation center well, and if so, 

whether the production of the wells would be affected by pumpage at Fire Lake 

Recreation Center. This report summarizes conditions present during February 

and March 1986, when the study was conducted. 

HYDROGEOLOGY 

Alluvial fans are formed by stream sedimentation and mudflows (Verhoogen 

and others, 1970). As streams flow down steep slopes, they carry a load which 

may include coarse material such as boulders and gravel, or finer material, 

such as sand, silt, or clay. When the slope becomes less steep, causing the 

stream to lose energy, these materials will be deposited. With time, the 

position of the stream, and thus the area where material is deposited, shifts 



Figure 1. Location of the Carol Creek study area. 
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Figure 2. Surface topography of the Carol Creek alluvial fan, Eagle River, . 
Alaska, with recreation center wells. 
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r e p e a t e d l y ,  and l a y e r s  of unconso l ida ted  m a t e r i a l  a r e  b u i l t  i n t o  a fan-shaped 

f e a t u r e  which may range i n  s i z e  from a few s q  f t  t o  hundreds of s q  m i .  

C a r o l  Creek o r i g i n a t e s  from snowmelt and p r e c i p i t a t i o n  runof f  i n  t h e  

mountains over look ing  Eagle  River .  The s t ream f lows p a s t  t h e  F i r e  Lake 

Recrea t ion  Cente r  and c r o s s e s  t h e  Old Glenn Highway n e a r  t h e  Eagle  River  Car 

Wash. F i e l d  v i s i t s  d u r i n g  February and March of 1986 i n d i c a t e  t h a t  t h e  c r e e k  

f low i s  i n s i g n i f i c a n t  d u r i n g  w i n t e r  months i n  t h e  reaches  above t h e  t h e  

r e c r e a t i o n  c e n t e r  w e l l s .  During t h a t  p a r t  of t h e  y e a r  when t h e  c r e e k  i s  f r e e  

of i c e ,  however, it i s  a s i g n i f i c a n t  p o t e n t i a l  s o u r c e  of recharge .  Flow i n  

t h e  c r e e k  d u r i n g  June and J u l y  h a s  been e s t i m a t e d  a t  g r e a t e r  t h a n  720,000 gpd 

(500 g a l l o n s  p e r  minute)  ( O t t  Water Engineers  and Rodney P. Kinney A s s o c i a t e s ,  

1981). The f a n  formed by C a r o l  Creek is  a moderate ly  s l o p i n g ,  roughly 

t r i a n g u l a r  f e a t u r e  approximately  3000 f t  long  and 4000 f t  wide a t  t h e  toe .  

The l i t h i f i e d  d e p o s i t s  forming t h e  f a n  f u n c t i o n  a s  an  unconf ined (wate r - t ab le )  

a q u i f e r  capab le  of y i e l d i n g  moderate amounts of water t o  w e l l s .  

The f a n  c o n s i s t s  of up t o  a t  l e a s t  110 f t  of predominantly s i l t y  o r  

c layey  sand and g r a v e l ,  based on examinat ion of w e l l  l o g s  on f i l e  a t  DGGS 

( f i g .  3 ) .  Clay l e n s e s  of up t o  10 f t  t h i c k  have been r e p o r t e d  i n  i n d i v i d u a l  

w e l l  l o g s .  The f a n  d e p o s i t s  benea th  t h e  F i s h  Hatchery Road a r e a ,  i n  Lake 

Ridge T e r r a c e  and F i r e  Lake S u b d i v i s i o n s ,  a r e  t h i n n e r  ( l e s s  t h a n  5 f t  on some 

l o t s )  and a r e  u n d e r l a i n  by f r a c t u r e d  metamorphic and sedimentary  bedrock. 

Regional  g e o l o g i c  mapping (R.G. Updike, DGGS, o r a l  cornmun., 1986) i n d i c a t e s  

t h a t  t h e  f a n  o v e r l i e s  t h e  Border Ranges f a u l t  zone ( f i g .  1 ) .  Wells f i n i s h e d  

i n  bedrock n e a r  Lower F i r e  Lake, i n  t h e  nor thwes te rn  p o r t i o n  of t h e  f a n ,  

encounte r  s a n d s t o n e s  and c o a l s  which appear  t o  be  p a r t  of t h e  Ter t i a ry -age  





Kenai Group described by Magoon and others (1976). Wells drilled near Upper 

Fire Lake, in the upper northeastern fan area, encounter metamorphic rocks of 

Permian and/or Jurassic age described by Magoon and others (1976). The 

uppermost silty or clayey sands and gravel mixtures encountered during 

drilling of the recreation center wells were described as "weepi.ngl' by the 

drilling contractor (Ott Water Engineers and Rodney P. Kinney Associates, 

1981). The presence of weeping soils, as well as springs and seeps along the 

western edges of the fan, indicate a fairly shallow water table. However, 

while most of the fan material may be saturated, permeabilities are low and 

wells do not obtain water directly from the uppermost portion of the fan 

sediments. In the central and southern portions of the fan a zone of high 

permeability exists at depth of about 45 to 85 ft below the surface, 

consisting of clean, well-sorted sand and gravel which reported1.y is capable 

of producing 5 - 10 gpm in domestic wells, and 109 - 135 gpm in the screened 
commercial wells at the recreation center. The zone typically Lies 50 - 100 
ft beneath the surface and is approximately 10 - 30 ft thick (fig. 3). Near 

the Fire Lake Recreation Center the zone is underlain by up to 12 ft of clay 

which is in turn underlain by bedrock (fig. 4). 

Many of the wells in the northern third of the fan pass through the 

unconsolidated alluvial fan deposits and withdraw water from bedrock, which is 

capable of producing 0.5 to 3 gpm, according to available well 1.ogs. 

WATER-LEVEL MEASUREMENTS 

In February and March, 1986, DGGS personnel measured non-pumping water 

levels in 12. wells located on the Carol Creek fan, in an effort to determine 

whether water levels had declined significantly since the wells were drilled. 



WELL # I  



Two of t he  t h r e e  we l l s  v i s i t e d  i n  t h e  northwest po r t ion  of t he  fan  (Lake Ridge 

Terrace Subdivision) have water l e v e l s  which a r e  s i g n i f i c a n t l y  lower than a t  

t he  t i m e  t he  we l l s  were d r i l l e d  (Table 1) .  Water-level measurements from 

we l l s  i n  t h e  c e n t r a l  por t ion  of t he  f an  ranged from 2  f t  lower than t h e  l e v e l  

a t  t he  time of d r i l l i n g ,  t o  9 f t  above the  i n i t i a l  measurement, except f o r  a  

wel l  on F i r e  Lake Alaska Subdivis ion L l l A  B2 which exhib i ted  an apparent 19 f t  

dec l ine .  This  measurement probably r ep re sen t s  an erroneous i n i t i a l  

measurement. Water l e v e l s  i n  Table 1  not  measured by DGGS personnel  were 

genera l ly  obtained by the  d r i l l e r  a t  t h e  time of we l l  completion. The d a t a  

gathered i n  t h i s  manner a r e  sub jec t  t o  s e v e r a l  u n c e r t a i n t i e s ,  such a s  whether 

t he  depth t o  water was measured from the  ground su r f ace  o r  from t h e  top of a  

6" p r o t e c t i v e  s t e e l  cas ing ,  o r  t he  amount of p r e c i p i t a t i o n  i n  t he  year  t h e  

we l l  w a s  d r i l l e d .  Occasional ly,  water l e v e l s  may have been repor ted  a s  s t a t i c  

(non-pumping, s t a b l e  l e v e l s )  when they were a c t u a l l y  r i s i n g .  F i n a l l y ,  t he  

accuracy of t h e  procedures used by the  con t r ac to r s  t o  measure the  water l e v e l s  

i s  undocumented. Therefore,  a  s i n g l e  measurement t h a t  d i f f e r s  markedly from 

the  o v e r a l l  t rend  i n  a  given a r e a  may be suspec t  and t r e a t e d  a s  an  erroneous 

value.  

Water-level e l eva t ions  determined from the  measurements ranged from 395 

f t  t o  401 f t  above sea  l e v e l  throughout most of t he  f an  ( f i g .  5). Water- 

l e v e l s  i n  t h e  bedrock we l l s  of t h e  northwest (Lake Ridge Terrace Subdivision) 

por t ion  of t h e  f an  were considerably lower, ranging from 224 t o  314 f t  above 

sea  l e v e l .  The d i f f e r e n c e  i n  t h e  water- level  e l eva t ions  of t he  two a r e a s  

sugges ts  t h a t  t h e  we l l s  i n  t he  nor thern  t h i r d  of t h e  f a n  ( t h e  bedrock 

a q u i f e r s )  a r e  not  i n ' hydrau l i c  communication wi th  t h e  Carol  Creek a l l u v i a l  fan 

depos i t s .  



Table  1. Water l e v e l  measurements (1986) compared w i t h  d a t a  from p r e v i o u s  
y e a r s .  

1986 
Depth Water 

Town- Date  t o  wa te r  l e v e l  
s h i p  Range Sec P r o p e r t y  D e s c r i p t i o n  Measured ( f  t )  * Change e l e v .  ** 
15N 1 W  31 F i r e  Lake Sub 2 L6 B2 08-77 18 

02-86 18 0 651 

Pee T r a c t  02-86 156 - 399 

15N 2W 36 F i r e  Lake AK Sub L8A B 1  03-86 117 - 401 

F i r e  Lake AK Sub L6A B 1  10-77 100 
03-86 102 -2 399 

F i r e  Lake AK Sub L1A B2 05-84 5 1 
03-86 4 2 +9 397 

F i r e  Lake AK Sub L11A B2 08-82 2 
03-86 2 1 - 19 395 

F i r e  Lake AK Sub L15A B2 04-8 1 5 5 
03-86 5 1 + 4 3 95 

F i r e  Lake AK Sub L1A B3 06-8 1 68 
03-86 5 9 +9 399 

Lake Ridge T e r r a c e  Sub L12 B9 - 5 2 
03-86 5 1 - 1 3 14 

Lake Ridge T e r r a c e  Sub L13 B9 06-82 100 
03-86 140 -40 224 

Lake Ridge T e r r a c e  Sub L14 B9 09-84 30 
03-86 4 2 - 12 298 

F i r e  Lake R e c r e a t i o n  Cente r  
Produc t ion  Well 09-81 6 

03-86 9 - 3 4 05 

F i r e  Lake R e c r e a t i o n  Cente r  
S t  andby Well 07-8 1 5 5 

03-86 56 

* Below l a n d  s u r f a c e  
** Mean s e a  l e v e l  



" 

5. Water- level  elevatio'n contour map of the Carol  Creek 

r r n o * c ~ 4 r c  ' 
D ( C I I U ~ I W .  I- : a l l ~ v i a l  fan. tEapl. River, Alaska. ([.larch - A p r i l *  1986) 



RECHARGE 

The amount of recharge a v a i l a b l e  t o  t h e  Carol  Creek a q u i f e r  is  unknown. 

It i s  reasonable  t o  assume t h a t  Carol Creek provides  s i g n i f i c a n t  amounts, 

based upon pumping t e s t s  a t  t h e  r e c r e a t i o n  c e n t e r  w e l l s  (Ot t  Water Engineers 

and Rodney P. Kinney Associates ,  1981). The s tudy  a r e a  r ece ives  r a i n f a l l  

t o t a l l i n g  approximately 15 i n . / y r  (Selkregg, 1974) Determination of t h e  

amount of p r e c i p i t a t i o n  i n f i l t r a t i n g  t h e  a q u i f e r  is  beyond t h e  scope of t h i s  

r epo r t .  Short-term, temporary e f f e c t s  a r e  r e l a t e d  t o  pumpage and a r e  

d i scussed  below. 

WATER-USE BY APPLICANTS 

Short-term impacts t o  water  we l l s  may be  caused by temporary lowering of 

t h e  water  t a b l e  during pumping, and d isappear  when pumpage s t o p s  o r  decreases .  

Short-term problems may a l s o  be r e l a t e d  t o  seasona l  lowering of the  water  

t a b l e ,  when w e l l s  t y p i c a l l y  have l e s s  a v a i l a b l e  drawdown. De ta i l ed  pumping 

p a t t e r n s  a t  t h e  r e c r e a t i o n  c e n t e r  and elementary school  a r e  no t  ava i l ab l e .  

It i s  poss ib l e  t o  d i s c u s s  t h e  water  usage i n  a gene ra l  way, however. F i r e  

Lake Elementary School i s  es t imated  t o  r e q u i r e  9000 gpd, f o r  use i n  a 9-hour 

per iod.  The school  has  t he  capac i ty  t o  s t o r e  only 3000 ga l lons  (J. Rodda, 

F i r e  Lake Recreat ion Center ,  o r a l  commun., 1986). Water-supply system des ign  

commonly r e q u i r e s  pumping when water  s t o r a g e  i s  reduced by 10-15 percent .  I n  

t h i s  case ,  t h e  pump, r a t e d  a t  100 gpm, could supply t h e  needs of t h e  school  by 

working 10 minutes per  hour f o r  9 hours.  The r e c r e a t i o n  c e n t e r ,  i n  c o n t r a s t ,  

has  a repor ted  s t o r a g e  capac i ty  of about 10,000 g a l l o n s  and t h e  es t imated  

d a i l y  use of 2650 gpd causes  ope ra t i on  of t h e  pump only  once a day o r  less (J. 

Rodda, F i r e  Lake Recreat ion Center ,  o r a l  :conrmun., 1986). The requi red  amount 

could be suppl ied  once a day wi th  t h e  pump ope ra t i ng  a t  f u l l  c apac i ty  f o r  



about 25 minutes a day. Any resultant drawdown in wells finished in the same 

aquifer would likely be unnoticed by residents unless the lowering in the 

water levels in their wells was several feet. Available records for the wells 

drawing from the Carol Creek aquifer indicate 15 - 100 ft of water in the 

wells, providing an available minimum drawdown of at least 10 ft. This should 

be sufficient available drawdown to prevent interference from the recreation 

center well. 

CONCLUSIONS 

1. Examination of well logs on file at DGGS indicate that wells in the 

northwest fan area (Lake Ridge Terrace Subdivision) withdraw water from 

bedrock or from saturated sand and gravel immediately above the bedrock, 

and do not appear to be related to the Carol Creek alluvial aquifer from 

which the Fire Lake Recreation Center and Fire Lake Elementary School 

extract water. 

2. There appears to be the potential for recharge available to the aquifer 

in amounts sufficient to offset the effects of current pumping. 

3.  The storage utilized by the recreation center and elementary school 

should prevent the necessity of excessive pumping during a typical 

24-hour time period. 

4. It is unlikely that the granting of water rights application LAS 2495 

will adversely affect prior appropriators. 
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