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INCH-POUND UNITS AND 51 b1EfRfC UNIT EQUIVAlENTS 

inches { i n . )  
feet ( f t )  
miles ( m i )  
cquare feet ( f t 2 )  
square m i l e s  ( m i 2 )  
cubic feet (ft3) 
i n c h e s  per year ( In . /year)  
feet  per day ( f t / d )  
cubic feet per second ( f t a / ~ )  
gel lons per minute (gal/min) 
gallons per day (gal /d)  
cubSc feet per second per 

square mi le  [ ( f t a / s ) / m i 2 ]  

GLOSSARY 

To obtain 

mQ 1 1 ime ters (mm) 
meters (m) 
kilometers (km) 
square meters (mp) 
square kilometers (km2 
cubic meters (m3) 
mil 1 imeters per year (i,tm/year) 
meters per day (m/d) 
1 i t e r s  per minute ( t h i n )  
11 ters per minute (L/min) 
llters per day (L/d)  
cubic meters per second er 

square ki 1 meter [(m3/r~/tn2] 

b s e  f low  - Sustained streamflow that continues several days or months after pre- 
c i p l t a t i o n  or snomelt  e n d s .  

Drawdown cone - A c o n i c a l  depression of the potent imetr ic  surface caused by 
pumpi ng from a we1 1 . 

Fluvial  - Produced by the action of  a stream. 
Gradient - The slope o f  the potent iomtr ic  surface; the difference i n  head between 

two points divided by the distance between the points.  
Head - Potent ia l ;  the height t o  which water w i l l  rise i n  a we17 above a reference 

datum. 
Hydraul i t  conduc: v i  ty  - The amount o f  water t h a t  w i l l  be conducted through a 

l-square-foot section o f  materials under a hydraulic gradient of one a t  pre- 
vail  ing  temperature. 

Lacustrine - Produced i n  or relat ing to  a lake. 
ldational Geodetic Vertical Datum o f  1929 (NGVD o f  1929) - A geodetic datum derived 

fran a general adjustment o f  the first-order level nets o f  both the United 
States and Canada, former1 y ca l l  ed "Sea Level o f  1929. " 

P o t e n t i m t r i c  surface - The surface defined by water levels i n  all t i gh t l y  cased 
wells open to a particular aquifer. The water table  i s  the potent imetr ic  
surfdce of the unconfined aquffer. 

Steady state - A condit ion under which both stresses and ef fects (water levels) do 
not  change wi th  time. 

Storage coeff ic ient  - The volume o f  water an aquifer releases o r  takes i n t o  storage 
per u n i t  surface area o f  the aqui fer  per un.f t chanbe i n  head. 

TransmSssivi ty  - The amount o f  water transmitted through a l-foot-wide si~lctfon 
of an aquifer under a u n i t  hydraulic gradient,  a t  the preva i l ing  temperature. 
(Section i s  perpendicular t o  flow.) 



HYDROLOGY AND EFFECTS OF INDUSTRIAL PUMPING IN THE NEKISKI AREA, ALASKA 

8y Gordon 1. Nelson 

ABSTRACT 

Ground-water consumption f o r  i ndus t r i a l  use a t  N l k i sk i  Increased frm about 1 
m i l l i o n  gallons per  day i n  1968 t o  4.2 m i l l i o n  gal lons per  day i n  1979. Water 
managers and local  c i t izens are concerned t h a t  i ndus t r i a l  pumping may reduce the 
esthetic and recreational value o f  local lakes. Some lake levels have declined as 
much as 8 feet  since pumping began; the greatest decl ines occurred i n  lakes nearest 
the center o f  pumplng. 

Grw~nd water occurs i n  three aquifers. The upper aqu i fe r  i s  unconfined and i s  
hydrarrlically connected to most lakes and streams i n  the area. The upper tw 
aquifers are hydraul i c a l  ly connected through a leaky confInJng layer, and water 
level  s i n  the two aquifers fluctuate syncl'lranously vf t h  changes in precipf t a t ion  
and changes i n  pumping from e i  Eher aquifer.  The hydraulic connection o f  the lower 
confined aquifer,  the deepest o f  the three aquifers, to the other two aquifers i s  
poor. Drawdowns caused by pumping have stabilized i n  a1 1 three equjfers. This 
i n d i c a t ~ s  that  the pumptng i s  i n  equilibrfurn with the hydrologic boundarfes. f n  
the lower two aquifers, the p o t e n t i m e t r i c  surfaces near some production wells are 
below sea leve l ;  however, no salt water has intruded the aquifers as f a r  as the 
pumped wells. If in t rus ion  occurs o r  i f  additional water suppl fer are needed, 
another po ten t ia l  s i t e  for ground-water development i s  the middle Beaver Creek 
basfn, 7-10 miles east o f  the indus t r fa l  area. 

I NTROOUCT ION 

The N jk i sk i  ,rea ( f i g s .  l a  and b) has undergone rapid i ndus t r i a l  , c m e r c i a l  , 
and res ident ia l  development since the discovery o f  o i l  an the Kenai Peninsula i n  
the early 1960's. Owing t o  i t s  proxfmity t o  both a deep-water p o r t  and o i l  and gas 
f i e lds ,  N i k i sk i  has been the center o f  i ndus t r i a l  growth. Comrrrercia? growth has 
occurred along the North Road from Kenai t o  Bishop Creek, and res ident ia l  develop- 
ment has taken place throughout the Ni k i s k i  area. 

The water resources o f  the N ik isk i  area have many uses. These include i n -  
dus t r i a l ,  comnercial, and domstic  consumption, esthetfc and recreational use, and 
wildlife habitat,  Durjng the period o f  development, the stresses on the water 
resources have increased, and c o n f l i c t s  have ar isen regarding the most beneffcial  
use o f  the avai lable water. 

The study area has the fol lowing boundaries ( f i g .  lb): Cook Inlet to  the 
nor th  and west, Bishop and Beaver Creeks t o  the east, and the area of coasta l  p l a i n  
sediments (Anderson and Jones, 1972, p l a t e  I )  on the south. The coastal p l a i n  
sediments art! not  d true hydrologic boundary. However, they probably represent a 
southern 1 i m i  t t o  the area o f  in tensive ground-water development because t h y  are  
too f ine grained t o  be sui table for large-capaci ty wells. 



FW. 1 a.-Location and natural featutea of h e  Nikiaki study area. 
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EXPWIWATlON FOR FIGURES 1 a nad 1 b. 
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Figure 1 be-locations of dabcofiection sites and principal industries in the Nikbki study area. 
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Prevfous Studies 

The f i r s t  detai led investigation o f  groundwwater resources of the N i  ki s k i  area 
was released i n  1967 fo r  Union Chemical CMnpany (formerly Col l i e r  Carbon and 
Chemical Corporation) by Dams and %ore (wrl tten cornmun., 1967).  Subsequently 
Oames and Moore (written c m u n , ,  1976). working fo r  Union Chemical Company, 
analyzed aquifer propertjes and Interact ions beteen ground water and surface kia ter 
jn the Nlk isk i  area and reported on the results o f  seve~al  pumplng tes ts  f o r  the 
company. 

The U.S. Geological Survey has publ ished a number o f  studies on the hydrology 
of the knaT Peninsula that include i n f o m t i o n  on the NikiskD area. These studies 
were sumnarized by Anderson and Jones (1972) as pa r t  o f  a hydrologic analysis of 
the N i  k i  s k i - b n a  i-Sol dotna area. Subsequently, Scul l y  , Leveen , and George (1 978) 
compiled surface-water records f o r  the Cook I n l e t  basin, Records a f  stream d i  s- 
charge and of water levels i n  several observatfon wells i n  the Kenai-Nikiski area 
have been publ i shed annual l y  i n  the Survey's Water-Data Reports (U.S. Geol oglcal 
Survey, 1977-79), 

Purpose and Scope 

The purposes of t h i s  study are: 

7 .  To define the hydrologjc system, pa r t i cu l a r l y  the hydraulic cornmunica- 
tSon amng aquifers, based ion data available through September 1 ,  1979. 

2. To evaluate the effects o f  indust r ia l  pumping. 
3. To appraise the potential for obtaining ground water from areas east of 

the 1979 area of concentrated pumping. 

The study included an expansion o f  the prevfously ex i s t i ng  data base by t e s t  
dri l l  lng, moni tar ing o f  lakes, wells, and streams, updatf ng w e l l  inventories, and 
laboratory and f % l d  tests of the hydraulic properties o f  materials. Wells were 
drf l led  a t  16 s i *  2s and ranged Sn depth frm 65 t o  355 f t .  Continuous water-level 
records were co! :ected from 10 wells, and periodic measurements were made i n  18 
others. Stretungay f ng statrons were mat ntai ned on Beaver Creek dur'ing 1967-77 and 
on Bishop Creek during 1977-79, Late-level rtatfons wre maintained on 12 lakes. 
The locations o f  the data-collection stat ions are shown i n  figurer l a  and b. The 
datum for a l l  stations except Konovalof Lake i s  the National Geodetic Vertfcal 
Oatum of 1929 (NGVD). NGVD o f  1929 i s  referred to as sea level i n  t h i s  report, 
The ver t ica l  control f o r  the k n a i  C-4 map (1951, minor rev1 $ions 1972) used i n  
this report i s  30-50 ft i n  error i n  the indust r ia l  area. A1 ti tudes f o r  geologic 
sect'ions i n  thf  s report  are from surveyed levels and topographic mapping by North 
Pacif ic Aerial Surveys, Inc. 

f h i  s raport contajns only a ma1 1 pa r t  of the i n f o m a t i o n  col lected durfng the 
Sumfey's study of the Nikiski  area. The hydrogmphs, well logs, and other farms o f  
data used i n  th is  report  were selected t o  illustrate the major concepts developed 
during the study. Other data are available on reguest from the  Oistrict Chief a t  
the address on the reverse side of the t it le page of this report. 



WATER USE 

Most of the ground water consumed i n  the N i k i s k i  area i s  f o r  Indust r ia l  use. 
Indust r ia l  pumpage has increased from about 1 m i l l  ion gal/d i n  ear ly  1968 t o  mare 
than 4 m i l l i o n  gal/d f n  1979 ( f i g .  2). Figure 3 shows locat ions and rates of 
pumping from the major indust r ia l  wel ls during 1968, 1970, and 1977. Some con- 
sumers have two or more we1 1s w i  thln 1,000 f t  o f  each other, and such well  f ie1 ds 
are p lo t ted  on the f igure as tt single point ,  Chugach Electric and Standard 011 o f  
Cali fornia are considered a s ingle user because t h e i r  water systems are combined, 
In  ear ly 1968 Chugach Electrtc-Standard Oil and Rig Tenders were the only indus- 
t r f a l  consumers of ground water, In l a t e  1968 Union Chemical Company began t o  punp 
water, primarily from a well  near Cabin Lake. In June 1969, PhJllips Petroleum's 
Kenai Plant began pumping, and i n  November 1969, the Tesoro-Alaskan refinery began 
pumpjng water. The rates and areal pat tern o f  pumping were nearly constant f rom 
1970 u n t i l  1977 when Union Chemical Company increased pumping fo r  expansion of 
t h e i r  plant. Also i n  1977, Union ChemScat Company began u t j l i z i n g  three wells t h a t  
were nearer theIr plant  than the one near Cabin Lake. Sfnce 1978, when the Union 
Chemical Company expansion was completed, the r a te  o f  indust r ia l  pumping i n  the 
NikSski area has remained a t  abour, 4.2 m i l l i o n  gal/d, 

An estimated 350,000 ga l l d  o f  ground water are used for domestic purposes i n  
the N i k i s k i  area. This estimate i s  based on a 1978 populatSon o f  3,485 (Kenai 
Penjnsula Borough, wr i t ten  commun., 1978) and a per capita use o f  100 gal/d.  Less 
than 25 percent of the water f o r  domestic use i s  drawn from public-supply wells; 
most i s  suppl fed by we1 1s serving single-family residences, Virtually a1 1 t h e  
domestically used ground water i n  the Nik isk i  area i s  discharged back t o  the ground 
through on-site sewage systems. Domestic pumpage therefore has mfnimal effect an 
the net ground-water balance. 

GEOLOGIC SETTING 
Bedrock 

Bedrock cons i t s  of moderately indurated sandstone, s i  1 tslone, claystone, and 
coal* No wells pmetrate bedrock within the study area, and J t  i s  presumed t o  be 
deeper than 500 ft below land surface, 051 and gas wells near the eastern edge of 
the study area have penetrated bedrock a t  a depth o f  approximately 590 ft. 

The potent ia l  for producing ground water from bedrock i s  much less than from 
the overlying unconsol idated material  s. A1 though bedrock provides up t o  50 gal/min 
to wells i n  other parts o f  the Kenai Peninsula, i t  i s  not a s fgn i f i can t  aquifer i n  
the N i k i s k i  area, 

I 

Unconsol idated Sediments 

The unconsol idated sedfments overlying bedrock consist  o f  mfxed deposits of 
glacia l ,  f l uv ia l ,  l a t u ~ t r l n e ~  and estuarine or ig in .  The d i s t r i bu t i on  of  s u r f i c i a l  
materials within the study area has been mapped by Anderson and Jones (1972) and i s  
shown i n  f igure 4. The tS11 i s  poorly sorted and y ie lds little water to wells. 
However, t h i n  beds and str ingers of f l u v j a l  sdnd and gravel w i th in  the till provide 
water to  some wells. Undifferentiated d r i f t  i s  composed o f  mixed t f l l ,  outwash 
depasi t s ,  and lacustr ine sediments. Deposits o f  caarse sand and gravel w f  t h i n  thfs  



YEAR 

Figure 2.-Quprterly average rat&$ of industrid pumping, 1968-78. 

un i t  provide more '.han 1,000 gal/min to some wells in the area. Outwash-plain 
deposits are meter 11s that were deposited i n  front of ancient glaciers. They are 
cornposed o f  we1 1-b..rted sand and gravel and have good permeabfl f ty and porosity. 
Coastal-plain deposits occur i n  areas o f  low r e l i e f ,  They are  composed pr imar i ly  
o f  sand and grade to stratified clay, silt, and f i n e  sand a t  depth, The water 
table i n  areas of coastal  p l a i n  deposits i s  general ly within a fevr feet of land 
surface. Abandoned-channel deposf t s  are composed o f  f 1 u v l a l  sand and gravel 
entrenched i n  01 der sedimentary deposits. The general 1y high porosi ty and permea- 
b i l  i ty uf  abandoned-channel deposits give thm a high potential for producing water 
to wells. 

A t  a depth of about 100 f t  below land surface, there i s  an extensive layer of 
clay and s i l t  that may have been deposited in a proglacia l  lake (Ksrlstrom, 1964) 
or in Cook Inlet. Thfs clay layer Js underlajn by a complex and poorly defined 
u n l t  o f  rnfxed g l a c i a l ,  fluvial, and lacustrine sedfmnts. Much o f  t h i s  u n i t  i s  
cwnposed of fine sand t h a t  yields l i t t l e  water to wells. However, i t  also ~ ~ n t a ' i n s  
significant deposits of we1 1 -sorted sand and gravel tha t  consti  tute the midor 
confined aquffers of the N l k i s k i  area. Sme wel ls  completed i n  these aquifers 
yh ld  more than 1,000 gal/min o f  water. 





I But  m*p ftorn U.8. Geological Burvey, Hcnai &fa, Al&. 1 :63,360 
s 

I Figure 4,-Surficial geology of the Niklatri area (from Anderson a 4  Jones, 1972). 



EXPLANATION FOR SURFTCIAL GEOLOGY MAP 

(Modified from Andrnw and Jones, 1972) 

NY DROLOG I C SYSTEM 
Hydrot og4c SettS ng 

Figure 5 depicts the hydrologic sett ing for the t l i k i s k i  area, Water falljng 
to  the land surface as precipitatt'on f lows averland jn to  lakes and streams and 
in f i l t ra tes  into the s a i l s ,  Of the water t h a t  infiltrates, some rettlrns t o  the 
atmosphere by evaporation and transp"latlon, and sow percolates down t o  the water 
table where i t  recharges the unconfined aquifer. Craund water Sn the unconffned 
aqujfer flows toward streams and toward springs an the coastal b l u f f s  where i t  
discharges. Ground water i n  the unconfined aquifer a lso leaks downward through the 
clay uni ts  t o  recharge the deeper conflned aquifers. Ground water în the confined 
aquifers flows toward the coast and discharges under Cook Inlet. Lakes i n  the 
N i k i s k i  area are recharged by precipitation and by ground-water inflow. Lakes lose 
water to  evaporation, t o  ground-water outflow, and t o  outlet streams, 
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Prec ip i ta t ion 

The National k a t h e r  Service maintained a c l ima t i c  data s ta t ion  a t  Nikiskf 
from 1967 to 1977 and has maintained one a t  Kenai since 1944. The mean annual 
prec ip i ta t ion for Kenai i s  18.98 in./yr, h r i n g  the 10 water years, 1968-77, i n  
which the stat ions were maintairred concurrently, Kenai and N f k i s k i  averaged 16.46 
and 18.27 fn,/yr o f  precipi tatton, respectively. Nikiskf  recejved the greater 
p rec ip i ta t ion  i n  8 o f  the 10 years, 

tluch of the p rec ip i ta t ion  t h a t  falls during the last 3 months of  each calendar 
year i s  stored as snow and i ce  and i s  not  avai lab le  t o  recharge lakes, streams, and 
aquifers u n t i l  1 t me1 t s  during the next spring. In order t o  relate prec lp i  t a t ion  
to runoff aad recharge, i t  rs necessary to account f o r  precipitation i n  the year 
during which i t  reaches the land surface i n  the l i q u i d  state. This i s  done by 
accounting by water years (October 1 - September 3 0 ) .  

Figure 6 i s  a histogram o f  the annua'l prec ip i ta t ion  recorded a t  the Kenal 
a i rpor t  during the water years 1945-79. Between 1955 and 1967, annual precip i ta-  
t i on  averaged 21.27 in./yr, about 2.5 i n,/yr more than the long-term average, Pre- 
c i p i t a t i o n  was below average i n  only 3 o f  the 13 years. Between 1968 and 1978, 
annual prec ip f ta t ion averaged 16.22 En.fyr, about 2.6 in,/yr less than the long- 
tern average. Precipi tat ion during t h i s  in terva l  was above average only i n  1977. 
The 1955-67 period o f  above-average prccfpi t a t i on  coincides w i th  the period of 
hcmsteadi ng and resident ia l  development. The 1968-78 per isd OF below-average pre- 
c i p i t a t i o n  coincides w i t h  the t i m e  o f  development o f  ground water for i ndus t r ia l  
use. The lower water levels Jn lakes and aqujfers during the p e r i d  1968-78 are an 
effect of both pumping and reduced precip i tat ion.  

Streamflow 

The two major streams f n  the area are BSshop Creek and Beaver Creek, 
Salamtof Creek, P rn i cc  Creek ( f i g .  I ) ,  and several other small creeks intermi t- 
ten t l y  discharge 1 iter t o  Cook Inlet on the north and west margins a f  the study 
area. Gagf ng stat  ions have been ma5ntained on Bishop and Beaver Creeks, and a few 
miscsllancaus discharge measurements have been made on Bernice Creek. 

Beaver Creek 

The U.S. Geological Survey maintained a gage on Beaver Creek frm October 1967 
through September 1978, The maximun recorded discharge, as rneasured a t  the gage 
4.5 m i  downstream from the southeast corner o f  the study area, was 598 ftVs on May 
8, 1972. The minimum a t  that gage was 8.2 f t a / s  on October 23, 1969. Average dfs- 
charge for the period o f  record was 25.8 f t3/s. 

k c h  o f  the annual streamflow of Beaver Creek i s  derived from ground-water 
discharge t o  the creek from the unconfined aquifer. A hydrograph separation tech- 
nique (DeWfest, 1967, p.  65) was used t o  separate the ground-water and surface- 
water components of streamflow. For the years 1971-78, the ground-water component 
averaged 21.2 f t l /s ,  which was 82 percent o f  the annual d4 scharrge of Beaver Creek. 
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Figure 6.-Precipitation at Kenai airport. (Data provided by U.S. 
Department of Commerce, National Weather -1 



Bishop Creek 

The U.S. Geologicis1 Survey maintained a gage on BIshop Creek from October 1977 
through September 1979. The maxSmum recorded discharge a t  the gaging station was 
197 f@/s on May 6, 1977. The minimum discharge was 4.2 f t 3 / s  on June 11, 1978. 

Nlne lakes having a total area of  1.9 mf * are tributary t o  BSshop Creek, Base 
flow i n  the creek i s  derived from both ground water and lake water. Although much 
of  the lake water i s  derived from ground-water fnflow, part IS composed of both 
surface runoff in to  the lake and praclpitation tha t  f e l l  divect ly on t h e  lake. 
Base f low i s  therefore not rigorously equivalent t o  ground-water discharge, 

During 1978, the base flow for  Bishop Creek averaged 17.5 ftVs, whjch was 
about 91 percent o f  the total discharge, In the same year the ground-water djs- 
charge t o  Beaver Creek was 17.8 f t 3 / s ,  a b u t  87 percent o f  the tota l  discharge. It 
therefore appears that  the amounts o f  ground-water runoff for the two basiprs are 
s i m i l a r  i n  magnf tude and relative contribution t o  streamflow. 

Ground-Water Discharge from the Industrial Area 

Ground-water discharge from the industrtal area cannot be easily measured by a 
strew gage because discharge occurs through many ma1 l springs and streams. 
However, the rndwstrtal area 'is hydrologfcally s iml lar  t o  the basins of  Beaver and 
Bisbop Creeks. By anology w i t h  these areas, the ground-water discharge per u n i t  
area  from the industrial area can be estimated. 

The combined ground-water discharge t o  Beaver and Bdshop Creeks In 1978 was 35 
f t3/s,  and their combined drainage-basfn area f s about 70 m i 2 .  The grourld-water 
discharge to the creeks i s  therefore about 0.5 (ft3/s)/miz. The location o f  p a r t  
of the divide between Reaver and Bishop Creeks i s  uficertafn because i t  Js i n  a area 
where gradients are slight. fly combfntng the two basins, uncertainty I n  t h e  
location o f  their :ommon boundary does not af fect  the accuracy of the calculations, 
By s i m i l a r  calcul,.:Sons, the ground-water discharged t o  the creeks i n  1976 and 1977 
avera ed 0.5 and .7 (f t"ss) /mi2 respectively. The average for the three years was 
0.6 ? f t 3 / s ) l m f 2  Grwnd-water discharge from Beaver and Bjthop Creeks i r  not 
signif icant ly aifected by pumping. By analogy, 0.6 ( f t3/s) lmi2 i s  an estimate o f  
the ground-water t h a t  would be discharged from the industrial area i f  there were no 
pumping . 

Mu i f e rs  

There are three major aquf fers i n  the H i  k i s k i  area (fig, 7). The uppermost 
aquifer i s  unconfined; the lower two are confined. 

The unconfined aquifer i s  the aquf f e r  i n  which mst domestSc wells are cam- 
plcted. I t  i s  hydraul Ecally connected t o  Beaver and Bishop Creeks and t o  many o f  
the lakes i n  the area. The unconfined aquifer i s  recharged by p r e t i p i t a t j o n ,  and 
jt discharges water natural l y  t o  Cook I n l e t ,  t o  creeks, and to underlyf ng aquifers. 
Hany springs occur along the Cook I n l e t  bluffs where the unconfined aqulfer crops 
out above high t ide level. 
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The base o f  the unconff ned aguf fer i s  an extensive layer o f  sf1 t and clay t ha t  
i s  tenned the upper confining layer, Undulations i n  the upper canflnfng l a y e r  
general l y  conform to  topography, No lakes are known t o  breach the upper confining 
layer. Locally, the low-pemabf l f t y  silt and clay grade l a t e r a l l y  i n t o  f j n e  sand 
having greater permeabii ity. 

The upper conffned aqu:far underl i e s  the upper conf$nfng layer and i s the 
aquifer $n which most c m r c f a l  and indus t r ia l  wel ls  are cmpleted, I t  receives 
recharge from tk overlying aquifer by 1e;rkage through the confining layer. I t  
discharges water t o  Cook In le t ,  t o  lower aquifers, and, i n  the v ic in i ty  o f  Bishop 
and Beaver Creeks, upward i n t o  the unconfined dqui fer  and then i n t o  the creeks. 
The aquifer probably crops out a short distance offshore i n  Cook In le t .  Rates of 
recharge t o  the upper canfined aquifer may not be uniform over the entire area; 
recharge may be concentrated where the confining layer I s  most pcmab le .  

Although the upper confined aquifer y ie lds  large quant i t ies  o f  water t o  we1 1 s 
west o f  Cabfn Lake, i t  i s  not a productive aquifer throughout the N i k i s k i  area* A 
351-ft well d r i l l e d  1,000 f t  northwest o f  Cabin Lake penetrated materials t h a t  were 
preduninantly o f  low pemabllity i n  the depth-equivalent Interval o f  the upper 
conffned aquifer. Only a 2- f t - th ick  u n i t  imnediately below the confining layer 
yielded watcr to the well, S imi la r l y ,  the well a t  the southeast end of section 
BIB' i n  figure 7 penetrated predominantly fine-grained materCals i n  the in terva l  
that i s  the depth equivalent o f  the upper confined aquifer, The upper confined 
aquifer i s  poor ly defined away from the fndust~ia? area. 

The lower confined aqulfer i s  separated frm the upper confined aqui fer  by a 
s j l t  and clay uni t  that f s  gene~a l l y  more than 100 ft thfck. She towr canfined 
aquifer i s  poorly defined throughout the study area. Zt may actua l ly  consist  of 
many interconnected lenses and layers of  sand and gravel a t  depths greater than 303 
ft below land surface. The aquifer i s  probably recharged by slow leakage frm the 
overlying aquifer. Natural  f law i s  toward Cook In le t .  The top o f  the aquifer i s  
about 200 ft be1 IJ sea level, well below the f l o o r  o f  Cook Inlet wi th in  about 6 m i  
of N i  k i s k i  . The ischarge area may therefore be many miles offshore. 

Lakes - 
The dminant control o f  the level o f  open lakes, lakes tha t  have an o u t l e t  t o  

a stream, I s  the a l t i tude o f  the outlet. Changes i n  annual recharge or i n  pumpfng 
near such lakes cause the lake discharge t o  vary, but the lake leve l  changes 
l i t t l e .  Daniels Lake (fig. 8) i s  an open lake. Bernice Lake i f i g .  8) Ss open when 
the water level i s  above the a l t i t ude  of the out le t ,  77.2 f t  above sea level .  
However, i t  was a clcsad lake from the time the U.S. Geological Survey began t o  
monitor lake leve ls  i n  1970 u n t i l  the ou t l e t  began flauSng again Sn 1980. 

The levels o f  closed lakes, those without an o u t l e t  stream, f luctuate several 
feet frm year to year. Fluctuations are caused by changes i n  annual reharge and 
by ground-water pumping. The magnitude o f  the f luctuat ions i s  a1 so related t o  lake 
size, distance from the lake t o  a drologic boundary (such as a creek, a ground- 
water divide, o r  a center o f  pumping , and propertfes of the aquifer that surrounds 
and underl ies the lake, 
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f igure 8 shows the 30-yr hydrographs for the lakes that  have been monitored i n  
the Nikiski  area. The highest unvegetated beachline discernible a t  the time the 
lakes were f i r s t  surveyed Sn 1970 I s  indicated on each hydrograph. Residents o f  
the area generally indicate that  these high-water lines r e f l e c t  lake  levels during 
the late 1960's. The greatest decl ines from the high-water l i n e s  have occurred 5n 
the two lakes nearest the center of industr ia l  pumping. Cabin Lake declfned more 
than 8 ft, and the unnamed lake i n  section 23, T. 7 N, , R, 12 W.  declined more than 
6 ft. 

EFFECTS OF PUHPlNG 

In the two upper aquffers, the drawdown caused by pumping reaches steady state 
wi th in  6 months o f  a change 4n the rate o f  pumpSng. I n  the lower confined aquifer, 
drawdm reaches steady state with in  about a week o f  a change i n  the pumpfng rate. 
In the NikiskS area steady-state conditfons occur when the rate o f  ground-water 
pumping i s  balanced by a decrease Jn the rate a t  which ground-'water d i  schdrges 
naturally frm the aquifer v ia  creeks and coastal springs. Under steady-state 
ca~d i t ions ,  drawdonn 4s directly proportional t o  the rate o f  pumping ( f i g .  9). 
Although the potent jmetr ic  surface of the upper confined aquifer i s  drawn down, i t  
i s  above sea 'level everywhere except within a few hndrcd f ee t  o f  Unlon PW-6 ( f i g ,  
3).  Near PW-6, the potentiornetric surface i s  generally between 0 and 10 f t  below 
sea level. 
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Figure 9 . - D M o n  of ground-water flow when downward leakage through the 
confining layer equals pumpage from the well. 



Too few date ex3 s t  to define accurately the processes that  s tab i l  $re drawdown 
i n  the lower confined aquifer, but drawdown Ss probably stabil $zed by a combination 
o f  fncreased leakage from the overlying aquifer and decreased cutflow t o  Cook i n l e t  
v i a  diffuse seepage o r  submarine sprf ngs. The p o t e n t l m t r  i c  surface i s  belaw sea 
level near the coast, and drawdowns may a1 so be stabil ired by movement o f  salt 
water toward the pumpjng wells. However, i t  i s  nopoosdb le  to  evaluate! sat t-water 
intrusion because there are no observation we1 1 s seaward of the nos t heavi ly pumped 
well i n  the lower confined aquifer. 

The upper tna aquifers are hydraulically connected by a leaky confining layer 
o f  clay. Pumping frm the upper confined aquifer produces a drawdown cone i n  the 
upper confined aquifer, Withio  th is  drawdawn cone, the dawaward hydraulic gradient 
across the clay layer i s  increased, thereby increasfng the downward leakage from 
the unconfined aquifer, W f  t h i n  the area o f  the drawdown cone, the rate o f  downward 
leakage equals the rate o f  pumping except during a few days o f  adjustment after a 
change i n  the pumpfng rate. During t h i s  br faf  period o f  adjustment, water i s  taken 
frw or added t o  aquifer storage while a new drawdown cone i s  k i n g  establfshed. 

The increased downward leakage from the unconfined t o  the upper confined 
aquifer produces a drawdown cone i n  the unconffned aquf far. ThSs drawdown cone 
deepens and expands u n t i  1 i t  f ntercepts hydro1 ogic boundaries tha t  compensate the 
increased downward leakage, I n  the NJkiski area, the hydrologic boundaries that  
bal ance the increased downward 1 eakage are ground-water divides and discharge 
boundaries near the streams and coast. It appears t o  take several months for these 
boundaries to balance ful ly the increased downward leakage, and the system achfeves 
a steady state.  

As the water table decl incs i n  response to increased downward le~kage, i t  a1 so 
fluctuates f n response to prec ip i ta t ion changes. Lack o f  water-table and 1 ake- 
level data p r f o r  t o  the onset o f  pumping precludes an accurate se aration o f  pump- C ing effects from prec ip i ta t ion effects. However, a canparison o leve ls  o f  Cabin 
Lake and p r e c i p i t a t i o n  a t  Kenai ( f i g ,  10) indfclttes t h a t  from 2972 t o  1979 lake 
level f luctuations are related pria:arSly t o  precfp$tat ion. Such a relation would 
not e x i s t  i f  the drawdown cone were continuously deepening and expanding. The 
prec ip f ta t fon data i n  f iyure 10 have been smoothed using a 2-year hal f - l i fe -  
weighted averaging technique (L. I?. Mayo, U.S. Geologfcal Survey, wr i t ten  cmun , ,  
1978). 

Pumping from the upper confined aqu i fe r  produces a drawdown cone that induces 
leakage over several square miles. Spreading the leakage over a large area pro- 
duces a shallower drawdown cone I n  the unconfjned aquifer than would occur if 
pumplng were to be directly frm the unconfined aquifer. A shal tower drawdown cone 
w i l l  lower lake levels less than would a deeper drawdown cone such as might be 
produced by pumping directly fran the unconfined aquifer. 
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Figure lO.&mparhn of Kenai precipitation and tevels sf Cabin Lake. 
Precipitation data are smoothed by ha-life-weighted average 
technique. Lakc 1mels memured in October of each year. 

ALTERNATIVE AREA FOR INCREASED PUMPING 

In the winter o f  1978-79, the U.S. Geoiogicsl Survey d r i l l e d  test  wells a t  
three s i t e s  southe s t  o f  N i k i s k l  i n  the Beaver Creek basin (fig. 111. Wells 1 and 
2 penetrated coarse sand and gravel t h a t  appeared t o  be comparable to materfals in 
which some o f  the industrial wells are completed near the industrial  area, Both 
wells penetrated an unconfined aquifer and two confined ztqui fers. The upper con- 
fined aquifer contafned the coarsest materials and appeared to Gave the best 
potential  for producing large quantities o f  water. As the need fur  water i n  the 
Nikiski area Increases, further exploration and testing o f  the area near we1 1s  1 
and 2 may be warranted, Well 3 penetrated fine-grained materials having little 
potential for large-capaci t y  we3 1 s. 





SUMMARY OF CONCLUSIONS 

1. Ground-water discharge Prom Beaver and Blshup Creak basins combined, about 0.6 
(fts/sec)(mi2, i s  an estimate o f  ground-water discharge from the enti r e  
N i k i s k i  area i f  there were no pumping. 

2, The rate o f  ground-water pumping for industrial use was about 4.2 million 
gal/d i n  1979. 

3, TIM unconfined aquifer I s  recharged by precjpftat lon and i s  hydraulically 
connected t o  many 1 akes, 

4. The upper confined aquifer i s  hydraulically connected to  the unconfined 
aquifer, Downward leakage fram the unconfined aquifer i s  the source of 
recharge t o  the upper confined aquifer. Pumping from the upper confined 
aquifer increases the rats o f  downward leakage and towers the water table and 
lake levels i n  the unconfined aquifer. 

5, Pumping appears to be in  equil  i brium wl t h  recharge-di scharge boundaries 
because drawdown does not continuously increase when pump1 ng i s  constant. 

6. There i s  good potential for ground-water development i n  the middle reach of 
Beaver Creek bas1 n, 
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