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ABSTRACT 

HYDROGEOLOGY OF SOME SMALL GROUND-WATER BASINS I N  IDAHO 

One b a s i n  h a s  been s t u d i e d  (Albion b a s i n ,  C a s s i a  County, Idaho)  and t h e  

r e s u l t s  p u b l i s h e d  a s  an open f i l e  r e p o r t  by t h e  Idaho  Bureau of Mines and 

Geology. A q u i f e r s  were  d e l i n e a t e d ,  w a t e r - t a b l e  mapped, and p r e l i m i n a r y  

e v a l u a t i o n  o f  t h e  ground-water  f low p a t t e r n  was o b t a i n e d .  Wells r a n g e  i n  

d e p t h  from 11 f e e t  t o  700 f e e t  and y i e l d s  r ange  up 540 gpm. Clay l e n s e s  i n  

a l l u v i u m  c r e a t e  l o c a l  a r t e s i a n  a q u i f e r s .  The w a t e r  can  b e  c l a s s i f i e d  a s  

ca lc ium b i c a r b o n a t e  t y p e  and i s  s u i t a b l e  f o r  domes t i c  and i r r i g a t i o n  use .  The 

t o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  r ange  from 202 ppm t o  2294 ppm. Hot s p r i n g s  

e x i s t  i n  t h e  Marsh Canyon a r e a .  The s t u d y  s h o u l d  s e r v e  a s  a  b a s i s  f o r  f u r t h e r  

i n v e s t i g a t i o n s  u t i l i z i n g  e x p e r i m e n t a l  approaches .  

The p r o j e c t  h a s  been t e r m i n a t e d  a f t e r  j u s t  one  b a s i n  i n v e s t i g a t i o n  b e c a u s e  

t h e  p r i n c i p a l  i n v e s t i g a t o r  dec ided  t o  do r e s e a r c h  i n  an a r e a  o t h e r  t h a n  w a t e r  

r e s o u r c e s .  

KEYWORDS---fcground w a t e r / h y d r o l o g i c  m o d e l s / h y d r o l o g i c  d a t a l k e x ~ e r i m e n t a l  

ground w a t e r  b a s i n s .  



INTRODUCTION 

T h i s  s t u d y  was i n i t i a t e d  a s  a b u i l d i n g  e f f o r t  i n  a proposed major r e s e a r c h  

s t u d y  of t h e  ground w a t e r  i n  t h e  Snake R i v e r  p l a i n .  It f o l l o w s  an e x p l o r a t o r y  

ground w a t e r  s t u d y  of t h e  Moscow Basin  i n  n o r t h e r n  Idaho. 

OBJECTIVES 

The s p e c i f i c  o b j e c t i v e s  of t h e  s t u d y  were:  

( a )  To develop f i e l d  and l a b o r a t o r y  t echn iques  adapted t o  s t u d y  of 

hydrogeology of s m a l l  ground-water b a s i n s .  

(b)  To e v a l u a t e  some of t h e  s m q l l e r  ground-water b a s i n s  of Idaho a s  

ou tdoor  l a b o r a t o r i e s  f o r  u s e  i n  t h i s  s t u d y  a s  w e l l  a s  i n  t h e  f u t u r e  

s t u d i e s  i n  a l l  phases  of hydrology.  

( c )  To u s e  t h e  ou tdoor  l a b o r a t o r i e s  a s  models f o r  l a b o r a t o r y  s t u d i e s  

and f o r  a r e a s  t o  f i e l d  t e s t  new i d e a s ,  t e c h n i q u e s  and i n s t r u m e n t s  

i n  a l l  phases  of hydrology.  

(d)  To t r a i n  s t u d e n t  h y d r o g e o l o g i s t s  i n  b a s i c  f i e l d  t e c h n i q u e s .  

T h i s  p r o j e c t  s t u d y  was t o  b e  done i n  phases  w i t h  t h e  i n i t i a l  phase  t o  

i n c l u d e  working i n  s e v e r a l  s m a l l  b a s i n s  i n c l u d i n g :  

C a s s i a  County, Idaho - Albion Bas in ,  Oakley Bas in ,  and Hegla r  Canyon; 

B l a i n e  County, Idaho - F i s h  Creek Bas in  and L i t t l e  Wood River  Bas in ;  

Oneida County, Idaho - P o c a t e l l o  Va l ley ;  

Va l ley  County, Idaho - Long Val ley  and Round Val ley .  

PROCEDURE AND RESULTS 

The Albion b a s i n  s t u d y  c o n s i s t e d  of a f i e l d  i n v e s t i g a t i o n  and g e o l o g i c  

mapping of t r a v e r s e s  a c r o s s  t h e  v a l l e y  and t h e  a d j a c e n t  mountain ranges .  A i r  

pho tos  were s t u d i e d  and a complete w e l l  i n v e n t o r y  made. 

The s t u d y  a r e a  c o n s i s t s  of f o u r  t o p o g r a p h i c  u n i t s :  t h e  Albion Range, t h e  

Mal ta  Range, t h e  E a s t  H i l l s  and t h e  Albion b a s i n .  The Albion range i s  meta- 

morphic r o c k s ,  t h e  Malta Range i s  composed of v o l c a n i c  rocks  of t h r e e  l i t h o -  

l o g i e s :  a t u f f a c e o u s  u n i t ,  a  q u a r t z  l a t i t e  u n i t ,  and a t h i n  cap of Snake 

River  b a s a l t .  The E a s t  H i l l s  c o n s i s t s  of q u a r t z  l a t i t e  of t h e  Mal ta  Range 



u n d e r l a i n  by metamorphic rocks  of t h e  "Har r i son  S e r i e s . "  The lower t h i r d  o f  

t h e  Albion Basin  is  f i l l e d  w i t h  a l l u v i a l  d e p o s i t s .  The v a l l e y  a l luv ium i s  

b e l i e v e d  t o  b e  g l a c i a l l y  d e r i v e d  from t h e  Albion and Mal ta  Ranges. Most o f  

t h e  a v a i l a b l e  w e l l  l o g s  show f o u r  l e n s e s  of c l a y ;  one w e l l  was r e p o r t e d  t o  

have had s i x  l e n s e s  of c l a y .  These l e n s e s  s u g g e s t  a  p e r i o d  of damming of March 

Creek d u r i n g  g l a c i a t i o n ,  c a u s i n g  d e p o s i t i o n  of g l a c i a l  l a k e  sed iments .  

The Albion b a s i n  i s  an a r e a  t h a t  normal ly  r e c e i v e s  from 10 t o  16 i n c h e s  

of p r e c i p i t a t i o n .  Most of t h e  p r e c i p i t a t i o n  f a l l s  a s  snow. Records show 

an  averaged measured dep th  of 23.14 i n c h e s  d u r i n g  t h e  w i n t e r  a t  t h e  Howell 

Canyon snow s t a t i o n .  

S i n c e  1959, t h e  b a s i n  h a s  e x p e r i e n c e d  n e a r  drought  c o n d i t i o n s ,  w i t h  snow 

a v e r a g i n g  14 i n c h e s  below normal.  During t h e  1966 i r r i g a t i o n  s e a s o n ,  t h e  

f low of Marsh and Howell Creeks was s o  low t h a t  f a rmers  w i t h  low-order w a t e r  

r i g h t s  on t h e  two s t r e a m s  were  f o r c e d  t o  cease  i r r i g a t i o n .  

The r e s i d e n t s  of t h e  v a l l e y  of t h e  Albion b a s i n  and most of t h e  fa rmers  

w i t h i n  t h e  b a s i n  depend on ground w a t e r  f o r  domest ic  s u p p l i e s .  Ground w a t e r  

i s  used f o r  i r r i g a t i o n  by a  few farms.  Of t h e  30 w e l l s  i n v e n t o r i e s ,  on ly  s i x  

o p e r a t i n g  w e l l s  were more t h a n  100 f e e t  deep.  D e t a i l e d  nurnberings, d e p t h s  

and o t h e r  d a t a  a r e  r e p o r t e d  i n  a  t h e s i s  by Myers (1967) .  

The w e l l s  i n  t h e  b a s i n  a r e  e i t h e r  dug o r  d r i l l e d .  Dug w e l l s  were most ly  

c o n s t r u c t e d  by hand,  c a b l e  t o o l  r i g s  were  used f o r  d r i l l e d  w e l l s .  D r i l l e d  

w e l l s  which y i e l d  l a r g e  q u a n t i t i e s  of w a t e r  g e n e r a l l y  a r e  16 i n c h e s  i n  d iamete r ;  

f o r  l e s s e r  amounts of w a t e r ,  w e l l  c a s i n g s  down t o  f o u r  i n c h e s  i n  d iamete r  a r e  

used.  Measurements of some of t h e  chemical  and p h y s i c a l  p r o p e r t i e s  were t aken  

i n  t h e  f i e l d .  Temperature and e l e c t r i c a l  c o n d u c t i v i t y  were measured on opera t -  

i n g  w e l l s .  F i e l d  e l e c t r i c a l  c o n d u c t i v i t y  ranged from l e s s  t h a n  50 micrornhos 

a t  Howell S p r i n g  t o  more than 2200 micromhos a t  one w e l l .  A l l  w e l l s  t e s t e d  

were  s a f e  and f r e e  from c o l i f o r m  b a c t e r i a .  

Chemical a n a l y s i s  of f o u r t e e n  w e l l s  was made and i o n  percen tages  a p p l i e d  

t o  P i p e r  Water a n a l y s i s  Diagrams show t h e  w a t e r  t o  b e  i n  t h e  secondary ca r -  

b o n a t e  a l k a l i n i t y  s e c t i o n  of t h e  diagram. The w a t e r  i s  very  c o n s i s t e n t  i n  

pe rcen tage  compos i t ion ;  on ly  two sample rs  were i n  secondary s a l i n i t y  s e c t i o n  

and a r e  ca lc ium s u l p h a t e  w a t e r s .  



Flow P a t t e r n  

Most of t h e  recharge  i n  t h e  b a s i n  is  from p r e c i p i t a t i o n  which f a l l s  on t h e  

Albion Range, i n  t h e  v i c i n i t y  of Mount Har r i son .  Numerous s p r i n g s  i s s u e  from 

j o i n t s  and f r a c t u r e s  i n  q u a r t z i t e s  t h a t  c rop  o u t  on t h e  f l a n k s  of t h e  Albion 

Range. Three of t h e s e  s p r i n g s  form t h e  sou rce  of Howell Creek, one of t h e  

major s t reams  i n  t h e  b q s i n .  

The Malta Range makes l i t t l e  c o n t r i b u t i o n  t o  t h e  hyd ro log i c  system of 

t h e  b a s i n .  Because of t h e  b lock ing  e f f e c t  of t h e  Albion Range, on ly  minor 

amounts of snow f a l l  on t h e  Malta Range du r ing  t h e  w i n t e r  months. Because of 

t h e  lower e l e v a t i o n  of t h e  Malta Range, t h e  snow me l t s  r a p i d l y  and wa t e r  f lows 

down numerous s m a l l  g u l l i e s  i n  t h e  range and e n t e r s  t h e  b a s i n  p r i m a r i l y  a s  

s u r f a c e  w a t e r  and i n  some i n s t a n c e s  may r echa rge  t h e  ground wate r  a q u i f e r .  

Local  r e s i d e n t s  s t a t e  t h a t  Marsh and Howell Creeks show some f l u c t u a t i o n  

i n  t o t a l  f low throughout  t h e  y e a r .  This  v a r i a t i o n  ha s  l i t t l e  r e p o r t e d  a f f e c t  

on t h e  unconfined wa t e r  t a b l e .  This  l a c k  of r e a c t i o n  t o  s p r i n g  high-water 

and summer low-flow c o n d i t i o n s  sugges t s  t h a t  t h e  s t reams  have poor hyd ro log i c  

connec t ion  w i t h  t h e  f r e e  wa t e r  t a b l e .  However, i n  t h e  v i c i n i t y  of t h e  V i l l a g e  

of Albion,  t h e  f low of Marsh Creek i s  no t ab ly  reduced.  I n  t h i s  a r e a  numerous 

sha l low w e l l s  p e n e t r a t e  t h e  sha l low a q u i f e r  and p o s s i b l y  induce r echa rge  from 

t h e  s t ream.  F a r t h e r  downstream, a t  t h e  p o i n t  where Marsh Creek e n t e r s  Marsh 

Canyon, t h e  t o t a l  f low of t h e  s t r e am is i nc r ea sed  t o  about  i t s  former l e v e l .  

The l a c k  of good hyd ro log i c  connec t ion  through most of t h e  b a s i n  sugges t s  t h a t  

Marsh Creek c o n t r i b u t e s  l i t t l e  t o  ground-water recharge  i n  t h e  ba s in .  

Aqui fe r  C h a r a c t e r i s  t i c s  

The a l l u v i a l  a r e a  of  t h e  b a s i n  con t a in s  a  number of  l o c a l  ground-water 

zones.  The only zone of wide e x t e n t  i s  a  sha l low wa te r  t a b l e  a q u i f e r .  Most 

of t h e  w e l l s  u t i l i z e  t h i s  a q u i f e r .  Deeper w e l l s  w i t h i n  t h e  b a s i n  p e n e t r a t e  

d i f f e r e n t  l o c a l  a r t e s i a n  a q u i f e r s .  The number of w e l l s  p e n e t r a t i n g  t h e  

conf ined  a q u i f e r s  is  s lowly  i n c r e a s i n g ,  b u t  t h e  conf ined  a q u i f e r s  seem t o  b e  

capab le  of f u r t h e r  development. 

An upper wa t e r  t a b l e  a q u i f e r  is p r e s e n t  i n  much of t h e  a l luv ium i n  t h e  

lower p a r t  of t h e  b a s i n .  The shape of a  wa t e r  t a b l e  is  commonly assumed t o  

b e  a  subdued r e p l i c a  of  t h e  l and  s u r f a c e .  

I n  p o r t i o n s  of t h e  Albion b a s i n ,  few w e l l s  a r e  p r e s e n t  t o  i n d i c a t e  t h e  

depth t o  wa t e r  i n  t h e  unconfined a q u i f e r .  Toth (1963),  by use  of a  mathemat ical  



model, showed t h a t ,  under  c e r t a i n  boundary c o n d i t i o n s ,  t h e  l o c a t i o n  of t h e  

f r e e  w a t e r  t a b l e  i n  a  b a s i n  may approximate  a  s i n e  curve .  P o r t i o n s  of t h e  

Albion b a s i n  meet t h e  requ i rements  of i s o t r o p y ,  homogeneity,  and hydrogeo log ic  

boundar ies  p r e r e q u i s i t e  t o  t h e  a p p l i c a t i o n  of t h e  model s e t  f o r t h  by Toth.  

He p o s t u l a t e s  t h a t  a  b a s i n  w i l l  be  d i v i d e d  i n t o  r e c h a r g e  and d i s c h a r g e  a r e a s  

by a  l i n e  approximately  h a l f  way down t h e  s l o p e  of t h e  b a s i n .  T h i s  c o n d i t i o n  

is  i n d i c a t e d  i n  t h e  Albion b a s i n  by a  l i n e  of s p r i n g s  about  one t h i r d  of t h e  

way down t h e  v a l l e y  s l o p e .  The a p p l i c a b i l i t y  of T o t h ' s  model i s  probably  

l i m i t e d  i n  t h e  lower  r e a c h e s  of t h e  b a s i n .  By a d j u s t i n g  T o t h ' s  assumption of 

a  h o r i z o n t a l ,  impermeable, lower boundary f o r  a  s l o p i n g  and f o r  a n i s o t r o p i c  

c o n d i t i o n s ,  t h e s e  l i m i t a t i o n s  could  b e  overcome. 

Water from t h e  unconf ined a q u i f e r  i s  g e n e r a l l y  of good q u a l i t y .  Temper- 

a t u r e s  a r e  57 + 1°F.  and e l e c t r i c a l  c o n d u c t i v i t y  i s  360 ? 50 micromhos through- 

o u t  t h e  a q u i f e r .  

The unconf ined a q u i f e r  i s  tapped by dug w e l l s  t h a t  r a r e l y  exceed a  dep th  

of twenty f e e t  below l a n d  s u r f a c e .  These w e l l s  have been adequa te  f o r  domest ic  

use .  Under prolonged pumping they  do go d r y ,  b u t  a f t e r  pumping c e a s e s  they  

r e f i l l  t o  t h e i r  former  l e v e l s  w i t h i n  a few hours .  

D e t a i l e d  a q u i f e r  c h a r a c t e r i s t i c s  could  o o t  b e  determined due t o  a  l a c k  

of d a t a  and l a c k  of o p p o r t u n i t y  t o  conduct  pumping t e s t s .  C e r t a i n  p r o p e r t i e s  

can b e  i n f e r r e d  from t h e  a v a i l a b l e  i n f o r m a t i o n .  The h i g h  r a t e  of drawdown 

and recovery  i n  w e l l s  u t i l i z i n g  t h e  s h a l l o w  a q u i f e r  s u g g e s t s  a  low c o e f f i c i e n t  

of t r a n s m i s s i b i l i t y .  T h i s  i s  a l s o  i n d i c a t e d  by t h e  absenc.e o f  i n t e r a r t i n n  

between a d j a c e n t  w e l l s .  

Confined Aqui fe r s  

S e v e r a l  l o c a l  conf ined  a q u i f e r s  a r e  p r e s e n t  i n  t h e  a l l u v i a l  d e p o s i t s  of 

Albion b a s i n .  The p resence  of t h e s e  a q u i f e r s  i s  deduced from d r i l l e r s '  r e p o r t s  

of head d i f f e r e n t i a l s  a c r o s s  s e v e r a l  impermeable c l a y  l e n s e s .  Most d r i l l e r s '  

l o g s  r e p o r t  from oqe t o  f o u r  impermeable l a y e r s  i n  t h e  f i r s t  200 f e e t  of 

p e n e t r a t i o n .  One w e l l  p e n e t r a t e d  s i x  l a y e r s  i n  280 f e e t .  The c l a y s  a r e  

presumed t o  b e  l e n s e s  and may n o t  ex tend  between w e l l s .  D r i l l e r s  d i d  n o t  

r e p o r t  t h e  a c t u a l  head d i f f e r e n c e s  i n  f e e t ,  b u t  n o t e d  on ly  a  r i s e  o r  f a l l  of 

t h e  w a t e r  l e v e l  i n  t h e  w e l l s  a f t e r  p a s s i n g  through a  c l a y  l a y e r .  

Water from t h e  conf ined  a q u i f e r s  i s  of p o o r e r  q u a l i t y  than  t h a t  of t h e  

unconf ined a q u i f e r s .  The t empera tu res  range  from 62" t o  74OF. E l e c t r i c a l  



conduc t i v i t y  ranges  from 425 t o  2200 micromhos. According t o  t h e  hypo the s i s  

of Chebotarev (1955) and Back (1960) t h e  w e l l  w i t h  t h e  h i g h e s t  t o t a l  d i s s o l v e d  

s o l i d s  (TDS) c o n t e n t  i n  a  given b a s i n  should  be  t h e  w e l l  f a r t h e s t  from t h o  

a r e a  of recharge .  I n  t h e  Albion b a s i n ,  i f  To th ' s  model i s  i n  f a c t  a p p l i c a b l e ,  

t h i s  i s  found t o  be  t h e  c a s e ,  t h e  bottom of t h e  w e l l  hav ing  t h e  h i g h e s t  TDS 

i s  t h e  lowes t  i n  e l e v a t i o n  and f a r t h e s t  from t h e  a r e a  of recharge.  

Y ie ld s  from t h e  conf ined  a q u i f e r s  d i f f e r  from w e l l  t o  w e l l .  Most of t h e  

w e l l s  seem t o  draw wa te r  from a  depth of about  120 f e e t ,  r e g a r d l e s s  of pumping 

r a t e .  Three l a r g e  i r r i g a t i o n  w e l l s  i n  ope ra t i on  i n  t h e  b a s i n  produce up t o  

1 . 2  cub i c  f e e t  p e r  second.  Recovery t imes i n  t h e s e  w e l l s  a r e  very  s h o r t  and 

can be measured i n  minutes .  

Spr inps  

Hot s p r i n g s  a r e  p r e s e n t  a long t h e  wes te rn  edge of t h e  Mal ta  Range, n e a r  

t h e  p o i n t  where Marsh Creek flows o u t  of t h e  b a s i n  i n  s e c .  14 ,  T  11 S . ,  R. 25 E. 

The wa t e r  from the se  s p r i n g s  h a s  about  t h e  same e l e c t r i c a l  conduc t i v i t y  a s  wa t e r  

from t h e  conf ined  a q u i f e r s ,  b u t  t h e  temperature  i s  87'F. The .proximity  of 

t h e  h o t  s p r i n g s  t o  t h e  Malta Range f a u l t  b lock  i n d i c a t e s  t h a t  wa t e r  r i s i n g  

a long  f a u l t s  might b e  r e s p o n s i b l e  f o r  t h e  h i g h e r  t empera ture .  The h o t  s p r i n g s  

i n  t h e  Albion b a s i n  have n o t  been e x p l o i t e d  b u t  t h e  p o s s i b i l i t y  f o r  f u t u r e  

development e x i s t s  and should  no t  be over-looked. 

S t a t u s  of Water Withdraw1 

The Albion b a s i n  ground-water system l i e s  between two ground-water reg ions  

t h a t  have been dec l a r ed  " c r i t i c a l "  by t h e  Idaho S t a t e  Reclamation Engineer.  

I n  1962, t h e  Albion b a s i n  was c lo sed  t o  f u r t h e r  ground-water development f o r  

any purpose o t h e r  than  domest ic  supply.  I n  t h e  summer of 1966, t h e  V i l l a g e  

of Albion a p p l i e d  f o r  a  d r i l l i n g  permi t  t o  o b t a i n  a d d i t i o n a l  wa te r  t o  meet 

i t s  demands and f o r  p o s s i b l e  emergencies.  Because t h e  a r e a  was cons idered  

t o  b e  w i t h i n  t h e  boundar ies  of a  w a t e r - c r i t i c a l  a r e a ,  t h e  r eques t  f o r  a  per-  

m i t  was den ied .  A f t e r  c o n s u l t a t i o n  w i t h  t h e  r e s i d e n t s  of t h e  b a s i n  i n  a  

formal  h e a r i n g ,  t h e  Idaho S t a t e  Reclamation Engineer  removed t h e  Albion 

b a s i n  from t h e  " c r i t i c a l "  c l a s s i f i c a t i o n .  Th is  a c t i o n  was taken on t h e  con- 

d i t i o n  t h a t  obse rva t i on  w e l l s  and a  s t ream gaging s t a t i o n  were t o  be i n s t a l l e d  

t o  moni tor  t h e  b a s i n .  I f  any " s i g n i f i c a n t  and s u b s t a n t i a l "  lowering of wa t e r  

l e v e l s  occu r s ,  then  t h e  b a s i n  w i l l  be  r e i n s t a t e d  a s  a  wa t e r  c r i t i c a l  a r e a .  



CONCLUSIONS AND RECOMMENDATIONS 

This  b a s i n  ha s  d e f i n i t e  hyd ro log i c  boundar ies  and thus  cou ld  s e r v e  a s  an  

e x c e l l e n t  outdoor  l a b o r a t o r y ;  one of t h e  o r i g i n a l  o b j e c t i v e s  of t h e  s t udy .  

Lack of o b s e r v a t i o n  w e l l s  l i m i t e d  t he  c o l l e c t i o n  of d a t a  b u t  s o u r c e s ,  

r e cha rge  a r e a s ,  and q u a l i t y  of t h e  ground wa t e r  resource  i n  t h e  a r e a  have 

been de f i ned .  With t h e  i n s t a l l a t i o n  of obse rva t i on  w e l l s  r equ i r ed  by t h e  

Idaho S t a t e  Reclamation Engineer ,  d a t a  should  become a v a i l a b l e  t o  p rov ide  a  

more a c c u r a t e  q u a n t i f i c a t i o n  of t h e  wa t e r  r e sou rce  of t h e  Albion b a s i n .  

The a p p l i c a t i o n  o f  a  mod i f i c a t i on  t o  To th ' s  model t o  t h e  upper reaches  

of t h e  Albion b a s i n  would b e  a  l o g i c a l  f u t u r e  s t udy  of t h e  ground wa t e r  

regimes of t h e  b a s i n .  

Due t o  t h e  change of i n t e r e s t  a r e a  of t h e  p r i n c i p a l  i n v e s t i g a t o r  t h e  

p r o j e c t  ha s  been te rmina ted  and l a t t e r  phases  of t h e  p r o j e c t  w i l l  n o t  b e  

pursued a t  t h i s  t ime. 
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