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Ground water i s  gene ra l l y  admin is tered w i t h  sur face water as a  f l o w  o r  
renewabl e  resource. I n  Idaho, the  a d m i n i s t r a t i o n  i s  based on the  a p p r o p r i a t i o n  
d o c t r i n e  of water r i g h t s .  Th is  d o c t r i n e  prov ides f o r  t he  d i v i s i o n  o f  a  perenn ia l  
b u t  l i m i t e d  supply o f  water between va r i ous  users. The purpose o f  t h i s  paper i s  
t o  show t h a t  more cons ide ra t i on  should be g i ven  t o  t he  a d m i n i s t r a t i o n  o f  ground 
water as a  nonrenewable s tock resource. The development o f  t h e  water resource 
o f  t he  R a f t  R iver  basin i n  Idaho i s  presented as an example o f  t h e  i n a p p l i c a b i l -  
i t y  o f  t he  present  s t a t u t o r y  guide1 ines  f o r  t he  a d m i n i s t r a t i o n  of ground water. 

GROUND WATER AS A RENEHABLE OR NONRENEWABLE RESOURCE 

Ground water occurs under w ide l y  d i f f e r e n t  hydro1 og i c  and geo log ic  con- 
d i t i o n s .  The resource i s  present  i n  humid areas where t h e r e  i s  cons iderab le  r e -  
charge and d ischarge and i n  a r i d  areas where l i t t l e  o r  no replenishment  o f  t h e  
resource occurs. S i m i l a r l y ,  ground water occurs i n  a  wide range of geo log ic  
env i ro r~~ l ien ts  under con f ined , p a r t i a l  l y  con f ined and unconf ined cond i t i ons .  A1 - 
though many gene ra l i za t i ons  may be made concerning t h e  occurrence o f  ground water, 
two a r e  o f  p a r t i c u l a r  importance i n  t he  con tex t  o f  t h i s  paper. 

F i r s t ,  by t he  law o f  c o n t i n u i t y ,  water discharged from an aqu i fe r  sys- 
tem must dep le te  t h e  t o t a l  resource by t h a t  amount. P r i o r  t o  development by man, 
t he  ground-water resource was g e n e r a l l y  i n  a  s t a t e  o f  equ i l i b r i um:  recharge 
approx imate ly  equaled discharge. The a r t i f i c i a l  d ischarge f rom w e l l s  a1 t e r s  
t h i s  equ i l i b r i um.  The d ischarge i s  i n i t i a l l y  s a t i s f i e d  by a  decrease i n  ground- 
water storage. I f  enough t ime i s  a l lowed and t h e  a r t i f i c i a l  d ischarge i s  n o t  
too  grea t ,  a  new e q u i l i b r i u m  r e s u l t s  w i t h  the  we l l  d ischarge being balanced by 
an increased r a t e  o f  recharge o r  a  decreased r a t e  o f  discharge. The t ime r e -  
qu i red  f o r  t h i s  e q u i l i b r i u m  t o  occur  v a r i e s  depending on whether the  system i s  
under con f ined o r  unconf ined cond i t i ons .  The e f f e c t  o f  pumping a  we l l  i n  an 
unconf ined a q u i f e r  i s  much more l o c a l  than the e f f e c t  o f  pumping a  w e l l  i n  an 
a r t e s i a n  a q u i f e r  o f  s i m i l a r  th ickness and pe rmeab i l i t y  because o f  t h e  d i f f e r e n c e  
i n  the s torage c o e f f i c i e n t .  Theis (1940) noted t h a t  the  cone o f  depression i n  
an a r t e s i a n  a q u i f e r  grows rough ly  100 t imes as f a s t  as a  non-ar tes ian a q u i f e r .  
A new s t a t e  o f  e q u i l i b r i u m  i s  thus achieved much f a s t e r  i n  an a r t e s i a n  a q u i f e r  
than i n  a  s i m i l a r  water t a b l e  system. 

The second general i z a t i o n  concerning ground water s ta tes  t h a t  t h e  
annual r a t e  o f  recharge t o  o r  d ischarge from a  ground-water system i s  o n l y  a  
small percentage o f  t he  t o t a l  resource i n  storage. Th i s  statement i s  obvious 
i n  a r i d  areas where l a r g e  a q u i f e r  systems r e c e i v e  o n l y  smal l  q u a n t i t i e s  o f  r e -  
charge. For example, t h e  Oga l l a l a  Formation i n  Texas, Kansas, Oklahoma and 
Colorado conta ins  an est imated 369 m i l l i o n  ac re - fee t  o f  water b u t  rece i ves  o n l y  
an est imated 0.27 m i l l  i o n  ac re - fee t  o f  recharge each year  (Bekure, 1971). The 
statement i s  a1 so t r u e  i n  more humid areas. !:la1 t o n  (1 970) descr ibed several  
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shal low a q u i f e r  s y s t e ~ ~ l s  i n  I l l i n o i s  i n  which the  est imated r a t e  o f  recharge was 
l e s s  than one percent  of the  t o t a l  resource i n  storage. Thus, o n l y  a  small per-  
centage o f  the  ground-water resource i s  renewed i n  any p a r t i c u l a r  year.  For ground- 
water developnient t o  be s t a b i l  i zed  on a  perennia l  basis ,  however, t h e  pumpage must 
be 1  im i ted  t o  t h i s  renewable p o r t i o n  of t he  resource. 

Ground water may be d i v ided  i n t o  a  f l o w  o r  renewable component and a  
s tock  o r  nonrenewable component. The f l o w  component i s  t h a t  amount o f  water r e -  
charged t o  o r  discharged from t h e  ground-water system on an annual basis .  The 
s tock  p o r t i o n  i s  t h a t  percentage of t he  resource i n  excess o f  recharge t h a t  i s  
i n  storage. U t i l i z a t i o n  o f  t he  resource on a  perennia l  bas is  r e q u i r e s  t h a t  o n l y  
t h e  f l o w  p o r t i o n  o f  t h e  resource be developed. F u l l  u t i l i z a t i o n  o f  t h i s  compon- 
e n t m a y  be obta ined o n l y  by maximizing the  r a t e  o f  recharge and e l i m i n a t i n g  the  
na tu ra l  discharge. This  requ i res  a  general decl  i n e  i n  water l e v e l s  so t h a t  t he  
g rad ien t  can be maximized. Here again, a  major  d i f f e r e n c e  i s  ev iden t  between con- 
f i ned  and unconf ined aqu i fe rs .  However, i n  bo th  cases, some o f  t h e  stock p o r t i o n  
o f  t he  resource 111ust be mined i n  o rder  t o  approach t h e  o b j e c t i v e  o f  e x t r a c t i n g  
t h e  f u l l  f l o w  p o r t i o n  on a  perennia l  basis .  Since the  r a t e  o f  recharge t o  a  basin 
does n o t  remain constant,  some stock must a l s o  be mined t o  a l l o w  storage space f o r  
f l u c t u a t i o n s  i n  t h e  f l o w  component. Several uses a r e  thus apparent f o r  t h e  s tock  
component o f  t h e  ground-water resource. 'The s tock  ground water i s  most commonly 
used as an e l e v a t o r  f o r  t h e  f l o w  p o r t i o n  o f  t h e  resource t o  min imize w e l l  con- 
s t r u c t i o n  and pumping costs. The s tock  may a1 so be used as a  minable resource 
on a  nonrenewable basis .  F i n a l l y ,  t he  s tock  may be withdrawn t o  prov ide  storage 
area f o r  f l o w  management (Bagley, 1961 ) .  

Several problems a r e  i nhe ren t  i n  t he  d i v i s i o n  o f  t he  ground-water resource 
i n t o  f l o w  and stock po r t i ons .  The most ser ious  i s  t h e  l a c k  o f  phys ica l  meaning 
s ince  a l l  o f  t h e  water i s  i n  movement. The d e l i n e a t i o n  o f  f l o w  and s tock  ground 
water i s  thus d i f f i c u l t ;  there  i s  no d i r e c t  analogy t o  a  d r y  streambed f o r  a  ground- 
water system. 

The importance of t h e  stock o r  nonrenewable aspect of  ground water i s  
shown by the  pr imary problem fac ing  resource admin is t ra to rs .  Th i s  problem i s  no t  
t h e  a v a i l a b i l i t y  o f  water bu t  t h e  p r o t e c t i o n  o f  t h e  means o f  d i ve rs ion .  Because 
o f  t h e  s tock  c h a r a c t e r i s t i c s  of most ground-water basins, w e l l s  a r e  n o t  d r y  when 
the  f l o w  o r  renewable component of  t h e  resource i s  exceeded. Add i t i ona l  w e l l  de- 
velopment j u s t  resu ' l t s  i n  a  lower water l e v e l .  The s tock  aspect of t h e  resource 
i s  good i n  t h a t  i t  a l lows a  g rea te r  l e v e l  o f  development by p r o v i d i n g  subsurface 
storage f o r  f l o w  f l u c t u a t i o n s ,  b u t  i s  a l s o  bad because i t  provides t h e  bas is  f o r  
over  development o f  t h e  resource. 

ADMINISTRATION OF GROUND WATER I N  IDAHO 

Idaho f o l l o w s  the  app rop r ia t i on  d o c t r i n e  o f  water law f o r  bo th  sur face 
and ground waters. I n  t h i s  doc t r i ne ,  p r i o r i t y  i s  t h e  bas i s  o f  t h e  r i g h t  and bene- 
f i c i a l  use prov ides t h e  measure o f  t he  r i g h t .  The app rop r ia t i on  d o c t r i n e  was de- 
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signed f o r  a l l o c a t i o n  o f  a perpetual b u t  f l u c t u a t i n g  f l o w  o f  water among compet- 
i n g  users. The system i s  reasonably app l i cab le  t o  sur face water and serves as 
the  basis  f o r  water r i g h t s  i n  a number o f  western s ta tes .  I n  some o f  these 
s ta tes ,  i n c l u d i n g  Idaho, t he  d o c t r i n e  has been appl i e d  t o  ground water. 

The important  aspects o f  t he  Idaho Code w i t h  respect  t o  ground water 
a re  as f o l l o w s :  

42-226 ..., w h i l e  the  d o c t r i n e  o f  ' f i r s t  i n  t ime i s  f i r s t  i n  r i g h t '  i s  
recognized, a reasonable exerc ise  o f  t h i s  r i g h t  s h a l l  n o t  b lock f u l l  
economic development o f  underground water resources, bu t  e a r l y  appro- 
p r i a t o r s  o f  underground water s h a l l  be protected i n  t he  maintenance of 
reasonabl e ground water pumping 1 eve1 s.. .. 
42-233a . . . I  C r i t i c a l  ground water a rea '  i s  de f ined as any ground water 
basin, o r  designated p a r t  t he reo f ,  n o t  having s u f f i c i e n t  ground water 
t o  prov ide a reasonably safe supply f o r  i r r i g a t i o n  o f  c u l t i v a t e d  lands,  
o r  o t h e r  uses.. ..... 
42-237a-g ... Water i n  a we l l  s h a l l  n o t  be deemed a v a i l a b l e  t o  f i l l  a 
water r i g h t  t h e r e i n  i f  withdrawal therefrom o f  t h e  amount c a l l e d  f o r  
by such r i g h t  would a f f e c t ,  con t ra ry  t o  t h e  declared p o l i c y  o f  t h i s  
a c t ,  t he  present o r  f u t u r e  use o f  any p r i o r  sur face o r  ground water 
r i g h t  o r  r e s u l t  i n  t h e  withdrawing t h e  ground water supply a t  a r a t e  
beyond t h e  reasonably a n t i c i p a t e d  average r a t e  o f  f u t u r e  na tu ra l  r e -  ........... charge 

The s ta tu tes  c a l l  f o r  t he  " f u l l  economic development" o f  the  resource 
w i t h  the  r e s t r i c t i o n  t h a t  "reasonable ground water pumping l e v e l s "  be maintained. 
The t o t a l  development i s  1 im i ted  t o  t h e  "reasonably a n t i c i p a t e d  average r a t e  o f  
f u t u r e  na tu ra l  recharge". Ground-water pumpage i s  thus r e s t r i c t e d  t o  t h e  f l o w  
p o r t i o n  o f  t h e  resource. Recognit ion i s  g iven t h a t  excessive dec l ines  i n  water 
l e v e l s  may occur and some p r o t e c t i o n  i s  noted f o r  the  means o f  d i ve rs ion .  I t  i s  
d i f f i c u l t  t o  determine i f  the  statement concerning f u l l  economic development r e -  
f e r s  t o  use o f  the  resource beyond t h e  f l o w  component. No guide1 ines  are g iven 
f o r  t h e  use o f  stock ground water except as an e l e v a t o r  t o  he1 p main ta in  rea-  
sonable pumping l e v e l s .  

Ground-water admin i s t ra t i on  i n  Idaho has been l i m i t e d  t o  the  designa- 
t i o n  o f  f i v e  c r i t i c a l  ground-water areas. This  des ignat ion  c loses the  area t o  
f u t u r e  appl i c a t i o n s  t o  appropr ia te  ground water b u t  does n o t  a f f e c t  any o f  the  
e x i s t i n g  pumpers o r  those ho ld ing  v a l i d  outstanding permits.  

RAFT RIVER BASIN - AN EXAMPLE OF GROUND-WATER ADMINISTRATION 

The R a f t  R iver  bas in  i s  t he  l a r g e s t  of t h e  designated c r i t i c a l  ground- 
water areas i n  Idaho. I t  inc ludes  a drainage basin o f  approximate ly  1,510 square 
m i l e s  l oca ted  i n  southern Idaho and nor thern  Utah (Walker and o thers ,  1970), 
(F igure  1 ) . The area i s  co~nposed o f  rugged mountains r i s i n g  above aggraded 



A d m i n i s t r a t i o n  o f  Ground Water as a 
Nonrenewahl e Resource 
By Dal e R. Ral s t o n  
Page 4 

0 50 EC7 100 MILES 
I I 

Figure 1. Index map of Raft River Basin.  
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a l l u v i a l  v a l l e y s  (F igu re  2 ) .  The a q u i f e r s  c o n s i s t  p r i m a r i l y  o f  g rave l  and sand 
o f  t h e  Sal t Lake Formation, t he  R a f t  Format ion and r e c e n t  a l l uv i um.  B a s a l t  o f  
t h e  Snake R i v e r  Group i s  a l s o  impor tan t  as an a q u i f e r  i n  t h e  n o r t h e r n  p a r t  o f  
t h e  basin.  The main body o f  ground water  i n  t h e  bas in  occurs under unconf ined 
o r  water t a b l e  c o n d i t i o n s  (klal ke r  and o thers ,  1970, p. 58).  Perched water occurs 
beneath p a r t s  o f  t h e  lowlands;  A r t e s i a n  a q u i f e r s  have been penet ra ted  i n  severa l  
l o c a l  areas. The depth t o  water  v a r i e s  f rom near l a n d  su r f ace  i n  t h e  c e n t e r  o f  
t h e  main v a l l e y  t o  g r e a t e r  than 400 f e e t .  

An est imated 296 i r r i g a t i o n  w e l l s  were i n  o p e r a t i o n  i n  t h e  bas in  i n  
1963 w i t h  an inc rease  t o  320 i n  1966 (F igu re  2) .  The mean d ischarge  o f  these 
w e l l s  i s  about 1,300 g a l l o n s  per minute.  The t o t a l  pumpage i n  t h e  area increased 
f rom approx imate ly  14,000 a c r e - f e e t  i n  1950 t o  an es t imated  235,000 a c r e - f e e t  i n  
1966. Wal ken. and o t h e r s  (1970) c a l c u l a t e d  t h e  t o t a l  water  y i e l d  o f  t h e  bas in  t o  
be approx imate ly  140,000 a c r e - f e e t  per  year .  Hn est imated 9  m i l l i o n  ac re - fee t  
o f  water i s  i n  s to rage  i n  t h e  t o p  200 f e e t  o f  sa tu ra ted  a q u i f e r  i n  t h e  main v a l l e y .  

The e n t i r e  bas in  was dec la red  c r i t i c a l  and c l osed  t o  f u t u r e  a p p l i c a -  
t i o n s  t o  a p p r o p r i a t e  ground water i n  J u l y  1963 because o f  d e c l i n i n g  water  l e v e l s .  
As ide f rom changes i n  t h e  c r i t i c a l  des igna t i on  f o r  severa l  smal l  areas n o t  d i r -  
e c t l y  r e l a t e d  t o  t h e  p r imary  problem, t h e  bas in  has remained c losed.  

The e f f e c t s  o f  t h e  w e l l  development on t h e  ground-water resource  a r e  
dep i c ted  i n  F igu re  3  which i s  a  map o f  wa te r - l eve l  change f o r  1952-66. Several 
l o c a l  areas o f  wa te r - l eve l  d e c l i n e  a r e  p resen t  i n  Township 11 South, Range 26 
and 27 East and i n  Township 12 South, Range 26 East. Sca t te red  areas w i t h  20 
f e e t  o f  d e c l i n e  a r e  noted i n  Townships 13, 14 and 15 South, Range 27 East. 
These areas o f  d e c l i n e  c o i n c i d e  w i t h  t h e  concen t ra t i ons  of w e l l s  shown on F ig -  
u r e  2. O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  absence o f  wa te r - l eve l  d e c l i n e  over  most 
o f  Township 12 South, Range 27 East, an area w i t h h e l d  f rom ground-water deve l -  
opment by t h e  U.S. Bureau o f  Land Management. The e f f e c t  o f  pumping i n  t h e  
b a s i n  has been t o  c r e a t e  l o c a l  areas o f  wa te r - l eve l  dec l  i n e  w i t h  1  i t t l e  bas in -  
wide e f f e c t .  I n  p a r t i c u l a r ,  ve ry  l i t t l e  change i n  water  l e v e l  has been record-  
ed i n  t h e  ground-water o u t f l o w  s e c t i o n  a t  t h e  n o r t h e r n  end o f  t h e  bas in .  

The p a t t e r n  o f  wa te r - l eve l  d e c l i n e s  shown i n  F i g u r e  3  i s  a  r e s u l t  o f  
t h e  d i s t r i b u t i o n  o f  w e l l s  i n  t h e  bas in  and t h e  unconf ined c o n d i t i o n  o f  t h e  
ground-water resource.  The d ischarge  f rom w e l l s  i n  one p a r t  o f  t h e  bas in  has 
1  i t t l e  e f f e c t  on  t h e  water  l e v e l s  i n  t h e  remainder o f  t h e  v a l l e y .  The water-  
l e v e l  d e c l i n e s  s u f f e r e d  by users i n  a  p a r t i c u l a r  area i s  thus  t h e  r e s u l t  o f  
ground-water pumpage by those same users.  

An e q u i l i b r i u m  between recharge, d ischarge  and ground-water pumpage 
has n o t  y e t  been achieved i n  t h e  R a f t  R i ve r  Basin. As shown on F igu re  3, t h e  
pumpage has n o t  app rec iab l y  decreased t h e  r a t e  o f  ground-water o u t f l o w .  The 
w e l l  d i scharge  i s  thus  be ing supp l ied  from an increased r a t e  o f  recharge and 
f ron i  ground wate r  i n  s torage.  Walker and o the rs  (1970, p. 81) est imated t h a t  
about 54 percen t  o f  t h e  water  pumped f rom t h e  qround-water system had been de- 
r i v e d  f rom storage.  M in ing  o f  ground wate r  has thus  occur red  i n  t h e  bas in .  
t q u i l  i b r i u m  can occur  o n l y  w i t h  a  decrease i n  t h e  r a t e  o f  o u t f l o w ,  a  decrease 
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EXPLANATION 

Boundary of aquifers 

a 

Well 

..-.. 
Raft River basin boundary 



L i ne of equal water-1 eve1 
decl i ne 

Contour i n t e r v a l s  9 and 10 f ee t  

Raft River basin boundary Figure 3. Net water- level chanqe i n  Raf t  River va l l ey  
--- 

Boundarv o f  Raft  River 
val  l e y  iubbasin ground- 
water storage u n i t  

- 
sub-basin, spr ing of-1952 t o  spr ing of 1966, 
by Wal ker and others, 1970. 
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i n  ground-water pumpage o r  i n  inc rease  i n  recharge. blalker and o the rs  (1970) es- 
t ima ted  t h a t  one-hundred years  would be r e q u i r e d  t o  reduce t h e  ground-water o u t -  
f l o w  f rom t h e  bas in  by  one-half  under t h e  1965-1966 pumping cond i t i ons .  They 
noted t h a t  more t han  15 t imes as much water  would have t o  be removed f rom s to rage 
t o  achieve t h i s  r e d u c t i o n  than had been mined by 1966. The e q u i l i b r i u m  must t hus  
occur  through decreased ground-water pumpage o r  increased recharge. P re l  i m i n a r y  
water - leve l  da ta  f rom 1972 i n d i c a t e  t h a t  cons iderab le  recharge has been achieved 
d u r i n g  t he  pas t  severa l  years o f  g r e a t e r  than average p r e c i p i t a t i o n  and r u n o f f .  

Admin i s t ra t i on  of t h e  R a f t  R i ve r  bas in  as a  s i n g l e  c r i t i c a l  ground-water 
area i s  based on the  assumption t h a t  t h e  area ac t s  as a  s i n g l e  hyd ro log i c  u n i t ;  
an a d d i t i o n a l  w e l l  a t  any p o i n t  i n  t he  bas in  i s  assumed t o  reduce t h e  t o t a l  supp ly  
t o  a l l  o t h e r  users.  However, because o f  t he  s tock  aspects o f  t he  resource,  a  
cons iderab le  l a g  i n  t h e  cause-e f fec t  r e l a t i o n s h i p  i s  present.  T h i s  l a g  i s  shown 
i n  t h e  Ra f t  R i ve r  bas in  by t h e  l o c a l  areas o f  wa te r - l eve l  dec l ine .  The has in -  
wide c r i t i c a l  des igna t i on  thus  assumes a  v e r y  l o n g  a d m i n i s t r a t i v e  base pe r i od .  
Designat ion o f  severa l  sma l l e r  c r i t i c a l  areas i n  t h e  l o c a t i o n s  o f  excess ive de- 
c l i n e  would be based on a  much s h o r t e r  a d m i n i s t r a t i v e  base per iod .  The s tock  
aspect  o f  t he  resource  should t hus  be an impor tan t  f a c t o r  i n  t h e  s e l e c t i o n  o f  
bouf idar ies f o r  c r i t i c a l  areas. 

Admin i s t ra t i on  of ground water  i n  t he  R a f t  R i ve r  bas in  i s  n o t  ach iev ing  
e i t h e r  o f  t h e  two p r imary  o b j e c t i v e s  as no ted  i n  t he  Idaho Code. F u l l  economic 
development o f  t h e  ground-water resource i s  n o t  be ing  achieved. Undeveloped l a n d  
i s  p resent  i n  t h e  bas in  i n  areas where l i t t l e  o r  no wa te r - l eve l  d e c l i n e  has occur-  
red.  The second o b j e c t i v e  of  1  i m i  t i n g  t h e  ground-water development t o  t h e  f l o w  
p o r t i o n  o f  t h e  resource  i s  a1 so n o t  be ing  achieved. Water has been taken f rom 
s to rage i n  l o c a l  areas w h i l e  t h e  t o t a l  ground-water d ischarge  f rom t h e  bas in  has 
n o t  been a f f e c t e d .  There i s  l i t t l e  doubt  t h a t  t h e  a d m i n i s t r a t i o n  o f  a  ground- 
water  resource such as t h a t  present  i n  t h e  R a f t  River  bas in  must be d i f f e r e n t  
than t h e  a d m i n i s t r a t i o n  of  a  sur face  stream. 

CONCLUSIONS 

Ground water has been shown t o  possess t h e  c h a r a c t e r i s t i c s  of  a  non- 
renewable as w e l l  as a  renewable resource. Most ground water  may be considered 
as s tock  o r  nonrenewable w i t h  o n l y  a  smal l  percentage o f  t h e  resource renewed i n  
any p a r t i c u l a r  year .  Admin i s t ra t i on  o f  t h e  resource, however, i s  based on a  doc- 
t r i n e  devised t o  a l l o c a t e  a  f low resource.  As a  r e s u l t ,  p resent  a d m i n i s t r a t i v e  
techniques do n o t  p rov ide  e f f ec t i ve  management o f  t he  resource. A d m i n i s t r a t i v e  
r e g u l a t i o n s  shoul d  i n c l  ude guide1 i n e s  f o r  t h e  use o f  t he  nonrenewable component 
of t he  resource ove r  t ime.  
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