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GEOCHEMISTRY 

by 

John C. Mitchell 

STABLE ISOTOPE STUDY 

Isotopes are two forms of the same element which differ 

only in the number of neutrons (uncharged atomic particles) 

in the nucleus of an atom. This means that different 

isotopes of the same element will differ only in their 

relative masses. It is this mass difference that governs 

their kinetic behavior and allows isotopes to fractionate 

during the course of certain chemical and physical processes 

occurring in nature. 

The four stable isotopes that have proven most useful in 

water resource evaluation are hydrogen (Ifi or H ) , deuterium 

{ 2H or D) , oxygen 16 {^^0) and oxygen 18 (l^O). These 

isotopes make up 99.9 percent of all water molecules. 

Isotopic compositions are reported in "c"" notation in 

parts per thousand (per mil̂ fc- = O/QO) relative to Standard 

lb), where 

1^0 or D/H 

standard, 

Mean Ocean Water (SMOW) as defined by Craig (196 

ô i = [(Ri/Rstd -1] X 1000. R^ equals either I^Q/ 

and i and std represent the sample and 

respectively. 

The result of isotopic fractionation during 

of ocean water and subsequent condensation of 

vaporation 

vapor in 

/ 
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clouds is that fresh (meteoric) water is generally depleted 

in ISQ and D (enriched in ^^0 and H) compared to Seawater. 

The isotopic variations of water in rain, snow, gla(t:ier ice, 
I 

streams, lakes, rivers, and most nonthermal groundwaters are 

extremely systematic; the higher the latitude or eXevation, 

the lower the ̂ D̂ and c'-'-̂O values of the waters. On the 

basis of a large number of analyses of meteoric waters 

collected at different latitudes, Craig (1961b) showed that 

the c'"-'-̂0 and cTD values relative to SMOW are linearly related 

and can be represented by the equation; 

(TD = 8<rl8o + 10 

( " 

which is plotted in figure 3. Groundwater sampled in an 

area whose isotopic composition plots on the trend (meteoric 

water line) are generally considered to be meteoric waters. 

Gat (1971) reported that incongruous results in isotope 

hydrology studies have generally been interpreted to mean: 

(1) geographic displacement of groundwaters by flow, (2) 

recharge from partially evaporated surface waters, (3) 

recharge under different climatic conditions, (4) mixing 

with nonmeteoric water bodies--brines, sea-waterj, connate, 

metamorphic, or juvenile waters, (5) dif f erenljiial water 

movements through soils or aquifers which resul 

tionation processes (membrane effects), (6) is 

change or fractionation between water and aquifer 

Several of these processes tend to be distinctive 

t in frac-

otopic ex-

materials. 

, either in 
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enriching or depleting the waters in heavier isotlopes and 

can be recognized. Others tend to be similar in results; 

therefore, ambiguous interpretations may result. 

Sites for isotope sampling in the Nampa-Caldwell area 

and adjacent areas were carefully chosen on the basis of 

well log data on file at Idaho Department of Water 

Resources. Casing records, well depths, lithologies 

penetrated, measured surface temperature, and structural 

geology considerations, so far as known, were considered. 

Landsat images of the western Snake River Plain were studied 

to locate sample sites on or near lineaments passing through 

the Nampa-Caldwell area based on the hypotheses that the 

lineaments might be migration channels through 

which recharge waters moved into the Nampa-Caldwell area. 

Rivers (except the Boise, inadvertently omitted), lakes and 

canals in and adjacent areas outside the area of study were 

also sampled. A total of 41 samples were analyzed by mass 

spectrometry by Kruger Enterprises, Inc., Geochron 

Laboratories Division, Cambridge, MA. On the basis of 

duplicate samples and analyses the data appear to be precise 

within 1 o/oo unit for (fD and 0.2 o/oo unit for £}^Q. These 

data are given in Table 1 and sample locations aijre shown on 

figure 1 and figure 2 (in pocket). The data are î hown plot-

ted as dD and ^^^O in per millb- units on figures |3 and 4. 

I 
The range of ifD values for thermal waters sampled in the 

Nampa-Caldwell area is from -136 to -151 O/QO. The range of 
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TABLE 1 

18f Isotope Sample L o c a t i o n s , Measured Surface Temperature, D, ' ° 0 , Cl and F Values from 
Sampled Water in t h e Nampa-Caldwell and Adjacent Areas of Southwest Idaho 

Sample or 
Well No. 

(Locat i on) 

Measured 
Surface Temperature 

(°C) -A 
0 sr.iow 
° /oo 

C D SMOW 
0 O/ 

Voo 
Cl 

mg/1 
F 

mg/1 

( 

7N-

7N-

6N-

5N-

5N-

4N-

4N-

4N-

3N-

3N-

3N-

3N-

3N-

-4W-

-2E-

-1W-

- lE-

-1E-

-4W-

-4W-

-3W-

-2E-

-3W-

-3W-

-2W-

-2W-

3N-2W-

3N-

3N-

3N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

2N-

IN-

1N-

1N-

IN-

IN-

IN-

13-

1S-

2S-

-2W-

-2W-

-2tl-

-3W-

-3W-

-3W-

-3W-

•3W-

-3W-

•2W-

-2W-

•2W-

•2W-

•2W-

-2W-

•2W-
•2W-

•2W-

•2W-

•2W-

•2W-

2W-

•2W-

•2W-

2W-

3W-

-22aca 

-15daa 

-25bbd1 

-35a cal 

•36bdbl 

-04dcc 1 

-OSdbdl 

-19adcl 

- lOaccl 

-03bbc1 

-30ddd 1 

-14adal 

• IVbcbl 

•23bcdl 

•26ddbl 

-31bbbl 

-31dcbl 

-OScddl 

-22acdl 

-22bdcl 

-25bda1 

•27bbal 

•35caal 

•04dcal 

•06a bal 

•16daa1 

•I6dba 

•ISbabI 

•34aac1 

•34bdal 

•34daal 

03cabl 

03cbbl 

OSacbl 

09bba1 

09ccb1 

17dccl 

ITabbl 

I7bad 

36daa1 

Paye t te 

Paye t te 

Wi Mow 

Dry C r . 

Dry C r . 

R ichard 

C a p i t o l 

R. , 

R . . 
> . , 
, Ade 

, Ade 

Gem Co. 

Boise Co. 

Gem Co. 

Co. 

1 Co. 

son #1 

Mal 

Lake Lowe 11 

Snake Ri 

Wa l te r s 

Reynolds 

ve r 

# 1 , Ada Co. 

I n l e t 

near 

Fe r r y Br idge 

, Owyhee Co. 

12-̂  

-
23 

40 

24 

21 

24 

40 

65 

19 

16 

22 

24 

31 

18 

15 

15 

22 

26 

28 

26 

30 

28 

23 

15 

26 

13+ 

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 

17.1 

16.6 

15.9* 

16.7 

16.8 

17.4 

17.6 

16.5 

18.0 

17.6 

15.9 

15.9 

1 7 . 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* 

-143 

-128 

-147 

-145 

-142» 

-141 

-128 

-137 

-138 

-136 

-151 

-135 

-132 

-138 

-141 

-143 

-147 

-146 

-150 

-147 

-144 

-131 

-139 

-132 
-138 

- 1 4 0 * 

-142» 

-142 

-138 

-138» 

-139 

-141 

-142 

-139 

-142 

-133 
-123 

-
-

6.3 

4 .9 

-
5.9 

6 .2 

5.8 

6.9 

21. t> 

98.0 
1 4 . 0 

6 .1 

4 . 1 

38 .0 
104.(7 

-
24/> 

2 6 . 0 

1 6 . 0 
7 .1 

11 .b 

8 .1 

2 0 . 0 

-
, 16.0 

2 1 . 0 

7.1 

2 8 . 0 

11.(? 
l U O 

9 .9 

-
7 4 . 0 

1 24.0 
3 8 . 0 

165.0 
H.O 

2 1 . 

25.>< 

-
-
-

1 1 . o 

-
-
-

1.5 

16.9 

0.57 

C.60 

0 . 3 0 

1.00 

1.9 

0.68 

<5.43 

-
C>.61 

d.69 

/) .50 

1.6 

^ . 85 

1.3 

2.3 

6.3 

1.0 

O.A 
6 .55 

3.6 

4 .3 

2.4 

-
-

(7.36 

0 . 3 4 

a 7 5 

0 .38 

4.7 

.4 

-

* Average of two ana lyses or samples. 
+ Average water t empera tu re over one year pe r iod from 12 monthly averages. 
- Data not aval l a b l e . 
X Average c h l o r i d e of 4 analyses each from s i x w e l l s . 
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i'lSo values is from -15.5 to -18.0 °/oo. For co|Ld waters 

sampled in and around the Nampa-Caldwell area, the range of 

J"D value is from -123 to -135 o/oo and for /^^o for cold ^>/^ '̂ ' 

waters the range of values is from -15.0 to -16.7 o/oo. The S5? *̂  

thermal waters are therefore depleted by about 12 o/oo in cTD ̂  ^^^C 
- — ' 18 ^ < ? > ^ 
and by about 2.3 o/oo in { 0 relative to cold water from 
in and around the Nampa-Caldwell area. 

( 

As shown by figure 3, the Nampa-Caldwell waters are 

somewhat similar to other geothermal waters in Idaho, in 

that they plot to the right of the meteoric water line. 

They most closely resemble waters studied by Rightmire, 

Young, and Whitehead (1976) and Young and Lewis (1980) in 

the Bruneau-Grand View area (see figure 3 and loi but are 

displaced still further to the right of the meteoric water 

line and exhibit a somewhat greater spread between thermal 

and nonthermal water. This heavy isotope enrichment 

(displacement to right of meteoric water line) is typ: 

isotope enrichment Ay 

line) is typical of CC 

^ 

arid and semiarid localities. The relatively isotopically 

lighter thermal waters (displaced downslope from cold 

waters) are, however, distinctive. 

pret light 

rmal water 

Rightmire, Young and Whitehead (1976) inter 
1 

thermal waters , or displacement downslope for th 
— - — > — " p f p r ^ u y ^ CO 

in the Bruneau-Grandview and Weiser a r ea s , to pftejsn p r e c i p i -
t a t ion a t higher e leva t ions where c l imat ic cctn î̂ fe-iranrs are 

c>^ . . .̂  
cooler, or precipitation during a period of time when the 
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18 0 SMOW {%o) 

FIGURE 3 . Isotopic composition of thermal and nonthermal waters 
of the Nampa-Caldwell area, Canyon County, Idaho 
compaired with meteoric waters and waters of selecteid 
geothermal systems of Idaho and the world. [Modified 
from Rightmire, Young and Whitehead (1976) after 
White, Barnes, and ONiel (1973).] 
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climate was cooler than that prevailing today. Cooler tem

peratures at higher elevations will result in depleted iso

tope values, but these should be reflected in cold' water in 

the sampled area also, unless the cold water is recharged at 

lower elevations. A time period v/hich may have bden cooler 

than the Holocene (present) geologic Epoch was the 

Pleistocene Epoch or ice age that ended approximately 11,000 

years ago. Mayo (1981, personal communication) reported 

that thermal waters in the Blackfoot Reservoir; area of 

southeastern Idaho have been successfully age dated at 

14,000 to 36,000 years old. If Pleistocene precipfLtation is 

the source water, then circulation times for recharge of the 

thermal aquifers may be relatively long (11,000 years or 

greater if old water is being displaced by new recharge), or 

there may be relatively little present day recharge for the 

system. Relatively little present day recharge could mean 

the waters are being mined. 

Water levels in wells in the Bruneau-Grand I View area 

were reported by Young and Whitehead (1973) to have 

declined, which suggests mining or recharge insufficient for 
I 

present withdrawal (recharge over long periods)L Stevens 

(1962) noted rising water levels in wells in thIe Dry Lake 

area south of Lake Lowell, which he attributed to increased 

irrigation. Recently, however, water levels were noted to 

drop sharply, as much as 15 meters in j one year 

(Norman Svaty, personal communication, 1979). This could 

1 
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reflect the drought conditions of 1976, which would indicate 

recharge times of about 3 years, but perhaps only for the 

aquifers above the "blue clay" (see Anderson, this report, 

for a discussion of the "blue clay"). Î Ûfeiâ re iHaSArflE4t5l«lTt: 

Alternate hypotheses which could explain the isotopi

cally light thermal waters in the Nampa-Caldwell area are: / 

(1) exchange of hydrogen and oxygen isotopes between water 

and other hydrogen and oxygen containing sources within 

aquifers. Methane gas is suspected in some wells in the 

area and organic debris was accumulated within the sediments 

as they were deposited. Methane gas and organic accumula

tions could be a source of hydrogen. (2) Fractionation of 

isotopes by semipermeable membrane processes in clays may 

also occur. (3) The thermal water may be isotopically 

lighter because of subsurface boiling and steam separation 

in a deep aquifer with the separated steam phase recon-

densing and reequilibrating chemically in aquifers above 

those where steam separation occurs. However, the isotope 

data do not show the characteristic oxygen shift of high 

temperature systems (figure 3). (4) The trend line could 

represent a meteoric water line for the Nampa-Caldwell and 

adjacent areas; however, this does not explain the 

temperature-isotope ratio relationship found iri the data 

(see below). These processes have Received Very little 

study to date and definite conclusions regarding their 
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effects on the isotope ratios in the Nampa-Caldwell area 

cannot be drawn at present. ! 

Figure 4, which is an enlarged version of a portion of 

figure 3, shows that most of the data fall on, or near, one 

of a group of straight lines that converge to intersect well 

2N-3W-27bbal. White, Barnes and O'Neil (1973) ,'̂ 'also-' 

Truesdell and Hulston (1980), interpreted data of a similar 7 

nature from the California coast ranges, and Long Valley, 

California' to represent fluid mixtures in various propor

tions with ^ d member waters plotting at the extremities of 

linesvVfV the lines\-VfWater from well 2N-3W-27bbal probably represents 

unmixed geothermal water from the Glenns Ferry Formation 

^ . derived from an aquifer within or below the "blu$ clay",a« 

icords for this well show unperforated casing extending ^ . 

from within the "blue clay" layers to the surface. Most 

other wells in the Nampa-Caldwell area are perforated, 

either continuously, or in various zones, or have large sec

tions of hole uncased. The drillers logs show that many 

wells take water from several zones. Well 2Np-3W-27bbal 

water may "^SH^^^i^JS^ represent one parent water from which 

most other well waters of the Nampa-Caldwell area are 

derived. The other parent water(s) may be represented by 

either Lake Lowell or Snake River water, (line 1) Reynolds, 

or similar elevations (line 2), or Payette River and/or 

Willow Creek water (line 3). Data points falling !on or near 

the lines could represent mixtures of the parent waters in 

y 
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FIGUBE 1 
Isotopic composition of thermal and nonthermal water 
from selected wells and surface waters in the Nampa-
Caldwell area, Canyon County, Idaho, artri Ajjacclai-ees. 

-IZO 

-125 H 

27bba1 . Well number or sample 
locations 

* Cold water (<20O) 

Warm water (>̂ 200) 

Average—2 or more analyses 
• o r samples 

Mdool Ay fftynotd) In 0«yhct CounV 

AISiJoo >^2Sbbd l Wil lo. Cr.ek 
Poy«ttt RIvtr, In ^ y l 8hni b«low Peorl, 

Poyetlf River ol 
BiocK Conyon Reservoir 
obovt dom, In Qtm County 

ek. ln Ado County 

,̂ ^^yyy 
,P (̂  1 1J ffo^ i 

A n o l y t l c o l P rec i t i on 

6 D; - I v . . 

23bcdl V ^ ' ^ 

i l8o l%.) 

.14-



y '̂  
various proportions. Well lS-2W-17abbl, which plots on the 

Snake River mixing line (line 1), was drilled within a few 

hundred meters of the Snake River. Well 4N-3W-19adcl 

(Richardson #1, line 1) may be a mixture of water repre

sented by 2N-3W-27bbal water. Lake Lowell and/or Snake 

River, or perhaps Boise River water. The temperature depth 

profile (figure , ) indicates water from well 4N-3W-rl9adcl is 

a mixture from at least three zones. On line 2, well 2N-2W-

34bdal may represent water which is a mijxture of 

2N-3W-27bbal type water with a water represented by well 

2S-3W-36daal near Reynolds in Owyhee County, 50 air kilo

meters due south of Caldwell in the Owyhee Mouritains, or 

similar elevations. The ratio of the length of the line 

segment connecting data points 2N-3W-27bbal and 

2N-2W-34bdal, to the length of the segment connecting 

2N-2W-34bdal and 2S-3W-36daal (line 2, figure 4) ^represents 

the fraction of the hot water end member. These data indi

cate that a significant proportion of the recharige for the 

shallow groundwater (above the "blue clay") may come from 

the aquifer within or below the "blue clay," and[ also from 

several other sources, including perhaps Reynifjlds Creek 

Basin, or similar elevations. Lake Lowell and the Snake 
I 

River through applied irrigation, and possibly leakage from 
-

Lake Lowell and its canal systems. Data points hot falling 
on lines 1, 2, and 3, i.e. line 5 could represent sampling, 

analytical errors, multiple mixing or water from unknown 

7 
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Fig. \--Temperature-depth profile of Well #14 near Caldwell, Idaho, 

frc-.y> br»77Jt ( l < i i o ) 
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sources. The sample from well 3N-2W-23bcdl (lin,e 5) was ^ '^ § 

taken from a 200 meter long, 15 cm diameter discharge pipe''Ŝ  v , ~~-

only partially full of water. This may have allowed S rvo v̂  

\ - ^ " ^ ^ 
atmospheric gasses to \ mix with the water, or more ̂  - ^ 

\ ^ §"̂  
importantly, allowed evagWation of thermal water to take'^ ^ ^ 
place before sample 3N-2W-23bcdl was collected. 

It should be noted that other straight lines can be 

drawn through other data points (i.e., from 6N-lW*25bbdl to 

4N-3W-19adcl). Other straight line data do not include all 

data points, do not correlate with temperature data (see 

below) , nor do they have cold waters as one end member and 

thermal water as the other. They lead to ambiguous inter-

(̂  pretations. 

Figures 5 and 6 are plots of measured surface tem- "̂  

peratures of wells verses cfD and -̂̂ Ô, respectively, '̂ v̂  

Straight line plots are obtained for certain data points. A . 

comparison of figures 4 with 5 and 6 reveals a 67% correla- !$: 

tion of data points for line 1 for the figures. If deep i 

water data is not included, the percent correlation is 75. 

This indicates a direct temperature-isotope dependence for 

these data points, a result that would be expected if the 

waters are mixtures of warm and cold water from two sources. 

In simple mixing of warm and cold water (no other processes 

taking place) the resultant temperature of the mixture would 

depend only on the initial temperatures of the warm and cold 
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water (<20O) 

water (>.20O) 
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or sample 
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FIGURE 5. Measured surface temperatures of se lected wel ls and 
s-urfaee w a t e i ^ 'verses fi& i n the Ramj^a-Caldwell and 
adjacent areas of southwestern Idaho. 
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o34dool 
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FIGURED. Heasured^sprfaeg temperaturea of selected wells and 
surface waters verses s'°0 in the Nampa-Caldwell and 
adjacent areas of southwestern Idaho. 
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waters and their volumes involved in mixing. A comparison 

of figures 4 with 5 and 6 for line 2 reveals a 60% correla- ^ 

tion of data points for line 2 data between figures 4 and 5 ^ 

and also a 60% correlation for line 2 data between figures 4 ^>^ v ^ 

and 6. If deep water data is ignored, the percent correla- ^^-^^ 

tion is 69. Table X summarizes the common data points of ^^"^>. 

lines 1 and 2 for figures 4, 5 and 6. 

The temperature-isotope dependence is not interpreted as ^ ^ W N ^ « 

being caused by depletion or enrichment due t0 kinetic ^^'^1^ ^ ^ 

responses of the isotopes, but rather to simple mixing of ^ C^ 

proportions, with little conductive cooling, either within ,^ .^ 

aquifers, or within well bores as the result ofi man-made 

aquifer unions. 

Various points of figures 4, 5 and 6 do not fall on any 

lines and this could be due to one or several processes 

including isotope exchange reactions with aquifer consti

tuents, further evaporative enrichment in heavy isotopes 

from already enriched surface irrigation water as a result 

of sprinkler and corrugate irrigation practicesl multiple 

mixing, conductive and/or convective cooling of eind members 

or mixed waters, or waters from deeper and hotter aquifers 

with the same or different isotope ratios, or analytical or 

sampling errors. An example of conductive cooling might be 

represented by well 4N-4W-4dccl which plots on line 2 of 
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TABLE X 

Correlation of data points for line 1 and 2 between figures 4, 5, and 5 

Line 1 Data Line 2 D̂ t̂  

o"D vs. o'̂ Ô 
figure 4 

16dba 
17bad 
14ada1* 
16daa1 
19adc1** 
17abb1 
22acd1 
4dcc1*** 

27bba1 
, 

t̂ D vs. t 
figure 5 

16dba 
17bad 
14ada1 

17abb1 

4dcc1 
27bba1 

o"''̂0 vs. t 
figure 6 

16dba 
17bad 
14ada1 

17abb1 

4dcc1 
27bba1 

<rD vs. /'•̂ o 
figure 4 

36daa1 
3bbcl 
6aba1 

31bbb1 
26ddb1* 
30ddd1 
31dcb1 
8acb1 
34daa1 
9ccb1 

34bda1** 
35cca1 

cTD vs. t 
figure ^ 

36daa1 

Sabali 
31bba1 
26ddbl! 

1 

8acbT 

9ccb1 

35caai 
22bdc1**** 22bdc1 
27bba1 
lOaccI** 

27bba1 

o'"''̂0 vs. t 
figure 6 

36daa1 

6aba1 
31bbbl 
26ddb1 

8acb1 

9ccb1 

35caa1 
22bdc1 
27bba1 

Probably analytical error, see text. 

** Thermal water from sources deeper and hotter than the aquifer frora within 
the "blue clay." 

'** Conductively cooled (?) water, see text. 

In this region of the graphs, lines are so close together as to lie within 
each others "window" of analytical precision. It is difficult to assign 
a given value to a given line. Sample 22bdc1 has been assigned to line 2, 
as temperature verses ,fD and c'̂ 0̂ graphs of figures 5 and 6 indicate that 
this is a more reasonable location. i 
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I'i I 
figure 4, but plots 6.5-7°C to the left of line 2| on both^ 

I ^ 
figures 5 and 6. If 6.5°C is added to the temperature of^.^ 

this well, it will also plot on line 2 of both figures 5 and '^ 

6. (perhaps J after mixing, the water cools by 6.5°C by con- r> 

ductive heat transfer as the water flows through the aquifer!^ v ^ 

and up the well bore. An example of sample or analytical ^^Cis 

error might be well 3N-2W-14adal which plots on line 1 of < "̂̂ ^̂  

figure 5 only. If a j"D value of -4 o/oo is added to the i"D ^ « ! 5̂s<̂  

value of -137 °/oo reported in the analyses, well ^̂ '̂ '!;:Kf 

3N-2W-14adal water would plot on line 1 of all three ̂ ^ sbi^ 

figures. Likewise, if a i^^O value of -.3 °/oo is ^-^.^^^ 

subtracted from the S^^Q value of -16.6 °/oo reported in ^ N ^ Sr'iCr 
: : ^ ^ ^ ' ^ 

the analyses for well 3N-2W-26ddbl, this data will plot on ̂ ^ ^ v ^ ^ 

line 2 of figures 4, 5, and 6. There is considerable-,.^ v^^S "̂  

scatter in the data related to line 3 of figure 4 when com--̂ .̂  ̂ " ^ ^ 

pared to line 3 of figures 5 and 6, and making definite "^ 

interpretations from this data is difficult. 

Figure 7a is a modified plot of isotope data obtained by 

Young and Lewis (1980) from the Bruneau-Grandview area in 

southwest Idaho. Convergence of these data points to a 

water of identical composition as that of tjhe parent 

geothermal water in the Nampa-Caldwell area (CTD = -150, c'l̂ O 

= -18) is indicated by the diagram. If the parent water is 

real in the Bruneau-Grandview area it would indicate (1) 

considerable mixing of thermal waters in the Bruneau-

Grandview area, more so than previously realized, and (2) 
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Figure 7a. Isotopic compositions of thermal 
and nonthermal waters from selected 
wells and springs in the Bruneau-
Grand View and adjacent a reas , 
Owyhee County, Idaho. Modified 
from Young and LewisC1980, P. 19;). 
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parent geothermal waters in both areas are from the same 

source and/or time or the systems are interconnected. Also, 

isotope ratios from geothermal waters found in Ada County 

near Boise plot on lines 2 and 4. This could indicate that 

in the Boise area geothermal waters might be mijctures of 

geothermal water of near identical isotopic composition with 

water from well 2N-3W-27bbal and waters of isotopic com

position similar to Payette River and/or Reynolds Creek 

water. However, more data from the Boise area are badly 

needed to confirm this assumption. 

Figures 7 and 8 are <rD and S-̂ ^O verses fluoride con

centrations respectively for waters in the Nampa-Caldwell 

( and adjacent areas. Again, the straight line plots con

verging to well 2N-3W-27bbal are noted, a result which would 

be expected if simple mixing of waters is occurring. In 

addition, the sequence of data points along any line should 

be consistent on the figures provided the plotted consti

tuent is predominantly supplied by the parent waters and all 

analyses are correct. As observed on the diagram^, Reynolds 

stands out as an end member of line 2 provided tjhe average 

fluoride concentration is between .15 and .23 mg/1 for 

ground waters in the Reynolds Creek basin. A specpific value 

of .18 mg/1 is predicted for both plots. Ifo data on 

flouride concentration in Reynolds Creek basin groundwaters 

\s available at present. The sequence of data points is 

consistent between figures 4, 7 and 8 for the data points 
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available data predicts 
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.18 mg/1 for groundwater 
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FIGUBE 7. i t ) verses riuortde concentrailef» from selected wells 
and surface waters In the Nampa-Caldwell and adjacent 
areas of southwestern Idaho. 



FIGURE 8. S'SQ verses fluoride concentrations of water from 
selected wells and surface waters in the Nampa-
Caldwell and adjacent areas of southwestern Idaho. 

6 -
27bba1 Well number or sample 

location 

* Cold water (<20OC) 

, Warm water (^SQOC) 

5 -

Q ' 

2 -

a 3 ^ (') 

>22oedl 
c22bdel 

• ITbcbl 
gddhlJ^bod 

_ ~^^ *5noln Rlvtr ntor Murphy.. 
ecddL_j36dddi s i e b o b i »^Sb1Eel 

»eocb^Leiv.«ll •I'd'^I^^Sbbet 
lnl<i 

Average--2 or more analyses 
* or sample -&^°0 

No fluoride analyses 
available data predicts 
a flouride concentration 
of between .15 and .23 mg/1 
exact value should be 
.18 mg/1 for groundwater 
in Reynolds Creek Area 

-16 
"T— 
-17 

—r-
- 1 6 

6ddar. Riyneldi Crt tk 

- 1 5 
—r 
-14 

a'^o (%.) 



^ ' ^ 

which fall on line 2 of the diagrams, and suggests that most 

fluoride in the waters is coming from water repreifeented by 
I 

well 2N-3W-27bbal. ' I 
j 

Again, scatter on the diagrams may be explained by fac

tors previously mentioned, and possibly by ion exchange of 

fluoride with aquifer minerals and/or solution or precipita

tion of fluorides in fluoride and other minerals. Also 

noted, if a cT D value of -7 O/QQ is added to sample 

3N-2W-14adal, this sample is merely moved into its proper 

sequential position on line 2 of figure 7. It still falls / 

close enough to line 2 of figure 7 to be within analytical "*̂ v̂ v̂  

error. '^ ^ 

LINEAMENT DATA , ^ S^ ̂ ĝ * 

Figure 11 shows locations of major lineaments in the ^N^V^V* 

western Snake River Plain and isotope sample locations. The ^^ 

linear features were drawn from Landsat false color infrared 

images obtained from satellite data at 1:1,000,000, 

1:500,000 and 1:250,000 scale, enhanced by the EROS Data 

Center. 

Lineament features are noted that cross the Sinake River 

Plain as well as those that nearly parallel the Plain axis 

as the majority of them do. The lineaments are apparent as 

faint cultural features and patterns, and, in the case of 

the Plain axis parallel lineaments (northwest trending), 
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they are associated with some parts of minor drainages which 

are also Plain axis parallel. Outside the culturally 

disturbed area, several of the Plain axis parallel 

lineaments coincide with volcanic cones, buttes, and domal 

structures, which also line up Plain axis parallel. Some of 

the northeast trending lineaments (perpendicular to the 

Plain axis, or nearly so) can be traced into the mountain 

ranges flanking both sides of the Plain. In the culturally 

disturbed portion of the Plain, the lineaments represent 

edges of topographic features (hills, valleys, and 

drainages) which force cultivation patterns that become 

apparent as linear features. These hills, valleys and 

r drainages are thought, in some cases, to be fault bounded. "'ĵAtK''̂  

Because of the <ihuge sca/I^ at which ground observations or 

air photo reconnaissance are made, these patterns are not 

apparent on the ground or on air photos. The correlation of 

Plain axis parallel lineaments with volcanic features 

( LQ̂  and L2, figure 11) indicates that some of these 

lineaments may represent some type of fault, fissure, or 

perhaps a large scale deep seated joint system. Several 

correlate well with faults found on reflective seismic data 

(L3 and L4) and in the shallow well log data (L^ and L4). 

The fact that several lineaments are seen to cross the Plain 

and extend into the mountain ranges on either flank of the 

Plain, indicates that minor recurrent crustal instability 

may have occurred along the lineament after formation of the 
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major features of the western Snake River Plain. The 

lineament (L2) corresponds approximately with Stevens (1962 

p. 20) groundwater divide. This lineament passes through 

Powers Butte, Initial Point and Little Joe Butte in southern 

Ada County. Other volcanic domes, cones, and buttes are 

found in similar alignment along both sides of this linea

ment. The lineament could explain the groundwater divide. 

Isotope data (figure 4) seem to ignore this divide as data 

from wells plotting on mixing lines 1, 2, and 3 are found on 

both sides of the divide. Perhaps the divide leaks, allow

ing substantial amounts of water to flow through it along 

faults or through confined aquifers. 

The warm water isotope data (line 2, figure 4) generally 

are found in wells near the Reynolds Creek-Freestone Creek 

lineament (L^). Most cold water samples, except near 

Reynolds, were taken from wells north of Lake Lowell. The 

position of the cold water wells form a linear relation 

parallel to the Plain axis. However, well construction, 

zones perforated, and aquifers penetrated, may have more J ^ 

bearing on which line of figure 4 the isotope data from a 'vj!̂  

particular well plots than does its location with respect to 

other geologic features. .^ ^̂ ^ 

The isotope data is considered remarkably consistent for ^ 

an area as large as encompassed by this study and as complex 
6 
is 

/ 

6 
as the water regime in the area appears to be. The istope 
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data furnish constraints within which interpretations of 

other geochemical data must lie in order to be Considered 

valid. 

CHEMICAL DATA 

Water quality samples from 48 locations (figure 9a in 

pocket) in the Nampa-Caldwell area were collected ifor chemi-

cal analyses during the summer of 1979. Water quality data 

-fnom^SSS?;^^^ from various sources (mostly Stevens, 1962) 

are also included and shown in Table 2. Data from Table 2 

show that ground water in the Nampa-Caldwell area is not 

cQnsi s-tefit in chemical composition -tfr any area sampled. The 

pH values ranges frora 7.7 to 8.8. Total dissolved solids 

ranges from 157 to 1571^ 'sofczeaŝ ei:—i IT -nrsr|Tiv4̂b.£̂7r;s—rf t̂ f̂ -̂ŷ ^̂ pf̂ ^̂  , 

Calcium ranges from 1.6 to 175 mg/1 and sodium from 16 to 

726 mg/1. Fluoride ranges frora ̂ . 29 to 4.3 mg/1, while 

chloride ranges from 5.8 to 240 mg/1. These are not con

sidered extremely large fluctuations, but are variable 

enough and sufficiently inconsistent areally to make 

interpretations based on water chemistry alon^ extremely 

difficult and uncertain. 

Available water chemistry suggest that 

environmental problems would probably not result 

significant 

from direct 

use of the thermal water for space heating purjaoses, pro

vided sufficient recharge for the aquifers exists 

users of thermal water are cautioned to obtain 

However, 

more data. 
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CHEMICAL ANALYSES OF THERMAL AND NONTHERMAL WATERS FROM THE NAMPA-CALDWELL AREA 

CANYON COUNTY, IDAHO p 

(Chemical Constituents inj^jgA) 
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Mumbor and Hiimo 

Ct u •-

uy — 

S ^ 

_ ^ 

ra 

i/i4iAyiy*M. /v \a. /x 

o ** 
b2 

* ? ^ 

»3 _ 
4 . 0 
O t / i 

c o 

<0 ( J 

b o -
a) — 
u n 
c \ 

GEORGE ASH WELL 
4N 4W 40CC1 9/14/78 

GEORGE WIGHT JR WELL 
4N 4V" 5DB01 9/19/78 
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3N 3W 19DCB 6/29/79 

HARRY FOGILATTl WELL 
3N 3W 23CCC1 6/29/79 
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3N 3W 26aCAl 6/29/79 
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3N 3W 3000DI 6/14/79 
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3N 2W 17BCB1 9/12/78 24 23. 2271. 42 15.0 

CITY OF HAMPA WELL #2 
3N 2W 23BC01 9/12/78 31 57. 1703. 36 7.8 

CLIFF WALLER WELL 
3N 2W 260OB1 6 / 4/79 18 34 . 378. 37 83.0 

•DATA REFERENCE: 1 • ROSS, 1971 
• 2 - CATER, ET AL. , 1973 

3 - YOUNG Alio MITCHELL, 197 3 
4 - YOUNG Alio WHITEHEAD, 1975A 
5 • YOUNG AND WHITEHEAD, 19758 
6 - MITCHELL, 1976A 
7 • MITCHELL, 19768 
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1.70 56 7.30 268. 0.0 1.70 0.06 

1.20 70 7.30 256. 0.0 2.50 0.04 
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37.00 87 7.70 287. 0.0 265.00 0,04 
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9 " SWANSON, 1977 
10 • MITCHELL, UhPUBUISHED, 1978 
11 - TSCHANG, ET A L . , 1974 
12 -CUSGS WD FILE 
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14 • YOUNG, 1977 
- - OATA NOT AVAILABLE FOR CALCULATION 
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Table X. Chemical Analyses of Thermal and Nonthermal Waters from t h e Nampa-Caldwell Area (con t inued) 
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0.0 360.00 0.06 104.0 0.43 4.50 
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0 .0 62.00 0.0 8 .0 0.60 0.0 

0.0 88.00 0.0 16.0 0.50 0.0 

0.0 109.00 0.04 20.0 0.51 0.83 

0.0 29.00 0.04 10.0 2.20 0.05 

0.0 44.00 0.0 22.0 0.0 1.00 

5.00 S.OO 0.01 7 .1 1.60 0.03 

0.0 47.00 0.05 15.0 0.70 0.33 

0.0 200.00 0.06 11.0 0.85 0.15 

0.0 268.00 0.0 8 .0 0.0 1.00 

7.00 61.00 0.02 8.1 1.30 0.06 

1389 7.4 939 489. 278. 2 1 1 . 34.6 2.4 1.535 10 

0.52 8449 7.3 495 287. 7 3 . 214 . 32.5 1.7 0.091 15 

0.33 6649 7.4 373 245. 0 . 338. 31.1 1.4 -0 .581 15 

667 7.4 452 224. 39 . 185. 30.8 1.4 -1 .056 10 

0.32 4709 7.7 255 146. 25. 120. 33.8 1.3 1.992 15 

0.14 4189 8.2 221 128. 26 . 102. 35.2 1.3 3.202 15 

326 6.7 212 7 6 . 0 . 9 6 . 49.3 1.8 4.510 10 

675 7 .9 919 170. 0 . 195. 47.5 2.5 -36.177 10 

567 7.8 417 153. 0 . 169. 45.6 2.2 -4.747 10, 

0.28 5089 8 .0 302 145. 0 . 198. 43.8 2.0 -0 .624 IS 

513 7.9 354 143. 0 . 150. 44.6 2.0 0.332 9 

549 7.9 579 146. 1. 145. 42.8 1.9 -3 .773 10 

484 7 .5 321 52 . 0 . 198. 75.7 5.0 -2 .859 10 

0.33 4759 7.8 263 101. 0 . 159. 55.0 2.5 0.984 15 

386 7 .2 251 4 1 . 0 . 177. 76.8 4.6 -2 .771 10 

388 6.7 258 7 3 . 0 . 129. 59.4 2.7 - 2 .092 10 

763 7.8 537 178. 13. 165. 44.2 2.3 -4 .955 10 

0.26 8589 8.4 541 138. 4 . 134. 63.9 4.7 0.370 15 

449 7.5 301 28 . 0 . 158. 82.8 6.3 -8 .138 10 



Table 1 . Chemical Analyses of Thermal and Nonthermal Waters from the Nampa-Caldwell Area (con t inued) 
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ORVAL PEALEY WELL 
2N 2W 2ACC1 6/13/79 

ROGER HUNGERFORD WELL 
2N 2W 4DCA1 6/ 4/79 

ALLEN BROTHERS INC WELL 
2N 2W 16DAA1 5/14/79 

STEPHEN HENNIS WELL 
2N 2W 18BAB1 5/28/79 

R BOEHLKE WELL 
2N 2W 21CBC1 8/26/73 

BRIAN M HOWARD WELL 
2N 2W 27AAA1 6/ 7/79 
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2N 2W 27 ABB 1 6/ 7/79 
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Talile 1.. Chemical Analyses of Thermal and Nonthermal Waters from the Nampa-Caldwell Area (con t inued) 
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RON CASSIDY WELL 
IN 2W 9AAA1 5 / 7/79 22 174. 30 . 25 

NORMAN R COLE WELL 11 
IN 2W 9BBA1 6 / 8/79 22 200. 1514. 

NORMAN R COLE WELL #2 
IN 2W 9CCB1 6 / 8/79 24 I V . 757 . 

HYRUM MOON WELL 
IN 2W 9D001 9/12/75 16 - 38 . 

ROBERT PORTER WELL 
IN 2W 108A 1 8/27/56 21 155. 

C RICHARD GUNWING WELL 
IN 2W 11AAA1 5/15/79 18 215. 566. 

DONALD TIEGS WELL #5 
IN 2W 15CBA1 6/ 8/79 18 - 2649. 

OPAL TIEGS WELL #1 
IN 2W 16CB 1 8/28/56 25 - -

OPAL TIEGS WELL 
IN 2W 16CB 1 5/ 5/54 20 - -

KENNETH TIEGS WELL #1 
IN 2W 17DA 1 8/28/55 22 136. 

KENNETH TIEGS WELL #2 
IN 2W 17DCC1 6/ 8/79 21 205. 946. 

KENNETH TIEGS WELL #3 
IN 2W 17DC 1 6/28/56 23 207. 
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particularly on contaminants such as hydrogeon sulfide, 

boron, arsenic, mercury, and radiological contaminants as a 

precaution against water born chemical pollutants. 

Figure 9 is a trilinear plot of the Nampa-Caldwell water ^^^ 

chemistry data. It shows the variability in chemical ^ in cnemicai ^ -̂<\. 

linear rela-^S^^ ^\ constituents of groundwaters in the area. The linear rela-^S^^ ^ \ 

tions among certain wells on the plot might be interpreted "̂s*̂  § ^ 

as mixing, and, on the cation field the plots seem to merge ^ ^ " ^ 
' = ^ ' • ^ ^ ^ 

toward well 2N-3W-27bbal as does the isotope data. The î  ̂ ^ ^ 

scatter of data, however, on the diagram maHes simple 5 ^ 

mixing, except for a few wells in scattered locations ,"^^_^ 

uncertain based on the trilinear diagram alone. j^ ^ ^ ^ 

V) ^ 

Stevens (1962) reviewed the water chemistry available to 

him in southern Canyon County and was able to separate water 

from wells in the area into five groups according to source 

or aquifer from which the water was obtained. According to 

Stevens, native Idaho Formation water, or Glenns j'erry water 

using present terminology, was distinguished as being high 

in sodium and bicarbonate, with appreciable Amounts of 

carbonate. This type of water is represented by water from 

wells 2N-3W-35cal, 1N-3W-I2bal, lN-2W-6adl and lS-2W-17abl. 

Mixtures of Glenns Ferry and canal seepage was distinguished 

by relatively low dissolved solids from wells lN-2W-3cbl, 
4dal, 5cbl, 8abl and lObal. Mixed Glenns Ferry and applied 
irrigation water was characterized by high dissolved solids 



y 

yj-
y. y 

pp"' 

(P'-' FIGURE 9. Trilinear diagram showing varia^ons of chemical 
constituents in water sampled in t^e Narapa-Caldwell 
area, Canyon County, Idaho. 
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and higher proportions of calcium, sulfate, chloride and 

nitrate than native Glenns Ferry Formation wateit, Stevens 

(1962). This water was represented by wells 2N-3W-5bbl, 

7aal, 8dal, 9bcl, 22bcl and 23ccl; 1N-2W-I6cbl, 17adl and 

17dcl. Stevens recycled water was represented by well 

2N-3W-34dbl, and distinguished by high dissolved solids and 

a chemical composition classed as a sodium sulfate type 

water. 

A Snake River Basalt water was identified by Stevens 

south of the present study area that is a calcium; magnesium 

bicarbonate water, but contaminated with irrigation water. 

In addition to the above possibilities. Snake River water is 

now pumped to the farmland above the river in the southern 

part of Canyon County and is thought to contribute to the 

groundwater supply in some parts of the area. Its effects 

on the water chemistry of the area are not known, but may be 

similar to canal seepage water by contributing tĉ  the dilu

tion of native Glenns Ferry Formation water. This rela

tionship is, however, not clearly understood. 

The isotope data tend to support Stevens corltention of 

extended areas of mixing of waters from various sources in 

the Nampa-Caldwell area. Well 2N-3W-35cal is dominated by 

Glenns Ferry Formation water with only minor amounts of 

water from other sources involved. Certain waters, notably 

well 2N-2W-4dcl, (Stevens mixed canal seepage-Glenns Ferry 



y 

water) does not fit the isotope data. It shoul(3 plot on 

line 1 of figure 2 but plots instead on line 4. Isotopic 

data from wells lN-2W-3cbl and 1N-2W-I7adl, Stevens mixed 

Glenns Ferry-applied irrigation waters, fall on line 3 and 4 

of figure 4. These data should fall on line one. The 
d< pl*'l''0''^ 

scatter in data and efir-iehmen-t in ̂ D on these lines compared 

to other lines may be due to evaporation process during 

application of the irrigation water via either sprinkler or 

corrugate irrigation practices. 

Obviously, the groundwater system in the Nampa-Caldwell 

area and chemical changes involved are more complex than 

previously realized, and are still not completely under

stood, ^'ij-
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CHEMICAL GEOTHERMOMETERS 

Preliminary evaluations of geothermal systems are being 

successfully conducted using chemical geothermomet^ers. In 

the Raft River Valley of southeastern Idaho, the reliability 

of these4thermometers has been tested by deep drilling. The 

silica, sodium-potassium-calcium (Na-K-Ca) predicted aquifer 

temperatures, (Young and Mitchell, 1973) and mixing model ^ 

calculations (Young and Mitchell, 1973, unpublished data) "X 

agreed very closely (within 10°C) with temperatures found at § "^, 

depth (Kunze, 1975). This proven reliability in the Raft ^̂  v 

River Valley gives some measure of confidence in applying ' ^ 

the same methods to other areas of the state. --̂^ 

The degree of reliability to be placed on a chemical 

geothermometer depends on many factors. A detailed descrip-.^^^^ ^ 

tion of the basic assumptions, cautions and limitaitions for^^«>^ ^ 

^ §v-^ I 
t h e s e chemical gepikei?JRQ^&\ters i s inc luded in the r e f e r e n c e s <? ,̂ w. ^ 

, cilflkw! ) t^ $ ^ 

in the bibliograpJi^j__Ttie^basic assumption is that the chem- ' ^ S§ 

ical character of the water obtained by temperature depen

dent equilibrium reactions in the thermal aquifer is 

conserved from the time the water leaves the aquifer until 

it reaches the surface. The concentration of certain chemi

cal constituents dissolved in the thermal waters can, there

fore, be used to estimate aquifer temperatures. 

Aquifer temperatures calculated frora the cheniical geo

thermometers, mixing models, atomic and molecular ratios of 
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selected elements found in groundwater of the Nampa-^Caldwell 

area are given in Table 3. These were calculated from 

values of concentration found in Table 2. 

Figures 12, 13, and 14 are plots of quartz, chalcedony 

and =<. christobalite calculated aquifer temperatures vs. 

Na-K-Ca calculated temperatures, respectively, obtained from 

Table 3. Fournier and others (1979) used plots of this ^ 

nature to determine probability of mixing or chemical dis

equilibrium conditions. Provided that cation ratios remain 

^ 

unchanged, waters that plot on or near the equal telnperature ^ >: 

line are generally considered to be unmixed waters in chemi-^ ^ 

cal equilibrium with aquifer constituents. Substantial 

departure from the line (above) may represent waters which 

have either: (1) undergone evaporation, or (2) have 

dissolved excess silica from aquifer constituents* Waters 

that plot below the equal temperature line may be mixed 

waters, or waters that have lost dissolved silica or calcium 

by precipitation. 

As shown by figure 12 (quartz calculated aquifer* tem-

peratures) most waters plotted fall a considerable d^tanc 

above the equal temperature line indicating corisiderably 

more reported silica in solution than can be explained by 

assuming quartz equilibrium. Exceptions might be well , .eytv . . 

2N-3W-35ccal, which plots close to the equal temperature \>̂  wjĵ * 

line. Isotopic data for well 2N-2W-34bdal, which plots near 

\e)i 



^ ESTIMATED AQUIFER TEMPERATURES, ATOMIC AND MOLAR RATIOS OF SELF "2 CHEMICAL CONSTITUENTS, FREE ENERGIES OF FORMATION T - ^ i 

Or SELECTED M I N E R A L S , P A R T I A L PRESSURES OF C O j GAS AND R VALUES FROM t . . , i .ECTED THERMAL S P R I N G S AND WELLS I N THE NAMPA-CALDWELL AREA 

CANYON COUNTY, IDAHO 

1 

Sprlng/WelI 
IdontifIcation 
Number i Nome 

L V. 
3 O 
ifl a. 

A q u i f e r Temperatures and Percentogo of Cold Water 

Est imated from Chemical Gcotherftomoters 

(see foo tno tes ) 

h h h '5 '6 Tfi T, TB T9 

Atomic Rat ios 

D — 

t 6 6fc 
Na Na Mt]_ Ca Cl Cl Ca 

J9S1I IT" T^ "Ca T ' t T" _ fiS 

Molar Rat ios 

Ca Cl NH4 NH4 Cl _/Q^ A G A G A G 

0.11 0.04 / Z ? ^ / ^ ^ « U l 9 4 f ^ 1 ^ 

Free Energ ies of 
Format ion of 

1/1 o o 
ffl O JC 
I- Q. 

- 8 i 
•0 . -

Maqncs i UTI 
Magnes i um 

• 
Calcium 

+ 
Potass i utfi 

I 

• GEORGE ASH WELL 
4N 4W 4XC1 295. 21 126 123 75 98 83 

GEORGE WIGHT JR WELL 
4N 4W 5DB01 227. 24 134 130 83 107 88 

SIMPLOT FEEDLOT -
RICHARDSON WELL l \ 
4N 3W 19W)C1 189. 40 133 129 83 106 156 

83 217 135 

88 188 13 

PIONEER IRRIGATION DIST 
3N 3W JBBCl 1514. 

J M l-OUSE WELL 
3N 3W 6DC01 7 5 7 . 

13 99 100 49 69 43 

17 89 91 39 58 54 

LLOtO KADEL WELL 
3N 3W 16BDD1 378. 11 92 94 42 62 54 

LAKE LOWELL OITLET 
i 3N 3W 19DCB 

HARRY FOGILATTl WELL 
3N 3W 23CCC1 7 V . 

0 W GRIFFIN WELL 
3N 3W 26BCA1 7 57. 

LESTER WALKER WELL 
3N 3W 300001 757. 

A H BRUCK WELL 
3N 3W 36ADC1 378. 

23 -4 7 -48 -36 33 

12 96 98 46 66 43 

17 87 89 37 56 59 

16 111 110 60 82 51 

12 89 91 39 58 33 

PIONEER IRRIGATION DIST 
3N 2W lOABAl 114. 38 83 86 33 52 53 

STATE HOSPITAL WELL 
3N 2W K A D A T ^ O S . " 1 2 " T 3 " T B 35^ T 4 — 2 5 " 

CITY OF HAMPA WELL I I 
3N 2W 17BCB1 227 1. 24 93 95 43 63 50 

CITY OF NAMPA WELL 12 
3N 2W 2JBCD1 1703. 

CLIFF WALLER WELL 
3N 2W 260081 37S. 

OEMONO OEPPE WELL 
3N 2W 31BBB1 378. 

NAFSINGER FARMS WELL 
2N 3W 5BD 1 

31 87 89 37 56 40 

18 88 90 38 57 48 

15 93 95 43 63 49 

17 - - - - 51 

^1 • SILICA TEMP ASSUMING OUARTZ EQUILIBRIUM 

^2 • SILICA TEMP ASSUMING OUARTZ EQUILIBRIUM 

oytiAA -It 

59 171 111 222 155 218 99 99 19.0 2.84 

51 170 109 999 366 999 - - 19.2 1.26 

33 77 78 999 999 999 - - 55.5 2.47 

53 I 54 999 86 999 - - 231.3 74.09 

25 121 99 117 101 TO9?3-- 31.6 1.89 

50 147 108 182 139 132 94 92 23.8 4,07 

40 29 64 103 101 999 81 - 124.7 14,75 

48 134 99 210 150 197 98 98 27.4 1.83 

49 129 98 999 999 999 - - 29.0 1.51 

51 174 52 999 999 999 - - 18,4 1.57 

ANO CONDUCTIVE COOLING (NO STEAM LOSS) 

ANO AOIABATIC EXPANSION AT CONSTANT ENTHALPY 

fc -ft f'fv'/'•*• SI 

13.0 5.14 0.15 1.85 

- 16.3 7.18 0.12 1.98 

0.25 2.07 

0.62 19.75 

0.42 44.85 

0.44 15.01 

0.34 6.07 

0.50 21.64 

0.42 23.10 

0.51 87.54 

0.40 16.38 

0.0 0.34 

^ . 2 3 1 5 . ^ 

0.35 3.27 

0.13 1.16 

0.40 29.95 

0.40 129.63 

0.60 - 29. 

(MAX STEAM LOSS) 

5.00 0,19 

5.04 0.14 0 .„ ..^.^ptckji-milili^Pfy],. 03 0.31 0.00517 8.7 

1.90 0.02 

44.08 0.31 

60.95 0.61 

25.91 0.28 

22.12 0.75 

32.82 0.53 

28.61 0.35 

94.81 0.79 

34.90 0.41 

0.05 0.01 

22.7^5 0 ,53 

7.11 0.25 

1.95 0.07 

57.86 0.55 

154.34 0.66 

0.64 

0.02 0.02 

0.22 0.10 

0.41 0.30 

0.27 0.15 

0.29 0.07 

0.29 0.19 

0.29 0.23 

0.64 0.58 

0,34 0.16 

0.02 0.12 

0.33 0.23 

0.12 0.05 

0.06 0.03 

0.42 0.22 

0.83 0.69 

0.42 0.33 

' FOURNIER-TRUESDELL 

• FOURNIER-TRUESOELL 

4.91 1.76 

0:73 8.62 

0.90 15.45 

0.50 8.86 

0.81 32.89 

1.14 17.67 

0.91 11.92 

1.00 14.46 

0.48 11.15 

1.28 2.14 

1.05 21.64 

2.58 12.7 1 

5.84 4.86 

0.59 12.03 

0.78 11.23 

1.10 14.99 

MIXING MODEL 1 TEMP (OUARTZ-NO STEAM LOSS) 

MIXING MODEL 2 TEMP ((JUARTZ-STEAM LOSS) 

1.37 0.82 0.06 

1.40 0.78 0.08 

1.20 0.59 - 0 . 12 

1.34 0.72 0.02 

- 0 . 6 3 - 1 . 2 2 -1 .94 

1.38 0.76 0.06 

1.17 0.56 -0 .15 

1.49 0.88 0.17 

1.28 0.66 -0 .04 

0.68 0.12 - 0 . 6 3 

1,06 0.47 ^ 0 . 2 5 ^ 

1.14 0.55 -0 .17 

0.93 0.35 -0 .38 

1.16 0.56 -0 .15 

1.29 0.68 - 0 . 0 3 

0.00955 12. 

0.01509 

0.01286 

0.00743 

0.00059 

0.00987 

0.00995 

0.00948 

0.00606 

0.00032 

0.00204 

0.00502 

0.00457 

0.00823 

0.00827 

- C ^ ' 

^ 



VJ^ ^ ^ 

"•"l = SILICA TEMP ASSUMING QUARTZ EQUILIBRIUM AND CONDU'CTIVE COOLING (NO STEAM LOSS) 

^2 = SILICA TEMP ASSUMING QUARTZ EQUILIBRIUM AND AOIABATIC EXPANSION AT CONSTANT ENTHALPY (MAX STEAM LOSS) 

^3 = SILICA TEMP ASSUMING EQUILIBRIUM WITH CHRISTOBALITE 

^4 = SILICA TEMPERATURE ASSUMING EQUILIBRIUM WITH CHALCEDONY AND CONDUCTIVE COOLING (NO STEAM LOSS) 

^5 = NA-K-CA TEMP ' 

^6 = NA-K-CA TEMP CORRECTED FOR MG 

"""T = NA-K TEMP 

^8 = NA-K-CA TEMP CORRECTED FOR PCO2 

"•"9 = FOURNIER-TRUESOELL MIXING MODEL 1 TEMP (QUARTZ-NO STEAM LOSS) 

"•"lO = FOURNIER-TRUESOELL MIXING MODEL 2 TEMP (QUARTZ-STEAM LOSS) 

'''11 = FOURNIER-TRUESOELL MIXING MODEL 1 TEMP (CHALCEDONY-NO STEAM LOSS) 

%9 = PERCENT COLD WATER IN T9 CALCULATION 

$11 = PERCENT COLD WATER IN T i l CALCULATION 

999 = AQUIFER TEMPERATURE AND PERCENTAGE OF COLD WATER CALCULATION NOT POSSIBLE 

» = R NOT CALCULATED IF T5 = <70° 

- = DATA NOT AVAILABLE FOR CALCULATION. 



Table 3 . Est imated Aquifer Temperatures , Atomlo and Molar Ra t ios of Se lec t ed Chemical C o n a t l t u t e n t s , Free Bneryles of Formation of S o l s c t e i 
» ' r a l s , P a r t i a l P r e s su re s CO2 Gas and R Values from S e l e c t e d Thermal^"^yings and Wells in the Nampa-Caldwell Area (con t inued) 

Spr ing/Wel I 
Idont i f i c a t I o n 
Number & Nome 

A q u i f e r Temperatures and Percentage of Cold Water 

Est imated from Chemical Goothormomoters. 

(see foo tno tes) 

^1 ^2 T3 T̂  T5 Tg T, Tg T, T|o T | , > , J , 

Atom i c R a t l o s 

t 6 CD OKi. 

Us. 
K 

Na 
• a 

Mn Cl 
TS~ 

Cl Ca 

Molar Ratios 

is n 
u o U Jt 

Ca 
"f^ •G57T - c , -

Cl VCa 

HCO 

F r to Enurij ioS ot 
Format i on ol 

£. G ( j G ,1_C_ 
V u a r t z CKa I - 'Tvttor- ' 

c e d o n y phous 

-8? 

R-

aynt,-. 

C a l c 
4 

Potas-, 

My»I. 

FALLON HELL 
2N 3W 7AA 1 

FRANK RAWLINGS WELL 
2N 3W 8CDD1 3 4 0 6 . 

GLENN KNAPP WELL # 1 
2N 3W 8DA 1 

GLENN KNAPP WELL 1 2 
2N 3W 9BC 1 

LEROY NIELSON WELL 
2N 3W I I C B A I 1135 . 

BRYCE MILLAR WELL 
2N 3W 15DC01 3 0 . 

BARLOW INC WELL 
2N 3W 22ACDI 3 4 0 6 . 

SPENCER FARMS WELL 
2N 3W 22CB 1 

CANNON FARMS 
WELL # 5 

2N 3W 2 2 D X 1 

BARLOW INC WELL 
2N 3W 220DC1 7 5 7 . 

ELMER TIEGS WELL #1 
2N 3W 23AC01 7 5 7 . 

R E BALLEY WELL 
2N 3W 23CC 1 

NAITO BROTHERS WELL l i 
2N 3W 25BDA1 1 1 3 5 . 26 

NAITO BROTHERS WELL # 2 
2N 3W 26AAC1 1 1 3 5 . 25 

BARLOW INC WELL # L 
2N 3W 27B8A1 7 5 7 . 30 

D W FROST WELL 
2N 3W 34DB 1 - 27 

CHARLES PINTLER WELL 0 i 
2N 3W 35CAA1 1 1 3 5 . 28 

CHARLES PINTLER WELL 0 2 
2N 3W 35CA 1 - 27 

ORVAL PEALEY WELL 
2N 2W 2ACC1 3 0 . 15 

ROGER HUNGERFORD WELL 
2N 2W 4DCA1 1514 . 23 

ALLEN BROTHERS INC WELL 
2N 2W 160AA1 2 6 4 9 . 26 

- . - . 40 40 155 40 999 999 999 - - 22.1 1.35 

110 110 59 81 59 59 252 132 999 202 999 - - 10.2 1.29 

- - - - 58 58 252 58 999 999 999 - - 10.2 1.70 

- - - - 40 40 173 40 999 999 999 - - 18.7 1.64 

98 100 48 68 53 53 184 104 999 175 284 - 97 17.0 2.73 

111 110 60 82 60 60 165 122 999 179 999 - - 20.0 2.43 

105 105 54 75 59 59 176 123 244 161 224 94 94 18.2 2.40 

- - '- - 63 63 204 63 999 999 999 - - 14.4 2.40 

101 102 51 71 56 56 170 124 217 152 215 94 94 19.1 2.46 

102 103 52 72 59 59 199 133 214 151 202 93 93 15.0 2.15 

105 105 54 75 75 75 127 105 233 158 221 94 93 29.4 8.04 

- - - - 72 72 182 72 999 999 999 - - 17.3 4.43 

95 97 45 65 61 61 97 87 182 139 132 93 90 42.2 8.99 

85 88 35 54 68 68 170 102 105 102 999 88 - 19.2 4.86 

m 120 72 94 ^ B TB8 2B9 161 999 186 999 - - T .2 -2.5r 

- - - - 173 173 187 173 999 999 999 - - 16.5 7.57 

95 97 45 65 91 91 140 117 168 134 125 91 88 25.7 14.92 

- - - - 92 92 118 92 999 999 999 - - 32.7 22.J7 

91 93 41 61 56 56 161 I I I 999 999 999 - - 20.8 1.96 

68 73 19 36 43 43 42 43 999 999 999 - - 98.1 10.90 

112 111 61 83 68 68 171 68 999 181 999 - - 19.0 3.84 

0.47 0.0 2.77 0.0 0.74 

0.38 21.09 - 50.51 0.78 

0.58 0.0 22.85 0.0 0.59 

0.47 0.0 43.52 0 .0 0.61 

0.32 6.16 - 12.53 0.37 

0.29 12.10 - 27.02 0.41 

0.37 20.20 - 30.92 0.42 

0.45 7.15 8.70 31.60 0.42 

0.46 17.15 - 36.98 0.41 

0.36 21.02 - 39.97 0.47 

0.16 2.44 - 3.88 0.12 

0.69 0.0 20.31 0 .0 0.23 

0.25 2.38 - 3.85 0.11 

0.54 11.48 - 12.87 0.21 

0 .43 ^ . 9 4 - t t . 9 9 0.40 

0.91 0.0 9.37 0.0 0.13 

0.26 3.34 - 3.28 0.07 

0.27 0.0 6.77 0.0 0.04 

0.36 56.75 - 101.78 0.51 

0.23 4.66 - 2.47 0.09 

0.24 8.58 - 14.22 0.26 

0.25 0.01 

0.44 0.18 

0.38 0.28 

0.43 0.27 

0.30 0.14 

0.34 0.15 

0.33 0.21 

0.25 0.06 

0.32 

0.37 

0.11 

0.19 

0.10 

0.18 

0 .38 

0.27 

o.oe 

0.05 

0.42 

0.09 

0.21 

0.15 

0.19 

0.07 

0.19 

0.06 

0.16 

0.09 

0.08 

o.cr; 

0.05 

0.23 

0.16 

0.12 

0.39 18.08 

0.54 19.29 

1.07 19.40 

0.97 20.59 

0.93 15.30 

0.47 11.30 

0.63 12.42 

0.33 13.21 

0.49 13.04 

0.50 14.21 

0.93 5.87 

1.35 9.22 

2.40 6.18 

0.86 9.44 

0 .15 11.28 

0.08 4 .91 

0.36 4.47 

0.96 3.65 

0.63 11.97 

3.19 5.30 

0.63 9.53 

1.38 0.79 0.07 0.00653 

1.26 0.66 -0 .06 

1.32 0.74 0.01 

1.23 0.65 -0 .08 

1.18 0.60 -0 .12 

1.18 0.60 -0 .13 

1.22 0.64 -0 .09 

1.13 0.55 -0.17 

1.02 0.43 -0 .29 

1.40 0 . 8 3 - ©r09 

1.10 0.52 -0.21 

1.36 0.65 -0.06 

0.77 0.18 -0.54 

0.02285 

0.00299 

0.00335 

0.00236 ^ ^ 

0.00232 

0.00827 12.1 

37.9 

0.01380 

0.03257 

0.00337 -27 r l -

42.5 

0.00613 16.6 

17.0 

0.00702 

0.00065 



M i n e r a l s , P a r t i a l P r e s s u r e s CO2 Gas and R V a l u e s f rom Se l ec ' ,< -< T h e r m a l S p r i n g s a n d W e l l s i n t h e N a m p a - C a l d w e l l Area ( c o n t i n u e d ) 

Spr ing/Vel 1 
I d o n t i f i c a t i o n 
Number & Name 

r 

0) 

u • c c c — 

Q — 

TS * -

2 1 -

A q u l f o r Temporatures and Porcentago of Cold Water 

Est imated from Chemical Goothormomoters 

(see foo tno tes) 

' i ^2 h h h \ h h T9 T,o T , , ) ( , > , , 

§ 

1 

B 
3 

Ifl 
i t 

0. 

Na 
I T 

ill 
— u 

Na 

\ 

At 

S 
0 
c 
0 

e 
3 

u 
ID 
0 

^ 

, Ra 

5t 
Ca 

ios 

a 

6 
8 
b 

J } 

Cl 
T i " 

Oi t t 
• o p 

Cl 
T 

E 

'u 

3 

1 

• 

Ca 
TT? 

1 
0 

(5 

q i 

0 

c 
8 

. .Ca 
HCO3 

<D 

6 

-a u 

8)5 

Cl 
COj + 

HC03 

1^1 ar 

C 

0 

I 
NH^ 

Cl • 

R a t i o s 

c 
• 0 

NH4 
" T ' 

• 0 0 

L « 

•c fa 

Ct 
W ' 

— 3 

u -1 
VCa 

Free Energies of 
fo r mat ion 

•0 
3 

0 

^ G 
Ouartz 

c 
0 
• J 
81 
I J 

(0 
r 
u 

^ G 
C h a T -
Codony 

u 

c 
0. 
I. 

1 
/?, G 

Ami'jr-
PMOUS 

" 0 

3 V 

•J 0 jC 

- 8 ? 
n *-

a. 

F'LU2 

Ma j . . 

Cai'-
t 

I'oto . 

i l j . l 

STEPHEN HENNIS WELL 
2N 2W I8BAB1 378. 

R BOEHLKE WELL 
2N 2W 2ICBC1 3028. 

BRIAN M HOWARD WELL 
2N 2W 27AAA 1 30 . 

20 

22 

CARL AGENBROAD WELL l \ 
2N 2W 27ABB1 1798. 23 

CARL AGENBROAD WELL #2 
2N 2W 27DAB1 3028. 22 

HAROLD TIEGS WELL l i 
2N 2W 31C00I 1514. 24 

C R DAVENPORT WELL 
2N 2W 31DAD1 7 5 7 . 22 

LEWIS CASSIDY WELL 
2M 2W 3JCCC1 1 1 . 15 

DALE GROSS WELL 
2N 2W 34AAC1 568. 29 

JAY C NEIDER WELL #1 
2N 2W 34BDA1 1892. 48 

JAY C NEIDER WELL #2 
2N 2W 34C0A1 378. 30 

JAY C NEIDER WELL / 3 
2N 2W 34DAA1 378. 31 

FRANK SLICK WELL 
IN 3W IBBCl 30. 21 

ELMER TIEGS WELL 12 
IN 3W 12BAB1 757. 29 

ELMER TIEGS WELL t i 
- W—3W-12BA 1 0 , 3 2 -

90 

27 

76 

67 

63 

80 

75 

US 

82 

89 

70 

80 

115 

124 

92 

36 

80 

72 

68 

84 

79 

112 

85 

91 

75 

84 

114 

121 

M 0 CLEMENTS WELL 
IN 3W 13AAAI 1892. 20 104 104 

C 0 RUDOICK WELL 
IN 2W 3CBB1 1885. 20 91 93 

C D RUDOICK WELL 
IN 2W 3CBB1 1135. 20 90 92 

STEVEN HENNIS WELL #2 
IN 2W 3CB I 0 . 21 

STEVEN HENNIS WELL H 
IN 2W 3CB 1 0 . 

40 59 41 41 136 

-19 - 5 79 79 328 

26 45 36 36 68 

17 35 41 41 38 

14 31 46 46 15 

30 49 37 37 143 

25 43 43 43 169 

63 84 215 215 335 

32 50 69 69 - 1 

39 58 57 47 0 

20 38 58 58 78 

30 49 13 13 -8 

65 87 78 78 284 

73 96 217 217 316 

- ^. 193 J93-221 

54 74 61 61 215 

41 61 54 54 240 

40 59 SO 50 212 

- - 16 16 163 

- - 55 55 244 

92 999 999 999 - -

172 999 999 999 - -

79 999 999 999 - -

75 999 999 999 - -

66 999 999 999 - -

102 999 58 999 - -

126 999 999 999 - -

17 5 999 999 999 - -

69 77 79 999 77 -

59 95 97 999 54 -

96 999 999 999 - -

13 999 73 999 - -

139 999 226 999 - -

160 999 193 999 - -

193 J 9 9 J 9 a 9 9 i - -

125 999 204 999 - -

144 215 152 214 97 97 

50 198 146 157 97 96 

16 999 999 999 - -

55 999 999 999 - -

26.7 

6.6 

64.0 

105.8 

167.6 

25.0 

19.3 

6.4 

245.7 

238.1 

54.7 

293.8 

8.4 

7.1 

12.1 

13.2 

11.0 

13.5 

20.4 

10.7 

2.26 

2.03 

3.44 

7.23 

15.04 

1.55 

2.04 

3.59 

94.43 

27.12 

8.26 

3.31 

1.26 

6.58 

13.41 

1.56 

2.32 

1.69 

0.58 

2.32 

0.63 

0.23 

0.18 

0.26 

0.24 

0.21 

0.23 

0.33 

0.34 

0.04 

0.31 

0.00 

0.57 

0.52 

0.51 

0.37 

0.57 

0.55 

0.18 

0.58 

6.92 

16.84 

22.14 

6.00 

6.86 

20.46 

18.64 

19.43 

5.66 

2.49 

5.74 

15.19 

65.16 

3.10 

0.0 

110.17 

17.69 

51.75 

-

13.40 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

6.41 

-

-

-

182.79 

38.08 

29.31 

25.06 

20.61 

5.12 

3.03 

45.68 

29.89 

19.55 

0.32 

0.99 

3.22 

19.75 

120.84 

7.45 

-

98.76 

28.44 

58.85 

-

21.33 

0.44 

0.49 

0.29 

0.14 

0.07 

0.65 

0.49 

0.28 

0.01 

0.04 

0.12 

0.30 

0.79 

0.15 

0.07 

0.64 

0.43 

0.59 

1.72 

0.43 

0.21 

0.27 

0.37 

0.17 

0.10 

0.52 

0.35 

0.19 

0.01 

0.05 

0.12 

0.64 

0.60 

0.13 

0.06 

0.80 

0.24 

0.43 

0.98 

0.24 

0.05 

0.18 

0.39 

0.20 

0.23 

0.23 

0.21 

0.18 

0.22 

0.12 

0.20 

0.48 

0.32 

0.05 

0.04 

0.88 

0.15 

0.37 

0.18 

0.15 

0.30 15.22 

1.42 16.24 

0.75 9.19 

0.68 5.33 

0.60 3.33 

0.53 17.79 

0.90 18.19 

1.51 9.70 

1.29 1.37 

0.89 2.46 

1.89 5.56 

1.02 6.04 

0.48 13.93 

0.21 6.49 

3.61 4.14 

1.38 14.84 

1.28 20.30 

0.97 19.69 

1.30 40.60 

1.29 20.30 

1.26 0.65 

0.13 -0 .46 

0.93 0.34 

0.76 0.17 

0.72 0.13 

0.96 0.37 

0.90 0.31 

1.52 0.91 

0.79 0.22 

0.67 0.15 

0.69 0.11 

0.77 0.20 

1.46 0.87 

1.44 0.86 

1.34 0.74 

1.16 0.56 

1.16 0.56 

- 0 .06 0.01345 

-1 .18 0.00197 16 

-0 .38 0.00400 

-0 .55 0.00181 

-0 .59 0.00IZ6 

-0 .35 0.00489 

- 0 . 4 1 0.00123 

0.21 0.00363 20 

-0.51 0.00034 

-0 .63 0.00152 

-0762 0.00211 

-0.54 0.00055 

0.15 0.01483 5i 

0.13 0.01393 26 

24 

0.03 0.00824 

-0 .16 0.00188 
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the center of the cluster of plots, suggests this well is a 

mixed water with 53% being cold water of Reynolds Crbek type 

(figure 4). A chemical mixing model for this well (table 3, 

column T9) indicates 95°C maximum temperature of the hot 

water component and 54% of the water being cold, in ^^gx^e- /It/'̂ 'V 

ment with isotopic data for mixing and, temperature^ wise J \Xr^^ 

with conductivity cooled water from well 2N-3W-27bbal (see 

below). 

The discordance between the isotope data (which suggests 

mixing) for well 2N-2W-34bdal and the equal temperature plot 

of figure 12 (which suggests excess silica or changes in 

cation ratios) can most easily be explained by assuming an 

increased sodium/potassium ratio brought about by decreased 

potassium. For these waters, a general rule of thqmb is an / ^ 

increased sodium or calcium or decreased potassium content, ( 

effectively lowers the calculated Na-K-Ca aquifer tem

perature causing the data point to plot to the left of the 

equal temperature line. Water from well 2N-2W-34jbdal has 

the lowest dissolved potassium content of any well sampled •̂  

in the Nampa-Caldwell area, and has higher sodium/jjotassium '̂Ĵ  

ratios than all but two wells (see tables 2 and 3). Lower .'^ 

sodium/potassium ratios and higher potassium conten^ appears ^^^ 

normal for the geothermal waters in this area, therefore, *^ 

adjusted cation ratios from mixing or precipitation probably 

are not the cause of most of the other high quartz predicted 

temperatures shown on figure 12 (also see below).\ Figure 15 

# 
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yy 
shows the generalized effects of changes in catiohs on the 

Na-K-Ca chemical geothermometer in this area. 

Figure 13 (chalcedony calculated aquifer temp^ratuipes) 

is a considerable improvement over figure 12. Most agree-
^ ^gs 

ment or close agreement in chalcedony and Na-K-Ca chemical ,̂  ^ 

geothermometers occurrs between 42 and 55°C and coiald indi- ^ &s I ̂  
cate these waters are in equilibrium and from an aijuifer of -^ ̂ ^ 

that temperature (see figure 16 for a schematic conceptual 

model of the aquifer systems in this area). However, wells 

falling on lines 1 and 2 (mixed waters according to the iso- N§ -..̂  

tope - isotope temperature plots) of figures 4, 5 and 6 are ^ ^-^*^ 
"§ f $ 

found mostly above the equal temperature line instead of ^ ^ ^ 
'̂  ^ ^ 

y^ below the line as would be expected for mixed waters. This/^ ^ ^ 

indicates that many of these wells have more reported silica 

than can be explained by chalcedony equilibrium. Those 

falling on or near the equal temperature line of figure 12 '*̂ '̂  

might be in equilibrium with chalcedony and unmixed, ie.,v>^ 

# V 
well water 2N-3W-27bbal. \̂  J5>^ 

Figure 14 ( [txychristobalite calculated aquifer tempera

tures) indicates most of the waters found on lines 1 and 2 

of figures 4 through 6 now fall below the equal temperature 

line as a mixed water should. The isotope 'ratio data and I 

geothermometry can, therefore, be brought into closest .7 

agreement by making a generalization that mixed thermal 

waters (according to isotope data) have reequilibrated after , <p*^ 
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mixing. Dissolved silica in these thermal waters may now be 

in equilibrium with p christobalite. This may explain the 

total failure, in most instances, of the mixing models to 

predict aquifer temperatures as mixing models do not work if 

the waters have reequilibrated after mixing. Unmixed ther

mal waters are, for the most part, still in equilibrium with 

chalcedony or quartz but represent waters that haî e cooled 

conductively during ascent frora deeper, warmer, thermal 

aquifers (see figure 16) . Support for this hypotheses is 

seen in the temperature-depth log from well 4N-3W-19adcl ^ ' y y y , e . 

obtained by Smith (figure , this report) and the cross iJî  

sections of Wood and Anderson (figure , this report). A 

thermal water temperature of 63.19°C was recorded at a depth 

of 650 m in well 4N-3W-19adcl. The temperature was still 

rising with depth when the end of the cable for the down 

hole temperature probe was reached. Consequently, deeper 

penetration into the well bore could not be achieved. The 

fact that isotopic data from wells 4N-3W-19adcl and 

2N-2W-34bdal (surface temperature 51°C) plotk on lij.nes 1 and 

2, respectively, of figure 4, indicates that the deep water 

is isotopically identical to water from the aquifer within 

the "blue clay" represented by water from well 2N-3W-27bbal. 

Th\s^ data indicate^ that thermal aquifers of the required 

temperatures to explain the higher temperatures plotted on 

figure 13 exists beneath the Nampa-Caldwell area. Amorphous 

silica temperatures (not shown in table 2) in nearly all 
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cases calculate out to be below the freezing point of water 
I 

as do many e christobalite calculated temperatjares and 

therefore are probably invalid. 
y 

P:' 

Well 2N-3W-27bbal would appear to be most appropriate to 

obtain reliable information on aquifer temperatures in the 

Nampa-Caldwell area since the isotope data indicate that 

water from this well is unmixed. However, the isotope data 

suggests some changes in dissolved chemical constituents in 

water from this well may have occurred. Figure 10 is a plot 

of chloride vs. ĉ l̂ O. This plot shows convergence again 

toward well 2N-3W-27bbal, but to a point of chlojride con

centration below that actually found in well 2N-'3W-27bbal 

water by chemical analysis. The diagram indicates either 

the reported chloride concentration in the analysis is too 

high by 10 mg/1 (cation-anion balance about 5, within 

acceptable limits) or changes in chloride concentration have ^ 

occurred. 

Dissolved flouride in water from well 2N43W-27bbal 

(figures 7 and 8) appears normal. The apparent convergence 

of data in the cation field in the trilineai: diagram 
j 

(figure 9), and relatively good agreement between cthalcedony 

(94''C) and Na-K-Ca (cation) geothermometer (89°(j:) (a 5°C 

temperature difference, columns T4 and T5, Table 2) indicate 

little change in cations in the chemical analyse^ for well 
i 

2N-3W-27bbal, and that these might be within Acceptable 



FIGURE 10. S I S Q verses chloride concentrat ion from selected 
wells and surface waters in the Nampa-Caldwell and 
adjacent areas of southwestern Idaho. 

ISO 

125 

IOO 

E 

E 75 
o 

50 

25 

27bba1 Well number or sample 
location 

^ Cold water (<20Oc) 

« Warm water (^ZQOc) 

Average--? or more analyses 
• or sample - 6l°0 

^Average chloride from 4 samples 
each for 6 wells. 

eI7dcel/ 

-19 

,y^qr^ij;;JtTafe«'^'^'^'^^ 
i:&«'«^ii*^^^ 

•ZSbbdM 

-15 -14 
a IBQ (%.) 

^ 
^ 



( " • : 

y 
limits. But a discharge of 757 1/min from this well, and a 

moderate depth of 195 m indicate water being pumjped to the 

surface rapidly enough that there could be very little (1** 

or 2°C at most) change in temperature of the water in the 

well bore (no conductive cooling). Consequently, the 

measured surface temperature of the well water (30''C) should 

be a good indicator of actual aquifer temperaturejs from the 
j 

aquifer within the "blue clay." In addition, the uniformity 

of isotope verses temperature data suggests relatively uni

form temperature for this aquifer over fairly latge areas. 

Consequently, aquifer temperatures probably are not much 

greater than 30°C for this aquifer. Thermal wa|:er may be 

migrating upward along faults or joints from| a deeper 

aquifer and cooling by conduction to about 30*"C flrom 90° to 

95°C as it ascends into the aquifer within the "blue clay." 

Heat flow data of Smith (1980) indicates 90° to; 95°C tem

peratures would be reached at depth only below abdut 1500 m. 
The correlation of the above chemical and isotope data indi

cate that essential chemical equilibrium may be conserved in 

the deeper water during its ascent to and residence in the 

aquifer within the "blue clay," provided mixinjg has not 

taken place, at least for several wells in the 

Nampa-Caldwell area. 

RADIOACTIVITY 

Forty water samples were collected and submi 

Idaho Department of Health and Welfare for an 

tted to 

lyses for 
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gross alpha (cf) and gross beta (̂ ) rcidiological 

contaminants. Alpha particles are helium nuclei and'^ 

particles are electrons, ejected from the nucleus of certain 

elements during radioactive decay. The result^ of these A 

analyses are shown in Table 4. Sample locationsi are shown—'\i^' 

in figure 17. Six samples were found to exceed the U.S. 

Environmental Protection Agencies (EPA's) drinking water 

.standards of 15 pCi/1 (pico curies per liter) maximum f or cC 

emmissions. For Q emmissions the maximum radiation level 

allowable by law is 50 pCi/1 where 1 Ci is equal to 

3.7 X lOlO disintegrations per second. Water from wells 

3N-3W-3bbcl, 26bcal, 3N-2W-26ddbl, 31bbbl, 2N-2W427aaal and 

lN-2W-8dddl all exceeded the standard of 15 pfii/l for c& 

emmissions. The highest value found was from well 

3N-3W-26bcal at 59.8 pCi/1. Well 3N-3W-30dddl had 

14.5 pCi/1, only slightly under the standard* All 0 

radiation counts were well within the limits, the highest 

being 25.1 pCi/1 from water from well 3N-3W-26bcal, which 

also gave the highest oC counts. Water from well 

2N-3W-27bbal showed low radiation levels; the high radiation 

levels, therefore might be coming from sources 

blue clay in the cold water aquifers. 

above the 

The source of the higher radioactivity in waters 

discharged from the six wells mentioned above is not known. »I^" 

A speculation is that the source may be dissolv^<^ chemical 

y^ ̂ c 
cons t i tuen t s from rad ioac t ive oxidate or r/eduzat[e minerals 

sf?to 
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TABLE 4 

Radiological Contaminants from Ground and Surface Waters 
in the Nampa Caldwell Area, Canyon County, Idaho 

Well or Sample No. Sample Collection Date Gross Gross 

3N-3W-03bccl 
06dca1 
16bdd1 
19dcb1 
23ccc1 
26bca1 
30ddd1 

3N-2W-26ddb1 
31bbb1 

2N-3W-08cdd1 
llcbal 
23acd1 
25bda1 
26aac1 
27bba1 
35caal 

2N-2W-04dca1 
16daa1 
I8bab1 
27aaa1 
27daba 
31cdd1 
31dadl 
34dba1 
34cda1 
34aac1 

1N-3W-12bab1 
Olbbcl 

lN-2W-03cbb1 
OScabI 
06caa1 
OVadcl 
OSacbl 
OSdddl 
09bba1 
09ccb1 
11aaa1 
16cba1 
17dcc1 
22dad1 

lN-1W-07cba1 
13aaa1 

6-29-79 
6-29-79 
6-29-79 
6-29-79 
6-29-79 
6-29-79 
6-14-79 
6-04-79 
6-14-79 
6-14-79 
6-29-79 
6-28-79 
6-28-79 
6-28-79 
6-15-79 
6-15-79 
6-04-79 
6-14-79 
6-28-79 
6-07-79 
6-07-79 
6-13-79 
6-11-79 
6-04-79 
6-07-79 
6-04-79 
6-28-79 
6-15-79 
6-07-79 
6-11-79 
6-12-79 
6-12-79 
6-11-79 
6-08-79 
6-08-79 
6-08-79 
6-13-79 
6-08-79 
6-08-79 
6-11-79 
6-13-79 
6-28-79 

20.6* 
9 . 9 

11.3 
2 . 8 
4 . 9 

59.8* 
14.5 
23. 1* 
24.7* 

7 . 7 
. 8 1 

3 . 6 
3 .0 
3 . 8 

. 4 4 
3 . 3 
2 . 7 
1.2 
2 . 8 

16.7* 
6 . 7 
4 . 5 
1.5 
1.5 
4 . 3 
2 . 1 

. 4 2 
6 . 4 
5 . 9 
1.2 
1.9 
<. 1 
4 . 4 

21.4* 
1.9 
2 . 0 
2. 1 
9 . 9 
7 . 4 
2 . 9 
5 . 6 
3 . 1 

1.1 
7 . 1 
5 . 8 
1.8 
2 . 8 

25.1 
6 . 8 

11.0 
9 . 3 
6 . 2 
1.8 
3 . 7 
3 . 5 
3 .6 

19.1 
9 . 3 
1.1 
2. 1 
2 .0 

11.6 
3 . 9 
3 .3 
2 . 2 
1.8 
1.3 

<1 
17.9 
21.1 

3 . 8 
2 . 7 
4 . 3 
4 . 8 
6 . 8 

11.4 
1.4 
5 . 4 
2. 1 

10. 1 
15.1 
10.2 
5 . 7 
4 . 9 

* Exceeds EPA maximum permissible level for radiation in drinking water. 



the grantic rocks of the Idaho batholith which 
( 

5-^ 

deposited within arcosic sands derived from weathering of 

are found 

along both the northern and southern margins of the western 

Snake River Plain. A radioactive contaminant comjmon in some 

geothermal systems in other areas is radon, a gaseous 

element dissolved in thermal water and thought to; be derived VAI)!̂ ^̂ ITÎ '• 

from natural radioactive disintegration of uraniurn or radium M̂l 

from uranium or radium containing minerals. 

CONCLUSIONS 

When observed in its entire perspective, and in view of 

the complicated nature of .the Nampa-Caldwell groundwater 

systems and possible surface water sources njixing with 

groundwaters, the isotopic data from the Nampa-Caldwell area 

v<5f^ , . . . -^ 
of southeastern Idaho râ  remarkably consistent in "l<s 

/'' ^ 

interrelations to itself)and other types of data. This con
sistency lends credence to the following conclusijons. 

(1) Geothermal waters are depleted in heavy isotopes 

which may mean precipitation in areas of higher 

elevation (geographic displacement) or during a 

that pre-

during the 

time when the climate was colder than 

vailing today. If recharge were 

Pleistocene Epoch (ice age) the water is equal to 

or greater than 11,000 years old. Alternatively, 

depleted water could be the result of semipermeable 

membrane clay layer processes, or result from 



n 

fractionation, or frora exchange of isotonic species ."'̂* 

with aquifer constituents, or result " ^ 

seated steam separation by subsurface bo 

from dee Nr\. 

" ^ - ^ ^ ^ 

(2) Recharge may be taking place over a long period of 

time or, there may be relatively little present day 

recharge to the thermal system. 

ixing of thermal and nonthermal waterls is wide

spread in the Nampa-Caldwell area occurtring within 

aquifers and well bores due to well coinstruction. 

The total effects on the geothermal and nonthermal 

aquifers due to migration and mixing of thermal and 

nonthermal waters on the longevity of tihe geother-
are 

mal aquifers for use as a heat source Le, not known. 

(4) Cold water recharge, for aquifers abovfe the "blue 

clay," appears, from isotope data, to be from 

Reynolds Creek basin south of the Snake River Plain 

or similar elevations, the Snake River, Lake Lowell 

and canals due to irrigation practices, perhaps the 

Payette River, Boise River, and Willow Creek areas 

north of the Snake River Plain. 

(5) The thermal water appears ultimately to be coming 

from aquifers deeper than the aquifer; within the 

"blue clay." 

(6) Temperatures from the aquifer within the "blue 

clay" appear to be only about 30°C and may be 



6'^ 

fairly uniform over large areas. 
i 

(7) Temper^atures of 90° to 95°C might )oe obtained 

nearly everywhere in the area, but only by drilling 

to depths greater than 1500 m, or perhaps at 

shallower depths in fault zones. 

y 

(8) Thermal water of isotopic composition cfD = -150 

°/oo and £^^0 = -18 °/oo appears to b^ widespread 

in the western Snake River Plain regiorji and may be 

the parent geothermal water in the Nainpa-Caldwell 

area, the Boise area, and the Bruneau-Grandview 

area. This indicates the water in thefee areas may 

be from the same source(s) and/oit' times of 

recharge, or the geothermal system may be W ^ W ^̂ ^ 

interconnected. 

RECOMMENDATIONS 

The isotope data suggests that thermal waters 

Nampa-Caldwell area, and indeed other areas in Idaho 

S4nf 

^ 
^ 

,N? 

" y l i r 
including Weiser, Bruneau-Grandview and Boise areas may be ) 

old waters (11,000 years or g rea t e r ) . ^ I t i s i|iot known if ^s^ 
^ present withdrawals of old water are being replaced with ^ ^ 

present day recharge. If not, the thermal waters are being 

mined and large scale withdrawals, i.e., for space heating 

or other purposes could eventually deplete the aquifer(s) to 

a point where further economic use is not fe 

i 
a s i b l e . To 

tioftow 

5 

tt^W^Vtii^ 



fe"1 

€• 

h 
§ 

maximize the longevity of the resource until recjharge can be ' 

proven or disproven, it is recommended that fo!r any future 

I ^̂  .̂ 
use of the aquifers for space heating or othep: geothermal N^'S.^ 
purposes, consideration be given to the use of down hole ^ ^ 

, Jo 
heat exchangers (heat exchangers located within the we "41 

or no chemical pollution, as little or no geotihermal water/̂ Â  ^^u 

is brought to the surface. /'cŝ lt̂  

bores adjacent to, or within the aquifers). Th^se have pro

ven practical at other localities such as Kalamath Falls, 

Oregon. Down hole heat exchangers have two advantages: (1) Jlv̂  

they do not deplete the water resource, (2) there is little^, \ A v ^ 

Investigations of effects of widespread artificial \ JV»O\ v* 

aquifer connections by well drilling on the longevity of the\^ ̂;%''̂  

thermal aquifers and their use for a heat sourfce should be \$^j 

conducted. ^ ^ ̂ Ĵ  

Investigations to delineate possible recharge of t h e ^ ^ ^ 

L '̂  

thermal aquifers should be undertaken to determine if 

recharge is presently occurring. These could include 

further stable isotope work in suspected recharge areas in 

the mountains on both sides of the Snake Riveit Plain, tri

tium age dating, and dating using Cĵ 2/ C13 and inert gas 

methods to determine absolute age of thermaiL water from 

various thermal aquifers. 

f 

More work is needed to determine clay layer semi

permeable membrane effects on the stable isotdpe ratios in 



the Nampa-Caldwell area. This particular stud̂ i 

ijfb 

would be in 

the realm of institutions with adequate researcph facilities 

for such studies. 

Isotope data has proved to be a very valuable tool in 

this investigation and should be incorporated! as standard 

water quality data in other areal investigations where 

deemed appropriate. Isotope studies should be {integrated in 

any groundwater study of the Boise Front Geothejrmal system. 
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