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ABSTRACT 

T h i s  p a p e r  r e p r e s e n t s  o n l y  p a r t  of o n e  c h a p t e r  o f  a 
d e t a i l e d  g e o l o g i c a l ,  h y d r o l o g i c a l ,  g e o c h e m i c a l  and geophys i -  
c a l  i n v e s t i g a t i o n  of thermal  water o c c u r r e n c e ,  i n  and adja- 
c e n t  to  t h e  Nampa-Caldwell area of s o u t h w e s t e r n  Snake  R i v e r  
P l a i n ,  I d a h o .  

Geochemica l  s t u d i e s  u s i n g  s t a b l e  isotopes of hydrogen  
and  oxygen show t h a t  thermal  water i n  t h e  Nampa-Caldwell 
area is d e p l e t e d  by 20 O/oo i n  sD and by about  2.3 O/oo i n  
8l8O r e l a t i v e  t o  cold water and i n d i c a t e s  t h e  water may b e  
r a i n  o r  snow water t h a t  f e l l  more t h a n  1 1 , 0 0 0  years ago. 

The isotope da ta  may show t h e  e f fec ts  of c o n s i d e r a b l e  
m i x i n g  of a t h e r m a l  p a r e n t  water w i t h  an  isotopic com- 
p o s i t i o n  o f  4D -150 o/oo and a $ I 8 0  = -18 o/oo w i t h  colder 
waters f rom Lake L o w e l l  and c a n a l  s y s t e m s ,  Snake R i v e r  
water, Reyno lds  Creek  b a s i n  o r  s i m i l a r  e l e v a t i o n s ,  p e r h a p s  
t h e  Boise a n d  P a y e t t e  r i v e r s  and  a p p l i e d  i r r i g a t i o n  water. 

The g e o t h e r m a l  p a r e n t  water i n  t h e  N a m p a - C a l d w e l l  area 
a p p e a r s ,  f rom i s o t o p e  da t a ,  t o  be i d e n t i c a l  t o  p a r e n t  
g e o t h e r m a l  waters i n  t h e  Bruneau-Grand V i e w  and B o i s e  a reas  
o f  t h e  w e s t e r n  Snake R ive r  P l a i n ,  or t o  have  a similar 
s o u r c e (  s )  a n d / o r  age .  
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CHAPTER 4 - GEOCHEMISTRY 

STABLE ISOTOPE I N V E S T I G A T I O N  

by 
Y 

J o h n  C. M i t c h e l l  

INTRODUCTION 

Isotopes a re  t w o  forms  of t h e  same e l e m e n t  w h i c h  d i f f e r  
o n l y  i n  t h e  number of n e u t r o n s  ( u n c h a r g e d  atomic p a r t i c l e s )  
i n  t h e  n u c l e u s  of t h e  atom. T h i s  means t h a t  d i f f e r e n t  iso- 
topes of t h e  same e l e m e n t  w i l l  d i f f e r  o n l y  i n  t h e i r  r e l a t i v e  
mass. I t  is t h i s  mass d i f f e r e n c e  t h a t  g o v e r n s  t h e i r  k i n e t i c  
b e h a v i o r  a n d  allows isotopes t o  f r a c t i o n a t e  d u r i n g  t h e  
c o u r s e  o f  c e r t a i n  chemical and  p h y s i c a l  processes o c c u r r i n g  
i n  n a t u r e .  

The f o u r  s t a b l e  i s o t o p e s  t h a t  h a v e  p r o v e n  most u s e f u l  i n  
water r e s o u r c e  e v a l u a t i o n  a r e  h y d r o g e n  ( 1 H  o r  H ) ,  d e u t e r i u m  
(*H o r  D ) ,  o x y g e n  1 6  ( l 6 0 )  and  oxygen  1 8  ( l 8 0 ) .  These  iso- 
topes make u p  99.9 p e r c e n t  of a l l  water m o l e c u l e s .  

Isotopic c o m p o s i t i o n s  are reported i n  I 1 g "  n o t a t i o n  i n  
p a r t s  per  t h o u s a n d  ( p e r  m i l  = O/oo) r e l a t i v e  t o  S t a n d a r d  
Mean Ocean Water (SMOW) as  d e f i n e d  by C r a i g  1 9 6 1 b ) ,  where  
6 1  = [ ( R i / R s t d  -11 X 1000.  R i  e q u a l s  e i t h e r  i 8 0 / 1 6 0  o r  D/H 
w h i l e  i and  s t d  r e p r e s e n t  t h e  sample and  s t a n d a r d ,  
r e s p e c t i v e l y .  

The r e s u l t  o f  i sotopic  f r a c t i o n a t i o n  d u r i n g  e v a p o r a t i o n  
of o c e a n  w a t e r  and s u b s e q u e n t  c o n d e n s a t i o n  of v a p o r  i n  
c l o u d s  is  t h a t  f r e s h  (meteoric) w a t e r  is g e n e r a l l y  depleted 
i n  l80 a n d  D ( e n r i c h e d  i n  1 6 0  and  H) compared t o  seawater. 
The i so topic  v a r i a t i o n s  of water i n  r a i n ,  snow, g l a c i e r  ice, 
streams, l a k e s ,  r i v e r s ,  and most n o n t h e r m a l  g r o u n d w a t e r s  are  
e x t r e m e l y  systematic;  t h e  h i g h e r  t h e  l a t i t u d e  or e l e v a t i o n ,  
t h e  lower (more d e p l e t e d  i n  heavy  isotopes) t h e  6D a n d  6 l 8 0  
v a l u e s  of t h e  waters. On t h e  b a s i s  o f  a l a r g e  number of 
a n a l y s e s  of meteoric waters collected a t  d i f f e r e n t  
l a t i t u d e s ,  Craig (1961b)  showed t h a t  t h e  $l80 a n d  6D v a l u e s  
r e l a t i v e  t o  SMOW are  l i n e a r l y  r e l a t ed  and  c a n  be r e p r e s e n t e d  
b y  t h e  e q u a t i o n :  

6D = 8 6 l 8 0  + 1 0  

which  is  p l o t t e d  i n  f i g u r e  4-1.  Groundwate r  sampled i n  a n  
a rea  whose  i so top ic  c o m p o s i t i o n  p l o t s  o n  t h e  t r e n d  (meteoric 
water l i n e )  a re  g e n e r a l l y  c o n s i d e r e d  t o  be meteoric waters. 
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TABLE 4-1 

Isotope Sample Locatlons, Measured Surface Temperature, 60, 6 "0, C I  and F Vaiues from 
Sampled Water In the Nampa-CaIdweI I and Adjacent Areas of Southwest Idaho 

Measured 
We1 I No. Surface Temperature 6 l 8 O  SMc)W 60 SMOW c1 F 

(Locat I on 1 (Oc) , O/Oo O/Oo mg/l mg/l 

Sample or 

7N-4W-22aca 
7N-2E-15daa 

5N-lE-35acal 
6N-lW-25bbdl 

5N- 1 E-36 bd b 1 
4N-4W-04dccl 
4N-4W-05dbdl 
4N-3W-19adcl 
XI -2E - 1 Oacc 1 

Payette R., Gem Co. 12+ 
Payette R., Bolse Co. - 

23 
Dry Cr., Ada Co. 40 
Dry Cr., Ada Co. 24 

21 
24 

Rlchardson 61 40 
Capltol  Mall #I, Ada Co. 65 

W i  I tow Cr., Gem Co. 

3N-3W-03bbc1 
3N-3W-30dd d 1 
3N-2W-14ada 1 
3N-2W- 17 bc b l  
3N-2W-23 bcd 1 
3N-2W-26ddbl 
3N-2W-3 1 bbbl 
3N-2W-31 dcbl 
PN-SW-OBcdd 1 
2N-3W-22acdl 

ZN-3W-25 bda 1 

2N-3W-35caa 1 
2N-2W-04dca 1 
2N-2W-06abal 
2N-2W-16daal 
2N-2W-16dba Lake Lowel I I n  l e t  
2N-2W- 18ba b 1 
2N-2W-34aacl 
2N-2W-34 bda 1 
2N-2W-34daa 1 
1N-2W-03ca b 1 
1 N-2W-Ok bb 1 
1 N-2W-08a cb 1 
1 N-2W-09bba 1 

2N-3W-22 bdc1 

2N-3W-27 bbal 

1 N-ZW-Ogccbl 
lN-2W-17d~c1 
1 S-2W-17abbl 
lS-2W-17bad Snake Rlver near 

Matters Ferry Bridge 
2S-3W-36daal Reynolds, Owyhee Co. 

19 
16 
22 
24 
31 
18 
15 
15 
22 
26 
28 
26 
30 
28 
23 
15 
26 
1 3' 
14 
29 
51 
31 
20 
20 
21 
22 
24 
21 
21 

12+ 
8 

-14.4 
-14.6 
-14.2 
-16.9* 
-15.4 
-17.7 
-17.3 
-17.2" 
-17.0 
-15.6 
-16.5 
-17.4 
-16.3 
-1 7.1 
-16.6 
-15.9, 
-16.7 
-16.8 
-17.4 
-17.6 
-16.5 
-18.0 
-17.6 
-17.0 
-15.9 
-17.1" 
-16.5 
-16.1 
-16.3 
-17.0 
-17.0 
-16.5 
-16.3 
-16.7 
-15.8 
-17.0 
-16.2 
-17.3 

-16.5 
-15.0 

-125 - 124 
-124* 

-128 
-147 
-145 
-142* 
-141 
-128 
-137 
-138 
-136 
-151 
-135 
-132 
-138 
-141 
-143 
-147 
-146 
-150 
-147 
-144 
-131 
-139 
-132 
-138 
- 140" 
- 142" 
-142 
-138 
-138" 
-139 
-141 
-142 
-139 
-142 

--143 

-133 
-123 

* Average of two analyses or samples. 
+ Average water temperature over one year period from 12 m n t h l y  averages. - Data not avallable. 
x Average chlor lde of 4 analyses each from SIX wells. 

- 
- 

6.3 
4.9 

5.9 
6.2 
5.8 
6.9 

21. 
98. 
-14. 
6.1 
4.1 

38. 
104, - 
24 
26 
16. 
7.1 

11. 
8.1 

20. 

16. 
21. 

28. 
11 
11 

- 

7.1 

9.9 - 
74. 
24. 
38. 

165. 
14. 

21. 
25.X 

- - - 
11 - - 

- 
1.5 

16.9 
.57 
.60 

50 
1.00 
1.9 
.68 
.43 

-61 
69 

- 

.50 

.85 
1 e6 

1.3 
2.3 
6.3 
1 .o 
.4 
e 55 

3.6 
4.3 
2.4 

36 
.34 
.75 
.38 

4.7 

.4 

c 
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G a t  ( 1 9 7 1 )  reported t h a t  i n c o n g r u o u s  r e s u l t s  i n  isotope 
h y d r o l o g y  s t u d i e s  have  g e n e r a l l y  b e e n  i n t e r p r e t e d  to mean: 
(1) g e o g r a p h i c  d i s p l a c e m e n t  o f  g r o u n d w a t e r s  by f l o w ,  ( 2 )  
r e c h a r g e  f r o m  p a r t i a l l y  e v a p o r a t e d  s u r f a c e  waters ,  ( 3 )  
r e c h a r g e  u n d e r  d i f f e r e n t  cl imatic c o n d i t i o n s ,  ( 4 )  m i x i n g  
w i t h  n o n m e t e o r i c  water b o d i e s - - b r i n e s ,  sea-water, c o n n a t e ,  
me tamorph ic ,  or  j u v e n i l e  watGrs, ( 5 )  d i f f e r e n t i a l  water 
movements t h r o u g h  so i l s  o r  a q u i f e r s  wh ich  r e s u l t  i n  f r a c -  
t i o n a t i o n  processes (membrane e f f e c t s ) ,  and  ( 6 )  i so topic  ex- 
c h a n g e  o r  f r a c t i o n a t i o n  be tween water and  a q u i f e r  materials.  
S e v e r a l  of t h e s e  processes t e n d  t o  be d i s t i n c t i v e ,  e i t h e r  i n  
e n r i c h i n g  o r  d e p l e t i n g  t h e  waters i n  h e a v i e r  i sotopes and 
c a n  be r e c o g n i z e d .  O t h e r s  t e n d  to  be s imi l a r  i n  r e s u l t s :  
therefore ,  i n t e r p r e t a t i o n s  may be ambiguous.  

S a m p l i n g  - S i t e s  f o r  isotope s a m p l i n g  i n  t h e  Nampa-Cald- 
w e l l  and  a d j a c e n t  a r eas  were c h o s e n  o n  t h e  bas i s  of w e l l  log 
d a t a  o n  f i l e  a t  I d a h o  Depar tment  o f  Water Resources. C a s i n g  
records, w e l l  d e p t h s ,  l i t h o l o g i e s  p e n e t r a t e d ,  m e a s u r e d  s u r -  
f a c e  t e m p e r a t u r e ,  and  s t r u c t u r a l  g e o l o g y  c o n s i d e r a t i o n s ,  so 
f a r  a s  known, were c o n s i d e r e d .  L a n d s a t  images  of t h e  w e s t -  
e r n  Snake  R i v e r  P l a i n  were s t u d i e d  t o  loca te  sample s i tes  on  
or  n e a r  l i n e a m e n t s  p a s s i n g  t h r o u g h  t h e  Nampa-Caldwell area 
based o n  t h e  h y p o t h e s e s  t h a t  t h e  l i n e a m e n t s  m i g h t  be mig ra -  
t i o n  c h a n n e l s  t h r o u g h  which recharge waters moved i n t o  t h e  
N a m p a - C a l d w e l l  area. However, s a m p l i n g  was res t r ic ted  by 
l a c k  of proper access p o r t s  f rom which  r e l i a b l e  samples 
c o u l d  be o b t a i n e d .  C o n s e q u e n t l y ,  a b o u t  h a l f  t h e  sample 
s i t e s  were d e t e r m i n e d  by  a c c e s s i b i l i t y .  R i v e r s  ( e x c e p t  t h e  
Boise, i n a d v e r t e n t l y  o m i t t e d ) ,  l a k e s  a n d  c a n a l s  i n  and  
a d j a c e n t  areas o u t s i d e  t h e  area o f  s t u d y  were a l s o  sampled. 
Boise R i v e r  water s h o u l d  be  s imilar  i so top ica l ly  w i t h  Lake 
L o w e l l  i n l e t  waters as Lake L o w e l l  i n l e t  waters are  d e r i v e d  
f r o m  t h e  Boise R i v e r .  A t o t a l  of 40 samples were a n a l y z e d  
by m a s s  spectrometry by Krueger  E n t e r p r i s e s ,  I n c . ,  Geochron 
Laboratories D i v i s i o n ,  Cambridge,  MA. On t h e  basis  of 
d u p l i c a t e  samples and  a n a l y s e s  t h e  data  a pear t o  be precise  
w i t h i n  1 O/oo f o r  4D and  0.2 O/oo for Slk .  These  da t a  are 
g i v e n  i n  T a b l e  4-1 and  sample l o c a t i o n s  are shown o n  f i g u r e  
4-2 and  f i g u r e  4-3 ( i n  pocket).  The da ta  are  shown p l o t t e d  
a s  6D a n d  6180 i n  per m i l  u n i t s  o n  f i g u r e  4-4. 

O b s e r v a t i o n s  - From T a b l e  4-1 t h e  r a n g e  o f  6D v a l u e s  f o r  
t h e r m a l  waters (>2OoC) sampled i n  t h e  N a m  a -Ca ldwe l l  area is 
f r o m  -136 t o  -151 O/oo. The r a n g e  of Gf80 v a l u e s  is f rom 
-15.5 t o  -18.0 o/oo. For cold waters (<2OoC) sampled  i n  and 
a r o u n d  t h e  Nampa-Caldwel l  area, t h e  r a n g e  o f  6 D  v a l u e  i s  
f rom -123 t o  -135 O/oo and t h e  , 1 8 0  o f  cold wa te r s  r a n g e s  
f rom -15.0 t o  -16.7 o/oo. The t h e r m a l  waters a re  t h e r e f o r e  
d e  l e t e d  by  a b o u t  20 O/oo i n  6D and by a b o u t  2 .3  O/oo i n  

Nampa- C a l d w e l l  area.  
6 If; 0 r e l a t i v e  t o  cold water from i n  and  a r o u n d  t h e  

121 



c A s  shown by f i g u r e  4 - 1 ,  t h e  Nampa-Caldwell waters a re  
somewhat  s imi l a r  t o  o t h e r  g e o t h e r m a l  waters i n  Idaho.  They 
most c l o s e l y  resemble waters s t u d i e d  by  R i g h t m i r e ,  Young, 
a n d  Whi t ehead  ( 1 9 7 6 )  and Young and  L e w i s  ( 1 9 8 0 )  i n  t h e  
Bruneau-Grand V i e w  area b u t  are d i s p l a c e d  s t i l l  f u r t h e r  t o  
t h e  r i g h t  o f  t h e  meteoric water l i n e  a n d ' e x h i b i t  a somewhat 
g r e a t e r  s p r e a d  b e t w e e n  t h e r m a l  and  n o n t h e r m a l  water. T h i s  
heavy isotope e n r i c h m e n t  f o r  cold waters ( d i s p l a c e m e n t  t o  
r i g h t  of meteoric water l i n e )  for c o l d  waters is typ ica l  of 
some a r i d  and  .semiar id  l o c a l i t i e s .  The r e l a t i v e l y  
i s o t o p i c a l l y  l i g h t e r  t he rma l  waters  (d i sp l aced  downs lope  
f rom cold waters) a re ,  however ,  d i s t i n c t i v e .  F i g u r e  4-1 
shows t h a t  a l l  of  t h e  h i g h  t e m p e r a t u r e  t h e r m a l  waters are 
d e r i v e d  from meteoric waters o n  t h e i r  t r e n d  l i n e ,  w h i l e  t h e  
t h e r m a l  waters from Weiser, Bruneau-Grand V i e w  and  
Nampa-Caldwell areas c a n n o t  be d e r i v e d  d i r e c t l y  from t h e  
p lo t t ed  n o n t h e r m a l  waters. 

F i g u r e  4-4, which  is a n  e n l a r g e d  v e r s i o n  of a p o r t i o n  of 
f i g u r e  4 - 1 ,  shows t h a t  most of t h e  da ta  f a l l  o n ,  or n e a r ,  
o n e  o f  a g r o u p  of s t r a i g h t  l i n e s  t h a t  c o n v e r g e  t o  i n t e r s e c t  
w e l l  2N-3W-27bbal a t  a A D  of -150 o/oo and a 6 1 8 0  of 
-18 O/oo. Most cold waters sampled are  o b s e r v e d  t o  p l o t  i n  
t h e  u p p e r  r i g h t  p o r t i o n  of t h e  g r a p h  n e a r  t h e  u p p e r  r i g h t  
e x t r e m i t i e s  of t h e  l i n e s .  E x c e p t i o n s  a re  those samples of 
t h e r m a l  waters t a k e n  o u t s i d e  t h e  Nampa-Caldwell a rea ,  which  
a l so  p l o t  i n  t h i s  s e c t i o n  of t h e  d i a g r a m .  Most t h e r m a l  
waters p l o t  i n  t h e  lower l e f t  p o r t i o n  of t h e  p l o t t i n g  f i e l d .  

I t  s h o u l d  be n o t e d  t h a t  o t h e r  s t r a i g h t  l i n e s  c a n  be 
drawn t h r o u g h  o t h e r  d a t a  p o i n t s  ( i . e . ,  l i n e  a ,  and a l i n e  
f rom 6N-1W-25bbdl t o  4N-3W-19adcl). O t h e r  s t r a i g h t  l i n e  
da t a  do n o t  i n c l u d e  a l l  d a t a  p o i n t s ,  d o  n o t  co r re l a t e  w i t h  
t e m p e r a t u r e  d a t a  (see below),  n o r  do t h e y  have  co ld  waters 
a s  o n e  e n d  m e m b e r  and  t h e r m a l  water as t h e  o t h e r .  

F i g u r e s  4-5 and  4-6 are p l o t s  o f  measu red  s u r f a c e  t e m -  
p e r a t u r e s  o f  water f rom wells v e r s u s  6D and 6180,  respec- 
t i v e l y .  S e v e r a l  p o i n t s  w h i c h  do n o t  f a l l  on  a n y  of t h e  
e s t a b l i s h e d  c o n v e r g i n g  l i n e s  g e n e r a l l y  are h i g h e r  tempera- 
t u r e  water f rom deeper wells or water f rom t h e r m a l  w e l l s  
sampled o u t s i d e  t h e  Nampa-Caldwell area.  S t r a i g h t  1 i n e  
p l o t s  are o b t a i n e d  f o r  c e r t a i n  da t a  p o i n t s  w h i c h  a g a i n  
c o n v e r g e  t o w a r d  t h e  sample f rom w e l l  2N-3W-27bbal. A com- 
p a r i s o n  o f  f i g u r e  4-4 w i t h  f i g u r e s  4-5 and  4-6 r e v e a l s  a 63% 
c o r r e l a t i o n  of d a t a  p o i n t s  f o r  l i n e  1. I f  deep water da t a  
a re  n o t  i n c l u d e d ,  t h e  c o r r e l a t i o n  is  71%. A c o m p a r i s o n  o f  
f i g u r e  4-4 w i t h  f i g u r e s  4-5 a n d  4-6 for l i n e  2 r e v e a l s  a 67% 
c o r r e l a t i o n  b e t w e e n  f i g u r e s  4-4 and  4-6. I f  d e e p  water da t a  
i s  i g n o r e d ,  t h e  p e r c e n t  c o r r e l a t i o n  is 75%.  Tab le  4-2 sum- 
m a r i z e s  t h e  common d a t a  p o i n t s  o f  l i n e s  1 and 2 f o r  f i g u r e s  
4-4,  4-5 a n d  4-6. T h e r e  i s  l i t t l e  or no c o r r e l a t i o n  fo r  
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TABLE 4-2 

6D vs. 6l80 
f i g u r e  4-4 

Corre la t ion  of da t a  po in t s  f o r  l i n e  1 and 2 between f i g u r e s  4-4, 4-5, and 4-6 

6D vs. t 6180 vs. t 
f i g u r e  4-5 f i g u r e  4-6 

6D vS. 6 l 8 O  
3 f i g u r e  4-4 

16dba 16dba 16dba 
17bad 17bad 17bad 
16daal 
19adcl** 
17abbl 17abb 1 17abb 1 
22acdl 

4dcc I*** 4dcc 1 4dcc 1 
27bbal***** 27bbal 27bbal 

* 6 D  VS. t 6 l80  VS. t 
f i g u r e  4-5 f i g u r e  4-6 

36daa 1 36daal 
3 bbc 1 
6aba 1 6aba 1 

3lbbbl -3 lbba 1 
26ddbl* 26ddbl 
3Oddd 1 
3 ldcb 1 
8acbl 8acbl 

36daa 1 

6aba 1 
3 lbbbl 
26ddbl 

8acbl 
34 daa 1 
9ccbl 9ccbl 9ccbl 

34bdal** 
35cca 1 35caa 1 35caal 

22bdcl 22 bdc 1 * * * 22 bdc 1 
27bbal***** 27bbal 27bba 1 
1 Oacc 1** 

I 
* Probably a n a l y t i c a l  o r  sampling error, see t ex t .  

** Thermal w a t e r  from sources deeper and h o t t e r  than  t h e  aqu i f e r  from 
wi th in  t h e  "blue clay." 

*** Conductively cooled ( 3 )  water, see t ex t .  

**** I n  t h i s  region of the  graphs, l i n e s  a r e  so c lose  toge ther  as t o  l i e  
wi th in  each o the r s  "window" of a n a l y t i c a l  precis ion.  It is d i f f i c u l t  to  
a s s ign  a given value t o  a given l ine .  Sample 22bdcl has been assigned 
to line 2, as temperature verses 6l80 graphs of figures 4-5 and 
4-6 i n d i c a t e  t h a t  t h i s  is a more reasonable locat ion.  

6 D  and 

***** I n  making t h e  percent ca l cu la t ion ,  t h e  sample from w e l l  2N-3W-27bbal was 
included i n  t h e  ca lcu la t ion  for both l i n e s  1 and 2 of Table 4-2. The 
agrument can be made t h a t  t he  da t a  is therefore  biased i n  favor of the  
mixing hypothesis.  I f  t he  d a t a  poknt from w e l l  2N-3W-27bbal is not 
included,  t h e  agrument can be made t h a t  t h i s  has biased the  da ta  i n  
favor  of some o the r  hypothesis. I f  t h e  data po in t  is not  included i n  
t h e  percent  co r re l a t ion  of l i n e s  1 and 2 da t a  of Table 4-2, the  correla- 
t i o n  i s  s t i l l  g rea t e r  than 50 percent 'wi th  the  o ther  reasonable assump- 
t i o n s  included. The co r re l a t ion  is considered s i g n i f i c a n t  and can only 
be adequately explained by mixing of thermal and nonthermal waters i n  
var ious proport ions with no conductive cooling. N o t e  l i n e  5 da te  not  
included. 
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6 l i n e  3 ( l i n e  4 ? )  d a t a  on  f i g u r e s  4-4 ,  4-5, and  4-6 .  L i n e  5 
d a t a  appears o n  f i g u r e s  4-4 and  4-6  o n l y .  On f i g u r e  4-5,  
l i n e  5 d a t a  p l o t s  o n  l i n e  2.  T h e r e  is c o n s i d e r a b l e  s ca t t e r  
i n  t h e  d a t a  re la ted  t o  l i n e s  3 and 4 o f  f i g u r e  4-4  when com- 
p a r e d  t o  l i n e  3 of f i g u r e s  4-5  and 4-6 ,  and making d e f i n i t e  
i n t e r p r e t a t i o n s  from t h i s  d a t a  is  d i f f i c u l t .  The a rgumen t  
c a n  b e  made t h a t  l i n e s  3 and 4 y o f  f i g u r e  4-4  are r e a l l y  o n e  
l i n e  which would f a l l  between l i n e s  3 and 4 .  Due t o  t h e  
window of a n a l y t i c a l  p r e c i s i o n ,  t h e  l i n e s  c a n n o t  be 
separated.  

P lo t s  o f  f l u o r i d e  and ch lo r ide  v e r s u s  60 and  4 l 8 O  were 
s t u d i e d  i n  a n  e f f o r t  t o  d e t e r m i n e  i f  c h a n g e s  i n  t h e i r  con-  
c e n t r a t i o n  were r e l a t e d  t o  t h e  isotopic  c o m p o s i t i o n  of t h e  
water . The f i g u r e s  mere ly  showed t h a t  d i s s o l v e d  con-  
c e n t r a t i o n s  of t h e s e  e l e m e n t s  a re  l o w  i n  t h e  sampled waters 
and  a re  n o t  re la ted  t o  t h e  i so top ic  c o m p o s i t i o n ;  therefore, 
t h e  d i a g r a m s  are n o t  i n c l u d e d  a s  p a r t  o f  t h i s  r epor t .  

D i s c u s s i o n  - T h e r e  are s e v e r a l  i n t e r p r e t a t i o n s  or 
t heo r i e s  wh ich  m i g h t  be  appl ied  t o  e x p l a i n  t h e  a b o v e  men- 
t i o n e d  o b s e r v a t i o n s  of t h e  da ta  p l o t t e d  i n  f i g u r e s  4 - 1 ,  4-4, 
4-5  and 4 - 6 .  Whi te ,  Ba rnes  and O ' N e i l  (1973), and Truesdell 
and H u l s t o n  ( 1 9 8 0 ) ,  i n t e r p r e t e d  d a t a  o f  a s imi l a r  n a t u r e  t o  
t h a t  of f i g u r e  4-4 from t h e  C a l i f o r n i a  coast  r a n g e s ,  and  
Long V a l l e y ,  C a l i f o r n i a  to  r e p r e s e n t  f l u i d  m i x t u r e s  i n  
v a r i o u s  p r o p o r t i o n s  of end member waters. Water from w e l l  
2N-3W-27bbal p r o b a b l y  r e p r e s e n t s  unmixed g e o t h e r m a l  water 
from t h e  G l e n n s  F e r r y  Format ion  d e r i v e d  from a n  a q u i f e r  
w i t h i n  o r  below t h e  " b l u e  c l a y "  (see Chap te r  3 o f  t h i s  
repor t  f o r  a d i s c u s s i o n  o f  t h e  " b l u e  c l a y " ) .  Records for 
t h i s  w e l l  show u n p e r f o r a t e d  c a s i n g  e x t e n d i n g  from w i t h i n  t h e  
" b l u e  c l a y "  l a y e r s  t o  t h e  s u r f a c e .  Most o the r  w e l l s  i n  t h e  
Nampa-Caldwell area are p e r f o r a t e d ,  e i t h e r  c o n t i n u o u s l y ,  or 
i n  v a r i o u s  z o n e s ,  or have  l a r g e  s e c t i o n s  of hole u n c a s e d .  
T h e  d r i l l e r s  logs  show t h a t  many w e l l s  t a k e  water f rom 
s e v e r a l  z o n e s .  W e l l  2N-3W-27bbal water may, t h e r e f o r e ,  
r e p r e s e n t  o n e  p a r e n t  water from which  most o t h e r  w e l l  waters 
o f  t h e  Nampa-Caldwell area are d e r i v e d .  The o t h e r  p a r e n t  
water(s) may be r e p r e s e n t e d  by e i t h e r  Lake L o w e l l  or  Snake  
R i v e r  water, ( l i n e  1) Reynolds ,  o r  s imi l a r  e l e v a t i o n s  ( l i n e  
2 ) ,  or  P a y e t t e  R i v e r  and /o r  W i l l o w  Creek  water ( l i n e  3 ) .  
Data p o i n t s  f a l l i n g  on  or n e a r  t h e  l i n e s  c o u l d  r e p r e s e n t  
m i x t u r e s  of t h e  p a r e n t  waters i n  v a r i o u s  p r o p o r t i o n s .  W e l l  
lS-2W-17abb1, which  p lo t s  on  t h e  Snake  R i v e r  mix ing  l i n e  
( l i n e  l ) ,  w a s  d r i l l e d  w i t h i n  a few hundred  meters o f  t h e  
Snake R i v e r .  Well 4N-3W-19adcl ( R i c h a r d s o n  #1, l i n e  1) may 
be a m i x t u r e  o f  water r e p r e s e n t e d  by 2N-3W-27bbal water, 
Lake L o w e l l  a n d / o r  Snake R i v e r ,  o r  p e r h a p s  Boise R i v e r  
water. T h e  temperature d e p t h  p r o f i l e  ( f rom S m i t h ,  t h i s  
r e p o r t ,  f i g u r e  5-10) i n d i c a t e s  water from w e l l  4N-3W-19adcl 
i s  a m i x t u r e  f rom a t  l e a s t  t h r e e  z o n e s .  On l i n e  2 ,  w e l l  
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drs 2N-2W-34bdal may r e p r e s e n t  water which  i s  a m i x t u r e  of 
2N-3W-27bbal t y p e  water w i t h  a water r e p r e s e n t e d  b y  w e l l  
2S-3W-36daal n e a r  Reynolds  i n  Owyhee County ,  50 a i r  k i l o -  
meters d u e  s o u t h  o f  C a l d w e l l  i n  t h e  Owyhee M o u n t a i n s ,  or 
s i m i l a r  e l e v a t i o n s .  The r a t i o  o f  t h e  l e n g t h  of t h e  l i n e  
s e g m e n t  c o n n e c t i n g  da ta  p o i n t s  2N-3W-27bbal and  
2N-2W-34bda1, to  t h e  l e n g t h  ' o f  t h e  segment  c o n n e c t i n g  
2N-2W-34bdal and  2S-3W-36daal ( l i n e  2 ,  f i g u r e  4 - 4 )  repre- 
s e n t s  t h e  f r a c t i o n  o f  t h e  h o t  water end  member. T h e s e  da ta  
i n d i c a t e  t h a t  a s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  r e c h a r g e  f o r  
t h e  s h a l l o w  g r o u n d w a t e r  ( a b o v e  t h e  " b l u e  c l a y " )  may come 
from t h e  a q u i f e r  w i t h i n  o r  below t h e  " b l u e  C l a y , "  and  a l s o  
from s e v e r a l  o the r  s o u r c e s ,  i n c l u d i n g  p e r h a p s  R e y n o l d s  Creek 
B a s i n ,  o r  s i m i l a r  e l e v a t i o n s ,  Lake L o w e l l  and  t h e  Snake  
R i v e r  t h r o u g h  a p p l i e d  i r r i g a t i o n ,  and poss ib ly  l e a k a g e  f rom 
Lake L o w e l l  and  i t s  c a n a l  systems. The d i r e c t  t e m p e r a t u r e -  
i sotope d e p e n d e n c e  f o r  t h e  d a t a  p o i n t s  o n  l i n e s  1 and  2 of 
f i g u r e s  4-5 a n d  4-6 is  a r e s u l t  t h a t  would be e x p e c t e d  i f  
t h e  waters are m i x t u r e s  of w a r m  and  c o l d  water  f r o m  t w o  
sources. I n  mix ing  of w a r m  and  c o l d  water ( n o  o the r  
processes t a k i n g  place)  t h e  r e s u l t a n t  t e m p e r a t u r e  o f  t h e  
m i x t u r e  would depend o n l y  o n  t h e  i n i t i a l  t e m p e r a t u r e s  o f  t h e  
w a r m  and  cold waters and  t h e i r  volumes  i n v o l v e d  i n  m i x i n g .  
Isotopic  c o m p o s i t i o n  o f  t h e  mixed water would a l s o  b e  
p r o p o r t i o n a l  t o  t h e  volumes of end  member waters, 

T h e  t e m p e r a t u r e - i s o t o p e  dependence  is n o t  i n t e r p r e t e d  as  
b e i n g  c a u s e d  by d e p l e t i o n  or e n r i c h m e n t  d u e  t o  k i n e t i c  
r e s p o n s e s  of t h e  isotopes,  b u t  r a t h e r  t o  m i x i n g  o f  p a r e n t  
waters o f  d i f f e r e n t  i so topic  c o m p o s i t i o n s ;  o n e  w a r m ,  t h e  
o t h e r  c o l d ,  i n  v a r i o u s  p r o p o r t i o n s ,  w i t h  l i t t l e  c o n d u c t i v e  
c o o l i n g ,  e i t h e r  w i t h i n  a q u i f e r s ,  o r  w i t h i n  w e l l  bores as t h e  
r e s u l t  of man-made aqu i f e r  u n i o n s .  

I n  order f o r  t h e  isotope da ta  t o  i n d i c a t e  m i x i n g ,  t h e  
data  m u s t  f i t  c o r r e s p o n d i n g  l i n e s  of a l l  three  f i g u r e s ,  or 
r e a s o n a b l e  a s s u m p t i o n s  made as t o  why t h e  d a t a  d o e s  n o t  p l o t  
o n  c o r r e s p o n d i n g  l i n e s .  

V a r i o u s  p o i n t s  of f i g u r e s  4-4 ,  4-5 and  4-6 do n o t  f a l l  
o n  a n y  l i n e s  and  t h i s  c o u l d  be d u e  t o  s e v e r a l  processes 
i n c l u d i n g  isotope exchange  r e a c t i o n s  w i t h  a q u i f e r  or per- 
meable zone  c o n s t i t u e n t s ,  f u r t h e r  e v a p o r a t i v e  e n r i c h m e n t  or 
d e p l e t i o n  i n  heavy isotopes from a l ready  e n r i c h e d  s u r f a c e  
i r r i g a t i o n  water as a r e s u l t  of s p r i n k l e r  a n d  c o r r u g a t e  
i r r i g a t i o n  p rac t ices ,  s e a s o n a l  c h a n g e s  i n  isotopic com- 
p o s i t i o n  of t h e  r e c h a r g e  water, m u l t i p l e  m i x i n g ,  c o n d u c t i v e  
a n d / o r  c o n v e c t i v e  c o o l i n g  of mixed waters, or waters from 
deeper and  h o t t e r  a q u i f e r s  w i t h  t h e  same o r  d i f f e r e n t  iso- 
tope r a t i o s ,  or a n a l y t i c a l  or s a m p l i n g  errors.  The h i g h  
measu red  s u r f a c e  t e m p e r a t u r e  of water from w e l l  4N-3N-19adcl 
( R i c h a r d s o n  #1) a r i se s  b e c a u s e  t h e  water a s c e n d s  r a p i d l y  
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from h o t t e r  sources deeper t h a n  t h e  " b l u e  c l a y "  a q u i f e r .  

An example  o f  c o n d u c t i v e  or c o n v e c t i v e  c o o l i n g  m i g h t  b e  
r e p r e s e n t e d  by water f rom w e l l  4N-4W-4dccl which  p l o t s  o n  
l i n e  2 o f  f i g u r e  4-4, b u t  p l o t s  6.5-7OC to  t h e  l e f t  o f  l i n e  
2 o n  b o t h  f i g u r e s  4-5 and  4-6. I f  6.5OC is  added  t o  t h e  
t e m p e r a t u r e  of t h i s  w e l l ,  it w i l l  a l so  p l o t  o n  l i n e  2 o f  
b o t h  f i g u r e s  4-5 and  4-6. P e r h a p s ,  a f t e r  m i x i n g ,  t h e  water 
cools by 6.5OC by c o n d u c t i v e  o r  c o n v e c t i v e  h e a t  t r a n s f e r  as 
t h e  water f l o w s  t h r o u g h  t h e  a q u i f e r  and  up t h e  w e l l  bore. 

An example  o f  sample or a n a l y t i c a l  error  m i g h t  be shown 
b y  water f rom w e l l  3N-2W-26ddbl which  p l o t s  o n  l i n e  2 o f  
f i g u r e  4-5 o n l y .  If a 6 l 8 0  v a l u e  of -.3 O/oo is s u b t r a c t e d  
from t h e  6 l 8 0  v a l u e  o f  -16.6 O/oo r e p o r t e d  i n  t h e  a n a l y s e s  
f o r  w e l l  3N-2W-26ddb1, t h i s  d a t a  w i l l  p l o t  o n  l i n e  2 o f  
f i g u r e s  4-4, 4-5, and 4-6. The pa ra l l e l i sm o f  l i n e  5 t o  
l i n e  2 of f i g u r e s  4-4 and  4-6 s u g g e s t s  t h a t  a s y s t e m a t i c  
error ,  e i t h e r  i n  t h e  s a m p l i n g  or a n a l y s e s  of l i n e  5 d a t a  is 
poss ib le .  I f  -.9 O/oo t o  -1.0 O/oo is added  t o  t h e  6 l 8 0  
v a l u e s  f o u n d  i n  T a b l e  4 -1  t h i s  d a t a  w i l l  p l o t  o n  l i n e  2 ,  a s  
i t  does i n  f i g u r e  4-5. The sample from w e l l  3N-2W-23bcdl 
( l i n e  5 )  w a s  t a k e n  f rom a 1 0 0  m e t e r  l o n g ,  1 5  c m  diameter  
d i s c h a r g e  pipe o n l y  p a r t i a l l y  f u l l  o f  water. T h i s  may have  
a l l o w e d  a t m o s p h e r i c  g a s s e s  t o  mix w i t h  t h e  water, or more 
i m p o r t a n t l y ,  a l l o w e d  some e v a p o r a t i o n  o f  t h e r m a l  water t o  
t a k e  place b e f o r e  sample 3N-ZW-23bcdl was c o l l e c t e d .  Steam 
w a s  s e e n  emerg ing  f rom t h e  d i s c h a r g e  pipe,  a l o n g  w i t h  t h e  
t h e r m a l  water. The s l i g h t  d e p l e t i o n  i n  6 D  (1 O/oo) o v e r  
sample 2N-3W-17bdal c o u l d  be d u e  t o  R a y l i e g h  t y p e  
( n o n - e q u i l i b r i u m )  e v a p o r a t i o n  f r o m  sample 3N-2W-23bcdl. 
T h i s  would i n d i c a t e  two w e l l s  in t h e  area w i t h  p a r e n t  
g e o t h e r m a l  water c o m p o s i t i o n s  o f  6D = -150 a n d  6180 = -18. 

L i n e  a of f i g u r e  4-4 r e p r e s e n t s  a l i n e  of s lope 5 which  
r u n s  t h r o u g h  Lake L o w e l l  ( 1 6 b d a )  and  Snake  R i v e r  ( 1 7 b a d )  
d a t a  p o i n t s  ( M a r i n e r ,  1 9 8 1 ,  p e r s o n a l  communica t ion )  . The 
f a c t  t h a t  s e v e r a l  l i n e s  of slope 5 can b e  drawn t h r o u g h  t h e  
d a t a  o f  f i g u r e  4-4 may b e  i n d i c a t i v e  o f  t h e  e f f e c t s  o f  eva- 
p o r a t i o n  t o  d r y  a i r  of meteoric water b e f o r e  r e c h a r g e  to  t h e  
g r o u n d  water s y s t e m .  T h i s  c o u l d  i n d i c a t e  a p r e - e v a p o r a t i o n  
isotopic c o m p o s i t i o n  6 D  = -150 O/oo and 6180 = -20 O/oo 
( E l l i s  and  Mahan, 1977 p. 7 5 ) .  Thermal  water o f  i so topic  
c o m p o s i t i o n  6 D  = -150 O/oo and  6 l 8 0  -18 O/oo c o u l d  b e  
d e r i v e d  from t h e  p r e - e v a p o r a t e d  water c o m p o s i t i o n  by  a n  
e n r i c h m e n t  o f  6180 o f  2 O/oo i n  t h e  p a r e n t  t h e r m a l  water 
b r o u g h t  a b o u t  by  oxygen isotope exchange  o f  water w i t h  
a q u i f e r  o r  r e s e r v o i r  m i n e r a l s .  I so top ic  e x c h a n g e  is t h e  
g e n e r a l l y  a c c e p t e d  method o f  e x p l a i n i n g  t h e  t r e n d  l i n e  
( o x y g e n  s h i f t s )  o b s e r v e d  i n  i sotopic  c o m p o s i t i o n s  of water 
f r o m  many o f  t h e  h i g h e r  t e m p e r a t u r e  g e o t h e r m a l  s y s t e m s  
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(Lardere l lo ,  G e y s e r s ,  H e c k l a ,  Mount L a s s e n ,  and Steamboat 
S p r i n g s )  of t h e  w o r l d  ( f i g u r e  4 - 1 ) .  P r e - e v a p o r a t i o n -  isoto- 
p i c  c o m p o s i t i o n s  o f  P a y e t t e  R i v e r ,  Boise R i v e r ,  and  Snake  
R i v e r  water a re  unknown a t  p r e s e n t  b u t  m i g h t  be similar t o  
i n t e g r a t e d  isotopic v a l u e s  o f  s p r i n g  water w i t h i n  u p p e r  
r e a c h e s  of t h e i r  d r a i n a g e  b a s i n s .  R i v e r  waters, par- 
t i c u l a r l y  Snake  R i v e r  water, 'would  be mod i f i ed  by many 
i n f l u e n c e s  d u r i n g  downst ream f l o w  and  p r e - e v a p o r a t i o n  iso- 
tope v a l u e s  m i g h t  b e  d i f f i c u l t  t o  o b t a i n .  6D isotope v a l u e s  
o f  meteoric waters i n  r e c h a r g e  areas of t h e  P a y e t t e  R i v e r  
d r a i n a g e  b a s i n  seem t o  b e  n e a r  -128 t o  -131 O/oo ( L e w i s  and 
Young, 1 9 8 0 )  and  i n  t h e  Boise R i v e r  d r a i n a g e  b a s i n  may be 
n e a r  -135 t o  -139 O/oo . .  T h i s  would seem t o  r u l e  o u t  t h e  
P a y e t t e  a n d  Boise r i v e r s '  as s o u r c e s  o f  r e c h a r g e  of t h e  
g o e t h e r m a l  p a r e n t  water w i t h  s u b s e q u e n t  6 l 8 O  e n r i c h m e n t  by  
isotopic  e x c h a n g e ,  p r o v i d e d  t h e  isotopic  c o m p o s i t i o n  of 
s p r i n g  waters i n  upper reaches of t h e s e  d r a i n a g e s  is 
i n d i c a t i v e  o f  p r e - e v a p o r a t i v e  isotopic  c o m p o s i t i o n  of t h e  
r i v e r  water. T h e s e  c o n c l u s i o n s  a re  s p e c u l a t i v e  a n d  more 
d a t a  i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  of r e c h a r g e  t o  t h e  
t h e r m a l  systems from r i v e r  waters are  needed  before t h e  
c o n c l u s i o n s  c a n  be s u b s t a n t i a t e d .  

S e v e r a l  o t h e r  l i n e s ,  p a r a l l e l  t o  l i n e  a ( s lope  5) m i g h t  
be drawn t h r o u g h  t h e  d a t a  on  f i g u r e s  4 - 4 .  T h e s e  ' l i n e s  do 
n o t  i n c l u d e  a l l  d a t a  p o i n t s ,  d o  n o t  co r r e l a t e  w i t h  t e m -  
p e r a t u r e  da t a ,  do n o t  h a v e  cold waters a s  o n e  end  member and  
t h e r m a l  water a s  t h e  o t h e r ,  lead t o  e v e n  lower 6D v a l u e s  
t h a n  e x i s t  i n  t h e  t h e r m a l  waters i f  i n t e r p r e t e d  as  e v a p o r a -  
t i o n  l i n e s ,  and would mean t h a t  water from n e a r l y  e v e r y  
sampled w e l l  h a s  unde rgone  d i f f e r i n g  amoun t s  o f  e v a p o r a t i o n  
f rom f i v e  o r  s i x  u n i d e n t i f a b l e  s o u r c e s ,  a c o n c l u s i o n  which  
seems h i g h y  u n l i k e l y .  These  l i n e s  are n o t  c o n s i d e r e d  
f u r t h e r  i n  t h i s  report .  

R e g a r d i n g  t h e  o r i g i n  of t h e  g e o t h e r m a l  w a t e r ,  R i g h t m i r e ,  
Young a n d  Whitehead ( 1 9 7 6 )  i n t e r p r e t  l i g h t  t he rma l  waters ,  
o r  d i s p l a c e m e n t  downs lope  f o r  t h e r m a l  water i n  t h e  
Bruneau-Grandview and Weiser areas, t o  mean p r e c i p i t a t i o n  a t  
h i g h e r  e l e v a t i o n s  where  cl imatic c o n d i t i o n s  are cooler, or 
p r e c i p i t a t i o n  d u r i n g  a period of t i m e  when t h e  cl imate w a s  
cooler t h a n  t h a t  p r e v a i l i n g  today. Cooler t e m p e r a t u r e s  a t  
h i g h e r  e l e v a t i o n s  w i l l  r e s u l t  i n  deple ted  isotope v a l u e s ,  
b u t  t h e s e  s h o u l d  be ref lected i n  c o l d  water i n  t h e  sampled  
area a l so ,  u n l e s s  t h e  co ld .  water is recharged a t  lower 
e l e v a t i o n s .  A t i m e  period which  w a s  g e n e r a l l y  cooler  t h a n  
t h e  Ho locene  ( p r e s e n t )  geologic  Epoch w a s  t h e  P l e i s t o c e n e  
Epoch or ice a g e  t h a t  ended  a p p r o x i m a t e l y  7 ,800  t o  11 ,000  
y e a r s  ago .  Young and  L e w i s  ( 1 9 8 0 )  proposed t h a t  
Bruneau-Grand V i e w  area t h e r m a l  waters m i g h t  be a t  l e a s t  
2 , 4 0 0  t o  3 , 3 0 0  y e a r s  o l d  a n d  c o u l d  b e  b e  as  much as  8 , 0 0 0  
yea r s  o l d ,  or o l d e r ,  o r  c o u l d  h a v e  come f rom e l e v a t i o n s  o f  
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460 t o  8 2 5  m h i g h e r  i n  e l e v a t i o n  t h a n  cold s p r i n g s  t h e y  
sampled. Mayo ( 1 9 8 1 ,  p e r s o n a l  communica t ion)  reported t h a t  
t he rma l  waters i n  t h e  Blackfoot R e s e r v o i r  area of s o u t h -  
e a s t e r n  I d a h o  h a v e  b e e n  a g e  d a t e d  a t  1 4 , 0 0 0  t o  3 6 , 0 0 0  years  
o l d .  I f  P l e i s t o c e n e  p r e c i p i t a t i o n  is t h e  s o u r c e  water,  t h e n  
c i r c u l a t i o n  t i m e s  fo r  r e c h a r g e  of t h e  t h & r m a l  a q u i f e r s  may 
be r e l a t i v e l y  l o n g  ( 7 , 8 0 0  t o  lP,OOO y e a r s  o r  g r e a t e r  i f  o l d  
water is b e i n g  displaced by new r e c h a r g e ) ,  o r  there may be 
r e l a t i v e l y  l i t t l e  p r e s e n t  d a y  r e c h a r g e  for t h e  system. 
R e l a t i v e l y  l i t t l e  p r e s e n t  day  recharge c o u l d  mean t h e  waters 
are b e i n g  mined.  

Water l e v e l s  i n  w e l l s  i n  t h e  Bruneau-Grand V i e w  area 
were reported by Young and Whitehead ( 1 9 7 3 )  t o  h a v e  
d e c l i n e d ,  wh ich  s u g g e s t s  m i n i n g  o r  r e c h a r g e  i n s u f f i c i e n t  f o r  
p r e s e n t  w i t h d r a w a l  ( r e c h a r g e  o v e r  l o n g  p e r i o d s ) .  S t e v e n s  
( 1 9 6 2 )  n o t e d  r i s i n g  water l e v e l s  i n  w e l l s  i n  t h e  Dry Lake 
area s o u t h  of Lake L o w e l l ,  which  h e  a t t r i b u t e d  t o  i n c r e a s e d  
i r r i g a t i o n  f r o m  s u r f a c e  water. R e c e n t l y ,  however ,  water 
l e v e l s  were n o t e d  t o  d r o p  s h a r p l y ,  as much as  1 5  meters i n  
o n e  year  (Norman S v a t y ,  p e r s o n a l  communica t ion ,  1 9 7 9 ) .  T h i s  
c o u l d  r e f l e c t  a d d i t i o n a l  g r o u n d w a t e r  pumpage or t h e  d r o u g h t  
c o n d i t i o n s  of 1 9 7 6 ,  w h i c h  w o u l d  i n d i c a t e  recharge times of 
a b o u t  3 years ( i f  d r o u g h t  r e l a t e d ) ,  b u t  p e r h a p s  o n l y  for  t h e  
a q u i f e r s  a b o v e  t h e  " b l u e  c l a y . "  

A l t e r n a t e  hypotheses which c o u l d  e x p l a i n  t h e  isotopi-  
c a l l y  l i g h t  ( d e p l e t e d )  t h e r m a l  waters i n  t h e  N a m p a - C a l d w e l l  
area are:  (1) e x c h a n g e  of hydrogen  and oxygen isotopes bet- 
ween water and  o t h e r  hydrogen  and  oxygen c o n t a i n i n g  s o u r c e s  
w i t h i n  a q u i f e r s  o r  p e r m e a b l e  zones .  Methane gas  and some 
hydrogen  s u l f i d e  is  s u s p e c t e d  i n  some w e l l s  i n  t h e  area and  
o r g a n i c  d e b r i s  was a c c u m u l a t e d  w i t h i n  t h e  s e d i m e n t s  as t h e y  
were deposi ted.  Methane g a s ,  hydrogen  s u l f i d e ,  and  o r g a n i c  
a c c u m u l a t i o n s  c o u l d  be a s o u r c e  o f  hydrogen .  However, e s t i -  
mated a q u i f e r  temperatures do n o t  seem h i g h  enough for  
appreciable  e x c h a n g e  t o  have  o c c u r r e d .  ( 2 )  F r a c t i o n a t i o n  of 
isotopes by semipermeable membrane processes i n  c l ays  may 
a l so  o c c u r .  S u f f i c i e n t  da ta  is  n o t  a v a i l a b l e  a t  p r e s e n t  t o  
e v a l u a t e  t h i s  e f f ec t .  ( 3 )  T h e  t h e r m a l  water may be isotopi-  
c a l l y  l i g h t e r  b e c a u s e  of s u b s u r f a c e  b o i l i n g  and  steam 
s e p a r a t i o n  i n  deep a q u i f e r s  w i t h  t h e  s e p a r a t e d  steam p h a s e  
r e c o n d e n s i n g  and  r e e q u i l i b r a t i n g  chemical ly  i n  a q u i f e r s  
a b o v e  those where  steam s e p a r a t i o n  o c c u r s .  Aga in ,  a q u i f e r  
t e m p e r a t u r e s  do n o t  appear h i g h  enough a t  s h a l l o w  d e p t h  
where  b o i l i n g  c o u l d  occur, and  t h e  isotope d a t a  do  n o t  show 
t h e  cha rac t e r i s t i c  oxygen s h i f t  of h i g h  t e m p e r a t u r e  s y s t e m s  
( f i g u r e  4-1)  u n l e s s  t h e  e v a p o r a t e d  r i v e r  water h y p o t h e s i s  as 
a source of t h e  g e o t h e r m a l  water is accepted. ( 4 )  The t r e n d  
l i n e  c o u l d  r e p r e s e n t  a meteoric water l i n e  f o r  t h e  
Nampa-Caldwell a n d  a d j a c e n t  areas;  however ,  t h i s  does n o t  
e x p l a i n  t h e  t e m p e r a t u r e - i s o t o p e  r a t i o  r e l a t i o n s h i p  ( f i g u r e s  
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4-5 and  4-6) found i n  t h e  da t a ,  n o r  does i t  e x p l a i n  why most 
cold water p l o t s  n e a r  one  end of t h e  t r e n d  l i n e  a n d -  t h e r m a l  
water p l o t s  n e a r  t h e  o t h e r  e x t r e m i t y .  

F i g u r e  4-7 is  a m o d i f i e d  p l o t  of isotope da ta  o b t a i n e d  
b y  Young and  L e w i s  (1980)  f rom t h e  Bruneau-Grand V i e w  area 
i n  s o u t h w e s t  Idaho. Convergence o f  t h e s e  da ta  p o i n t s  t o  a 
water o f  t h e  same c o m p o s i t i o n  as t h a t  of t h e  p a r e n t  g e o t h e r -  
m a l  water i n  t h e  Nampa-Caldwell area (6D = -150, 6 l 8 0  = -18) 
i s  i n d i c a t e d  by t h e  d i ag ram.  I f  t h e  p a r e n t  water is real  i n  
t h e  Bruneau-Grand V i e w  area i t  w o u l d  i n d i c a t e  (1) con- 
s iderable  mix ing  o f  t h e r m a l  waters i n  t h e  Bruneau-Grand V i e w  
area,  more so t h a n  p r e v i o u s l y  r e a l i z e d ,  and  ( 2 )  p a r e n t  
g e o t h e r m a l  waters i n  b o t h  areas are f rom t h e  same source 
a n d / o r  t i m e  or t h e  s y s t e m s  are i n t e r c o n n e c t e d .  A l s o ,  iso- 
tope r a t i o s  f rom g e o t h e r m a l  waters  found  i n  Ada County n e a r  
Boise p l o t  on  l i n e s  2 and  4 .  T h i s  c o u l d  i n d i c a t e  t h a t  i n  
t h e  Boise area g e o t h e r m a l  waters m i g h t  be m i x t u r e s  o f  
g e o t h e r m a l  water o f  n e a r  i d e n t i c a l  i s o t o p i c  c o m p o s i t i o n  w i t h  
water f r o m  w e l l  2N-3W-27bbal and waters of i s o t o p i c  com- 
p o s i t i o n  s imi l a r  t o  P a y e t t e  R i v e r  a n d / o r  Reynolds  C r e e k  
water. However, more da ta  from t h e  Boise area a re  b a d l y  
needed  t o  c o n f i r m  t h i s  a s sumpt ion .  

I t  appears, from t h e  above  a r g u m e n t s ,  t h a t  t h e  hypothe-  
s is  t h a t  most e a s i l y  e x p l a i n s  t h e  isotopic d a t a  on l i n e s  P 
a n d  2 o f  f i g u r e s  4-4 t h r o u g h  4-6 is  mixing.  o f  t h e r m a l  water  
of c o n s t a n t  t e m p e r a t u r e  and  i s o t o p i c  c o m p o s i t i o n  4D = -150 
O/oo and 6l80 = -la O/oo w i t h  cooler waters of s e v e r a l  
d i s t i n c t i v e  isotopic  c o m p o s i t i o n s .  The o r i g i n  of l i n e  3 
( l i n e  4 ? ) ,  data  on  f i g u r e  4 -4 ,  a p p a r e n t l y  i n v o l v e s  t h e r m a l  
water r e p r e s e n t e d  by water from 2N-3W-27bbal which may have  
unde rgone  s y s t e m a t i c  i so topic  c h a n g e s .  n o t  p r e s e n t l y  
r e c o g n i z e d  o r  c o m p l e t e l y  u n d e r s t o o d .  A s  no  t e m p e r a t u r e -  
i sotopic  r a t i o  c o r r e l a t i o n  is o b s e r v e d  f o r  l i n e  3 ( l i n e  4 ? ) ,  
fac tors  o the r  t h a n  mix ing  may be i n v o l v e d .  

The h y p o t h e s i s  t h a t  a p p e a r s  t o  best e x p l a i n  t h e  o r i g i n  
o f  t h e  t h e r m a l  waters w i t h  a v a i l a b l e  d a t a  i n  b o t h  t h e  
Nampa-Caldwell and  Bruneau-Grand V i e w  areas is t h a t  of o ld  
water o r i g i n a t i n g  a s  p r e c i p i t a t . i o n  d u r i n g  a n  e x t e n d e d  t i m e  
i n t e r v a l  when c l imat ic  c o n d i t i o n s  were cooler t h a n  a t  
p r e s e n t .  A l t e r n a t i v e l y ,  t h e ' - t h e r m a l  water m i g h t  have  o r i  

e n r i c h m e n t  t h r o u g h  oxygen isotopic  exchange  w i t h  a q u i f e r  or 
permeable zone m i n e r a l s  a t  t e m p e r a t u r e s  i n  excess o f  100°C 
v e r y  deep ( > 2  km) wi' thin t h e  g e o t h e r m a l  s y s t e m ( s ) .  The 
e a s i e s t  way t o  d i s t i n g u i s h  between t h e  t w o  h y p o t h e s e s  may be 
t h r o u g h  a g e  d a t i n g  of t h e  g e o t h e r m a l  waters u s i n g  u n s t a b l e  
isotope t e c h n i q u e s .  

Isotope Data and i t s  R e l a t i o n s  t o  Lineaments  - F i g u r e  
4-2 shows l oca t ions  of major l i n e a m e n t s  i n  t h e  w e s t e r n  Snake  

i n a t e d  as  e v a p o r a t e d  r i v e r  or l a k e  water w i t h  s u b s e q u e n t  13; 

--- 
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R i v e r  P l a i n  and  isotope sample l o c a t i o n s .  T h e  l i n e a r  
f e a t u r e s  were drawn from L a n d s a t  f a l s e  color i n f r a r e d  images  
o b t a i n e d  f r o m  s a t e l l i t e  da t a  a t  1:1,000,000, 1:500,000 a n d  
1 :250 ,000  scale,  enhanced  by t h e  EROS Data C e n t e r .  

L i n e a m e n t  f e a t u r e s  are n o t e d  t h a t  cross t h e  Snake  R i v e r  
P l a i n  as  w e l l  a s  t h o s e  t h a t  ne ' a r ly  pa ra l l e l  t h e  P l a i n  a x i s  
a s  t h e  major i ty  o f  them do. The l i n e a m e n t s  appear a s  f a i n t  
c u l t u r a l  f e a t u r e s  and p a t t e r n s ,  a n d ,  i n  t h e  case of t h e  
l i n e a m e n t s  p a r a l l e l  t o  t h e  P l a i n ' s  a x i s  ( n o r t h w e s t  
t r e n d i n g ) ,  t h e y  a re  associated w i t h  some p a r t s  o f  m i n o r  
d r a i n a g e s  wh ich  are p a r a l l e l  t o  t h e  a x i s ;  O u t s i d e  t h e  
c u l t u r a l l y  d i s t u r b e d  area,  s e v e r a l  o f  t h e  l i n e a m e n t s  
p a r a l l e l  t o  t h e  P l a i n ' s  a x i s  c o i n c i d e  w i t h  v o l c a n i c  c o n e s ,  
b u t t e s ,  a n d  domal  s t r u c t u r e s .  Some o f  t h e  n o r t h e a s t  
t r e n d i n g  l i n e a m e n t s  ( p e r p e n d i c u l a r  t o  t h e  P l a i n ' s  a x i s )  c a n  
be t r a c e d  i n t o  t h e  moun ta in  r a n g e s  f l a n k i n g  b o t h  s i d e s  o f  
t h e  P l a i n .  I n  t h e  c u l t u r a l l y  d i s t u r b e d  p o r t i o n  of t h e  
P l a i n ,  t h e  l i n e a m e n t s  r e p r e s e n t  e d g e s  o f  t o p o g r a p h i c  
f e a t u r e s  ( h i l l s ,  v a l l e y s ,  and d r a i n a g e s )  which force c u l t i -  
v a t i o n  p a t t e r n s  t h a t  become a p p a r e n t  as l i n e a r  f e a t u r e s .  
T h e s e  h i l l s ,  v a l l e y s  and d r a i n a g e s  are t h o u g h t ,  i n  some 
cases, t o  be f a u l t  bounded. B e c a u s e  o f  t h e  huge scale  of 
t h e  f e a t u r e s  a t  w h i c h  ground o b s e r v a t i o n s  or a i r  p h o t o  
r e c o n n a i s s a n c e  are  made, t h e s e  p a t t e r n s  a re  n o t  a p p a r e n t  on  
t h e  g r o u n d  or  o n  a i r  photos. The c o r r e l a t i o n  o f  l i n e a m e n t s  
p a r a l l e l  t o  t h e  P l a i n ' s  a x i s  w i t h  v o l c a n i c  f e a t u r e s  (L1 and 
L2, f i g u r e  4-2) i n d i c a t e s  t h a t  some of t h e s e  l i n e a m e n t s  may 
r e p r e s e n t  some t y p e  o f  f a u l t ,  f i s s u r e ,  o r  perhaps a l a r g e  
scale  deep seated j o i n t  system. Several  cor re la te  w e l l  w i t h  
f a u l t s  f o u n d  o n  r e f l e c t i v e  seismic d a t a  ( L 3  a n d  L4) and i n  
t h e  s h a l l o w  w e l l  l o g  da t a  (L1 and L 4 ) .  The f a c t  t h a t  
s e v e r a l  l i n e a m e n t s  are  s e e n  t o  cross t h e  P l a i n  and  e x t e n d  
i n t o  t h e  m o u n t a i n  r a n g e s  o n  e i t h e r  f l a n k  i n d i c a t e s  t h a t  
m i n o r  r e c u r r e n t  c r u s t a l  i n s t a b i l i t y  may have  o c c u r r e d  a l o n g  , 

t h e  l i n e a m e n t  a f t e r  f o r m a t i o n  of t h e  major f e a t u r e s  of t h e  
w e s t e r n  Snake  R i v e r  P l a i n .  The l i n e a m e n t  ( L 2 )  c o r r e s p o n d s  
a p p r o x i m a t e l y  w i t h  S t e v e n s  ( 1 9 6 2  p. 20)  g r o u n d w a t e r  d i v i d e .  
T h i s  l i n e a m e n t  passes t h r o u g h  Powers  B u t t e ,  I n i t i a l  P o i n t  
a n d  L i t t l e  Joe B u t t e  i n  s o u t h e r n  Ada County .  O t h e r  v o l c a n i c  
domes, c o n e s ,  and  b u t t e s  are f o u n d  i n  s imi la r  a l i g n m e n t  
a l o n g  b o t h  s i d e s  of t h i s  l i n e a m e n t .  The l i n e a m e n t  c o u l d  
e x p l a i n  t h e  g r o u n d w a t e r  d i v i d e  (see Chapter 3 ,  t h i s  r e p o r t ) .  
Isotope d a t a  ( f i g u r e  4-4) seem t o  i g n o r e  t h i s  d i v i d e  as da t a  
from w e l l s  p l o t t i n g  o n  m i x i n g  l i n e s  1, 2 ,  and  3 are  found 
o n  b o t h  s ides  of t h e  d i v i d e .  The  d i v i d e  a p p a r e n t l y  i n f l u -  
e n c e s  t h e  s h a l l o w  g r o u n d w a t e r  system and n o t  t h e  deep 
r e g i o n a l  g r o u n d w a t e r  s y s t e m  ( W h i t e h e a d ,  1 9 8 1 ,  p e r s o n a l  
c o m m u n i c a t i o n ) .  

The  w a r m  water isotope da ta  ( l i n e  2 ,  f i g u r e  4-4) gen- 
e r a l l y  a re  found  i n  w e l l s  n e a r  t h e  Reyno lds  C r e e k - F r e e s t o n e  
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Creek  l i n e a m e n t  (L5, f i g u r e  4 - 2 ) ,  as  m i g h t  be  e x p e c t e d  i f  
t h e  l i n e a m e n t  r e p r e s e n t s  a m i g r a t i o n  pa th  for  r e c h a r g e  water 
i n t o  t h e  Nampa-Caldwell area.  Most c o l d  water s a m p l e s ,  
e x c e p t  n e a r  Reynolds ,  were t a k e n  from wel l s  n o r t h  of Lake 
L o w e l l .  The p o s i t i o n  of t h e  sampled  c o l d  water w e l l s  form a 
l i n e a r  r e l a t i o n  p a r a l l e l  t o  t h e  P l a i n  axi’s. However, w e l l  
c o n s t r u c t i o n ,  zones  p e r f o r a t e d , ’ a n d  a q u i f e r s  p e n e t r a t e d ,  may 
have  more b e a r i n g  on  which l i n e  of f i g u r e  4-4  t h e  isotope 
d a t a  from a p a r t i c u l a r  w e l l  p l o t s  t h a n  does i t s  l o c a t i o n  
w i t h  respect t o  o t h e r  g e o l o g i c  f e a t u r e s .  

The  i s o t o p e  d a t a  is c o n s i d e r e d  r e m a r k a b l y  c o n s i s t e n t  
fo r  a n  area as  l a r g e  as encompassed by t h i s  s t u d y  and a s  
complex as t h e  water reg ime i n  t h e  area a p p e a r s  t o  be. T h e  
i s o t o p e  d a t a  f u r n i s h  c o n s t r a i n t s  w i t h i n  which 
i n t e r p r e t a t i o n s  of o t h e r  g e o c h e m i c a l  d a t a  m u s t  l i e  i n  order  
t o  be c o n s i d e r e d  v a l i d .  
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CONCLUSIONS /- 

When o b s e r v e d  i n  i t s  e n t i r e  p e r s p e c t i v e ,  and i n  v i ew of 
t h e  compl icated n a t u r e  of t h e  Nampa-Caldwell g r o u n d w a t e r  
s y s t e m s  a n d  p o s s i b l e  s u r f a c e  water soutces  mix ing  w i t h  
g r o u n d w a t e r s ,  t h e  i s o t o p i c  d a t a  ' f rom t h e  Nampa-Caldwell area 
o f  s o u t h e a s t e r n  Idaho  is c o n s i s t e n t  i n  i t s  i n t e r r e l a t i o n s  t o  
i t s e l f  and  o ther  t y p e s  o f  d a t a .  T h i s  c o n s i s t e n c y  l e n d s  cre- 
d e n c e  t o  t h e  f o l l o w i n g  c o n c l u s i o n s .  

G e o t h e r m a l  waters are  d e p l e t e d  i n  - h e a v y  i s o t o p e s  
w h i c h  may mean r e c h a r g e  from p r e c i p i t a t i o n  i n  a reas  
of h i g h e r  e l e v a t i o n  ( g e o g r a p h i c  d i s p l a c e m e n t )  o r  
d u r i n g  a t i m e  when t h e  climate was colder t h a n  t h a t  
p r e v a i l i n g  today .  I f  r e c h a r g e  occurred d u r i n g  t h e  
P l e i s t o c e n e  Epoch ( i c e  a g e )  t h e  water is  e q u a l  t o  
o r  g r e a t e r  t h a n  11 ,000  y e a r s  o l d .  A l t e r n a t i v e l y ,  
deple ted  water c o u l d  be t h e  r e s u l t  o f  e v a p o r a t i o n  
of r i v e r  water w i t h  s u b s e q u e n t  1 8 0  e n r i c h m e n t ,  o r  
r e s u l t  from semipe rmeab le  membrane c l a y  l a y e r  
processes. 

Recharge  may be t a k i n g  p l a c e  o v e r  a l o n g  p e r i o d  of 
t i m e  o r ,  there  may be r e l a t i v e l y  l i t t l e  p r e s e n t  d a y  
r e c h a r g e  t o  t h e  t h e r m a l  sys t em.  

Mixing  of t h e r m a l  and  non the rma l  waters is wide- 
spread i n  t h e  Nampa-Caldwell area o c c u r r i n g  w i t h i n  
a q u i f e r s  and w e l l  bores d u e  t o  w e l l  c o n s t r u c t i o n .  
The  t o t a l  e f f e c t s  o n  t h e  g e o t h e r m a l  and non the rma l  
a q u i f e r s  o r  pe rmeab le  z o n e s  d u e  t o  m i g r a t i o n  and 
m i x i n g  o f  t h e r m a l  and  non the rma l  waters on  t h e  
l o n g e v i t y  o f  t h e  g e o t h e r m a l  a q u i f e r s  for  u s e  as a 
hea t  source is n o t  known. 

Co ld  water r e c h a r g e ,  f o r  a q u i f e r s  above  t h e  " b l u e  
c lay ,"  a p p e a r s ,  f rom isotope d a t a ,  to  be from 
R e y n o l d s  Creek  b a s i n  s o u t h  o f  t h e  Snake  R i v e r  P l a i n  
o r  s imi l a r  e l e v a t i o n s ,  t h e  Snake  R i v e r ,  Lake L o w e l l  
a n d  c a n a l s  d u e  t o  i r r i g a t i o n  p r a c t i c e s ,  p e r h a p s  t h e  
P a y e t t e  R i v e r ,  Boise R i v e r ,  and W i l l o w  Creek areas 
n o r t h  of t h e  Snake R i v e r  P l a i n .  

Temperatures of t h e  a q u i f e r  w i t h i n  t h e  " b l u e  c l a y "  
appear t o  be o n l y  a b o u t  3OoC and may be f a i r l y  
u n i f o r m  o v e r  l a r g e  areas.  

Thermal  water of isotopic  c o m p o s i t i o n  6D = -150 
O/oo and 6 1 8 0  = -18 O/oo a p p e a r s  t o  be widesp read  
i n  t h e  w e s t e r n  Snake R i v e r  P l a i n  r e g i o n  and  may be 
t h e  p a r e n t  g e o t h e r m a l  water i n  t h e  Nampa-Caldwell 
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Gs a rea ,  the Boise a rea ,  and the Bruneau-Grandview 
area  and perhaps o the r  a reas .  T h i s  ind ica tes  the 
water i n  these a reas  may be from the same source ( s )  
and/or times of recharge,  or the geothermal system 
may be interconnected. 
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RECOMMENDATIONS c 
The isotope data  may be i n t e r p r e t e d  t o  i n d i c a t e  t h a t  

t h e r m a l  waters i n  t h e  Nampa-Caldwell area,  and i n d e e d  o t h e r  
a r eas  i n  I d a h o ,  i n c l u d i n g  Weiser, Bruneau-Grandview and 
Boise areas may b e  o l d  waters ( 1 1 , 0 0 0  y e a r s  or g r e a t e r ) .  I t  
is  n o t  known i f  p r e s e n t  w i t h d r a w a l s  of o l d  water are  b e i n g  
replaced w i t h  p r e s e n t  d a y  recharge. I f  n o t ,  t h e  t h e r m a l  
waters are b e i n g  mined and l a r g e  scale w i t h d r a w a l s ,  i .e .  , 
fo r  space h e a t i n g  o r  o the r  purposes c o u l d  e v e n t u a l l y  deple te  
t h e  a q u i f e r ( s )  t o  a p o i n t  where f u r t h e r  ecoriomic u s e  is n o t  
feas ib le .  To maximize t h e  l o n g e v i t y  o f  t h e  r e s o u r c e  u n t i l  
r e c h a r g e  c a n  be p r o v e n  or d i s p r o v e n ,  it is recommended t h a t  
f o r  space h e a t i n g  o r  o t h e r  g e o t h e r m a l  p u r p o s e s ,  con- 
s i d e r a t i o n  be g i v e n  t o  t h e  u s e  of down hole  hea t  e x c h a n g e r s  
( h e a t  e x c h a n g e r s  located w i t h i n  t h e  w e l l  bores a d j a c e n t  t o ,  
o r  w i t h i n  t h e  a q u i f e r s ) .  T h e s e  have  p roven  p rac t i ca l  a t  
o t h e r  l o c a l i t i e s  s u c h  a s  Klamath F a l l s ,  Oregon. Down h o l e  
heat  e x c h a n g e r s  have  t w o  a d v a n t a g e s :  (1) t h e y  d o  n o t  
d e p l e t e  t h e  water resource, ( 2 )  there  is l i t t l e  o r  no chemi- 
cal p o l l u t i o n ,  as l i t t l e  or  no geo the rma l  water is  b r o u g h t  
t o  t h e  surface.  

I n v e s t i g a t i o n s  of e f f e c t s  of widespread a r t i f i c i a l  
a q u i f e r  c o n n e c t i o n s  by w e l l  d r i l l i n g  o n  t h e  l o n g e v i t y  o f  t h e  
the rma l  a q u i f e r s  and  t h e i r  u s e  f o r  a heat  s o u r c e  s h o u l d  be 
conduc ted .  

I n v e s t i g a t i o n s  t o  d e l i n e a t e  possible  r e c h a r g e  of t h e  
t h e r m a l  a q u i f e r s  s h o u l d  be u n d e r t a k e n  t o  d e t e r m i n e  i f  
r e c h a r g e  is p r e s e n t l y  o c c u r r i n g .  These c o u l d  i n c l u d e  
f u r t h e r  s t ab le  isotope work i n  suspected r e c h a r g e  areas i n  
t h e  m o u n t a i n s  on  b o t h  s i d e s  o f  t h e  Snake R i v e r  P l a i n ,  tri- 
t i u m  a g e  d a t i n g ,  and d a t i n g  u s i n g  1 2 C ,  13C, and  1 4 C  and 
i n e r t  g a s  methods  t o  d e t e r m i n e  a b s o l u t e  a g e  of t h e r m a l  water 
from v a r i o u s  t h e r m a l  a q u i f e r s .  

More work is  needed t o  d e t e r m i n e  c l a y  l a y e r  s e m i -  
permeable membrane e f f e c t s  o n  t h e  s t a b l e  isotope r a t i o s  i n  
t h e  Nampa-Caldwell area.  T h i s  p a r t i c u l a r  s t u d y  would be i n  
t h e  realm o f  i n s t i t u t i o n s  w i t h  a d e q u a t e  research f a c i l i t i e s  
f o r  s u c h  s t u d i e s .  

M o n i t o r i n g  of p o t e n t i o m e t r i c  s u r f a c e s  t o  detect  stress 
e f f e c t s  i n  t h e  a q u i f e r  would p r o v i d e  e a r l y  warn ing  o f  water 
l e v e l  d e c l i n e s  s h o u l d  these take place d u e  t o  i n c r e a s e d  
pumpage f r o m  geothermal deve lopmen t .  

Isotope d a t a  h a s  proved  t o  be a v e r y  v a l u a b l e  tool i n  
t h i s  i n v e s t i g a t i o n  and s h o u l d  be i n c o r p o r a t e d  a s  s t a n d a r d  
water q u a l i t y  da t a  i n  o the r  a rea l  i n v e s t i g a t i o n s  where 
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deemed a p p r o p r i a t e .  I s o t o p e  s t u d i e s  s h o u l d  be i n t e g r a t e d  i n  
any  g r o u n d w a t e r  s t u d y  of t h e  Boise F r o n t  Geothermal  s y s t e m .  
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FIGURE 4-1 .  I s o t o p i c  c o m p o s i t i o n  o f  t h e r m a l  a n d  n o n t h e r m a l  wa te r s  o f  
t h e  Nampa-Caldwell a r ea ,  Canyon C o u n t y ,  I d a h o  compared  
w i t h  meteoric waters a n d  waters of s e l e c t e d  g e o t h e r m a l  
s y s t e m s  of I d a h o  a n d  t h e  w o r l d .  [ M o d i f i e d  f r o m  R i g h t -  
mire,  Young a n d  W h i t e h e a d  ( 1 9 7 6 )  a f t e r  W h i t e ,  B a r n e s ,  a n d  
O'14eil ( 1 9 7 3 ) .  ] 
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