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. . .  .*..... A The Hi l l s ide  a rea  study by the  U.S. Geological Survey was made a t  a :;.!.'!.:.. - , . .  , . . . . . . . . . .  . . . . . . . . .  . - ..!' I c r i t i c a l  time during the  development of t he  comprehensive land-use plan ;,:.a*'' 
I . . . . .  R .!;;<.. ..'. . . . 

.. ..%? ..;.. and during a time when basic  zoning decisions a re  being made i n  the  ..,. 
' *. :,:>. . . . . .  * 

: . . : , :-.. ..:... . . . .  ..,. Hil l s ide  area. . . ......... .... .:...' . . . .  . . .  . . . . . . .  . r . . a :  
, . I *  .. . . . .  

The f i r s t  major use by the  Borough of the  f indings of t h i s  study was 
i n  the  development of a preliminary comprehensive plan. In  preparing t h i s  
plan, a technique was used whereby four  population a l t e rna t i ve s  were presented 
t o  the  res idents  and landowners of the  area.  These a l t e rna t i ve s  represented 
a range from the  l e a s t  amount of development one could r e a l i s t i c a l l y  expect t o  
the  highest  degree of development predicted on the ba s i s  of population projec- 
t ions .  I n  formulating these  a l t e rna t ives ,  pa r t i cu l a r l y  ones depicting a high 
degree of development, a number of questions per ta ining t o  hydrologic l imi ta-  
t i ons  of t he  land were raised. For example, what housing densi ty  can the  
land support i f  the  decision i s  made not t o  extend sewers and publ ic  water 
i n t o  the area? This question can be answered only through knowledge of t he  
area 's  t o t a l  water balance, land-drainage charac te r i s t i cs ,  and the  s u i t a b i l i t y  
of the land t o  safe ly  accomodate septic-tank systems. This kind of information 
i s  contained i n  the  Hi l l s ide  report  and can be used i n  current  and fu ture  
planning. 

This report  c l ea r ly  demonstrates t h a t  a large  physiographic a rea  of land 
must be examined a s  a u n i t  r a ther  than a s  a number of small, unrela ted parcels.  
The Hi l l s ide  i s  a prime example of an a rea  t h a t  i s  t r u l y  i n t e r r e l a t ed  i n  t h a t  
any decisions regarding housing densi ty  o r  land use i n  one p a r t  of the  
community w i l l  almost surely  have an impact on another. 

; ;. ': . . 
. . . .  W i l l i a m  H. Beaty . . .  

2. .: 1, .. , . . 
..,:> :.;. ' . . . . . . . . . .  .... :.: . ;. . . . . .  
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F r o n t i s p i e c e . - -  1 9 7 2  a e r i a l  v i e w  o f  t h e  H i l l s i d e  a r e a  l o o k i n g  e a s t .  As d e v e l o p m e n t  e n c r o a c h e s  on t h e  f o o t h i  l  I s  o f  t h e  

Chueach M o u n t a i n s ,  w a t e r  s u p p l y ,  d r a i n a g e ,  and w a s t e  d i s p o s a l  may become c r i t i c a l  p rob lems .  

ABSTRACT 

Rapid residential growth of the Hillside area, Anchorage, Alaska, 
may cause depletion of aquifers and a change in quality of water 
resources as a result of extensive development of small-lot tracts. 
Ground-water yields are low and may be locally inadequate for 
single family requirements where wells produce from bedrock in 
the eastern Hillside region. At lower altitudes single family water 
requirements of 3 to 10  gallons per minute or 0.2 to 0.6 litre per 
second usually can be obtained, but aquifers capable of being 
pumped at larger yields for public supplies are uncommon. 
However, in a few localities, wells do produce 40 to 300 gallons 
per minute or 2.5 to 19 litres per second from sand and gravel 
aquifers lying within thick sequences of glacial till. Streamflow 
within the Hillside area is inadequate as a significant source of 
water for public supply. Springs, swamps, and water-logged 

surficial sediments in the Hillside area are mainly caused by hilly 
terrain and low permeability of surficial materials. 

The relative vulnerability of streams, lakes, and ground water to 
pollution caused by the discharge of liquid waste, particularly 
from onsite sewage-disposal systems, is moderate to  high in 
about half the study area. At  higher altitudes contamination of 
bedrock aquifers may occur if discharge of liquid wastes is not 
regulated. The deep sedimentary aquifers a t  lower altitudes are 
less susceptible to  contamination. However, shallow ground- 
water bodies may become polluted by discharge of sewage 
effluent and, consequently, some deep wells may be contamina- 
ted by seepage down the outside of casings or through leaky 
casing joints and underground seals. 



F i g u r e  I . - -  L o c a t i o n  o f  t h e  s t u d y  a r e a .  
P h o t o g r a p h  c o u r t e s y  o f  N o r t h  P a c i f i c  A e r i a l  S u r v e y s  I n c .  

INTRODUCTION 

This report describes the hydrology of an area locally known as 
the Hillside area, a rapidly growing suburban community about 8 
mi (13 km) southeast of the city of Anchorage (fig. 1). The 
general Hillside area consists of westward-sloping land that is 
bordered by Turnagain Arm on the south and west and by the 
Chugach Mountains on the east (fig. 2). The area is currently being 
subdivided into residential lots. According to  the Greater 
Anchorage Area Borough, the population of the Hillside area may 
reach 15,000 people by 1985, or approximately three times its 
current population (Paul Carr, oral commun., 1973). A perspective 
on the impact of the current rate of development in the area can 
be gained from aerial photographs (fig. 3) which show the 
intensity of subdivision growth from 1965 to 1974. 

The Greater Anchorage Area Borough, faced with long-range water 
and 1 and-m anagement decisions, requested that the U.S. 
Geological Survey study the water situation of the Hillside area as 
part of an ongoing cooperative program. The study began in 1971 
with the following objectives: 

1. To determine the water-supply potential within the 
Hillside area. 

2. To define existing or potential drainage problems 
related to land development. 

3. To determine the susceptibility of the water 
resources to pollution by liquid-waste disposal. 

The study consisted largely of a literature search, compilation, and 
interpretation of existing data. The study was concentrated within 
the 14  mi2 (36.3 km2) shown in figures 1 and 2. This report 
presents an interpretation of the current information on water 
resources. 

F i g u r e  2.- -  B l o c k  d i a g r a m  o f  t h e  H i  l l s i d e  a r e a  s h o w i n g  p h y s i c a l  s e t t i n g ,  v i e w e d  l o o k i n g  s o u t h e a s t  f r o m  Spenard.  
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F i g u r e  3.-- Subu rban  d e v e l o p m e n t  i n  a  n o r t h e r n  s e c t o r  o f  t h e  H i l l s i d e  a r e a .  
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THE RELATION OF WATER 
TO THE GEOLOGIC SETTING 

I The availability of ground water and the distribution of streams, 
lakes, and swamps are largely the result of glacial processes. The 

I bedrock and unconsolidated sediments of the Anchorage plain and 
I foothills to the east were covered by several glacial advances 

during the Pleistocene Epoch, from 10,000 to about 2 million 
years ago. The early Pleistocene glacial ice masses repeatedly 
buried the Hillside area to an altitude of at least 3,300 ft (1,000 
m) above the present sea level. During the last major glacial 
advance (Wisconsin), about 20,000 years ago, ice flowed 
southward through the Upper Cook Inlet basin and covered the 

I Anchorage plain and foothills to an altitude of about 800 ft (240 

I m). This southward-flowing ice mass was joined by a glacier 
flowing west through Turnagain Arm. The two ice masses 
coalesced in the vicinity of what is now Huffman Road. During 
this advance, bedrock and older unconsolidated marine and glacial 
sediments were scoured by the erosive force of moving ice and 
redeposited. Sediments that were not eroded were tightly 
compacted by the tremendous weight of the ice mass. 

During and following the retreat of the Wisconsin ice mass, 
melt-water streams moved great quantities of detrital material. In 
part, the modern topography and surface drainage of the Hillside 
area are a direct result of flow in melt-water runoff channels that 
bordered glacial lobes or issued from glacier termini as the ice mass 
retreated. The  streams flowing through the area today occupy 
some of these relatively young alluvial channels. 

The thick and extensivemorainal deposits (see fig. 5 and table 1)  
apparently resisted erosion by melt-water runoff. Few drainage 
channels cross the moraines, and swamps and ponds are scattered 
among the hummocks and low hills of the morainal areas. 

Subsurface deposits composed of stream-laid sand and gravel are 
of great hydrologic significance to the area. They yield most of the 
ground water pumped by wells. These deposits lie within and 
between till layers. 

Older basement rocks, or bedrock, underlie the unconsolidated 
deposits or are exposed locally in the easternmost part of the 
Hillside area. The bedrock consists of conglomerate, limestone, 
silty sandstone, argillite, and volcanic rocks. Generally, these rocks 
are metamorphosed and are hard and dense except where 
extensively fractured or weathered at their contact with overlying 
sediments or at the land surface. 

Materials deposited during the Wisconsin Glaciation make up most 
of the surficial sediments in the Hillside area. The composition and 
distribution of the glacier-related deposits vary greatly with depth 
and lateral distance (figs. 4, 5, and 6). Most of the unconsolidated 
glacial sediments contain poorly sorted rock particles ranging in 
size from clay to boulders and have low permeability. These 
deposits are commonly called till. 

F i g u r e  4 . - -  T y p i c a l  d e p o s i t i o n a l  e n v i r o n m e n t  a t  t e r m i n u s  o f  l a r g e  a l p i n e  g l a c i e r .  

Rock f r a g m e n t s  d e p o s i t e d  d i r e c t l y  f r o m  m e l t i n g  i c e  a r e  a n g u l a r  and have  a  
w i d e  r a n g e  i n  f r a e m e n t  s i z e .  However,  i n  o u t w a s h  s t r e a m s  s i l t  and c l a y  
p a r t i c l e s  a r e  washed f r o m  t h e  m i x e d  m a t e r ~ a l s  and t h e  a n g u i a r  f r a g m e n t s  

1 a r e  rounded  t o  f o r m  g r a v e l .  T y p i c a l l y ,  i n  t h e  s u b s u r f a c e  t h e s e  s t r e a m -  
l a i d  d e p o s i t s  f o r m  l o n g  n a r r o w  beds  o f  p e r m e a b l e  sand  and g r a v e l ,  w h i c h  
y i e l d  w a t e r  t o  w e l l s .  



E X P L A N A T  l O N  
GEOLOO l C  UN l TS 

s e e  t a b l e  I f o r  n y a r o g e o l o g i c  c h a r a c t a r l s t i c s  Bedrock  - C o n t a c t  ( o f t e n  v e r y  g r a d u a l  change 
i n  t h e  f i e l d )  

1 A l l u v i u m  W a t e r - l a i d .  g l a c i a l  I y  d e r i v e d  d e p o s i t s  

I!-?' L i n e s  o f  s e c t i o n  ( F i g .  6 )  
S l o p e  d e p o s i t s  M o r a i n a l  d e p o s i t s  

M o r a i n a l  d e p o s i t s  m o d i f i e d  by 
Geo logy  f r o m  ' G e n e r a l i z e d  g e o l ? g i c  map o f  

Lake end pond d e p o s i t s  m a r i n e  i n u n d a t i o n  Anchorage  end v i c i n i t y ,  A l a s k a  by S c h m o l l  and D o b r o v o l n y ,  1972 (Map 1 787 A) 
L 

Figure 5.-- Generalized s u r f i c i a l  geology o f  the H i l l s i d e  area.  

4 



T a b l e  I . - -  G e n e r a l i z e d  hydrogeo log ic  c h a r a c t e r i s t i c s  o f  s u r f i c i a l  depos i ts .  
(See f i g u r e  5 f o r  map o f  s u r f i c i a l  depos i ts ) .  

> 

Geologic u n i t  Geologic m a t e r i a l  Topoaraphic expres- D i s t r i b u t i o n  S u r f i c i a l  drainage, Water content Water-y ie ld ing 
c a p a b i l i t y  t?yd~l@gf c efier@W- s ion  i n f i l t r a t i o n  and Istics r%ta&i 

p e n e a b i  li t y  l f g ~ S d  waste dF$pi~~al 

7 

P r i m a r i l y  water- Modern and abandoned Widespread through- Low r u n o f f ,  r a p i d  Commonly sa tura ted  F a i r  t o  good. Shal- General ly has adequ- 
washed sand and stream channels, ou t  the  area; ex- i n f i l t r a t i o n  and 10 t o  20 f e e t  be- low w e l l s  may y i e l d  a t e  p e r c o l a t i o n  cap- 
gravel ,  commonly w i t h  l l t t l e  r e l i e f .  tens ive  deposi ts i n  r e l a t i v e l y  h igh  low t h e  surface, par- 13-50 gal /min where a c i t y .  However, 
w e l l  bedded and A l l u v i a l  fans and permeab i l i t y  except t i c u l a r l y  along saturated thickness p e r c o l a t i o n  r a t e  i n  L i t t l e  Campbell 
sor ted  bu t  may be kame te r races  above Creek v a l l e y  below where s i l t  i s  abun- stream channels. of u n i t  exceeds 10 some permeable depo- 
s i l t y  o r  clayey. 1,100 f e e t  a l t i t u d e  900 f e e t  a l t i t u d e  dant. Rapid move- Discont inuous perched feet. s i t s  may be too  r a p i d  
Deposited by anc ien t  w i t h  steeper smooth and i n  Rabbi t  Creek ment o f  water i n t o  water bodies may t o  a l low adequate 

Al luvium and modern streams. slopes. and upper L i t t l e  and throuqh t h i s  e x i s t  a t  shal lower a t tenuat ion  o f  con- 
Includes g l a c i a l  Rabbi t  Creek va l leys .  u n i t  recharges depths. taminants i n  distances 
a l luv ium such as shal low and perhaps l e s s  than 300 fee t .  
kames and kame 
terraces. 

deep aqu i fe rs .  

Intermixed depos i ts  Rather smooth Where l o o s e l y  com- T y p i c a l l y  unsaturated Poor. Usua l ly  w i l l  Common on steep Perco la t ion  r a t e s  are  
o f  f r e s h  and weather- slopes o f  t a l u s  fans h i l l s i d e s  above pacted, l i t t l e  run- except f o r  s h o r t  per- no t  y i e l d  a s i g n i -  r a p i d  and contamin- 
ed bedrock fragments and cones near bed- 1,000 f e e t  a l t i t u d e  o f f ,  r a p i d  i n f i l -  iods  a f t e r  heavy f i c a n t  supply o f  ants may n o t  be adequ- 
and reworked g l a c i a l  rock exposures. and along steeper t r a t i o n  and h igh  ra ins .  water due t o  spora- a t e l y  at tenuated 
d r i f t  which contains Somewhat g e n t l e r  v a l l e y  wal ls.  Thin p e n e a b i l i  t y ;  a l low- d i c  s a t u r a t i o n  and be fore  l i q u i d  reaches 
clean and we l l -sor ted  slopes toward down- deposi ts downslope i n g  r a p i d  v e r t i c a l  th inness of u n i t .  f r a c t u r e d  bedrock o r  
o r  d i r t y  sand and h i l l  boundary. from bedrock outcrops f l o w  through mate- shal low water i n  

Slope deposi ts gravel .  Steep v a l l e y  slopes common. r i a l s .  A t  h igh  under ly inq  mater ia l .  
a long major streams. a l t i t u d e s ,  important 

t o  recharge o f  lower- 
a l t i t u d e  aqu i fe rs .  

Thin t o  t h i c k  deposi ts Smooth g e n t l e  slopes P r i m a r i l y  deposi ted General ly h igh  run- May be saturated a t  Poor. However, ex- Perco la t ion  r a t e s  
o f  s i l t  and c l a y  w i t h  of former l a k e  bottom where land surface off. L i t t l e  i n f i l -  o r  near the  surface cavat ions u s u a l l y  very  low. Where u n i t  
some interbedded f i n e  surfaces. L o c a l l y  exceeds 800 f e e t  t r a t i o n  and very  slow b u t  probably unsat- fill w i t h  water due i s  n o t  penetrated, 
sand and l o c a l l y  d issec ted  by modern a l t i t u d e  and f l a n k i n g  movement of water i n  u ra ted  a t  g r e a t e r  t o  a slow constant l i q u i d  wastes w i l l  
t h i n  gravel  beds. streams. stream v a l l e y s  o r  a t  m a t e r i a l  due t o  low depths. seepage o f  water eventua l l y  pond a t  
Formed where mountain t h e  heads o f  minor p e m e a b i l i t i e s .  near t h e  surface. t h e  surface. 
streams were dammed drainaqes. Springs may occur 

Lake and pond by q l a c i a l  i c e  o r  along u p h i l l  con- 
deposi ts l a t e r a l  moraines. t a c t  w i t h  a l luv ium 

and slope deposits. 

P r i m a r i l y  interbedded Broad, smooth t o  R e s t r i c t e d  t o  western Commonly runoff i s  Most ly  unsaturated, General ly poor. U n i t  General ly f a i r .  Per- 
f i n e  sand and c l a y  s l i g h t y  hummocky p a r t  o f  map area be- moderate, i n f i l t r a -  except genera l l y  i s  e i t h e r  too  t h i n  c o l a t i o n  character-  
w i t h  some gravel  and p l a i n  w i t h  n e a r l y  low 800 feet a l t i t u d e .  t i o n  low t o  moderate, saturated along o r  i s  no t  saturated. i s t i c s  no t  adequate 
cobbles. Commonly constant slope; l i t t l e  Wides~read i n  L i t t l e  and permeab i l i t y  drainages. where h igh  s i l t  o r  
g radat iona l  t o  o ther  r e l i e f  and poor ly  Campbell Creek basin. var ies  from very  low, c l a y  content i s  
deposits. developed drainaqe. t o  moderate; l o c a l l y ,  present. 

h igher water absorp- 
Water- la id t i o n  and conduction 

g l a c i a l l y  de- 
r i v e d  deposi ts 

r a t e s  e x i s t  i n  
sandy mater ia l .  

Well -mixed depos i ts  Elongated slopes Most ly  w i t h i n  l a t -  I n f i l t r a t i o n  r a t e s  Comnonly saturated Good t o  poor. Ordin- P e r c o l a t i o n  r a t e s  
o f  fragmented rock o r  c res ted  h i l l s  o r  era1 moraine b e l t  and permeab i l i t y  a r i l y  does n o t  y i e l d  adequate except where a t  considerable 
t h a t  con ta in  lenses r idges  w i t h  genera l l y  t h a t  descends i n  a r e  cornonly moderate; depth i n  depos i ts  s i g n i f i c a n t  quant- hardpan perches per- 
o f  poor ly  sorted smooth topography; a l t i t u d e  from 900 - however l o c a l l y  steep t h i c k e r  than 50 fee t .  i t i e s  o f  water t o  c o l a t i n g  l i q u i d s  a t  
sand and gravel ;  some l o c a l  rounded 1,300 feet i n  the  landslopes cause most Perched water may w e l l s  o r  excavation. shal low depths. 
d i r e c t l y  deposi ted mounds. n o r t h  t o  700 - 1,000 water t o  run  off. e x i s t  a t  shal low However, sa tura ted  
by ice.  f e e t  i n  t h e  south, Where compacted o r  depth dur ing  wet sand and grave l  l e n -  

Morainal  p a r a l l e l  t o  the moun- contains much c lay ,  seasons. ses, where present,  
deposi ts t a i n  f r o n t .  Remnants water does n o t  i n f i l -  commonly y i e l d  5 t o  

o f  o l d e r  moraines t r a t e  and ponds i n  20 gal/min. 
sca t te red  a t  h igher  depressions. 
a l t i t u d e s .  

Mix tu re  o f  s i l t ,  P a r a l l e l ,  narrow- General ly below 700 General ly,  low runoff, Most ly  unsaturated General ly poor. U n i t  Perco la t ion  r a t e s  
sand, gravel ,  cob- crested, northwest- fee t  and moderate i n f i l t r a t i o n  except where s i l t  i s  e i t h e r  t o 0  t h i n  f a i r  except poor i n  
b les  and boulders t rend ing  r i d g e s  r e s t r i c t e d  t o  south- r a t e s ,  and moderate beds a t  shal low o r  i s  n o t  saturated. l o c a l i t i e s  o f  h iqh  
of g l a c i a l  o r i g i n  w i t h  low r e l i e f .  west p a r t  o f  map p e m e a b i l i t y  e x i s t  depths have caused sediment compaction 
and reworked by area. near t h e  surface, bogs t o  develoo i n  and/or h igh  s i l t  
marine waters. Com- except l o c a l l y  where depressions. content.  
monly contains o r  h igh  s i l t  content o r  

Morainal depo- i s  a v e r l a i n  by beds g r e a t e r  compaction 
S i t s  modified of s i l t ,  sand and has reduced i n f i  l t r a -  
by marine i n -  gravel .  
undat ion 

t i o n  o f  water. 

Weakly metamorphosed Steep-sided r idges  Exposed only on Runoff h igh  if bed- Fresh, un f rac tured  General ly poor. C h a r a c t e r i s t i c s  poor 
s i l t s t o n e ,  graywacke, and knobs. steepest slopes and rock i s  exoosed. I n -  o r  non-weathered Y ie lds  of 1-5 gal/min f o r  d isposal  o f  l i q u i d  
arkose, conglomeratic 

I 
some r i d g e  c res ts  f i l t r a t i o n  and per-  bedrock does no t  obtained from spora- wastes. Contaminants 

sandstone and cher ty  above 1,000 f e e t  m e a b i l i t y  u s u a l l y  con ta in  s i g n i f i c a n t  d i c  f r a c t u r e s  o r  may r e a d i l y  t r a v e l  f o r  
greenstone, associat-  a l t i t u d e .  I n  places very low except where q u a n t i t i e s  o f  water from the  weathered grea t  distances 
ed w i t h  a r g i l l i t e .  t h i n l y  mantled by rock i s  g r e a t l y  de- due t o  low p o r o s i t y  bedrock, if present. through bedrock f r a c -  
Near Rabbi t  Creek, co l luv ium o r  morainal composed o r  exten- and permeabi l i ty .  Rare f r a c t u r e  zones tu res  t o  reach w e l l s  

Bedrock l imestone, marble, deposi ts.  s i v e l y  f rac tu red .  may y i e l d  10 gal /min which may i n t e r s e c t  
greenstone and c h e r t y  L imi ted  q u a n t i t i e s  o r  more. these f r a c t u r e s  down- 
a r g i l l i t e  (Clark,  o f  ground water are 
1973). 

gradient.  
commonly found a t  
bedrock-sediment i n -  
te r face .  

1 . 
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WATER AVAI LAB1 LITY 

THERE IS WIDESPREAD CONCERN THAT ADEQUATE WATER SUPPLIES MAY NOT BE 
AVAILABLE IN THE HILLSIDE AREA. FOR PURPOSES OF THIS REPORT, THE AREA HAS 
BEEN DIVIDED INTO TWO GROUND-WATER AVAILABILITY ZONES. 

THE UNCONSOLIDATED SAND AND GRAVEL AQUIFERS UNDERLYING THE AREA WEST 
OF HILLSIDE DRIVE PROBABLY CAN SUPPLY THE WATER NEEDS OF A RESIDENTIAL 
COMMUNITY OF 20,000 TO 40,000 PEOPLE, ASSUMING A PER CAPITA USE RATE OF 100 
GALLONS (378 LITRES) PER DAY. 

IN CONTRAST. BEDROCK AQUIFERS WHICH UNDERLIE THE UPPER HILLSIDE AREA, 
GENERALLY EAST OF HILLSIDE DRIVE, ARE MUCH LESS PRODUCTIVE. TYPICAL 
YIELDS ARE LESS THAN 3 GALIMIN (0.2 LIS). AND IN SOME LOCATIONS A RESIDENTIAL 
WATER SUPPLY MAY NOT BE AVAILABLE. 

RABBIT AND LITTLE RABBIT CREEKS ARE NOT PRACTICAL SOURCES FOR PUBLIC 
WATER SUPPLY BECAUSE OF THEIR LOW DISCHARGE IN WINTER MONTHS AND 
PROBABLE LACK OF SURFACESTORAGE SITES. 

Sources of Ground Water 

Ground water in the Hillside area is obtained from many 
individual residential wells and from several public-supply wells. 
Wells general ly  p r o d u c e  wa t e r  f r o m  either permeable 
unconsolidated sedimentary lenses of sand and gravel or fractured 
and weathered bedrock. The occurrence and abundance of ground 
water in the Hillside area is highly variable because favorable 
geologic conditions are irregularly distributed. Dry holes drilled 
200-400 ft (61-122 m) into sediments or bedrock have been 
reported. In general, however, adequate water-yielding sediments 
are found at depths of less than 300 f t  (91 m) in the area west of 
Hillside Drive and in places where the land-surface altitude is less 
than about 800 f t  (244 m). At higher altitudes, wells commonly 
withdraw marginal supplies of water almost exclusively from 
bedrock at depths ranging from 50 to 400 ft (15 to  122 m). 

Unconsolidated Sediments 

The primary subsurface water-producing zones, termed aquifers, 
are lenses of sand and gravel within and between less permeable till 
layers. These aquifers are generally 1 to  5 ft (0.3 to  1.5 m) thick 
and are rarely more than 10 ft ( 3  m) thick. Such deposits are often 
called stringers because they are thin and lack continuity as a 
result of deposition in small, braided, glacial stream channels. 
Their lateral extent is commonly only several hundred feet. As a 
result, correlation of individual aquifers from drillers' logs of wells 
(appendix A-1, A-2), even on adjacent lots, is often impossible. 
Aquifers are not abundant and make up only a small percentage of 
the total sediment thickness. 

In most of the Hillside area, till does not yield appreciable water 
to wells due to its generally low permeability. However, a few 
wells are finished in loosely compacted, sandy or gravelly till and 
will produce 5 gallmin (0.3 11s) or more, an adequate supply of 
water for single-family use. 

Compact and commonly "dry" layers within till that are very 
resistant to drilling are locally called hardpan. These strata are the 
chief confining layers in the artesian ground-water system 
underlying the Hillside area. Generally ground water more than 50 
f t  (15 m) below the land surface is confined by hardpan. 
Consequently, water in most aquifers is under pressure and water 
levels in the wells tapping these aquifers will rise above the top of 
the water-bearing strata. However, in a few localities, ground water 
occurs above shallow "tight" till and water table (unconfined) 
conditions exist. 

An indication of the thickness of glacial deposits and the 
distribution with depth of known aquifers are shown on four 
hydrogeologic sections (fig. 6 )  and on the sediment-thickness map 
(fig. 7). Sections A-A', B-B', and C-C' are perpendicular to  the 
mountain front, whereas section D-D' parallels the mountain front 
at an approximate surface altitude of 700 ft (213 m). In many 
places, the lower limits of aquifers shown on the sections were not 
defined because most wells were drilled just deep enough to obtain 
a supply and do  not fully penetrate the permeable zone. 
Water-bearing lenses that are very thin or produce silty water are 
not shown. Future drilling may discover significant aquifers 
between or below the aquifers shown. 

In section A-A', parallel to  O'Malley Road, unconsolidated 
sediments rapidly thicken to  more than 200 f t  (61 m) west of 
Lake Hideaway and to about 400 ft (122 m) in the western part of 
the map area. Seismic and drilling records indicate that at least 
700 ft (213 m) of unconsolidated sediments overlie bedrock along 
the shore of Turnagain A m ,  about 3 mi (4.8 km) farther west. 
The thickness of unconsolidated sediments along section B-B', 
approximately parallel to Huffman Road, follows the same general 
trend as section A-A' and increases rapidly near Birch Road. 



I E X P L A N A T I O N  I 
U n i t  Th ickness i n  Feet (met res)  U n i t  Th ickness i n  Feet (m8t res)  

C Bedrock a t  s u r f a c e  A A '  
L i n e  o f  s e c t i o n  ( f i g .  6)  

I n f e r r e d  subsur face l o c a t i o n  of 
K n i k  F a u l t  zone ( C l a r k .  1873). 

Less than 5 0  (15) 

200-250 (61-76) 

More than 250 (76) 

Symbol i n d i c a t e s  gene ra l  
o r i e n t a t i o n  of s t r i k e  and 
d i p  o f  major bedrock  
f r a c t u r e s .  

L 1 

F igu re  7.-- Thickness o f  unconso l i da ted  sediments o v e r l y i n g  bedrock. 



However, the thickness of saturated sediments is,about 100 ft (30 
m) less along this section than in the O'Malley Road section. 
Sections C-C' and D-D' indicate that a buried bedrock ridge 
extends westward from the Chugach Mountain front to the 
vicinity of Bainbridge Road (figs. 6 and 7). Sediments overlying 
the ridge are thin. These two sections also indicate a thinning of 
water-saturated sediments in the Rabbit and Little Rabbit Creek 
basins in the southern Hillside area. Here, several perched water 
zones have been found above the main ground-water body, but 
their yields were inadequate for well development. 

The probable range of drilling depth required to reach aquifers in 
the map area can be estimated from figure 8. This map shows 
depths to the shallowest water-yielding stratum that generally will 
p roduce  an adequate  water  supply  f o r  domestic use 
(approximately 5 gallrnin, or 0.3 11s). 

Aquifers commonly are more than 200 ft (61 m) below land 
surface along the north side of Rabbit Creek. These aquifers 
probably were deposited in the pre-Wisconsin stream channel of 
Rabbit Creek and are oriented in an east-west direction. Water 
levels in wells tapping these strata are relatively deep, and pumping 
lifts are nearly 200 ft (61 m). 

Water levels in wells finished in confined aquifers indicate a 
gradual loss of hydraulic head toward Turnagain Arm (see fig. 6, 
sec. A-A', B-B: and C-C'). Most strata are hydraulically connected 
and any well pumped at a high rate will cause water-level decline 
in nearby wells. In several areas where shallow unconfined ground 
water is perched above the deeper confined water, the hydraulic 
connection between water table and deeper aquifers probably is 
severely restricted. 

Figure 9 is a generalized map of the depth below land surface to 
which water rises in wells tapping aquifers generally lying 100-250 
ft (31-76 m) deep. The height of the water column in a proposed 
well can be estimated by subtracting the most probable depth to 
the water level (interpolated at the well site using figure 9) from 
the anticipated depth to the aquifer (fig. 8). The minimum height 
of pump lift at a well site can also be determined directly from 
figure 9. 

Pumping data from well-construction records are shown in 
appendix A-3. The data consists of the pumping rate, water-level 
drawdown, and duration of pumping during well development at 
various sites. Generally, yields from open-end, 6-in (25 mm) 
diameter wells are less than 1 0  gallmin (0.6 11s) in the Hillside 
area. However, yields of nearly 300 gallmin (19 11s) have been 
obtained from a few large-diameter wells that are finished with 
screens. Some domestic-supply wells that are 300 ft (91 m) or 
more deep produce as little as 1 gallmin (0.06 11s). 

The probable maximum yield of wells listed in appendix A-1, or 
other Hillside wells similarly constructed, may be estimated by 
multiplying the ratio of the recorded yield for a given well to the 
corresponding drawdown by the total permissible drawdown in 
that well. For example, if a well was pumped at 1 0  gallmin (0.6 
11s) and drawdown at that pumping rate stabilized at 20 ft (6 m) 
below the non-pumping water level and if the maximum allowable 
drawdown is 80 ft (24 m), then it is probable that 40 gallmin (2.5 
11s) can be pumped for at least short periods of time. 

Bedrock 

Two bedrock units having very low permeability underlie the 
unconsolidated sediments of the Hillside area (Clark, 1973). An 
inferred northeastward-trending fault, named the Knik fault, 
separates the McHugh Complex that consists of metamorphosed 
coarse clastic and submarine volcanic rocks of Jurassic and (or) 

Cretaceous age o n  t h e  east  f rom older, more highly 
metamorphosed rocks of Permian to Jurassic age on the west. 

The yield of bedrock wells is commonly low and often insufficient 
for a residential supply. Ground water generally is obtained from 
weathered or fractured zones where they are present in the 
metamorphosed bedrock. However, many water-bearing fractures 
do not supply enough water, and some wells have to tap multiple 
fractures a t  various depths. Table 2 indicates that about 70 
percent of bedrock wells checked in the Hillside area east of 
Hillside Drive produce less than 5 gal/min (0.3 l/s). About 40 
percent of the wells produce less than 3 gal/min (0.2 l/s). 

Knowledge of the location and the general orientation of fractures 
in bedrock can help in the selection of well sites in the eastern 
Hillside area. In  t h i s  area t h e  t rend  of fractures is 
northeast-southwest (Clark, 1973). The dip, or inclination, of the 
fracture planes is mostly 50 to 70 degrees from the horizontal 
plane and inclined to the northwest. Consequently, the probability 
of success for a new well will be highest if it is located either to 
the northeast or southwest of a nearby bedrock well successfully 
completed in fractured bedrock. 

T a b l e  2. - -  Y i e l d s  f r o m  b e d r o c k  w e l l s .  

A zone of weathered bedrock is generally present at the contact 
between bedrock and overlying sediments, except in the 
easternmost (high altitude) area. It  commonly is thinner than 5 ft 
(1.5 m) but may be as thick as 25 ft (7.6 m). Wells generally 
produce more than 3 gallmin (0.2 11s) from weathered bedrock 
that is more than 5 ft (1.5 m) thick, but they produce less from 
th inner  zones. T h e  ex ten t ,  thickness,  and hydrologic 
characteristics of the weathered zone are poorly defined at present 
because most wells have been completed in the overlying 
sediments. 

Y i e l d ,  i n  gpm 

1 o r  l e s s  

Between 1 and 5 

5 o r  more  

T o t a l  

In many places where the weathered bedrock zone does not yield 
sufficient water, wells are drilled deeper. Most of these wells 
intersect fractures at depths of less than 250 f t  (76 m) below the 
bedrock surface. These fractures generally yield 1 to 5 gallmin 
(0.06 to 0.3 lls), and the yield decreases with depth. However, one 
well (well 21, sec. 25) was drilled nearly 400 ft (122 m) into 
bedrock before adequate water from fractures was obtained. 

In summary, because bedrock yields are low, every effort should 
be made to locate and complete wells at sites where the 
unconsolidated sediments are thickest. The probability of finding 
aquifers increases as the thickness of sediment overlying bedrock 
increases. Figure 7 shows the generalized thickness of the 
unconsolidated sediments overlying bedrock. Bedrock is at or near 
the surface and the sedimentary layer is thin in much of the 
eastern half of the study area (map units 1-3). In the northwest 
quarter of the study area (unit 7), the depth to  bedrock increases 
to more than 250 f t  (76 m). 

Number o f  we1 I s  

11 

16 

- 1 2  

3 9 

P e r c e n t  o f  t o t a l  

2 8 

4 1 

- 3 1 

100 



PRE00Ml NANTLY UNCONSOLIDATED AQU l FERS E X P L A N A T I O N  PREDOMI NANTLY BEDROCK AQUIFERS 

U n i t .  Depth below land su r face  i n  f ee t (me t res1  

Less than  100(30) 

U n i t  Depth below land i n  f ee t (me t res )  

50-400(15-122) h i g h l y  v a r i a b l e  

GeneraI ly50-150(15-46) 

More than 100(30) 

Genera l l y  100-200(30-61) 

A l l  c o n t a c t s  between ad jacen t  u n i t s  a re  g r a d a t i o n a l .  
Con tac t s  a r e  dashed where p o o r l y  def ined.  

I I 
Figure 8.-- General i zed depth to shal lowest domest i c - s u p p l y  aqui fe rs .  
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. 
Depth t o  s ta t i c  water level in E X P L A N A T 1  O N  Stat ic  water levels are highly variable. 
feet (metres) below land surface Water levels in  wells less than 109 ft. 

(3Om) deep are 30 t o  80 ft. (9 t o  2Ym) 

I Wells w i l l  f low a t  IW-150 (30-46) 
below land surface. 

or above land surface 

4 Less than 50 (15) 0 1 50-200 (1166 1 ) 

50-100 (15-30) More than 200 (61 ) 

A A '  

Line of section ( f i g .  6) Note: This map does not indicate depths 
of we1 I s  or  depths t o  aquifers, but shows 
the approx inrate d i stance below 1 and sur- 
face t p  which water w i l l  r i se  in wells 
tapping aquifers 50 t o  200 ft.deep'(l5 t o  61m). 

I 

F i g u r e  9.-- Depth t o  s t a t i c  water  l e v e l  i n  w e l l s  o f  moderate depth. 



50-150 (1546) 
Shaded areas indicate that  Zone I I Sand and gravel lenses in  saturated 

250-300 (76-91) moder?te ields o f  YO t o  300 
g a l / f ~ n  (1.5 t o  I 9  11s) are 

material, are mostly f a i r  t o  good 

poss~ble. aquifers. Low yields common, rang- 
100-I50 (3046) 

More than 300 (91 ) ing from 5 t o  40 gal/min (0.3 t o  
2.5 11s). 

150-200 (46-61 ) 
Line of section If ig. 6) Estimated center o f  t rans i t ion be1 t 

A- A' separating Zone I and Zone I I aquifers. 

Figure l o . - -  Thickness o f  saturated sediments and generalized yield of wells. 



Outlook for Ground Water 

For planning purposes, zones of ground-water availability are 
delineated in figure 10. In zone I saturated sediments overlying 
bedrock are less than 50 ft (15 m) thick, aquifers are scarce, and 
well yields rarely exceed 1 0  gallmin (0.5 11s). hos t  wells draw 
water from the underlying bedrock where yields generally are less 
than 5 gallmin (0.3 11s). The present average daily pumpage from 
zone I is estimated at 0.1 Mgalld (0.004 m3/s). 

In zone I1 where more than 50 ft (15 m) of saturated sediments 
overlies bedrock most wells tap unconsolidated sedimentary 
aquifers. Although shown as a line in figure 10, the boundary 
separating zone I from zone I1 is gradational. Aquifers in zone I1 
generally yield 5 to 40 gallmin (0.3 to 2.5 11s) to domestic wells 
finished with open-end casings. In the three dotted areas shown in 
figure 10, well-yield data indicate a high probability that yields of 
70 to 300 gallmin (4.4 to 19  11s) may be obtained. Present 
production from unconsolidated sedimentary aquifers in zone I1 is 
estimated at 0.3 Mgalld (0.01 m 3/s). 

Total ground-water pumpage in the study area is about 0.4 Mgalld 
(0.014 m3/s) from both zones. Pumpage was estimated by 
assuming that the 4,000 residents in the area use 100 gallons 
(378 1) of water per day per person. 

The Natural Water Budget 

An approximation of the water budget in four Hillside basins (fig. 
11) can be used to obtain perspective on long-term availability of 

ground water. Assuming that a nearly constant volume of water 
enters the area annually through precipitation, streamflow, and 
ground-water inflow (fig. 12) and that ground-water storage 
remains constant year after year, the same quantity of water must 
leave the area on an annual basis as enters it. Under this long-term, 
steady condition ground-water recharge equals ground-water 
discharge, and the flow of water through the subsurface sediments 
maintains relatively constant ground-water levels. An equation 
representing the natural water budget in the area shown as 
underlain by sedimentary aquifers in figure 11 is: 

Precipitation + stream inflow + ground-water inflow = 

s t ream out f low + evaporation + transpiration + 
ground-water outflow + change in storage. 

The average daily flow of ground water (fig. 11) is estimated to  
be 10 to 16 Mgal/d (0.4 to  0.7 m3/s). Although the subsurface 
materials transmit a t  least 10 Mgal/d (0.4 m3/s) and contain a 
vast amount of water in storage, only a small percentage is 
recoverable through wells. Permeable deposits, or aquifers, 
occupy a very small part of the total volume of saturated 
materials and, therefore, wells can withdraw water only in a 
severely limited spatial arrangement. Water flows a t  exceeding- 
ly low rates from till deposits to aquifers because most tills have 
very low permeabilities. Consequently, recharge to  some 
aquifers may be insufficient to  maintain withdrawal rates from 
domestic wells for prolonged periods. 

F i g u r e  1 1 . - -  D r a i n a g e  b a s i n s  i n  t h e  H i l l s i d e  a r e a .  



F i g u r e  I ? . - -  Wate r  b u d g e t  o f  t h e  a r e a  u n d e r l a i n  by  s e d i m e n t a r y  a q u i f e r s .  

Estimation of Ground-Water Yield 

Assuming the rate of recharge remains constant, as shown in figure domestic wells within small tract developments may not be 
12, an estimated sustained yield of 2 to 4 Mgalld (0.08 to 0.17 desirable because the total quantity of recoverable water in 
mys) can be developed in zone 11 (fig. lo ) ,  enough to supply bedrock fractures can be so small that closely-spaced wells may 
20,000 to 40,000 residents. Pumpage at these rates may best be deplete the local supply. 
achieved through numerous, evenly distributed, low-yield wells so 
that water levels will not be excessively drawn down in any In areas where yields of bedrock wells are less than about 2 
locality. Present data suggest that sustained yields of more than gallmin (0.1 11s) some wells have been drilled 100 to  200 f t  (30 to 
0.1 Mgalld (70 gallmin or 4.4 11s) may be possible in three areas 6 1  m) deeper than the producing zone, resulting in additional 
shown in figure 10, or in about 1 0  percent of the total study area. water storage within the well bore. This water is recovered by 
Interference with existing individual residential wells can be setting the pump intake near the bottom of the well. As an 
minimized if sufficient spacing is used when locating public-supply alternative, surface tanks with water-holding capacities of several 
wells. hundred gallons can be used to compensate for marginal well 

yields. 
At this time, the potential areal yield from zone I cannot be 
determined. However, the probability of successfully completing a 
public-supply well is poor. In much of this area the clustering of 
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Sources of Surface Water 

Streams Springs 

The study area includes three major drainage basins, Little 
Campbell, Rabbit and Little Rabbit Creeks, and the headwaters of 
a fourth basin, Furrow Creek (fig. 11). Stream discharge from the 
major basins is small, but all streams flow year-round. A stream 
channel has not developed in upper Furrow Creek basin and recent 
runoff is not evident. 

The drainage in Little Campbell Creek basin is poorly developed 
west of Hillside Drive. A main channel heads in mountainous 
terrain at about 1,300 ft (396 m) altitude. At lower altitudes 
Little Campbell Creek flows in a narrow meandering channel 
through several swampy areas that lie between stream reaches with 
steeper gradients and straighter channels. Small intermittent 
tributaries flow from springs or drain wet land and join the main 
channel below Hillside Drive. Although no residents are known to 
use creek water for household use, some water is reportedly 
diverted for livestock. Streamflow less than 1 Mgalld (0.04 m3/s) 
during most of the year and often severe winter icing almost 
completely stops flow. The creek derives much of its flow from 
ground-water seepage. 

Rabbit and Little Rabbit Creeks in the southern Hillside area 
exhibit flow characteristics similar to Campbell and Ship Creeks 
near Anchorage. They head at higher altitudes in the bedrock 
terrain of the Chugach Mountains and, like Ship Creek (Barnwell 
and others, 1972), have no significant tributaries downstream 
from the mountain front. Rabbit Creek flows from a 150-acre (0.6- 
km2) lake that occupies a remnant glacial cirque about 5 mi (8 
km) southeast of the report area (fig. 11). 

The mean annual flow of Rabbit Creek near its mouth is estimated 
f rom water -budge t  s t ud i e s  and  miscellaneous discharge 
measurements to be about 11 Mgalld (0.5 m 3/s). Two sets of 
streamflow measurements made in April 1972 and 1973 during 

Small localized springs are common in the Hillside area (fig. 13). 
Most of these springs flow at less than 1 gallmin (0.06 11s) and do 
not have sufficient flow to  be considered sources of domestic 
water. In a few places, abnormally large springs have been 
developed for single-family use by digging shallow sumps which 
serve as storage reservoirs. The flow of some of these developed 
springs is reported to  have declined or stopped during prolonged 
cold periods. In general, springs are undependable water sources in 
the area, and many may become contaminated from animal or 
human wastes. 

F i g u r e  13.--  Water  f r o m  s p r i n p s  a l o n g  a  power  l i n e .  

low flow indicate no appreciable lo& or gain of water below an Ground w a t e r  s u r f a c e s  u p s l o p e  ( l e f t  s i d e )  and  seeps  
altitude of 900 f t  (272 m). This suggests thatground-water seepage i n t o  a  deep b u l l d o z e r  r u t .  A l t h o u g h  a  s h a l l o w  
is not a significant increment of streamflow under low flow sump may be c a p a b l e  o f  s u p p l y i n g  enough w a t e r  f o r  
conditions. A flow of 3 Mgalld (0.1 m 3/s) was measured in April a  h o u s e h o l d ,  t h e  s o u r c e  may f r e e z e  o r  become con -  
1 9 7 2  a t  t h e  Old Seward Highway before spring runoff. t a m i n a t e d .  
Simultaneous measurements made at three points along Rabbit 
Creek in September 1971 indicate a gain of about 1 Mgal/d from 
Hillside Drive to the Old Seward Highway. 

Water-budget studies and miscellaneous measurements indicate 
that the mean annual flow of Little Rabbit Creek near its mouth is 
approximately 4 Mgalld (0.2 m3./s). Field measurements made at 
low flow during April 1972 and 1973 and at medium flow in 
September 1971 indicate a small downstream gain. A low flow of 
0.75 Mgalld (0.03 m 3/s) was measured in early April 1972 at the 
Old Seward Highway. 

Water from both Rabbit and Little Rabbit Creeks has been used 
for household purposes by residents living near these streams. In 
recent years, however, drilled wells have become the predominant 
water source because ground water is a more convenient supply 
and is not as susceptible to  contamination. 

Based on discharge data, Rabbit Creek may have some potential as 
a water-supply source. Because of the low winter flow of Rabbit 
Creek, storage in a sizable surface reservoir would be required in 
order to  provide a significant firm yield. Although. dam sites have 
not been studied, the lake at the head of Rabbit Creek may be 
suitable as a storage reservoir. 



Lake o r  pond (p). Ponds may be dry a t  times 

1 - Stream wi th  perennial f low 

Drainage channel w i th  in termi t tent  flow. 
,A-- Usually some flow during spring runoff 

or  during heavy rains but may not  f low 
even once a year. 

Spring or local ized ground-water seep 

a Waterlogged land and land known t o  be 
underlain by shal low ground water w i th in  
25 ft. (7.5m) o f  surface. Boundaries are 
gradational and are on1 y approx imatel y 
located. Other high water tab le  areas 
than those shown may e x i s t  along some 
drainages and i n  depress ions. 

/ * /  Drainage d i v ide  between basins 
1 I 

F i g u r e  14.-- Land drainage. 



LAND DRAINAGE PROBLEMS 

LOCALIZED RUNOFF PROBLEMS OCCUR ANNUALLY DURING SPRING THAW, AND IN OTHER 
LOCALITIES DRAINAGE PROBLEMS MAY DEVELOP DURING HEAVY OR EXTENDED 
RAINSTORMS. 

MOST OF THE HILLSIDE AREA IS WELL ABOVE THE ALTITUDE OF THE MAJOR FLOOD 
PLAINS, BUT SMALLER DRAINAGE CHANNELS AND ROADSIDE DITCHES MAY NOT 
ACCOMMODATE HEAVY RUNOFF AND COULD OVERFLOW ROADWAYS AND YARDS. 

CONSTRUCTION OF ROADS AND HOMES ON POORLY DRAINED LAND IS CAUSING 
DRAINAGE PROBLEMS. WHERE SWAMPS AND LESS OBVIOUS WATERLOGGED CONDITIONS 
EXIST, SEEPAGE PROBLEMS AND STRUCTURAL DAMAGE CAUSED BY FROST HEAVING 
COMMONLY PLAGUE DEVELOPMENT. ROADS CONSTRUCTED ACROSS THESE AREAS 
OFTEN BECOME IMPASSABLE DURING THE SPRING THAW AND MAY BE COVERED 
BY SIZEABLE ICINGS DURING THE WINTER. 

Provision for drainage and storm runoff is becoming increasingly 
necessary as residential development and other construction 
projects proceed. In the past, homesteaders avoided localities with 
a high potential for drainage problems by building homes and 
roads on the ridges and knobs. Now, with the increasing demand 
for new homesites, development is beginning to  infringe on 
waterlogged land, areas of ground-water seepage or flowing 
springs, and flood plains. 

In this section of the report, two major drainage considerations, 
waterlogged lands and channeling of surface runoff, are discussed 
in relation to potential water problems faced by planners and 
large-tract developers. These potential problems are the result of 
pronounced variations in topography and surficial geology. 
Consequently, detailed hydrological studies may be needed to  
adequately define the extent and magnitude of surficial drainage 
characteristics at  specific sites. 

Perched ground water occurs in some muskeg-filled depressions 
and may have no connection with the deeper lying water table. 
Peaty material on the surface often appears dry, but it acts as a 
sponge and normally is saturated 1 or 2 ft (0.3 or 0.6 m) beneath 
the surface. Material below the peat, however, may not be 
saturated. If wet muskeg is removed and adequate surface drainage 
provided, these lands may be made suitable for development. 

Waterlogged Areas 15). 

Continuously flowing springs and areas of ground-water seepage 
occur throughout the area (fig. 14), particularly where moderate 
to steep landslopes flatten abruptly. Also seepages commonly 
develop along the uphill banks of roads cut into major slopes. 
Although not mapped, intermittent seeps are likely to form during 
wet periods where permeable surficial material (such as alluvium, 
see fig. 5) lies in contact with and upslope from clay deposits or 
impermeable fine-grained till. The flow of ground water from 
these drainage features generally is very low; however, roads built 
immediately downslope usually require frequent maintenance (fig. 

The principal waterlogged areas of the Hillside area are shown in 
figure 14. In these places the ground is generally saturated at or 
close to the surface. Other areas of waterlogged surficial material 
not defined on this map undoubtedly occur. Frequently, it is 
possible to  predetermine the location of these areas and the 
probable potential for drainage problems by noting the type of 
surficial material (see fig. 5 and table 1 )  and the slope of the land. 
Generally, shallow subsurface drainage will be good where 
permeable deposits occur on sloping land. Conversely, poor 
drainage can be expected in fine-grained deposits and on gently 
sloping land where a thin layer of permeable material is 
immediately underlain by tight material. 

Some low-lying areas contain ponded surface water during years of 
normal precipitation but become dry during drought periods. 
Field inspection, preferably during spring runoff, is invaluable in 
evaluating potential surficial drainage problems. Test borings to a 
depth of at least 1 5  ft (4.5 m) or to the water table may be needed 
to adequately delineate the depth to ground water. 

During winter months, the discharge from springs often freezes 
and forms sizeable icings. Roads that are constructed in seepage 
areas may become hazardous to traffic during the winter (fig. 16). 
Although the source of icings cannot be eliminated, the effect of 
icings can often be substantially reduced by consideration of local 
conditions in road design. 

Surf ace Runoff 

Mean annual streamflow through the Hillside area approximates 
18 Mgalld (0.8 m3/s). However,aboutl5Mgal/d (0.7 m 3/s) of this 
flow originates in the mountains east of the study area (fig. 12). 
Two major streams, Rabbit and Little Rabbit Creeks, conduct 
most of the mountain runoff through the area and into Turnagain 
Arm. These streams flow in straight valleys that slope steeply 
westward (fig. 14); their channels meander through narrow flood 
plains in the valley bottoms. Little Campbell Creek flows on 
glacial sediments in a poorly developed channel. Much of the  basin 
lacks an effective network of natural drainage channels, probably 



because most rainfall infiltrates the glacial sediments of the 
relatively young hummocky terrain. Many depressions contain 
swamps or bogs; however, water is commonly ponded during 
spring breakup or prolonged heavy rainfall in other depressions as 
well. 

High flows in the few tributary channels in the study area are rare 
and may not occur even during the annual peak runoff. However, 
the main streams of Rabbit, Little Rabbit, and Little Campbell 
Creeks are subject to flooding during infrequent intense rainstorms 
and heavy snowmelt runoff over frozen ground. 

In June 1964, severe flooding along Rabbit Creek caused damage 
to homes and to  the Old Seward Highway. The magnitude of the 
peak flow is unknown. The accumulation of debris played a major 
role in the flooding by plugging culverts and impounding water 
that then overflowed streambanks (U.S. Army Corps of Engineers, 
1973). The 1964 flood was reported to be caused by a breakout of 
water backed up by a snowslide in the drainage basin east of the 
study area. 

The peak flow of a 100-year flood on Rabbit Creek has been 
estimated by the Corps of Engineers at 550 ft 31s (15.6 m 3/s or 
355 Mgalld). A flood of this magnitude, called the Intermediate 
Regional Flood (IRF), has a 1 percent chance of occurring during 
any given year. 

F i g u r e  15.-- G round -wa te r  seepage c r o s s i n g  r o a d  i n  u p p e t  
O'Mal l e y  a r e a .  

T h i s  r o a d  was b u i l t  a l o n g  a  t e r r a c e  and fo rmed  a  b a r r i e r  
c a u s i n g  s h a l l o w  g r o u n d  w a t e r  t o  s u r f a c e .  Wa te r  h a s  
ponded on t h e  u p h i  l i s i d e  and f l o w e d  o v e r  t h e  road .  
I c i n g  p r o h l e m s  a t  t h i s  s i t e  a r e  p r o h a b l e  d u r i n g  t h e  
w i n t e r  months .  

F i g u r e  16.-- Summer d r a i n a g e  and  w i n t e r  i c i n g  a t  P a t r i c k  Road and u p p e r  DeArmoun Road. 

Y e a r - r o u n d  g r o u n d - w a t e r  seepage f r o m  a  n e a r b y  s l o p e  h a s  caused  a  b u i  l d u p  o f  i c e  
i n  t h e  r o a d s i d e  d i t c h  d u r i n g  w i n t e r  months .  T h i s  i c i n g  i n  December 1971 c r e a t e d  
i m p a s s a b l e  r o a d  c o n d i  t i ~ n s  f o r  s e v e r a l  weeks. E x c e s s  w a t e r  f l o w e d  o v e r  t h e  
i c i n g ,  i n f i  l t r a t e d  t h e  snow c o v e r ,  and t h e n  seeped o v e r  t h e  f r o z e n  g r o u n d  i n t o  
n e a r b y  y a r d s .  



channels occurs. Commonly, as runoff becomes more rapid, the 
frequency of high flows increases. Storm discharges in channels 
will become flashy, banks will erode more rapidly, and streams 
will carry greater silt loads, causing the natural quality of these 
drainages to deteriorate. 

Severe erosion of streambanks and roads during future floods on 
Rabbit and on Little Rabbit Creeks may result in additional risks 
to homes and private utilities (figs. 18 and 19). Many of these 
potential erosion problems could be minimized if erosion-control 
measures  such  a s  the  use of vegetation, installation of 
storm-drainage systems, use of bank stabilization techniques, and 
provision for green belts along the major floodways were 
implemented. In addition, the construction of debris-collection 
basins along the major streams may prevent culverts and bridges 
from becoming plugged and reduce backwater flooding during 
heavy rains. 

F i g u r e  17. - -  1 9 6 4  f l o o d  on R a b b i t  Creek.  
The s t r e a m  o v e r f l o w e d  i t s  banks  and c a u s e d  u p r o o t i n g  o f  
t r e e s  a l o n g  t h e  f l o o d  p l a i n .  I n  t h i s  v i c i n i t y  a  wooden 
b r i d g e  was washed away. More s e v e r e  f l o o d s  t h a n  t h i s  
a r e  e x p e c t e d  t o  o c c u r .  

P h o t o g r a p h  c o u r t e s y  o f  R u t h  B r e w s t e r  

F i g u r e  l a . - -  St reambed  and bank  e r o s i o n  d u r i n g  1 9 6 4  f l o o d .  

Flood conditions have not occurred in recent years, and some 
residents have built on or very near the flood plain. The valley 
bottom of Rabbit Creek that would be inundated by the IRF has 
been mapped as a belt along the main channel mostly less than 50 
ft (15 m) wide (U.S. Army Corps of Engineers, 1973). The flood 
plain for the IRF could be wider than that mapped because of the 
likelihood of some backing-up of water by debris lodging in the 
channel (fig. 17). The magnitude of backwater effects cannot be 
determined beforehand. 

At times during the winter, stream channels in the Anchorage area 
become extensively iced. In recent years, unseasonal winter 
rainstorms have not produced enough water to cause floodflow 
over the ice. Heavy rainfall and runoff could cause ice jams in 
channels and result in stream levels rising several feet higher than 
the peak water level of the same magnitude flood under ice-free 
conditions. Flooding could be increased further by rapid melting 
of a deep snow cover or by runoff resulting from an intense 
rainfall over bare frozen ground. 

Flood-plain maps are  not available for Little Campbell and Little 
Rabbit Creeks. The potential for flood damage probably is not as  
great on these streams a s  on Rabbit Creek because their 
drainage areas lying in mountainous terrain a re  much smaller. 
However, serious flooding could develop as  a result of 
abnormally heavy rainfall, particularly if stream channels were 
heavily iced a t  the  time. 

A r e l a t i v e l y  s t e e p  c h a n n e l  i n  a l l u v i a l  m a t e r i a l  a l l o w s  
R a b b i t  C reek  t o  e r o d e  i t s  banks  r a p i d l y  d u r i n g  f l o o d s .  
U n d e r m i n i n g  o f  l a r g e  t r e e s  by t h e  s h i f t i n g  s t r e a m f l o w  
i n c r e a s e s  t h e  p o t e n t i a l  f o r  c l o g g i n g  o f  t h e  c h a n n e l .  

P h o t o g r a p h  c o u r t e s y  o f  R u t h  B r e w s t e r  

F ~ g u r e  1 9 . - -  Washout o f  O l d  Seward H ~ g h w a y  r o a d b e d  by 1 9 6 4  

f l o o d  on R a b b i t  Creek.  

The flood potential of smaller Hillside drainages and roadside P h o t o g r a p h  c o ~ ~ r t e s y  o f  ~ u t h  B r e w s t e r  

ditches is now small but undoubtedly will increase with 
development of the area. Overland runoff into these channels will 
increase as the natural vegetation and topsoil is stripped and 
replaced by impervious surfaces. Peak flows can also be expected 
to increase if additional ditching and straightening of existing 



A small earth dam in the Hillside area failed in the spring of 1972. 
The earth dam was constructed in 1964 across the mouth of a 
swampy depression about three-fourths of a mile above Birch 
Road (NW'A sec. 23; fig. 3 ). Little Campbell Creek was partly 
diverted into the area, creating a 6-acre (0.02-km2) lake. When the 
dam failed, a flood of water discharged into the main channel of 
Little Campbell Creek (figs. 20 and 21). Driveways and culverts 
across the creek were washed out, and one child was drowned. 

F i g u r e  20.-- ' L a k e  o f  t h e  H i  l I s 9  e a r t h  dam a f t e r  f a i  l u r e  i n  
1972. 

The sudden d i s c h a r g e  o f  w a t e r  f l o o d e d  i n t o  n e a r b y  L i t t l e  
Campbe l l  C reek  and d i s r u p t e d  t h e  n a t u r a l  c h a n n e l .  
P h o t o g r a p h  t a k e n  June,1973. 

F i g u r e  21 . - -  Remnant ' Lake  o f  t h e  H i  i l s '  a f t e r  1972 b r e a k o u t .  

C h i l d r e n  f i s h i n g  i n  L i t t l e  Camphe l l  C reek ,  w h i c h  now f l o w s  
a c r o s s  t h e  d r i e d  l a k e  b o t t o m ,  i n d i c a t e  t h e  s i z e  o f  t h e  
e a r t h  dam and impounded l a k e .  P h o t o g r a p h  t a k e n  June 
1973; v i e w  t o  t h e  s o u t h .  



MAN'S IMPACT ON THE QUALITY OF WATER 

T H E  NATURAL QUALITY OF GROUND WATER AND WATER IN STREAMS AND LAKES IS 
GENERALLY GOOD. HOWEVER, INCREASED LAND DEVELOPMENT MAY CAUSE 
DEGRADATION OF WATER QUALITY IF POTENTIALLY HARMFUL PRACTICES ARE NOT 
RECOGNIZED BY PLANNERS AND AVOIDED BY DEVELOPERS. 

*THE MOST PERTINENT PROBLEM IS POLLUTION OF THE WATER RESOURCES BY 
DISCHARGE FROM SEPTIC-TANK SYSTEMS. IN PLACES POLLUTION HAS IlllPAlRED 
WATER QUALITY CHEMICALLY OR BACTERIOLOGICALLY AND CONSEQUENTLY HAS 
RESULTED I N  A HAZARD TO PUBLIC HEALTH; THIS CONDITION IS CALLED 
CONTAMINATION. ALTHOUGH THE PRESENT POPULATION DENSITY IS LOW, SOME 
STREAM WATER IS ALREADY UNSAFE TO DRINK. FAILURE OF PRIVATE SEPTIC 
SYSTEMS HAS CAUSED POLLUTED WATER TO SEEP TO THE SURFACE AT SOME SITES, 
AND THlS CAN CONTAMINATE NEARBY DOMESTIC WELLS. 

IF THE PRESENT TREND OF SUBDIVISION DEVELOPMENT CONTINUES, THE DENSITY 
OF RESIDENTIAL SEPTIC SYSTEMS COULD INCREASE THREE- OR FOUR-FOLD BEFORE 
PUBLIC SEWERS BECOME AN ECONOMIC POSSIBILITY. UTILIZATION OF HYDROLOGIC 
DATA WOULD RESULT I N  LESSENING THE CHANCES OF POLLUTION FROM 
SEPTIC-TANK SYSTEMS. 

The Natural Quality of Hillside Area Water 

Ground Water 

Ground water at present is generally of good potable quality, 
although in places water from wells may require treatment to  
remove iron or to  reduce hardness. Appendix A-4 shows the 
concentrations of the common water-quality constituents in 
samples obtained from 1 2  Hillside wells. These wells and 
additional wells where some chemical information was obtained 
are shown in figure 22. 

Most ground water in the area is of the calcium bicarbonate type 
and is moderately hard. A comparison of data in appendix A-4 
shows that the concentrations of all constituents, except iron, are 
within the maximum recommended limits for drinking water set 
by the Environmental Protection Agency (1972) and the U.S. 
Public Health Service (1962). 

The concentration of iron in water from more than one-third of 
the wells sampled was in excess of 0.3 mg/l (milligram per litre), 
and several wells had concentrations of five times this amount. If 

A n c h o r a g e  ( A - 8 ) ,  A l a s k a  1 : 6 3  3 6 0 .  1 9 5 2  

these samples are typical of ground water in the Hillside area, high 1 9  
EXPLANAT l ON 

dissolved-iron concentrations may be widespread. Ground-water Selected chemical ana lys is  of we l l  water given i n  t a b l e  4. 

quality problems occur more frequently in the Rabbit and Little 0 2 13 P a r t i a l  f i e l d  chemical a n a l y s ~ s .  
Rabbit Creek drainage basins where wells tap bedrock or 
sedimentary aquifers immediately above bedrock. High iron @25 Well water qua1 i t y  problems reported. 

concentrations are more likely to  be found in ground water Number r e f e r s  t o  w e l l  number w i t h i n  each s e c t ~ o n .  

obtained at depths of more than 200 ft (61 m)  below land surface o I M ~ l e  
L 1 CONTOUR INTERVAL 50 FEET 

in both unconsolidated sediments and in fractured bedrock. Unless o DOTTED L NES REPRESENT 25 FOOT CONTOURS ,2, K I  l o m e t r e  DATUM IS MERN SEA LEVtL 
special water conditioners are used to  remove most of the iron, 
homeowners may experience objectionable iron staining of 
clothing and appliances. F i g u r e  2 2 . - -  S a m p l i n g  s i t e s  f o r  g r o u n d - w a t e r  q u a l i t y  a n a l y s e s .  





Analyses for total coliform bacteria counts in samples taken 
during low-flow conditions in April 1973 showed that these 
microorganisms were present at all seven stream sites (appendix 
A-5). These total coliform counts do not necessarily imply fecal 
pollution because the observed coliform organisms could have 
originated from nonfecal sources, such as soil. 

I However, at a few sites, the high counts of total coliform 
organisms strongly suggest that the water may have been fecally 
polluted. Total coliform concentrations of more than 2,400 MPN 
(most probable number of organisms in 100 millilitres of water) 
were found in stream water collected near the mouths of Little 
Rabbit and Little Campbell Creeks (fig. 23, sites 2 and 3) in 1973. 
More specific data are needed on these creeks. According to  State 
water-quality standards1, water is unsuitable for irrigation, 
livestock, and human contact when the MPN count of more than 
20 percent of the samples exceeds 2,400 total coliform organisms. 

At all other sites, except site 6, the MPN count of total coliform 
organisms was less than 50, the maximum allowable concentration 
for class A water. Class A water requires only simple disinfection 
treatment, such as boiling, to  meet State standards. 

Total coliform concentrations of less than 50 MPN are thought to  
be within the range of background contamination from wildlife 
and other sources, and, therefore, pathogens from human wastes 
probably are absent (Kyle Cherry, Alaska Dept. of Public Health, 
oral commun., 1973). The low total coliform concentrations 
observed at upstream sampling sites suggest that the high 
concentrations at downstream sites may reflect fecal pollution. 

1 No conclusions can be drawn at this time about the presence of 

F pathogenic organisms in Hillside streams. MPN determinations 
made during low flow in April are valuable in detecting inflow of 

I polluted water, but these results probably are not representative of 
I conditions during high runoff periodsor during warm months. A 

series of samples taken during critical flow conditions over a 
period of several years would determine: (1) the presence of fecal 
coliforms and their concentrations, (2) the effect of heavy storm 
runoff on fecal coliform concentration, and (3) the long-term 
trends of fecal coliform concentrations in streams where pollution 
is identified. 

Other important water-quality parameters are temperature and 
sed iment  t r anspo r t .  The available stream data define a 
temperature range from 32°F (0°C) in the winter to  43" -46°F 
(6"-8 OC) during summer months. Definitive data are not available 
on the sediment concentration in Hillside area streams. However, 
visual inspection of these streams under natural conditions suggest 
an insignificant suspended-sediment load except during periods of 
high flow. 

F i g u r e  24.-- Ground w a t e r  f l o w i n g  t h r o u g h  p a r t l y  b u r i e d  
s e p t i c  t a n k .  

I n  t h i s  s t e e p - s l o p e d  l o c a l i t y  s h a l l o w  g r o u n d  w a t e r  
c r e a t e s  a d v e r s e  c o n d i t i o n s  f o r  t h e  use o f  s e p t i c -  
t a n k  sys tems .  
P h o t o g r a p h  c o u r t e s y  o f  G r e a t e r  A n c h o r a g e  A r e a  B o r o u g h  

h a t e  of Alaska, Title 18, Environmental Conservation, chap. 70, Water Quality 
Standards. 

Susceptibility of Water Resources to  Pollution from Onsite 
Sewage Disposal 

The Hillside area is developing rapidly from a rural homestead area 
to a suburban community. However, waste-disposal practices have 
not changed, and in 1972 about 1,000 families were using 
individual onsite septic-tank systems within the study area. The 
density averages about one system per 9 acres (0.04 km2); 
however, density varies with development and in section 1 5  there 
is one waste-disposal system per 4 acres (0.02 km2 ) of land. 

As septic system density in the study area increases, effluent will 
increase the rate of recharge to the areal ground-water body. A 
future population of 10,000 people in the study area may require 
as many as 3,OOQ systems, or one system per 3 acres (0.012 km2). 
The total daily discharge of these systems probably would increase 
from the current estimated 0.4 million gal (1,500 m3) to  about 
1.2 million gal (4,500 m3). This increase represents an average 
distribution of about 130 gal (492 1) of septic wastes per day on 
each acre of the study area. If the water supply continues to  be 
obtained from local wells, the supply will be in part recycled by 
the residents. Analysis of the water budget (fig. 12)  indicates that 
ground-water recharge from precipitation is between 300 and 700 
gal (1,140 and 2,650 1 ) per day per acre. If it is assumed that all 
effluent percolates to the ground-water body, a density of one 
system per 3 acres (0.012 km 2, will increase local recharge by 1 9  
to 4 3  percent. If development density reaches one system per acre, 
local recharge will be increased 56 to 130 percent and total septic 
system discharge may be as much as 3.6 Mgalld (0.16m 3/s) in the 
study area. Present land-use trends indicate that these systems will 
not be evenly distributed. Consequently, pollution problems may 
result where high septic-tank density coincides with areas where 
the susceptibility of the physical environment t o  pollution is high 
(fig. 24). 



S i n g l e  f a m i l y  

o w e l  l i n g  

S e p t i c  t a n k -  

S e e p a g e  p i t -  

2 0 f t .  ( 6 m )  

P r o p e r t y  l i n e  ------ -- 

l a n d  s u r f a c e  

N o t e  t h a t  t h e  w a t e r  t a b l e  m a y  f l u c t u a t e  a s  m u c h  
a s  4 1 1 .  ( 1 . 2 m )  d u r ~ n g  t h e  y e a r .  

" I m p e r m e a b l e "  m a t e r i a l  i n c l u d e s  c I  a y  b e d s .  

b e d r o c k  a n d  h a r d p a n  

-- -. . --". . .. . 

F igu re  25 . - -  Minimum requirements f o r  sewer and Water Systems f o r  s i n g l e  f am i l y  residences i n  the Greater  Anchorage Area Borough? 

Environmental Considerations of Septic-tank Systems Additional treatment of effluent from septic tanks depends on the 
reactivity of subsurface materials at ambient temperatures and the 

In recognition of the potential for ground-water pollution from rate of movement in these materials. The principal geohydrologic 
sewage-disposal systems, the Borough and State governments have characteristicsthat determine the effect of infiltrating pollutants 
established the regulations shown in figure 25. A further on ground water in the Hillside area are: 
stipulation requires that before subdivision approval, earth 
materials must be tested in place at the site to define the 
absorptive capacity at proposed seepage-pit sites. 1. Depth to  the water table. 

2. Thickness of unconsolidated sediments overlying 
The following discussion is based on the legal requirements cited 
above and on documented studies made outside Alaska. The 

bedrock. 
3. Distance to  surface-water bodies. 

authors emphasize that the statements made in the following 4. Permeability and sorptive capacity of surficial 
paragraphs represent the best available estimates of knowledgeable earth materials. 
hydrologists and sanitarians. These generalities are offered as 5. Slope of the land surface in disposal area. 
guidelines for areawide planners. A detailed field investigation of 6. Frozen ground or depth of seasonal frost. 
most Hillside sites would be required to assure that disposal of 
wastes at that location will not, in fact, cause pollution. 

In the Hillside area, waste-disposal regulations require that sewage 
be piped into a septic tank before passing into a porous-walled In figure 26 these characteristics are considered as independent 
seepage pit. In the septic tank the solids and liquids are detained variables that either aid or impede the cleansing and purifying of 
so that biological processes can decompose the mixture. A residual the effluent as it moves through the soil. The significance of each 
liquid then overflows into the seepage pit where it infiltrates is briefly discussed in the following paragraphs. 
through the walls into the surrounding earth materials and moves 
downward under the force of gravity and laterally by capillary The depth to the water table and the thickness of unsaturated 

sediments overlying bedrock or a relatively impermeable stratum 
are critical factors that largely determine how rapidly the 

Septic-tank effluent has a high pollution potential because many perco la t ing  e f f l u e n t  will reach the ground-water body. 
chemicals and most detergents and viruses are not decomposed or Attenuation of contaminants increases with the time of travel 
removed in the septic tank. After the effluent flows from the through sedimentary materials. In the unsaturated zone biologic 
seepage pit into earth materials, the chemical and biological processes and adsorption tend to accelerate attenuation. In this 
contaminants are depleted or changed through chemical and zone much of the effluent will be absorbed by earth materials and 
physical interactions with the subsurface environment. Reduction widely  dispersed by capillary forces to  satisfy moisture 
in concentration of contaminants in the effluent is principally deficiencies in the sediments. Whereas most of the effluent 
caused by physical sorption and by chemical dilution. Under eventually reaches the water table in flat terrain, a significant 
certain conditions, decontamination of the waste water may not quantity may move laterally to  the surface downslope from 
be complete before the effluent reaches shallow aquifers or water seepage pits in foothill environments. Here, shallow clay and dense 
wells (Schneider, 1970). till lenses may cause the effluent to be perched above the water 

table. Ultimately, transpiration by plants and surface evaporation 
' Greater ~nehorage ~ r e a  ~orough Code of Ordinance 2848, Article 6, seqge in the summer may be an effective mechanism for dissipating 
Disposal Practices; State of Alaska, Title 18, Environmental consenration, 
chap. 72, Wastewater Disposal. much of the effluent in these localities. 



In subsurface environments of glacial sedimentary origin, granular 
earth materials are capable of removing many potential pollutants, 
including bacteria, within 10  to  20 ft (3  to 6 m) of travel. 
However, chloride, nitrate, and other chemicals have been found 
to  move with water percolating through unconsolidated sediments 
to greater depths (Crosby and others, 1968; McGaughey and 
Krone, 1967). Fecal bacteria, viruses, and some chemicals may 
travel much farther in coarse sand and gravel strata under aerobic 
conditions than in fine-grained sediments which are more 
anaerobic. In coarse-grained materials, nutrients and bacteria have 

i been found at depths of 40 ft  (12m) (Franks, 1972; Bouma and 
others, 1972). 

? 
State and Borough regulations require a minimum of only 4 ft (1.2 
m) of material between the bottom of a seepage pit and the water 
table, and 6 ft (2 m) between pit bottom and bedrock (see fig. 
25). But, data from a number of studies suggest that the minimum 
safe distance needed to  reduce coliform bacteria in waste water to  
acceptable concentrations is more likely two or three times these 
distances. If fecal coliform organisms and viruses reach the 
ground-water body, they may move with the normal ground-water 
flow for hundreds of feet and enter pumped wells. 

Commonly, septic-tank systems with seepage pits in the Hillside 
area discharge waste water into the earth about 10  ft (3  m) below 
the land surface to avoid seasonally frozen ground. Where the 

L e s s  t h a n  

-- 
W e l l s  d o w n g r a d l e n t  m a y  t a p  t h ~ s  z o n e  

land s u r f a c e  

Resu l t :  Downward p e r c o l a t i n g  e f f l u e n t  reaches 
water  t a b l e  o r  bedrock and contaminants 
may then t r a v e l  r e a d i l y  t o  nearby w e l l s ,  
lakes o r  streams. 

S t  r e a m  

I I Cause: Land s lope exceeds 20 percent .  I I 
I I Resu l t :  Near l y  raw sewage su r faces  

downslope f rom p i t .  I I 
I I -- I -- 

F i g u r e  26 . - -  Common c a u s e s  o f  w a t e r  p o l l u t i o n  by i m p r o p e r 1  
a r e  n o t  d r a w n  t o  s c a l e  ( g e n e r a l   zed). The  v a l u e s  c i t e d  

water table and bedrock are more than about 25 ft (7.5 m) below 
the surface, protection of ground water from serious pollution 
appears reasonably assured, except where highly permeable gravel 
is the only percolation medium. There is a high probability of 
ground-water contamination where either the water table or 
bedrock lies between 15 and 25 ft (4.5 and 7.5 m) below the 
surface. If septic-tank systems are  installed where either the  
water table or  bedrock surface is less than 15 ft (4.5 m) below the  
surface, ground-water contamination is a strong possibility. 

Where a seepage pit is constructed in saturated material, the 
effluent may overflow the pit and eventually rise to the surface 
(fig. 27). This occurs where the capacity of the material to 
transmit water is too small to  allow the dispersion of septic-tank 
discharge. Contaminants in the effluent also mix with and pollute 
the shallow ground water surrounding the seepage pit. 

Contaminated _effluent probably will find its way into bedrock 
fractures if seepage pits are constructed in sediments that are only 
1 5  ft  (4.5 m) thick or less. Where fractures in the bedrock contain 
ground water, pollution may spread rapidly and wells tapping 
f r ac tu r e s  more than 1 mile (1.6 km) away may pump 
contaminated water in a relatively short time after the effluent 
reaches bedrock. 

Cause: Low s o i  1 permeabi l  i t y  does n o t  
a l l o w  adequate i n f i l t r a t i o n  and 
p e r c o l a t i o n .  

Resu l t :  Ground w  i  1 l n o t  accept  e f f l u e n t ;  
raw sewage su r faces  and f l o w s  
over land.  

- - -  " "  - 
a n d  g r a v e l  0 _---- e7/w; \-Ce c h e o  :;;-I 

- --  ----- - - -------  - -- 
I 

7 
S t  r e a m  C l a y  

t a b l e  I 

I I Cause: Seepage p i t s  c o n s t r u c t e d  l e s s  than 
100 f t .  (30171) f rom lakes o r  streams. I I 

Resu l t :  Eff  1  uent  n o t  adequate1 y  c leansed i n  
t r a v e l  ing through v e r y  permeable 
m a t e r i a l  and i n t o  t h e  lake.  

: l o c a t e d  s e p t l f  ~lo;: 
a r e  n o t  n e c e s s a r i l y  a p p l i c a b l e  t o  a n y  s p e c i f i c  s i t e .  



F i g u r e  27 . - -  Cesspoo l  c r i b b i n g  f l o a t i n g  i n  s h a l l o w  g r o u n d  
w a t e r .  

P o l l u t i o n  o f  g r o u n d  w a t e r  i s  i m m i n e n t  whe re  h o u s e h o l d  
w a s t e s  a r e  i n j e c t e d  d i r e c t l y  i n t o  s a t u r a t e d  s o i  I s .  
I n  t h i s  t y p e  o f  i n s t a l l a t i o n ,  raw sewage w o u l d  p r o b -  
a b l y  b a c k  up and o v e r f l o w  a t  t h e  s u r f a c e  due t o  t h e  
i n a b i l i t y  o f  t h e  e f f l u e n t  t o  d i s p e r s e  e f f e c t i v e l y .  
D u r i n g  w i n t e r  m o n t h s  t h e  w a t e r  t a b l e  may d r o p  
enough t o  a1 l ow  f r e e z i n g  a r o u n d  a  s h a l  l ow  d i s p o s a l  
p i  t and  r e s u  l t i n  a  sewage back-up. 

P h o t o g r a p h  c o u r t e s y  o f  G r e a t e r  A n c h o r a g e  A r e a  B o r o u g h  

Pollutants may reach and move into bedrock where waste water is 
discharged into sediments that range from 1 5  to 25 ft (4.5 to 7.5 
m) thick. In these situations the probability of ground-water 
pollution is largely dependent upon the permeability and sorptive 
capacity of the sediments, and ranges from low to moderate. 

The element of probability due to the depth to the water table in 
relation to the bedrock may be explained by comparing two sites 
where the thickness of unsaturated sediments is identical. Disposal 
of polluted waste water at the site where the water table lies above 
the bedrock surface poses less risk than at the site where the water 
table is below the bedrock surface. At the former site pollutants 
will be diluted and generally move slowly downgradient near the 
surface of the ground-water body whiIe further attenuation 
occurs. In contrast, at the latter site pollutants may move rapidly 
downward in bedrock fractures to well intakes as less dilution and 
travel time results in less attenuation. 

The distance to surface-water bodies is a factor because of the 
possibility of lateral migration of waste water either in local 
perched zones above the water table or in the saturated zone. 
Greater Anchorage Area Borough regulatory ordinances specify 
that the minimum distance between a water well, lake, or stream 
and a seepage pit will be 100 ft (30 m). However, the potential for 
pollution is high at greater distances where saturated well-sorted 
gravel occurs at shallow depth. Franks (1972) reported that 
biological pollutants traveled as far as 232 f t  (71 m) in such strata. 

Permeability and sorptive capacity, which are determined by the 
size and shape of sediment particles, are also critical characteristics 
of the shallow subsurface environment. Permeability and sorption 
generally are inversely related. Fine-grained materials have a much 
greater sorptive capacity than coarse-grained materials; however, 
the smaller the -grain size the less the permeability of a material. 
Clays have the highest sorptive capacity because the vast surface 
area their particles provides for adsorption, but they also have 
extremely low permeability. Clean, well-sorted gravels have the 
highest permeability, but they lack the sorption and filtering 
capacities needed to adequately cleanse septic-tank effluent. 

The optimum earth material in which to place a seepage pit is a 
moderately permeable material which permits percolation and 
drainage and also provides maximum sorption as well. 
Uncemented clayey or silty sand and gravel, typically found in 
glacially derived deposits, provides adequate treatment of 
septic-tank effluent if the sediments are unsaturated and aerobic 
conditions prevail. Thus, maximum attenuation of pollutants 
occurs as the effluent moves slowly away from the pit walls. 
Metamorphic bedrock, which is relatively impermeable and lacks 
sorptive capacity except where weathered, provides inadequate 
treatment of septic-tank effluent. If the metamorphic rocks are 
not fractured, very little drainage takes place; if fractured, effluent 
is transmitted rapidly to the zone of saturation. 

Where the slope of the land surface exceeds 20 percent (5: l  
slope), the successful operation of septic-tank systems is unlikely. 
Effluent probably will flow to the surface downhill from seepage 
pits regardless of the permeability of the earth material and depth 
of the seepage pit bottom (Franks, 1972). As the slope of the land 
increases, the distance that the effluent travels through the earth 
materials before reaching the surface decreases. Thus, the volume 
of material that is effective in the adsorption and filtering 
processes also decreases, and seepage at the surface may contain a 
high concentration of contaminants. 

In the design'and location of road cuts on slopes, the possibility of 
intersecting strata containing dispersed effluent should be 
considered. Seepage pits located a short distance upslope from 
existing road cuts may constitute a serious pollution hazard 
because many Hillside road cuts intercept ground water or 
intermittent springs that flow during periods of rapid snowmelt or 
heavy rain. 

Seasonally frozen ground, or the formation of seasonal frost, may 
strongly influence the movement of liquid waste. In the Hillside 
area frost commonly penetrates to depths of 8 to 10  ft (2.5 to 3 
m), and effluent may freeze and retard normal dispersion. Upward 
moisture movement in the vapor phase toward surficially frozen 
soil due to vapor pressure differences has been reported by several 
investigators (Ferguson, Brown, and Dickey, 1964, and Harlan, 
1972). Taylor and Cary (1965) indicate that the force acting to 
move liquid water in soil resulting from temperature gradients may 
be many times greater than that of gravity. Under these 
conditions effluent may become frozen in the soil near the surface 
during late winter and early spring months. When this upward 
displaced effluent is freed by spring thaw, there is an increased 
possibility of polluted water migrating laterally and joining any 
nearby surface seeps. 



Table 3. -- Numerical rating for determination of pol lution susceptibility o f  water resources. 

Geohydrol o g i  c  Map R a t i n g  
c h a r a c t e r i s t i c  symbol p o i n t s  F i e l d  c o n d i t i o n  

Depth t o  ground wa te r  A l l  l a n d  t h a t  i s  swampy o r  water logged,  o r  where t h e  wa te r  t a b l e  i s  l e s s  than  
15 f t  (4.5 m) i n  depth .  

/ I 11 / A l l  l a n d  where ground wa te r  occurs  a t  depths  o f  15-25 f t  (4.5-7.5 m). 

D i s tance  t o  s u r f a c e -  
water  bod ies  

D 20 A l l  l a n d  w i t h i n  100 f t  (30 m) o f  l a k e s ,  ponds, and streams. 

7  A l l  l a n d  w i t h i n  100-200 f t  (30-61 m) o f  l akes ,  ponds, and streams. 

I / 1  ( A1 1 l a n d  w i t h i n  200-300 f t  (61-91 m) o f  l akes ,  ponds, and streams. 

1 I 0  ( A1 1  l a n d  more than  300 f t  (91 m) f rom l a k e s ,  ponds, and streams. 

Permeabi 1  i t y  and 
s o r p t i v e  c a p a c i t y  
o f  s u r f i c i a l  m a t e r i a l  

I 2 0 /  
Bedrock, genera l  l y  impermeabl e. 'Very low s o r p t i v e  c a p a c i t y .  

(See t a b l e  1, p.5)  

Slope o f  l a n d  
s u r f a c e  

Lake and pond d e p o s i t s ;  m o s t l y  s i l t s  and c l a y s  o f  low p e r m e a b i l i t y .  H igh 
s o r p t i v e  c a p a c i t y .  

A l l u v i u m  and s lope  d e p o s i t s ;  n o r m a l l y  h i g h l y  permeable m a t e r i a l  such as 
sand and g r a v e l ,  and f ragments  o f  bedrock.  Low t o  moderate s o r p t i v e  c a p a c i t y .  

G l a c i a l l y  d e r i v e d  d e p o s i t s  ; low t o  moderate permeabi 1  i t y .  Moderate t o  
h i g h  s o r p t i v e  c a p a c i t y .  

P r e v a i l i n g  s lope  g r e a t e r  t h a t  25 pe rcen t .  

P e r v a i l i n g  s lope  15-25 pe rcen t .  

/ 1 2 / P r e v a i l i n g  s lope  5-15 pe rcen t .  

0  P r e v a i l i n g  s lope  0-5 p e r c e n t .  
-- 

Thickness o f  sedimen- T  20 Less t h a n  15 f t  (4 .5  m). 
t a r y  d e p o s i t s  ove r -  
1 y i  ng bedrock I 15 15-25 f t  (4.5-7.5 m ) .  

- I 0 1 More than  50 f t  (1 5  m ) .  

TO OBTAIN POLLUTION SUSCEPTIBILITY RATING: F o r  each a p p l i c a b l e  geohyd ro log i c  c h a r a c t e r i s t i c ,  de te rm ine  t h e  f i e l d  
c o n d i t i o n  wh ich  i s  most a p p r o p r i a t e  and r e c o r d  t h e  r a t i n g  p o i n t s  f o r  each. Then t o t a l  t h e  r a t i n g  p o i n t s  o f  a l l  
p e r t i n e n t  f i e l d  c o n d i t i o n s  and s e l e c t  t h e  map u n i t  i n  f i g u r e  28 wh ich  rep resen ts  t h i s  t o t a l .  

An Evaluation of the Hillside Area Environment 

A numerical rating system can be used to evaluate the relative 
susceptibility of the hydrologic environment to pollution, as has 
been demonstrated by LeGrand (1964). Once the principal 
geohydrologic  charac te r i s t i cs  t h a t  determine pollution 
susceptibility have been identified and mapped for a given area, a 
rating table can be devised that integrates these factors into a total 
response to  liquid waste disposal. Thus, a pollution susceptibility 
map may be prepared which approximates the land's capacity to 
absorb septic-tank discharge without endangering the water 
resources. 

A pollution-susceptibility map for the Hillside area, figure 28, is 
based on a numerical rating table (table 3) and two basic-data 
maps which delineate the principal geohydrologic characteristics 
(figs. 29 and 30). 

Table 3 numerically rates the importance of each field condition 
for its potential of increasing the possibility of water-resource 
pollution from septic tanks. A rating of 20 points indicates a 
geohydrologic condition with the greatest potential to cause 
pollution, and a point rating of 0 indicates a condition with the 
least potential to cause pollution. The interrelation of rating 
points between these extremes is not linear; that is, a rating of 4 
does not mean a given condition has the potential to cause an area 
to be twice as susceptible to  pollution as a rating of 2. 

Figure 29 shows lakes and streams, areas of waterlogged land, 
seepages, and areas where ground water is near the surface. These 
features were' defined in the section on land drainage problems 
(see fig. 14 ). Relative permeability of surficial earth materials i s  
a lso shown  i n figure 29 and was derived from the surficial- 
geologic map and accompanying table (fig. 5 ; table 1 ). 

Figure 30 is a land-slope map (Schmoll and Dobrovolny, 1972) 
that also includes a generalized representation of the thickness of 
unconsolidated sediments overlying bedrock. Because local detail 
of land slope cannot be shown, specific sites may be locally 
different than shown on this map. Similarly, the thickness of 
sediments may be more irregular than shown in figure 30, and test 
borings to  25 ft (7.5 m) in depth may be necessary to  determine 
the thickness of unconsolidated sediments in many localities east 
of Hillside Drive. 

T h e  po l lu t ion-suscep t ib i l i ty  m a p  was constructed by 
superimposing the two basic-data maps. Numerical ratings were 
then obtained (table 3) and added to arrive at a total value for 
each differing segment of Hillside land. Finally, each locality was 
classified as belonging to  one of four susceptibility units (see 
explanation, fig. 28) depending upon the magnitude of the sum of 
the rating points. 





1 4) Lake or  pond 

Waterlogged land or  
ground water wi th  in  
15ft.  (4.5m) o f  the 
surface 

- Stream 

* - - =  In termi t tent  drainage 

Drainage basin d iv ide  

HIGH- alluvium and slope deposits (sand and gravel)  

MODERATE - g l a c i a l  l y-ilerived deposits ( t i  11) 

LOW- l a b  and pond deposits ( s i l t  and c l a y )  

m 
I VERY LOW - bedrock (s i l ts tone  and greenstone) 

F i g u r e  29.-- D i s t r i b u t i o n  o f  s u r f a c e  water .  n e a r - s u r f a c e  ground * a t e k i n d  r e l a t i v e  ~ e r m e a b i l i t ~  o f  s u r f i c i a l  s o i l s .  
I 
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F i g u r e  30.-- G e n e r l l  i zed lands1 ope and sediment  t h i c k n e s s  n e a r  mountain f r o n t .  
(Landslope map by Schmol l and Dobrovolny,  1972).  



EXPLANATION FOR FIGURE 3 0  

Slope Unit 

Less than 5 
percent (3') 

15- 25 percent 
(8%'- 14') 

25-45 percent 
(14'-24') 

45- 100 percent 
(24O-45O) 

Thickness Unit 

=MI 
LANDSLOPE d.W .-*a, .L-L 

#-:!a .a be* din, 

Description of Units 

Nearly f la t  t o  very gent le  slopes - Generally on a l l  
and i n  broad areas formerly occupied by lakes and p 
hummocks have s teeper  slopes with r e l i e f  up t o  20 f e e t  (6m). Some lp+,,t tt ,  of the  near ly  f l a t  areas  a r e  boggy or  poorly drained and w i l l  pre- .+A: 

sen t  problems todevelopers, while others a re  goodconstruction s i t e s . , ,  

Gentle t o  moderately gent le  slopes - Fa i r l y  smooth extensive slopes 
on some a l l u v i a l  fans and terraces ,  and i n  some stream va l ley  bot- 
toms. Hummocky topography having r e l i e f  of generally l e s s  than 20 
f e e t  (6m) occurs on some g l ac i a l  deposits. Land surface slope i s  
sa t i s f ac to ry  f o r  most types of land development. Scattered wet lo- 
c a l i t i e s  r e s u l t  from poor drainage. 

Moderate slopes - Smooth slopes on the  s teepes t  p a r t s  of the  mor- 
a ina l  r idge t ravers ing the  h i l l s i d e ,  g l a c i a l  knob and k e t t l e  t e r -  
r a in ,  andathe s l ide-deposi t  slopes of the  lower p a r t s  of the  Chu- 
gach blountains. Extensive areas of hummocky ground may have more 
than 50 f ee t  (15m) of r e l i e f  local ly .  Such areas  commonly have in- 
t e rna l  drainage s y s t e m  and ponding occurs i n  enclosed depressions. 
Construction on moderate slopes may require  considerable engineer- 
ing t o  accomodate loca l  gradients and drainage. 

Steep slopes - Steep va l ley  s ides  of stream channels and val leys ,  
and mountain escarpments shallowly underlain by s teep ly  slopedbed- 
rock. Slope s t a b i l i t y  and surface runoff problems may occur unless 
surface and ground waterare carefullyconsideredbeforedevelopment. 

Very s teep  slopes - Long narrow escarpments along high va l ley  walls 
where underlying deposi ts  a re  generally concealed by colluvium. On 
the  s teepes t  mountain slopes i n  t he  Upper Hi l l s ide  bedrock is com- 
monly exposed. The po ten t ia l  f o r  landslides and severe ground ero- 
s ion from disrupt ion of na tura l  water drainage make most types of 
development r isky.  

Areas of hummocky topography - Slopes range from near ly  f lat  on 
tops of  h i l l s  and bottoms of  depressions t o  s teep on h i l l  s ides .  
Areas a r e  shown i n  slope u n i t  t h a t  is prevalent. 

Escarpments generally l e s s  than 20 f e e t  (6m) high; s teep  to  very 
steep slopes. Line marks top of escarpment; t i c k s  a r eon  lower side.  

SEDIMENT THICKNESS 

Vert ical  thickness, i n  f e e t  (metres) o f  
unconsolidated sediments overlying bedrock 

Less than 10 (3) . Bedrock i s  exposed a t  land surface i n  places (see f ig .  7) 

10 t o  25 (3-7.5) 

25 t o  50 (715-15) 

More than 50 (15) 

Estimated divide between thickness uni ts .  Dashed where uncertain. 



T h e  pol lu  t ion-susceptibility map indicates only the areal CONCLUSIONS 
d i s t r i bu t i on  of  susceptibility units and as such provides 
information for general planning purposes. If one of the Potable water supplies, surficial drainage, and onsite waste disposal 
geohydrologic characteristics in a given locality was most may be limiting factors in single-family housing in some Hillside 
undesirable (20 points), then that locality was classified as a high areas. Dense development may result in the local depletion of 
risk area regardless of the rating of other characteristics. For aquifers or increased surface drainage problems, or lead to  ground- 
example, susceptibility was classified as high in localities where and surface-water pollution unless community water and sewage 
sediment thickness is less than 10 f t  ( 3  m), even though depth to facilities are substituted for individual systems in the susceptible 
water is great, the land slope is slight, and the sediment areas. The major water-resource considerations facing planners and 
permeability is moderate. Although figure 28 can be used to developers are briefly summarized below. 
indicate the relative pollution susceptibility between differing 
localities, it may not represent local conditions at specific sites. Ground-water sources generally are available, but yields to many 

wells are less than 5 gallmin (0.3 11s). Where wells produce from 
bedrock aquifers in the eastern Hillside area, yields commonly are 
less than 3 gallmin (0.2 11s) and rarely more than 1 0  gallmin (0.6 
11s). Development of public-supply wells that yield more than 0.1 
Mgalld (70 gallmin or 4.4 11s) is possible only in a few localities 
(fig. 10). A total sustained yield of at least 2 Mgalld (0.08 m3 Is), 
and possibly as much as 4 Mgalld (0.17 m3/s) can be obtained 
from small-yield domestic wells tapping sedimentary aquifers 
underlying the study area. A small number of public-supply wells 
properly spaced in the best producing aquifers might provide a 
significant part of the total areal production. Surface-water 
reservoirs or diversions from the streams crossing the area do not 
appear to  be practical sources of water. 

Surface-water runoff and waste-water disposal is perhaps more of a 
problem than providing an adequate supply of potable water. In 
numerous locations, steep slopes, swamps and shallow ground 
water, and low permeability of surficial earth materials could 
make the use of septic-tank systems hazardous to public health, 
and also cause critical drainage conditions. Septic-tank effluent 
must percolate into and be cleansed by surficial sediments; 
otherwise, streams, lakes, aquifers, and even the land surface can 
become contaminated. At this time, the total load of pollutants 
that the sediments can absorb is not determinable, but onsite 

O v e r f l o w s  o f  s e p t i c  e f f l u e n t  may c o n t a m i n a t e  n e a r b y  waste disposal has the potential to  cause pollution in much of the 
we1 I s ,  l a k e s ,  and s t r e a m s .  Hillside area (fig. 28). Particularly where the land is not conducive 
P h o t o g r a p h  c o u r t e s y  o f  The G r e a t e r  A n c h o r a g e  A r e a  B o r o u g h  to  cleansing liquid-waste discharge within critical distances, the 

density of development will determine the degree of change in 
water quality locally and downslope from development. 

The most immediate pollution problem is the possibility of 
waste-water seepage directly into nearby wells. Seepage pits can Preservation of natural stream channels and the use of runoff 
become plugged and eventually overflow (fig. 31) because of low design criteria in the construction of roads, ditches, and small 
permeability of the surrounding earth materials or because of drainage channels during development will reduce ~rob lems  
biologic failure. Soil stratification and steep slopes can cause associa ted w i th  surface-water drainage and winter icings. 
seepage-pit effluent to move horizontally in the subsurface to Fortunately, the two major streams, Rabbit and Little Rabbit 
wells or to rise to the surface and flow overland to  well sites, lakes, Creeks, flow through incised valley channels and pose a flood 
and streams. In these instances, contaminants may enter a well if threat to  only those residents who live within the narrow flood 
the casing is not watertight or if surface drainage easily moves plain.   ow ever, a number of closed depressions are subject to 
down the outside of the casing to the aquifer. The mounding of ponding of water during unusually heavy runoff periods. 
earth and the emplacement of a concrete pad around the casing 
above the general ground level will cause drainage away from the Use of water-resources data by community planners, developers, 
well and help prevent surface-water leakage to the aquifer. In and property owners could assist them in assessing potential water 
o t h e r  areas where ground water occurs near the surface, supply, drainage, and pollution problems, particularly in areas 
overflowing effluent may flow overland from malfunctioning such as the Hillside where public water and sewers are not now 
seepage pits and infiltrate to  the water table and move planned. 
downgradient to  surround wells or to discharge into lakes and 
streams. 

Ground water in the Hillside area probably has not been polluted 
by the current density of domestic sewage systems. However, the 
probability of future aquifer pollution because of a much greater 
density of onsite waste-disposal systems is relatively high in the 
upper Hillside area, or generally east of the dashed band in figure 
28. This band follows closely the map contact between units 2 and 
3 in figure 9, or where the depth to  water below the land surface is 
less than 50 f t  (15 m) to  the east of this contact. West of this band 
the probability is generally much lower that aquifers will be 
polluted by septic-tank discharge. 
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APPENDIX A-1- -  Continued 
Well  no: SB 012 003 15 ABAB; map no . 26 
Owner: Haro ld  Henr i  ckson Thickness Depth 
D r i l l e r :  Penn Jersey D r i l l i n g  Co . ( ~ e e t )  ( f e e t )  

Gravel . . . . . . . . . . . . . . . . . . . . .  73 
Clay and grave l  . . . . . . . . . . . . . . . . .  9 
Gravel. l a rge  . . . . . . . . . . . . . . . . . .  6 
Gravel. clean. hard . . . . . . . . . . . . . . .  14 
Rock . . . . . . . . . . . . . . . . . . . . . .  2 
Gravel. clean. hard  . . . . . . . . . . . . . . .  5 
Clay and grave l  . . . . . . . . . . . . . . . . .  35 
Sand; a l i t t l e  water  . . . . . . . . . . . . . .  3 
Clay . . . . . . . . . . . . . . . . . . . . . .  21 
Hardpan . . . . . . . . . . . . . . . . . . . . .  6 
Clay and grave l .  brown . . . . . . . . . . . . .  35 
Gravel. some c l a y  . . . . . . . . . . . . . . . .  5 

. . . . . . . . . . . . . . . . . . .  Sand. f i n e  3 
Sand; a l i t t l e  water . . . . . . . . . . . . . .  3 
Sand. f i n e  . . . . . . . . . . . . . . . . . . .  2 
Sand; a l i t t l e  water  . . . . . . . . . . . . . .  8 
Sand; water . . . . . . . . . . . . . . . . . . .  2 

Open-end f i n i s h  

Wel l  no: SB 012 003 22 COCB; map no . 8 
Owner: Bruce Bowden 
D r i l l e r :  Clemenson O r i l l i n g  Co . 
- .. 

F i l l  . . . . . . . . . . . . . . . . . . . . .  4 4 
Topso i l  . . . . . . . . . . . . . . . . . . .  1 5 
Sand and grave l ,  brown, w i t h  l a r g e  rocks . . .  10 15 
Hardpan. brown. w i t h  rocks . . . . . . . . . .  74 89 
Sand and grave l ;  water . . . . . . . . . . . .  1 90 

Open-end f i n i s h  

Well no: SB 012 003 22 ABBA; map no . 10 
Owner: John Hershe 
O r i l l e r :  John Cox 

. . .  Clay. ye l low.  w i t h  sand and f i n e  grave l  
. . . . . . . . . . . . .  Clay. grey. and sand 

. . . . . . . . . . . . . . . .  Hardpan. sandy 
. . . . . . . . . . . . . .  Gravel. f i n e .  hard 

Rock . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Hardpan. sandy. grey 

S i l t  and sand. s o f t  
. . . . . . . . . . . . .  S i l t  and sand. hard 
. . . . . . . . . . . . .  Rocks. smal l .  s i l t y  

. . . . . .  Hardpan. g rave l l y ;  a l i t t l e  water 
. . . . . . . . . . . . .  Hardpan. sandy. s i l t y  

S i l t  and sand . . . . . . . . . . . . . . . . .  
Hardpan. sandy . . . . . . . . . . . . . . . .  

. . . . . . . .  Hardpan. f i n e  t o  medium grave l  
Sand. f i n e .  hard . . . . . . . . . . . . . . .  
Sand . . . . . . . . . . . . . . . . . . . . .  

. . . . .  Hardpan. g rave l l y .  sandy. l i g h t  grey 
Sand . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  Quicksand; h i t  water  a t  159' 
Sand. ye l low;  water  . . . . . . . . . . . . .  
Clay. ye l low.  w i t h  f i n e  grave l  and sand. 

. . . . . . . . . . . .  s o f t  and hard l aye rs  
. . . . . . . .  Hardpan. g rave l l y .  sandy. grey 

C lay . ye l l ow  . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Sand. f i ne ;  s i l t y .  water  

. . . . . . .  Hardpan. f i n e  grave l .  tan. grey 

Open-end f i n i s h  

Wel l  no: SB 012 003 22 OCOA; map no . 17 
Owner: Dale Wel ls 
O r i l l e r :  Clemenson O r i l l i n g  Co . 
Sand and grave l  . . . . . . . . . . . . . . . .  5 5 
T i l l .  brown . . . . . . . . . . . . . . . . .  65 70 

. . . . . . . . . . . . . . . . . .  T i l l .  b l ue  2 7 9 7 
T i l l .  w i t h  boulders . . . . . . . . . . . . . .  18 115 

. . . . . . . . . . . . . . . . . .  T i l l .  b l ue  7 1 1 86 
. . . . . . . . . . . . . . . . .  Gravel. sandy 7 193 

Clay . . . . . . . . . . . . . . . . . . . . .  16 209 
. . . . . . . . . . . . . . . . . .  Clay. sandy 6 215 

Sand. s i l t y  . . . . . . . . . . . . . . . . . .  13 228 
Hardpan. w i t h  sand and grave l  . . . . . . . . .  2 230 
Sand and grave l ;  water  . . . . . . . . . . . .  2 232 

Open-end f i n i s h  

Wel l  no: SB 012 003 22 ACCD; map no . 21 
Owner: W i l l i a m  C . Chamberlin 
D r i l l e r :  M . W D r i l l i n g .  I n c  . 

. . . . . . . . . . . . . .  Cobbles 
Sand . . . . . . . . . . . . . . .  

. . . . . . . . . . .  Gravel. s i l t y  
Sand. s i l t y  . . . . . . . . . . . .  
Gravel.  s i l t y  . . . . . . . . . . .  

. . . . . . . . .  Sand. s i l t y .  f i n e  
Hardpan. s i  1 t y  . . . . . . . . . .  

. . . . . . . . . . .  Gravel. sandy 
Hardpan. s i  1 t y .  w i t h  grave l  seams . 
Gravel. sandy; water-bearing . . .  
Hardpan. s i  l t y  . . . . . . . . . .  

Well  no: SB 012 003 22 BCAC; map no . 30 
Owner: Taku Developers Thickness Depth 
D r i l l e r :  Sommerville Well D r i l l i n g  ( f e e t )  ( f e e t )  

Topsoi 1 . . . . . . . . . . . . . . . . . . . . .  8 
Clay. sandy . . . . . . . . . . . . . . . . . . .  6 

. . . . . . . . . .  Hardpan. ye1 low c lay .  grave l  16 
. . . . . . . . . . . . . . .  Clay and sand. grey 38 

Sand. hard  . . . . . . . . . . . . . . . . . . .  10 
Sand and c l a y  . . . . . . . . . . . . . . . . . .  20 

. . . . . . . . . . . . . .  Gravel. c l a y  and sand 7 
. . . . . . . . . . . . . . . . . . .  Clay. b l ue  7 

Clay and grave l  . . . . . . . . . . . . . . . . .  15 
Sand; a l i t t l e  water  . . . . . . . . . . . . . .  12 

. . . . . . . . . . . . . . . . . .  Hardpan. t an  21 

. . . . . . . . . . . . . . . . . .  Rock and sand 15 
Hardpan. tan . . . . . . . . . . . . . . . . . .  25 
Sand. brown . . . . . . . . . . . . . . . . . .  18 

. . . . . . . . . . . . . . . . . . . . .  Hardpan 2 
Gravel; a l i t t l e  water . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . . . .  Clay. sandy 5 
. . . . . . . . . .  Sand. grave l ;  a l i t t l e  water 7 

. . . . . . . . . . . . . . . . . . . . .  Hardpan 1 
. . . . . . . . . .  Gravel.  f i n e ;  a l i t t l e  water  1 

Hardpan . . . . . . . . . . . . . . . . . . . . .  3 
Sand. and grave l ;  a l i t t l e  water  . . . . . . . .  1 
Hardpan . . . . . . . . . . . . . . . . . . . . .  6 
Gravel and sand; a l i t t l e  water . . . . . . . . .  1 
Hardpan . . . . . . . . . . . . . . . . . . . . .  5 
Sand and grave l ;  a l i t t l e  water  . . . . . . . . .  6 
Sand and grave l ;  water . . . . . . . . . . . . .  1 

Open-end f i n i s h  

Wel l  no: SB 012 003 23 OACD; map no . 5 
Owner: G . W . P a r i k  
D r i l l e r :  Swafford O r i l l i n g  Co . 

.. 

Clay . . . . . . . . . . . . . . . . . . . . . .  24 24 
. . . . . . . . . . . . . .  Clay, g r a v e l l y ,  b l ue  26 50 

T i l l  . . . . . . . . . . . . . . . . . . . . . .  23 73 
. . . . . . . . . . . . . .  Sand; a l i t t l e  water  1 74 

T i l l  . . . . . . . . . . . . . . . . . . . . . .  4 78 
. . . . . . . . . . . . . .  Sand; a l i t t l e  water  1 79 

T i l l  . . . . . . . . . . . . . . . . . . . . . .  14 93 
Bedrock . . . . . . . . . . . . . . . . . . . .  12 105 

Pe r fo ra ted  f i n i s h  

Well no: SB 012 003 23 ABCC; map no . 12 
Owner: Robert  Woos1 ey 
D r i l l e r :  Clemenson D r i l l i n g  Co . 

. . . . . . . . . . . . . . . .  Sand and grave l  
Hardpan ( t i  1 ! ) . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Clay. b l ue  
. . . . . . . . . . . . . . . . . .  S i l t .  sandy 

T i l l  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Clay. b l ue  

. . . . . . . . . . . . . . .  Sand; s i l t y  water 
T i l l  . . . . . . . . . . . . . . . . . . . . . .  
Clay . . . . . . . . . . . . . . . . . . . . . .  
Ti11 . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  Sand and grave l ;  s i l t y  water  
. . . . . . . . .  Sand and grave l ;  water.  c lean 

Open-end f i n i s h  

Well no: SB 012 003 23 BBOD; map no . 13 
Owner: Anchorage Borough School D i s t r i c t  
O r i l l e r :  Swafford O r i l l i n g  Co . 

Clay and grave l  . . . . . . . . . . . . . . . .  23 23 
. . . . . . . . . . . . . . . . . . . .  Gravel 59 82 

. . . . . . . . . . . . . . . .  Clay and grave l  5 87 
Clay . . . . . . . . . . . . . . . . . . . . . .  36 123 
S a n d a n d c l a y  . . . . . . . . . . . . . . . . .  2 125 
Sand; water . . . . . . . . . . . . . . . . . .  2 127 

. . . . . . . . . . . . .  Sand and gravel;  water  15 142 

Screen f i n i s h  

Well no: SB 012 003 23 CCOD; map no . 20 
Owner: George Wool i ver  
O r i l l e r :  Swafford O r i l l i n g  Co . 
Clay and grave l .  brown. s o f t  . . . . . . . . . .  73 73 
Clay and grave l .  blue.grey. medium hard . . . .  27 100 
Clay and gravel.  brown. medium hard . . . . . .  15 115 
Clay and grave l .  blue.grey. hard  . . . . . . . .  9 124 
Sand; water; bottomed i n  grave l  . . . . . . . .  2 126 

Open-end f i n i s h  



APPENDIX A - 1  -- Cont inued 

Well  no: SB 012 003 23 CBOB; map no. 25 
Owner: Char les D. Evans 
D r i l l e r :  Clemenson D r i l l i n g  Co. 

Thickness Depth 
( f e e t )  ( f e e t )  

Clay,  sandy. . . . . . . . . . . . . . . . .  
Sand, g r a v e l ,  w i t h  c l a y .  . . . . . . . . . .  

. . . . . . . . . .  Clay,  sandy, brown, s o f t  
. . . . . . . . . . . . .  Sand, s i l t y ,  brown 

. . . . . . . . . .  Sand, s i l t y  brown, s o f t .  
T i l l ,  h a r d  . . . . . . . . . . . . . . . . .  

. . . . . . . .  Sand and g r a v e l ,  s i l t y ;  d r y .  
. . . . .  Clay,  g r a v e l l y ,  b l u e ,  nledium hard .  

. . . . . . . . . . . . .  Sand, s i l t y ;  w a t e r  

. . . . . . . . . . . . .  Clay,  sandy, b l u e .  
. . . . . . . . .  T i  11, g r a v e l l y ,  very  h a r d .  

Sand and travel; w a t e r  . . . . . . . . . . .  

Open-eno f i n i s h  

-- 
Wel l  no: SB 012 003 24 BBDD; map no. 10  
Owner: John Flcrhcl t 
D r i l l e r :  Cotten O r i l l i n g  Co. 

- - . - . . - - - 
T i  11, g r a v e l l y ,  tan ;  r o c k  a t  43 f e e t ;  

weak w a t e r  towards bottom. . . . . . . . . . .  100 100 
S l l t ,  sandy, tan ;  d r y .  . . . . . . . . . . . . .  8 108 

. . . . . .  T i  11, g r a v e l l y ,  tan; a l i t t l e  water .  9 117 
Sand and g r a v e l ,  medium t o  coarse tan; 

water .  . . . . . . . . . . . . . . . . . . . .  a t  117 

Open-end f i n i s h  

Wel l  no: SB 012 003 24  BBDD; map no. 12 
Owner: A1 P a t t e n  
D r i l l e r :  Dot ten  D r i l l i n g  Co. 

. . . . . . . . . . . . . . .  T i l l ,  l i g h t  brown. 35 35 

. . . . . . . . . . . . . . .  Mud, brown, runny .  11 46 
. . . . . . . . . . . . . .  T i  11, g r a v e l l y ,  tan .  9 5 5 
. . . . . . . . . . . . . .  T i l l ,  tan ,  very  h a r d  16 71 

. . . . . . . . . . . . . . . .  T i  11, dark  brown 8 79 
. . . . . . . .  Weathered r o c k  (bedrock) ;  water .  27 106 

Open-end f i n i s h  

Wel l  no: SB 012 003 24 ACBA; map no. 16 
Owner: W i l l i a m  Reavis 
D r i l l e r :  Foss D r i l l i n g  

. . .  Clay, sand, and g r a v e l ,  grey,  medium hard .  28  2 8 
. . . . . . .  Clay,  sand, and g r a v e l ,  g rey ,  h a r d  17 45 

. . .  Clay,  sand, and g r a v e l ,  g rey ,  medium hard .  27 72 
Bedrock . . . . . . . . . . . . . . . . . . . . .  13 85 

S l o t - t y p e  ~ e r f o r a t e d  f i n i s h  

Wel l  no: SB 012 003 24 AABB; map no: 1 8  
Owner: K e i t h G i d d i n g s  
O r i l l e r :  Swaf fo rd  D r i l l i n g  Co. 

. .  Clay ,  sand, and g r a v e l ,  brown, medium hard .  40 40 

. .  Bedrock, f r a c t u r e d ,  brown, s o f t ;  some w a t e r .  6 46 
. . . .  Bedrock, green, medium hard; some water .  19 6 5 

Bedrock, red, medium hard .  . . . . . . . . . . .  35 100 

Open-end f i n i s h  

Wel l  no: SB 012 003 24 CDBO; map no. 20 
Owner: Bob P r e s c o t t  
D r i l l e r :  Sommervi l le Wel l  D r i l l i n g  

Sand and g r a v e l .  . . . . . . . . . . . . . . . .  2 3 2 3 
Clay,  y e l l o w  . . . . . . . . . . . . . . . . . .  2 3 46 

. . . . . . . . . . . . . . . . . . . . . .  Sand 4 50 
. . . .  Rock, s t r e a k s  o f  y e l l o w  c l a y  (bedrock?) .  20 70 

Rock, l i g h t  grey;  a l i t t l e  w a t e r  a t  75'  
(bedrock) .  . . . . . . . . . . . . . . . . . .  5 75 

. . . . . . . . . . .  Rock, l i g h t  g rey  (bedrock)  1 DO 175 

Wel l  no: SB 012 003 25 CBBO; map no. 2 
Owner: Eugene Janu iewiz  
O r i l l e r :  Swaf fo rd  D r i l l i n g  Co. 

. . .  Clay  and g r a v e l ,  brown, ~ i ied i  um h a r d  and h a r d  65 65 
Clay and g r a v e l ,  b lue ,  hard .  . . . . . . . . . . .  22 87 

. . . . . . .  Clay and g r a v e l ,  brown, medium hard .  10 9 7 
Clay and g r a v e l ,  b l u e ,  medium hard;water 

seepage . . . . . . . . . . . . . . . . . . . .  33 130 
Sand and gravel ;  w a t e r  (3-112 gpm) . . . . . . . .  2 132 
Clay and g r a v e l ,  brown, some s i l t y  sand, 

medium hard .  . . . . . . . . . . . . . . . . . .  25 157 
Sand, f i n e ;  w a t e r .  . . . . . . . . . . . . . . . .  2 159 

Open-end f i n i s h  

- -- 

Well no: SB 012 003 25 CCAA; !map no.  5 
Owner: B. Yost 
D r i l l e r :  Swaf fo rd  D r i l l i n g  Co. 

Thickness (Depth 
( f e e t )  ( f e e t )  

. . . . . . .  Sand and g r a v e l ,  brown 

. . . . . . .  Clay  and g r a v e l ,  b l u e  
. . . .  Sand and g r a v e l ,  hard;  water  

Open-end f i n i s h  

Wel l  no: SB 012 003 25 ABDD; niap no. 8 
Owner: H. Roy F i s k  
D r i l l e r :  A & L D r i l l i n g  Co. 

. . . . . . . . . . . . . . . . .  T o p s o i l ,  f r o z e n .  1 1 
. . . . . . . . . . . . . . .  Bedrock, decomposed. 15 16 

. . . . . . . . . . . . . . . .  Bedrock; no w a t e r .  78 9 4 
Bedrock, f r a c t u r e d ;  w a t e r  ( 2  gpm). . . . . . . . .  1 95 

. . . . . . . . . . . . . . . .  Bedrock; no water .  13 108 
. . . . . .  Bedrock, f r a c t u r e d ;  w a t e r  (2-112 gpm). 4 112 

. . . . . . . . . . . . . . . . . .  Bedrock, hard.  13 125 

Open-end f i n i s h  below 42 f e e t  

Wel l  no: SB 012 003 25 BOBO; map no. 23 
Owner: John T. fensen 
D r i l l e r :  Sommerv i l le  Wel l  D r i l l i n g  

Clay,  g rey ,  and r o c k  . . . . . . . . . . . . . . .  42 42 
. . . . . . .  Rock, grey;  w a t e r  f r o m  crack  a t  6 0 ' .  18  60 

. . . . . . . . . . . . . . . . . . . .  R o c k , g r e y  38 9 8 
. . . . . . .  Rock, red; w a t e r  f r o m  crack  a t  1 7 0 ' .  80 178 

. . . . . . . . . . . . . . .  Rock, green and r e d  7 185 

Open-end f i n i s h  

Wel l  no:  SB 012 003 25 88BD; map no. 24  
Owner: James Fuers tenberg  
D r i l l e r :  Clemenson D r i l l i n g  Co. 

. . . . . . . . . . . .  Sand, g r a v e l  and b o u l d e r s .  20 20 
. . . . . . . . . . . . . . . . . . . . . .  Bedrock 75 95 

Open-end f i n i s h  

Wel l  no: SB 012 003 26 CBCB; map no. 3 
Owner: L.  B. M a r t i n  
D r i l l e r :  S w a f f o r d D r i l l i n g C o .  

. . . . . . . . .  Clay,  sand and g r a v e l ,  brown. 60 60 
. . . . . . . . . .  Clay and g r a v e l ,  b l u e ,  h a r d  20 80 

. . . . . . . . .  Clay ,  sand and g r a v e l ,  brown. 20 100 
Clay and g r a v e l ,  brown and b l u e  a l t e r n a t i n g  . . 118 21 8 

. . . . . . . . . . . .  Sand and g r a v e l ;  w a t e r .  2 220 

Open-end f i n i s h  

Wel l  no: SB 012 003 26 AAAA; map no. 5 
Owner: S t a n f o r d  Spendlove 
D r i l l e r :  Hy land O r i l l i n g  Co. 

T i l l ,  y e l l o w .  . . . . . . . . . . . . . . . . .  10 10 
. . . . . . . . . .  T i l l ,  g r a v e l l y ,  y e l l o w ;  d r y  14 2 4 

. . . .  Cemented s tone (bedrock?) ,  grey;  w a t e r .  55 79 

Open-end f i n i s h  

Wel l  no: SB 012 003 26 DADA; map no. 7 
Ovner: Frank Morgan 
D r i l l e r :  John Cox 

. . . . . . . . . . . . . . . . .  Clay ,  y e l l o w .  10 10 

. . . . . . . . . . . . . . . . .  Sand, g r a v e l .  40 50 
Hardpan . . . . . . . . . . . . . . . . . . . .  15 65 

. . . . . . . . .  Grave l ,  f i n e ,  and y e l l o w  c l a y  23 88 
Clay,  y e l l o w ,  and f i n e  g r a v e l  ( s t r e a k s  o f  

. . . . . . . . . . . . . . . . . . .  s tones)  18  106 
. . . . . .  Clay ,  y e l l o w ,  s o f t , a n d  f i n e  g r a v e l .  9 115 

. . . . . . . . . .  Clay,  grey,  and coarse r o c k  36 151 
. . . . . . . . . . . . . . .  Sand, s i l t ;  w a t e r  4 155 

Hardpan . . . . . . . . . . . . . . . . . . . .  1 156 

Open-end f i n i s h  

Wel l  no: SB 012 003 26 DDOC; map no. 15 
Owner: Don Grey, J r .  
O r i l l e r :  C. P. Foss 

. . . . . . . . .  Clay  and g r a v e l ,  brown, s o f t .  22 22 
Clay and g r a v e l ,  grey,  medium hard; w a t e r  

h i t  a t  40 f e e t .  . . . . . . . . . . . . . . .  2 5 47 
Bedrock . . . . . . . . . . . . . . . . . . . .  41 88 

Open-end f i n i s h ;  p e r f o r a t e d  3 9 ' - 4 0 '  



APPENDIX A-1  .. Continued . 
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Well  no: SB 012 003 26 BCBA; map no . 18 
Owner: Dick Rains 
D r i l l e r :  Clemenson D r i l l i n g  Co . 

Well no: SB 012 003 34 BAAA; map no . 4 
Owner: G . Buchanan 
D r i l l e r :  Clemenson D r i l l i n g  Co . 

. . . . . . . . . . .  Clay and sand. w i t h  g rave l  
. . . . . . . . . . . . . . . . . . . . . .  Sand 

. . . . . . . . . . . . . . . . . . . . .  Gravel 
. . . . . . . . . . . . . . . . . .  Sand. s i l t y  

. . . . . . . . . . . .  Sand. s i l t y .  and grave l  
. . . . . . . . . . . . . . . . . .  T i l l .  brown 

. . . . . . . . . . . .  Sand. s i  1 t y .  and grave l  
Sand. s i l t y  . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  T i l l .  brown 
Sand and grave l ;  water . . . . . . . . . . . . .  

Open-end f i n i s h  

Well no: SB 012 003 27 CAOA; map no . 3 
Owner: Marvin Mi 1 l e r  
O r i l l e r :  Swafford D r i l l i n g  Co . 

. . . . . . . . . . . . .  Gravel. brown. hard  70 
. . . . . . . . . . . .  Gravel and rock. hard 50 

Gravel. grey. hard  . . . . . . . . . . . . .  9 
. . . . .  Gravel and rock. brown. medium ha rd  43 

Clay. brown. s o f t  . . . . . . . . . . . . . .  17 
Clay and grave l .  brown. hard . . . . . . . .  22 
Sand and grave l ;  water  . . . . . . . . . . .  2 

. . . . . . . . . . .  Clay and grave l ;  water  17 

Open-end f i n i s h  

Well no: SB 012 003 27 CCDA; map no . 5 
Owner: G . Heaverly 
D r i l l e r :  Clemenson D r i l l i n g  Co . 
T i l l  . . . . . . . . . . . . . . . . . . . .  11 11 
Gravel w i t h  boulders. s i  1 t y  . brown; 

. . . . . . . . . . . . . . .  water seepage 43 5 4 
T i  11. blue. (hardpan) . . . . . . . . . . . .  9 63 
Sand. s i l t .  and grave l  ( t i l l ) . s o f t  . . . . .  7 70 
T i l l .  sandy. s i l t y .  g rave l l y .  w i t h  boulders. 

brown . . . . . . . . . . . . . . . . . . .  44 11 4 
S i l t .  sand and grave l ;  d r y  . . . . . . . . .  10 124 
Sand and s i l t ;  water  ( d i r t y )  . . . . . . . .  4 128 
T i l l .  sandy. b l u e  . . . . . . . . . . . . . .  14 142 
T i1  1. sandy. brown . . . . . . . . . . . . .  3 145 
Gravel. sandy. grey. hard . . . . . . . . . .  12 157 
Gravel. sandy. blue. hard. w i t h  l a r g e  

. . . . . . . . . . . . . . . . . . .  rocks 7 164 
Gravel.  sandy. blue. hard. very  dense . . . .  6 170 
Sand. brown. and gravel;  water  . . . . . . .  170 

Open-end f i n i s h  

Wel l  no: SB 012 003 27 ABCA; map no . 25 
Owner: Edward McCain 
D r i l l e r :  A r c t i c  D r i l l i n g  

Clay and grave l  . . . . . . . . . . . . . . .  2 5 25 
Gravel. sandy . . . . . . . . . . . . . . . .  10 35 
T i l l .  brown; bou lder  from 105 t o  110' . . . .  120 155 
Hardpan . . . . . . . . . . . . . . . . . . .  60 21 5 
Sand. s i l t y ;  water  . . . . . . . . . . . . .  6 221 
Gravel; water  . . . . . . . . . . . . . . . .  1 222 

Open-end f i n i s h  

Well no: SB 012 003 27 BOCB; map no . 27 
Owner: A r thu r  Parker 
D r i l l e r :  Clemenson D r i l l i n g  Co . 

T i l l .  g r a v e l l y  . . . . . . . . . . . . . . .  2 4 2 4 
. . . . . . . . . . . . . . . . .  Clay. brown 81 105 

T i l l .  g rave l l y .  hard  . . . . . . . . . . . .  22 127 
T i  11. g r a v e l l y .  sandy. s o f t  . . . . . . . . .  47 174 
T i 1  1. hard  . . . . . . . . . . . . . . . . .  6 180 
Bedrock . . . . . . . . . . . . . . . . . .  85 265 

Open-end f i n i s h  

Wel l  no: SB 012 003 34 CCDB; sap no . 1 
Owner: Cu r t i s  Young 
D r i l l e r :  Robert Cross 

. . . . . . . . . . .  Record miss ing (dug w e l l )  3 8 3 8 
Sand. brown . . . . . . . . . . . . . . . . . .  2 40 
Hardpan . . . . . . . . . . . . . . . . . . . .  5 45 

. . . . . . . . . . . .  Gravel and sand; water  5 50 
Clay and grave l  . . . . . . . . . . . . . . . .  9 59 
H ~ r d p a n  . . . . . . . . . . . . . . . . . . . .  47.5 108.5 
Bedrock . . . . . . . . . . . . . . . . . . . .  143.5 275 

Open-end f i n i s h  

Well no: S8 012 003 34 BBBB; map no . 2 
Owner: Ea r l  Morel1 
D r i l l e r :  Swafford D r i l l i n g  CO . 

Clay and grave l .  brown and b lue  a l t e r n a t i n g ;  
a l i t t l e  water  a t  53 f e e t  . . . . . . . . . .  165 165 

Sand and grave l ;  water  . . . . . . . . . . . .  4 169 

Open-end f i n i s h  

. . . . . . . . . . . . . .  Gravel and boulders 20 20 
T i l l  . . . . . . . . . . . . . . . . . . . . .  10 30 

. . . . . . . . . . . .  T i l l .  b lue. sed iu r  hard  32 62 . . . . . . . . . . . .  T i l l .  brown. medium hard 38 100 

. . . . . . . . . . . .  Sand and grave l ;  water 1 101 

Open-end f i n i s h  

Wel i  no: SB 012 003 34 AADC; map no . 27 
Okner: Robert  Arwezon 
D r i l l e r :  Eyland D r i l l i n g  Co . 

. . . . . . . . . . . . . . . .  T i l l .  grey 
. . . . . . . . . . . . . . . . .  Boulders 

. . . . . . . . . .  T i  11. grey. stone. grave l  
T i l l .  ye l iow.  rock. c lay .  sand. and grave l  

. . . . . . . . . . . . . . . .  T i l l .  grey 
. . . . . . . . . .  Clay. sand. and grave l  

Shale . . . . . . . . . . . . . . . . . . .  
. . . . . . . .  T i l l .  grey. s tcne and c l a y  

. . . .  T i l l .  ye l low.  sand. s i l t  and cl?.y. 
. . . . . . . . . .  T i l l .  grey. sana; water  

5 f e e t  o f  30 -s l o t  screen f i n i s h  
....... - -. .. 

Well no: SB 012 003 34 OUCA; cap i?c . 31 
Owner: Palpt- C . Risgs 
D r i l l e r :  Swafford D r i l l i n g  CO . 

Clay and grave l .  brown. hard  . . . . . . . . .  20 20 
. . . . . . . . . . . . .  Rock. blue.grey. s o f t  14 34 

. . . . . . . . .  Rock. b l  ue-grey . medium ha rd  41 75 

Wel l  no: SB 012 003 35 CCDA; map no . 1 
Owner: John W i l l s  
D r i l l e r :  L l oyd  Wilson 

. . . . . . . . . . .  Rock and c l ay .  compacted 15 15 
. . . . . . . . . . . . . . . . .  Rocks. l a rge  30 45 

. . . . . . . . . . . . . . .  Hardpan and rock  15 60 
. . . . . . . . . . . . . . . . . . .  Hardpan 15 75 

. . . . . . . .  Clay and rock .  r edd i sh ; s t i c ky  19 94 
Gravel s t r i p s .  wet  . . . . . . . . . . . . . .  6 100 

. . . . . . . . .  Gravel and sand. medium ha rd  19 119 

Open-end f i n i s h  

Wel l  no: SB 012 003 35 BCCA; map no . 10 
Owner: Grant Means 
Or i  1 l e r :  John Cox 

Clay. ye1 low. and sand and stones . . . . . .  13 13 
. . . . . . . . . . . . . . . .  Hardpan. grey 13 26 

Rocks . . . . . . . . . . . . . . . . . . . .  10 36 
Sand. f i n e  grave l .  and clay; a l i t t l e  water  

. . . . . . . . . . . . . . . . .  a t  40 f e e t  25 61 
Hardpan . . . . . . . . . . . . . . . . . . .  18 79 
Clay. ye l low. .  s o f t e r .  a l i t t l e  water  i n  sand 

s t reak  a t  80 f e e t  . . . . . . . . . . . . .  7 86 
. . . . . . . . . . . . . . . . . . .  Hardpan 2 88 

Sand. f i n e .  very hard  . . . . . . . . . . . .  5 93 
Clay. ye l low.  s o f t  . . . . . . . . . . . . . .  12 105 

. . . . . . . . . . . . . . . . . . .  Hardpan 0.5 105.5 
Sand; water . . . . . . . . . . . . . . . . .  0.5 106 

Open-end f i n i s h  

Wel l  no: SB 012 003 35 ACCA; map no . 15 
Owner: C lark  Degarmo 
O r i l l e r :  Cox 

. . . . . . . . .  T i l l .  ye l l ow  t o  grey. stones 11 11 
. . . . . . . . . . .  Gravel. grey c lay .  sand 15 26 

T i l l .  ye l low.  grave l  . . . . . . . . . . . . .  19 45 
. . . . . . . . . . . . . . . . . . .  Hardpan 24 69 

T i l l .  ye l low.  sand and grave l  . . . . . . . .  30 99 
T i l l .  grey . . . . . . . . . . . . . . . . . .  23 122 
T i l l .  ye l low.  grave l  . . . . . . . . . . . . .  6 128 
Hardpan. ye1 low. smal l  stones . . . . . . . .  7 135 
Sand. compact . . . . . . . . . . . . . . . .  135 

Open-end f i n i s h  

Well no: SB 012 003 35 AADO; map no . 18 
Owner: Ray Jones 
D r i l l e r :  S w a f f o r d O r i l l i n g C o  . 

T i l l .  grey. brown . 
Rock. grey . . . . .  
Rock. l ime . . . . .  
Rock. grey . . . . .  
Rock. l ime  . . . . .  
Conglomerate. grey . 

Open-hole f i n i s h  



~ APPENDIX  A - 2  L o c a t i o n s  o f  s e l e c t e d  g r o u n d - w a t e r  w e l l s .  

W e l l  s y m b o l  
E X P L A N A T I  O N  

T h e  n u m b e r  b e s i d e  t h e  w e l l  s y m b o l  

0 l e s s  t h a n  1 0 0  f e e t  d e e p  i s  a  s e q u e n t i a l  n u m b e r  a r b i t r a r i l y  

9 1 0 0 - 2 5 0  f e e t  d e e p  
a s s i g n e d  w i t h i n  a s q u a r e  m l l e  s e c -  

t ~ o n .  A d a t a - l i s t i n g  b y  t h i s  num- 
g r e a t e r  t h a n  2 5 0  f e e t  d e e p  s y s t e m  i s  g i v e n  i n  a p p e n d i x  A - 3 .  



APPENDIX A-3 Reported data. on water we1 1s. 

Explanation 

Section and map number: Section refers  t o  land l ine  township-range square-mile grid.  Map number 
refers  to  the sequential l i s t i n g  of wells within square-mile sections (see f ig .  A-2  f o r  
map locations).  

Owner: Person responsible for  the well a t  time of original inventory, usually the person who had 
the well dr i l led .  

Well depth: Maximum depth dr i l led  during construction of the well. 

Altitude: Approximate height above sea level of the land surface a t  the well s i t e .  

Aquifer zone and material: Depth to top and bottom of water-bearing s t r a t a  below land surface and 
the predominant geologic composi t i  on of the aquifer. 

S ta t ic  water level:  Depth to  water in well below land surface on a specified date a f t e r  completion 
of the well. 

Pumping data: Yield i s  gallons of water per minute produced during a t e s t  of the well and aquifer 
performance. B indicates that  yield was dertermined by the bailing method. Drawdown i s  total  
distance of water level decline from s t a t i c  level a t  the end of the pumping t e s t .  Duration 
refers  to  length of pumping t e s t .  

Remarks: L indicates that  a d r i l l e r ' s  log i s  available. LP indicates that  the d r i l l e r ' s  log i s  
given in table A-1. C denotes that chemical analyses of well water are  given in table  A-4. 
Chemical data given under remarks were determined in the f i e ld  and are only approximations. 

Note: Nearly a l l  wells are  completed with open-ended 6-inch casings. Casings of wells producing 
water from bedrock were usually driven several f ee t  into bedrock with open-hole exposures 
a t  greater depth. 

Section Aquifer S t a t i c  Water Level %ping Data 
and Depth f ee t  below date y i e l d  drawdown duration 

Map No. Owner dri 11 ed Al t i tude  Zone surface measured (gpm) ( f e e t )  (hours) Remarks Material  

Luchsinger, Carl 
Woodward, Allen 
Neilson 
Reed, Robert 

Hammond 
Warren, A1 
Gi l l o t t e ,  Daltrice 
Tanaka, J i m  
Brothertow 
Larson, Robert 
Rigler ,  J e r ry  

Pr icket t ,  Harvey 
Clark, Collin 
Hawley, Charles 
Fa l t i n ,  Howard 
Armstrong, John 
Nelson, David C .  
Lohrey, John 
Ellington, Clayton 
Luchsinger, Carl 
Houtchens, Charles 

He ike s , Melvin 
Bwngarner, William 
Craig 
S i e f l e r ,  Ronald 
Lustig,  George 
Lally,  R. 
Tremblay, R.  
Moe, J. 
Mensing, Bob 
Vali  Vue Subdivision 

Township 12N., Range 3W. 

bedrock 40 
sand, gravel 130 

131 
till 4ot 

bedrock 
bedrock -- 
bedrock -- 

-- 
sand, gravel 104 

bedrock 60 
104 

bedrock? -- 
sand, gravel 100 

-- 
sediments 147 
bedrock? 18 
bedrock 12 

50 
93 
86 

bedrock 18 
bedrock 43 

grave 1 165 
gravel ly  sand 156 

gravel -- 
sand ,g rave l  125 

70 
34 

s and ,g rave l  185 
sand, gravel 178 

sand.  155 
gravel  43 

-- 
-- 
-- 

small 

-- 
- - 
-- 
-- 
140 
- - 
-- 
-- 
- - 
-- 
82 
66 -- 

- - 
-- 

75 
- - 

10 
24 

-- 
12 

-- 
-- 
-- 
-- 

4 
107 

LP, bedrock a t  40 f e e t  
JA 

Hit  bedrock? 
L, bedrock a t  59 f ee t  

Bedrock a t  25 f e e t  

LP 
Bedrock a t  60 f e e t  

L, bedrock apparently a t  
227 f e e t  

L 
Bedrock a t  70 f ee t  
L ,  bedrock a t  173 f e e t  
Bedrock a t  47 f ee t  
L, bedrock a t  8 f e e t  
Bedrock a t  70 f e e t  
Bedrock a t  95 f e e t  
Bedrock a t  86 f e e t  
LP, bedrock a t  23 f e e t  
LP, bedrock a t  40 f e e t  

L 
L 
L 
LP, C 
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Aquifer S t a t i c  Water Level FVmping Data 
f ee t  below date v ie ld  drawdown duration 

Altitude 1 Z ~ n e  Material  surface measured (gpm) ( f ee t  J (hours ) Hemarks 

Section 
and 

Map No. 
Depth 

drilled Owner 

Township U N . ,  Range 3W. 

Allinger,  Leroy 
S t ru l t z ,  R. 
Whittier,  Gordon 
S t e r l i ng  
Sullivan, C .  
Lenhart, Victor 
Barker, Thor 
Cardwell, William 
Coleman, H. 
Engersall  
Unknown 
Dehart, W i l l i a m  
Loudemilk, Lindon 
Enke, Alma 
Jesse Lee Home 
Kahn, Harold 
Parr ish ,  Robert 
Brauch, Fred 
Diamond, Tim 
Brady and Evere t t  
Ryan, James 

sand, gravel 
gravel 

sand, eravel  
sand, gravel 

t i l l ?  

sand, gravel 
sand, gravel 
sand, gravel 
sand, gravel 

gravel,  cobbles 
sand 
sand 
sand 

sand, gravel 

gravel ly  sand 
sand, gravel 
sand, gravel 
sand, gravel 

8 
12 '  
11 
10 

4 
1 
8 

12 
4 

15B 
15 

5 
8 
8 

222 
40B - - 

5 
15E 
10 
(4)  

17 

- - 
9 

-- 
-- 
5 
6 
8 
-- 

10 
16 

5 
-- 

15 -- 
8 
-- 
-- 

10 
15 
10 

5B 
15 
4-1/2 
5 

10B 
10 
-- 
-- 

15 
small 

-- 
20 

10 
10 
40 
100 

1 
12B 
-- 
-- 
-- 
10 
10  
10 

150 -- 
-- 
10 

8 
3 

10  
7 -- 

15B 
4-1/2 
1 
5 

LO 
-- 
12 
40? -- 
-- 
6 -- -- 
5 

12 

8 
- - 

1 
12 
40 -- 

7 
30 
45 

173 
t o t a l  

22 
20 

-- 
13 

-- 
-- 

51 -- 
1 

-- 

10 

- - 
20 

-- 
81  
29 

9 
24 
-- 
4 
8 

10 
-- 
-- 
-- 

3 
-- 
-- 
-- 

3 
0 

19 
45 
22 
10 

6 
20 -- 
-- 
-- -- 
-- 
30 

-- 
47 
10 
24 

35 -- 
-- 
-- 
- - 

2 
43 
80 

1-1/2 
-- 
-- 
-- 

2 -- 
- - 

8 -- 
3 

180 -- 
20 

-- 
-- 
-- - - 
-- 
-- 
-- 
-- 
-- 
-- - - 

1 
C ,  screened 26i-280' 
1 
1 
1 
1 
LI 

L, (pumping data  fo r  181-foot 
water zone) water contains 
some iron 

LP; 0.1 mg/l iron; sp. c.  220; 
hard. 120 f i e l d  

1 

Henrickson, Harold sand 200 

Roland, Robert 
Kranich, B i l l  

sandy gravel 275 
175 *was 140 f ee t .  Had t o  deepen 

Springer,  J. 
Landes, Wesley 
Groh, 0. 
Clauson, J .  
Clare, John 
Straus,  R. 
Dafoe, Harold 
Bowden, Bruce 
Smith, Bert 
Hershe, John 
McCoy, Charles 
C m i n g s ,  Jim 
Arcand, George 
Bumgarner, James 
Roguska, Gene 
Marcy 
Wells, Dale 
Riem 
Parks 
Klementson, Klement 
Chamberlin, William 
Hunsberger, Glenn 
Scott  
Reed, J .  
Mattingley, C. 
Smith, Francis J r .  
Froelicher,  Franz 
Kay, Gale 

Lipscomb, Wayland 
Taku Developers 

sand, gravel  86 
gravel 56 

sand, gravel 36 
sand, gravel 48 
sand, gravel 203 
sand, gravel 62 
sand, gravel 198 
sand, gravel 74 

till 20 
sand 214 
sand 55 
Sand 
sand 

69 
204 

t i l l ?  37 
sand 120 

sand, gravel 
sand, gravel 213 

sand 15 
sand, gravel 29 
sand, gravel 55 
sandy gravel 75 
sand, gravel 35 
sand, gravel 51 

gravel 15 
gravel 

268 
210 

50 

h 

LP, C 
1 

k, screened 2241-227' 
1 
1 
1 
LP 
1 

L, screen i n s t a l l ed  a t  255 f e e t  
Reported heavy mineral content 

i n  water 
1 
LP, C 

193 
sand, gravel 219 

Crow, Richard 
Ostrandes, Norman 
Dault, Harvey 
Graham F. 

gravel  200 
sand, gravel 143 

gravel 154 
gravel  127 

1 
L, recovered t o  s t a t i c  i n  2 

minutes 
LP, bedrock a t  93 f ee t  
1 
L, C ,  bedrock a t  233 f e e t  
L, d r i l l e d  about 30 f e e t  

deeper i n  1968 
1 

Parik, G. 
Weeks, Ralph 
G i l l e t t e ,  Don 
Moerlein, George 

sand 29 
sand 100 

bedrock 134 
98 

Forsythe, Grant 
Wright, Gerald 
Ful ler ,  Keith 
Woosley, Bob 
O'Malley Elem. School 
Brewster, Herbert 

gravel 78 
gravel  22 
till +5 

sand, gravel 100 
sand, gravel 97 

flowing 

LI 

LP, bedrock was encountered 
LP 
L, screened 
20 l b s .  a r t e s i an  pressure 

reported 

1 
Temple, Brad 
Ward, Frederick 
Autten 
Kurtz, I rv in  

124 
sand, gravel 29 

gravel 118 1 

Field  qual i ty :  Fe 0.1 mg/l; 
sp. cond. 265; hard.138 

Block, Ed 
Wooliver, George 
Copelin, Charles 
Woosley, Bob 
Mobley, John 
Engle, Stan 
Evans, Charles 

907 
sand, gravel 116 

>25+ 
sand, gravel  150 

bedrock 30 
t i l l  148 

sand, gravel 161 

LP 
Adequate supply 
1 

L, bedrock a t  185 f e e t ( ? )  
L, bedrock a t  178 f e e t  
LP 

Woodbury, George 
Wood, Vernon 
C m i n g s ,  Robert 
Thomas, Leonard 
Scot t ,  L. 
David, Clinton 
Stetson, Gi lber t  
Muth, John 
Swank, Russ 
Morholt, John 
Richter,  Donald 

bedrock 10 L, bedrock a t  86 f ee t  

Well y i e ld  not documented 
Screened 20 

sand, gravel 48 
bedrock? 70 

1 
Well d r i l l e d  i n to  bedrock 
Perfora ted  a t  36 f ee t  
LP sand, gravel 46 

6 5' Screened, wel l  was 99 f e e t  
deep p r io r  t o  1965 
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Section Aquifer S t a t i c  Water Level M p i n g  Data 
and Depth f e e t  below data  y i e ld  drawdown durat ion 

Map No. Owner dr i  1 Ted Alt i tude  Zone Material  surface measured (gpmj ( f e e t )  (hours) Remarks 

Township l2N., Range 

LP, bedrock a t  79 f e e t  
Reported to  h i t  bedrock 65 f ee t  
Water i s  s i l t y  a t  times 
L, bedrock a t  24 f ee t  
LP, bedrock a t  72 f e e t  
L, bedrock a t  50 f e e t  
LP, bedrock a t  40 f e e t  
Dug well ,  ample supply 
L, bedrock a t  70 f ee t  
Bedrock a t  about 8 f ee t  
Adequate y i e ld  reported 
Well d r i l l e d  i n to  bedrock 
L,  bedrock a t  50 f e e t  

12 Patten, A1 
13 Fros t ,  Stan 
14 Glenn, Leland 
15 Boedecker, Wayne 
16 Reavis, William 
17 Luchsinger, Carl 
18 Giddings, Keith 
19 Herbst, Marvin 
20 Prescot t ,  Bob 
21 Jok i l ,  Zig 
22 Arnett ,  Russel l  
23 Meredith, J e r ry  
24 Matthews , Eugene 

106 970 79-106 bedrock 
63 1010 
65 1080 a t  24 
75 1060 24-38 bedrock 
85 1250 43-48 till 
85 1020 50-85 bedrock 

100 1360 40-65 bedrock 
35 1020 

175 1090 70-75 bedrock 
250 1280 bedrock 

85 940 80-7 gravel 
63 1060 
85 990 50-70 bedrock 

Evans, G l y n n  
Januiewiz , Eugene 
Yost, Robert 
Cox, John Jr. 
Yost, B. 
Mayfield, Earnest 
Moore, Pat 
Moore, Pat 
Garland, Gerry 
Holland, Russel 
Ward, Harry 
Swanson, Frank 
Markson, Louis 
Spendlove, Rod 
B i r t c i e l ,  J. ( tennant)  
Mohammad 
Kilmer, J. 
Shumaker, Joe 
Buden, Vern 
Breedlove, William 
Sears, David 
Connor, Pat 
Jensen, John 
he r s t enbe rg ,  James 
Champion, C.  
Robinson, Monroe 

bedrock? 24 
sand 100 
till 30 

gravel  77 
sand, gravel  -- 

bedrock 30 
bedrock - - 
bedrock 49 
bedrock -- 
bedrock 41 
belirock 15 -- 

-- 
35 
- - 
-- 
-- 
-- 
- - 
29 -- 
-- 
-- 
-- 
10 
-- 
-- 
- - 
-- 
-- 
- - 
-- 
-- 
-- 

15: 
-- 
-- 

small 

L, bedrock a t  23 f ee t  
LP 
L, bedrock a t  38 f e e t ( ? )  
L 
LP 
L, bedrock a t  18 f e e t  
L, bedrock a t  surface 
LP, bedrock a t  surface 
Bedrock close t o  surface 
Bedrock a t  30 f ee t  
Bedrock a t  30 f e e t  

-- 
ample -- 

Reported 0.2 mg/l i ron 
C ,  bedrock a t  144 f e e t ( ? )  

-- 
bedrock? -- -- 

-- 
-- 

gravel 110 
grave 1 65 

110 
bedrock 42 -- 
bedrock 18 
bedrock 15 

-- 
bedrock > 50' 

-- 
-- 
6 
5 -- 

ample 
> 2+ 

6 
1,'2 

no water 
14 

Bedrock a t  87 f e e t  a t  400 

a t  60, 170 
a t  95 
none 

LP, bedrock a t  42 f e e t  
LP, bedrock a t  20 f e e t  
Bedrock reported a t  45 f e e t  
Bedrock about 15 f e e t  below 

surface 

Arturo 
Pinnick, V. 
Martin, L. 
Thiel,  Ronald 
Spendlove, Stanford 
Knapp, John 
Morgan, Frank 
Breedon, Don 
Mil ler ,  Harold 
Bennett, Rex 
DePalatis,  Sam 
COX, C. 
Huckabee , B i l l  
Godfrey, Keith 

bedrock 
bedrock 

sand, gravel 

bedrock 
sand, gravel 
s i l t y  sand 
gravel 
bedrock 

5 
small 
-- 
-- 
12 
12 
10 

56 
3 -- 

- - 

Bedrock a t  79 f e e t  
Bedrock a t  68 f e e t  
LP 

LP, bedrock a t  24 f e e t ( ? )  
L 
LP 
L 
Bedrock a t  15 f e e t  

97 
112 
187 

15 -- 
- - 

dry? 
-- 
- - 

-- 
ample 
small Water reported t o  be hard 

and irony 
LP, bedrock a t  47 f e e t  
LP 

Grey, Don J r .  
Rains, Dick 
Bedford, Wallace 
Steward, Harley 
Geuss, Arthur 
Hanson, H. 

t i l l ?  
sand, gravel 10 

7 5+ 
small 

till, gravel 

Nogaard, Quentin 
Lyons, M. 
Mi l ler ,  Marvin 

sandy till 
sand, gravel 
sand, gravel 

L 
L 
LP, o r ig ina l l y  213 f e e t  deep. 

Had t o  d r i l l  deeper a f t e r  
1964 Earthquelce 

L 
LP 

Kirsch, Andrew 
Heaverly, G. 
Jensen, Richard 
McCabe, J. 
Moralli, Pete 
Pool, Bob 
Cannon, Charlie 
Currin, W .  
Hokama, Fred 
Emmel, James 
Minnis, Willson 

sand, gravel 
sand, gravel 
sand, gravel 

bedrock 
sand, gravel 
sand, gravel 

sand, gravel 

L 
L, L bedrock a t  173 f ee t  

L 

Screened 
Screened 
Screened 
Reported i ron and lime i n  

water 
McDowel 
G i l l i e  
Menzel 
Sanden 
Harms, Rex 
Swenson, Niel 
Hines, Louis 
Johnson, Ronald 
Rooth, Gunnar 
McCain, Edward 
Jutsum, John 
Parker, Arthur 
Peterson 
Putman 

bedrock 

bedrock 
sand, gravel 

bedrock 
sand, gravel 

gravel 

Bedrock a t  83 f e e t  

Bedrock a t  about 160 f e e t  
LF 

LP, bedrock a t  180 f e e t  
LP 
L 
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34 1 Young, Curtis 
2 Morell, Ea r l  
3 Goodland, R .  
4 Buchanan, Garner 
5 Hamilton, James 
7 Kucera, Thomas 
9 Jackson, George 

11 Chisum, Paul 
12 Lenz, R. 
13 Be s t ,  Gordon 

Section 
and Depth 

Map No. Owner drilled Alt i tude  

382 100 
356 165-169 sand, gravel 124? 
665 a t  54 sand, gravel 22 
440 100-101 sand, gravel 50 
380 a t  115 top of hedrdck 60 
410 50 
320 bedrock - - 
390 -- 
420 

grave 1 
65 

420 99-100 55 

Aquifer S t a t i c  Water Level hunping Data 
f ee t  helow date y ie ld  drawdown duration 

Zone Material  surface measured (gpm) , f e e t )  !hours) Remarks 

- - LP, t o  123 f e e t  
6 LP -- L 

5 LP - - L, bedrock a t  115 f e e t  -- 
- - L, bedrock a t  171 f ee t  
- - 
-- Casing perforated a t  106? 
-- L 

- 

Nix, Kenneth 
Caress, James J r .  
Venne, Wesley 
Bird, James 
Mil ler ,  Leo 
Young, William 
Young, Don 
Brown, Gene 
Elmore, William 
McInnes 
Bouschor, Sid 
Mallory 

-- 
sand, gravel 

-- 
-- 

bedrock 
bedrock? 

-- 
sand 
-- 
-- 
-- 

L,  bedrock a t  18 f e e t  
Bedrock a t  about 40 f e e t  

C 
Bedrock well? Water hard 

with i ron 
C 
LP, screened, f i e l d  qual i ty :  

Fe 0.3 mg/l; Sp. cond. 160 
L 
L 
C ,  weathered bedrock a t  125 f e e t  
LP, bedrock a t  20 f e e t  
Perforated a t  70 f ee t ,  l i t t l e  

water gained 

L, well  finished i n  large  
gravel 

L 
L, bedrock a t  51 f e e t ?  
LP 
Screened, d id  not h i t  bedrock 
L, screened, f i e l d  qual i ty :  

Fe 0.3 mg/l; Sp. cond. 220 
Reported hard water 
LP, may have h i t  bedrock a t  

bottom 
L 
Bedrock a t  38 f e e t  
LP, bedrock a t  18 f e e t  
Screened(?) f i e l d  qua l i t y :  

no i ron;  Sp. cond. 305 
Bedrock a t  185 f e e t  

Anderson, Lester 
Arewzon, Robert 

-- 
sand 

Kenneth, Don 
AhYou, Allen, Sr.  
Player,  Gary 
Riggs, Ralph 
Nance, Martin 

gravel ly  sand 
sand, gravel 

bedrock 
bedrock 

-- 

7B -- 
-- -- 

l e s s  than 1 t o t a l  
I+ 58 
2 -- 

Wills,  John G. sand, gravel 

Arians , Arthur 
Stork, R.  
Means, Grant 
Michael, W. 
Wagner, D. 

sand, gravel 3 -- 
3 -- 

10 10 
ample -- 
7 -- 

bedrock 
sand 

grave 1 
s i l t y  gravel 

Hanson, James 
DeGarmo, Clark 

-- 
compact sand 

Jackson, Brady 
Dennison, K 
Jones, Ray 
Budd, J e r ry  

gravel 
bedrock 
bedrock - - 

-- -- 
-- -- 
3 -- 

ample -- 

Lemp, Paul bedrock? 

Township 12N., Range 2W. 

30 1 Col l ier ,  Monty 
2 Lust, Dean 

adequate -- -- Reported h i t  bedrock a t  58 f e e t  
3+ - - - - Bedrock a t  12 f e e t  



APPENDIX A-4 Chemical analyses of water from wells 
(Location of wells shown in appendix A-2)  

Well d e s i g n a t i o n :  i e c t i o n  - number w i th in  s e c t i o n  - -- Recomended l i m i t s  S i g n i f i c a n c e  t o  domest ic and p u b l i c  
Parameter 

14-11 15-19 22-10 22-24 22-30 23-7 25-14 25-16 ' 34-22 34-24 34-26 34-30 E P A ( 1 9 7 2 )  water  supp ly  users  

Sample da te  4/72 8/66 12/52 150 6/72 7/55 2/68 2/68 2/68 2/68 2/68 12/71 

3ept  t o  a q u i f e r  ( f t )  174 263 234 42 257 233* 150* 107 47 80 87 125* *Bedrock a q u i f e r  tapped 

S i l i c a  (ma l l  ) 12 12 20 17 8.2 9.8 11 16 21 12 11 Excessive amounts may i n h i b i t  d e t e r i o r a t i o n  o f  z e o l i t e  water  s o f t e n e r s  16 

I r o n  ( m g l l )  0.22 0.48 1.5 .08 .15 3.1 .10 .06 .05 .35 .14 -- 0.3 maximum Excessive amounts cause s t a i n i n q ,  unp leasant  t a s t e .  o b i e c t i M l e  odor 

Calc ium ( m q l l )  35 36 26 9 33 41 42 37 46 28 28 22 Pr imary  causes o f  hardness 

Yaqnesium (rnql l  ) 7.2 6.8 8.2 3.2 7.4 10 5.1 12 5.3 6.1 6.1 9.6 - 
I n  combina t ion  w i t h  c h l o r i d e ,  cause s a l t y  t a s t e .  I n  most 

Sodium ( m g l l )  2.9 2.8 3.2 -- 3.0 18 2.5 3.5 3.7 3.7 3.0 16 waters t h e  c o n c e n t r a t i o n s  o f  these i o n s  a r e  t o o  low t o  a f f e c t  
use. 

P" Potassium ( m g l l  ) 0.6 1.0 1.4 -- 0.9 1.2 0.4 1.3 0.7 0.4 0.7 1-0 

Bicarbonate  ( m g l l  ) 138 150 113 56 129 149 135 180 137 113 112 1 4 6  ! P r imary  component o f  a1 k a l  i n i  t y  
Excessive amounts cause b i t t e r  t a s t e ;  may have l a x a t i v e  

S u l f a t e  ( m g l l )  - 9.8 o 6.0 -- 8.2 40 12 3.8 18 14 7.5 6.5 250 maximum e f f e c t s  
Large q u a n t i  tes  cause c o r r o s i o n ;  w i t h  sodium may g i v e  

C h l o r i d e  (mg/l ) 0.6 1.4 5.0 3.5 9.0 2.0 1.8 1.8 5.7 3.9 3,2 1.5 250 maximum s a l t y  t a s t e  
Maximum recommended consumption v a r i e s  w i t h  temperature;  very  

F l u o r i d e  ( m q l l )  0.1 0.1 -- - - 0 0 0 0 0 0 0 0.3 1 2 .4 maximum a t  50°F h i g h  f l u o r i d e  c o n t e n t s  cause s c a l i n g  on t e e t h  
Very h i g h  conten ts  may i n d i c a t e  p o l l u t i o n  f rom wastes. 

N i t r a t e  (mq l l  ) 1.5 0 1.4 -- 1.4 0 7.8 0.4 9.0 C.9 0.9 0.2 10maximum Excessive amounts may cause n i t r a t e  p o i s o n i n q  
Excessive amouhs may make water  u n s u i t a b l e  f o r  d r i n k i n g  

D isso lved S o l i d s  ( m g l l )  138 135 127 -- 128 2 148 160 171 134 117 140 and o t h e r  u r  oses 
Hardness OF m!re t h a n  150 mg/ l  causes excess ive  soan con- 

T o t a l  Hardness ( m g l l  ) 121 118 106 36 118 147 141 142 162 113 _ _ _ _ _ _ _ - - - - -  
S p e c i f i c  Conductance 
( m i c r o m h o s  7 5 ° C )  236 2 2  191 112 217 337 254 279 280 210 191 ~ 2 4 1  - t e r  inc reases  w i t h  decreas ing  pH; 

b# 7.8 7.9 7.2 6.7 8.1 8.5 7.9 7.9 7.9 7.3 7.9 8.2 5.0-9.0 waters w i t h  h i g h  pH may cause i n c r u s t a t i o n .  
I 





APPEND l X  A-6 

/ 
nping l e b  

D e f i n i t i o n  o f  h y d r o l o g i c  terms a s  a p p l i e d  t o  a  g l a c i a t e d  f o o t h i l l  envi ronment .  

A r t e s i a n  head - The h e i g h t  above a  s t a n d a r d  datum ( u s u a l l y  mean sea l e v e l )  
t h a t  w a t e r  w i l l  r i s e  i n  a  w e l l  t a o p i n q  a  c o n f i n e d  g round-wate r  body. 

A t t e n u a t i o n  - A  s teady  r e d u c t i o n  w i t h  t i m e  i n  t h e  s t r e n g t h  o r  c o n c e n t r a t i o n  
o f  chemica l  c o n s t i t u e n t s  o r  b i o l o g i c  organisms t o  n a t u r a l  l e v e l s  found  i n  an 
env i ronment .  

C o l i f o r m  - A o r o u p i n q  o f  c e r t a i n  b a c t e r i a l  orqanisms wh ich  l i v e  i n  feces  o r  
o t h e r  env i ronments  such as s o i l ,  wa te r ,  and v e g e t a t i o n .  C o l i f o r m  b a c t e r i a  
have l o n g  been used as i n d j c a t o r s  o f  s a n i t a r y  q u a l i t y  o f  w a t e r  because t h e y  
a r e  n o r m a l l y  abundant i n  w a t e r  p o l l u t e d  by  sewage. 

C o n f i n e d  a q u i f e r  - A  w a t e r - y i e l d i n q  s t r a t u m  t h a t  i s  under  h y d r a u l i c  p r e s s u r e  
s i q n i f i c a n t l y  g r e a t e r  t h a n  a tmospher i c .  Water i n  w e l l s  t a p o i n g  c o n f i n e d  
a q u i f e r s  s tands  above t h e  t o p  o f  t h e  o roduc ing  zone. 

Drawdown - The amount o f  l o w e r i n q  o f  t h e  n a t u r a l  ( o r  s t a t i c )  w a t e r  l e v e l  i n  
a  w e l l  caused by oumoins t h e  w e l l .  

Feca l  c o l i f o r m  - A s p e c i f i c  g roup  o f  c o l i f o r m  b a c t e r i a  t h a t  c h a r a c t e r -  
i s t i c a l l y  i n h a b i t s  t h e  i n t e s t i n e s  o f  warmblooded an ima ls  and, t h e r e f o r e ,  
a r e  c o n s i d e r e d  i n d i c a t o r s  o f  r e c e n t  f e c a l  p o l l u t i o n  i f  found  i n  w a t e r  
s u p p l i e s .  

F lood   lain - The l o w - l y i n g  
submerged by f l o o d  wate rs .  

l a n d  b o r d e r i n g  a  s t ream channel  wh ich  may be 

Hardpan - L o c a l l y ,  a  t e r m  used t o  deno te  u n u s u a l l y  compact and v e r y  r e s i s t a n t  
l a y e r s  o f  sediments;  q e n e r a l l y  found  w i t h i n  t i l l  d e p o s i t s ,  a n d  u s u a l l y  composed 
o f  tough c l a y  w i t h  r o c k s  r a n g i n g  i n  s i z e  f r o m  g r a v e l  t o  b o u l d e r s .  

Icing - A  l o c a l i z e d  b u i l d u p  o f  i c e  caused by  t h e  c o n t i n u a l  a d d i t i o n  o f  w a t e r  
wh ich  f r e e z e s  r a t h e r  t h a n  d r a i n s  f r o m  t h e  l o c a l i t y .  

I n f i l t r a t i o n  - The p rocess  by  wh ich  w a t e r  leaves  t h e  l a n d ' s  s u r f a c e  and e n t e r s  
t h e  s o i l ;  t h u s ,  v e r t i c a l  p e n e t r a t i o n  o f  t h e  c r u s t  o r  o r q a n i c  mat i s  accompl ished.  

Perched ground w a t e r  - Uncon f ined  ground w a t e r  wh ich  i s  separa ted  f r o m  an 
u n d e r l y i n g  body o f  ground w a t e r  by an u n s a t u r a t e d  zone and i s  suooor ted  by 
a  r e l a t i v e l y  impermeable s t r a t u m .  

P e r c o l a t i o n  - The downward ( u s u a l l y  v e r t i c a l )  movement o f  w a t e r  t h r o u g h  
u n s a t u r a t e d  s u b s o i l  due t o  t h e  f o r c e  o f  q r a v i t y .  

P e r m e a b i l i t y  - A  measure o f  t h e  r e l a t - i v e  ease w i t h  wh ich  a  porous  medium 
can t r a n s m i t  a  l i q u i d ,  q i v e n  a  o o t e n t i a l  q r a d i e n t .  S o i l s  w i t h  a  h i q h  
o e r m e a b i l i t y  a r e  capab le  o f  c o n d u c t i n g  w a t e r  a t  a  r a p i d  r a t e .  

Pumping 1  eve1 
r e f e r e n c e d  t o  

- The l e v e l  o f  
l a n d  s u r f a c e .  

w a t e r  i n  a  w e l l  d u r i n g  oumping, 

Seep - A wet  a rea  on t h e  l a n d  s u r f a c e  caused by  a  g e n e r a l  d i s p e r s i o n  o f  
q round  w a t e r  wh ich  has s u r f a c e d .  

S o r o t i v e  c a o a c i t y  - The a b i l i t y  o f  e a r t h  m a t e r i a l s  t o  a t t r a c t  and h o l d  
chemica l  c o n s t i t u e n t s  b v  e i t h e r  m o l e c u l a r  adhes ion  o r  chemica l  i o n  exchanae. 
S o r p t i o n  g e n e r a l l y  i n c r e a s e s  as p e r m e a b i l i t y  decreases o r  as t h e  i n t e r -  
a r a n u l a r  s u r f a c e  a rea  p e r  u n i t  volume i n c r e a s e s .  

Spring - A  f l o w  o f  w a t e r  f r o m  t h e  q round  a t  a  p o i n t  o r  i n  a  sma l l  a rea  
d e f i n e d  by a b r u p t  t o p o q r a p h i c  f e a t u r e s ,  such as t h e  head o f  a  r a v i n e .  
S p r i n g s  a r e  d i f f e r e n t i a t e d  f r o m  seeps by  t h e i r  much s m a l l e r  d i s c h a r g e  a rea .  

S t a t i c  w a t e r  l e v e l  - The n a t u r a l l y  o c c u r r i n a  l e v e l ,  commonly r e f e r e n c e d  t o  
l a n d  s u r f a c e ,  o f  w a t e r  i n  a  w e l l  open t o  an a q u i f e r .  Synonymous w i t h  t h e  
nonpumpinn l e v e l  i n  a  w e l l ,  b u t  a  s t a t i c  w a t e r  l e v e l  may be s i g n i f i c a n t l y  
lowered  hy nearby  o r  r e g i o n a l  pumping. 

T i l l  - Fraqmental  u n c o n s o l i d a t e d  m a t e r i a l  d e p o s i t e d  by  o r  f rom q l a c i a l  i c e  
w i t h  l i t t l e  o r  no m o d i f i c a t i o n  by  w a t e r  d u r i n q  d e n o s i t i o n .  

Uncon f ined  a q u i f e r  - A w a t e r - y i e l d i n g  s t r a t u m  i n  wh ich  ground w a t e r  i s  n o t  - 
s u b j e c t e d  t o  f l ressures  q r e a t e r  t h a n  a tmosoher i c .  The w a t e r  s u r f a c e  o f  an 
u n c o n f i n e d  a q u i f e r  c o n s t i t u t e s  t h e  w a t e r  t a b l e .  

! Je l l  i n t e r f e r e n c e  - The l o w e r i n g  o f t h e  w a t e r  l e v e l  i n  a  w e l l  caused by  
pumping ( w i t h d r a w a l  o f  w a t e r )  i n  a n o t h e r  n e a r l y  w e l l .  A  pumping w e l l  
produces a  cone o f  drawdown s u r r o u n d i n g  i t s  e I f ; any we1 1  i n s i d e  t h e  h o r i z o n t a l  
boundar ies  o f  t h e  cone w i l l  e x o e r i e n c e  we1,l i n t e r f e r e n c e .  

Wel l  l o q  - A d e s c r i o t i v e  accoun t  o f  t h e  e a r t h  m a t e r i a l s  and d r i l l i n o  
c o n d i t i o n s  observed  d u r i  nq d r i  11 i n g  a  we1 1. 
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