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FACTORS FOR CONVERTING ENGLISH UNITS TO METRIC UNITS 

The following factors can be used to convert English units in this 
report to the International System of Units (SI). 

Multiply English units 3Y To obtain SI units 

acre 0.4047 square hectometer (hm2) 

acre-ft (ac-ft) 1233 cubic meter (m3) 

cubic foot per second (ft3/s) 28.32 liter per second (L/s) 

foot (ft) .3048 meter (m) 

gallon per minute (gal/min) .06309 liter per second (L/s) 

mile (mi) 1.609 kilometer (km) 

temperature, degrees Celsius (OC) = 0.556 (OF-32) 
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SELECTED DATA FROM THERMAL-SPRING AREAS, SOUTHWESTERN IJONTANA 
?f-- 

BY 

Robert B. Leonard, Tordis M. Brosten, and Norman A. Midtlyng 

INTRODUCTION 

During 1975-77 the Montana district of the U.S. Geological Survey 

The work was part of 
collected and assembled data describing the flow, temperature, and chemi- 
cal characteristics of thermal and related waters. 
an assessment of the geothermal resources of southwestern Montana, ex- 
cluding Yellowstone Park. 
sentative data from 240thermal springs and 3 deep wells where water tempera- 
tures exceed 38OC (100 F). 

Initially, the data base included references reported by Waring (1965). 

The purpose of this report is to present repre- 

The data base also included unpublished chemical analyses of water samples 
and related data collected during 1959-73 by the Montana,State Board of 
Health (now Montana Department of Health and Environmental Sciences), 
the Montana Bureau of Mines and Geology, and by graduate students for 
theses. Results of analyses and engineering reports were collected from 
landowners, and additional published and unpublished data were collected 
by Geological Survey investigators during 1967-75 (see Selected references). 

Tabulation of the data revealed wide discrepancies in reporEed 
parameters for some sites. 
limited the value of much of the previously reported data, because most 
of the thermal springs were characterized by multiple outlets. The rate, 
temperature, and chemical composition of flow at the various outlets com- 
monly differs and may fluctuate seasonally as a result of dilution by shallow 
ground water. 
information needed t o  expand, evaluate, and fill omissions in the data 
base. 
of 1974 at 21 hot springs by other Geological Survey investigators with 
similar data collected during other seasons. 

Inadequate description of the sampling sites 

Therefore, most of the sites were revisitedmto obtain 

Special e'ffort was made to augment data collected during the summer 

Field measurements of rate, specific conductance, pH, and temperature 
of flow at the various outlets, particularly those having the highest 
temperatures, were compared with previously reported determinations. 
some sites partial analyses for chloride or other relatively stable 
constituents sufficed to confirm similarities or dissimilarities with 
previously sampled waters. 
needed t o  describe a source initially or t o  replace dissimilar, and possibly 
erroneous, information in the preliminary listing. Where correlation 

At 

At other sites, more detailed analyses were 



w a s  es tab l i shed ,  new d a t a  w e r e  merged with ex i s t ing  da ta  according t o  
locat ion.  
t he  p o s s i b i l i t y  t h a t  they compose p a r t  of t he  thermal e f f luen t .  Some 
questionable ex i s t ing  da ta  were re ta ined  because they were t h e  s o l e  source 
of information t h a t  may descr ibe  long-term f luc tua t ions  i n  t h e  chemical 
and physical  p roper t ies  of t h e  thermal waters. 

Samples of associated cool  waters w e r e  co l lec ted  t o  eva lua te  

Chemical analyses and associated da ta  are grouped i n  t a b l e s  1-27 
by hot-spring areas, arranged i n  downstream order  according t o  major 
r i v e r  basins ,  and indexed numerically i n  f i g u r e  1. Locations of ind iv idua l  
sites within each area are described by name and by a s t a t i o n  number 
composed of l a t i t u d e  and longitude. 
hot  spr ings  are shown i n  parentheses. 

N a m e s  formerly used t o  i d e n t i f y  t h e  

05 

0 ' 5 0  100 MILES 
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I 

50 I00 I50 KILOMETERS Study 
area 

Figure 1.--Location of study area. 
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EXPLANATION 

Thermal-spring 
area and number 



Reported rates of flow, p a r t i c u l a r l y  a t  commercially developed 
spr ings ,  vary widely according 'to t h e  observer o r  use  of t h e  water. A 
l a r g e  p a r t  of t h e  flow normally occurs as seepage. Where f e a s i b l e  f o r  
t h i s  study, f low w a s  measured d i r e c t l y  using t h e  Hoff o r  Pygmy cur ren t  
meter, a P a r s h a l l  flume, o r  a conta iner  of known volume and a stopwatch. 

Many apparent discrepancies  i n  d a t a  co l l ec t ed  i n  t h e  pas t  a t  a given 

For example, pH values  normally were determined i n  the  f i e l d  
si te are a t t r i b u t a b l e  t o  d i f f e r e n t  sampling, a n a l y t i c a l ,  o r  repor t ing  
techniques. 
by USGS and i n  t h e  labora tory  by o the r  i nves t iga to r s .  
and t h e  concentrat ions of bicarbonate and calcium commonly accompany 
cooling and prolonged s to rage  of unt rea ted  thermal waters before  ana lys i s .  
The concentrat ions of dissolved s o l i d s  f o r  samples co l l ec t ed  by USGS 
are t h e  ca l cu la t ed  sum of cons t i tuents ;  although roughly comparable some 
of t h e  earlier determinations are of t he  res idue  on evaporation. Most 
of t h e  chemical analyses  i n  t h i s  r epor t  are of samples co l l ec t ed  a f t e r  
1973 by Geological Survey personnel according t o  techniques ou t l ined  
by Presser  and Barnes (1974) and analyzed by t h e  Survey e i t h e r  i n  t h e  
Nat ional  Water Qual i ty  Laboratory i n  Denver, Colo., o r  i n  research labora- 
t o r i e s  i n  Menlo Park, Ca l i f .  

Changes i n  t h e  pH 

A l l  t h e  included d a t a  descr ib ing  composition of gases ,  s t a b l e  iso-  
topes,  r a d i o a c t i v i t y ,  and subsurface temperatures were col lec ted  by t h e  
U.S. Geological Survey during 1974-77 ( t ab le s  28-31). Analysis of samples  
co l l ec t ed  during t h e  cur ren t  i nves t iga t ion  f o r  determination of t h e  com- 
pos i t i on  of gases  assoc ia ted  with t h e  thermal w a t e  s ( t a b l e  28) and f o r  
t h e i r  content of t h e  s t a b l e  i so topes ,  oxygen-18 ( 0) and deuterium (D) 
( t a b l e  29), w a s  expedited by Mariner t o  ensure comparibi l i ty  with t h e  

' r e s u l t s  of h i s  previous inves t iga t ion  (Mariner and o thers ,  1976). 

15 

The i so top ic  d a t a  are expressed i n  the  d e l t a  (6) notat ion:  

where6 
Rx = repor t ing  u n i t  i n  p a r t s  per  thousand, 

Rstd = r a t i o  of i s o t o p i c  concentrat ion of t h e  s tandard (Standard 
x = r a t i o  of i s o t o p i c  concentrat ion of t h e  sample (D/H o r  l 8 0 / l 6 O ) ,  and 

Mean Ocean Water, o r  SMOW, i n  t h i s  repor t ) .  

Most of t h e  major hot  spr ings  and some assoc ia ted  cooler  waters were 
sampled by t h e  Geological Survey f o r  determination of gross  alpha and 
gross  be t a  a c t i v i t y  by t h e  Montana Department of Health and Environmental 
Sciences. Resul ts  of t h e  analyses  (Larry Lloyd, w r i t t e n '  commun., 1976, 
1977) are included i n  t a b l e  30. Addit ional  samples f o r  determination 
of dissolved uranium, radium-226, and radon by t h e  National Water Qual i ty  
Laboratory were co l l ec t ed  mainly a t  s i tes  where t h e  Montana Department 

3 



of Health and Environmental Sciences analyses revealed abnormal levels 
of radioactivity (see table 19). 

i' Subsurface temperatures in selected wells were measured with a therm- 
istor-Wheatstone bridge combination capable of measuring temperatures 
with a precision of 20.1 degree Celsius at depths of 3,000 feet (table 31). 
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DATA 

Tables 1-27 are presented i n  an i d e n t i c a l  format. Table numbers 
Column headings, loca- correspond t o  hot-spring areas shown on f i g u r e  1. 

t i o n  numbers, and abbreviat ions t h a t  are not self-explanatory are described 
below. 

The s t a t i o n  number is based on t h e  g r i d  system of l a t i t u d e  and longi- 
tude. The s t a t i o n  number c o n s i s t s  of 15  d i g i t s .  
t h e  degrees,  minutes, and seconds of l a t i t u d e ;  t h e  next  7 d i g i t s  denote 
t h e  degrees,  minutes, and seconds of longitude; and t h e  last 2 d i g i t s  
form a sequen t i a l  number f o r  s t a t i o n s  wi th in  t h e  same 1-second gr id .  
Thus, i f  two s t a t i o n s  have t h e  same coordinates  f o r  l a t i t u d e  and longi tude,  
s equen t i a l  numbers 01 and 02 are assigned. 

The f i r s t  6 d i g i t s  denote 

S ta t ion  letters i d e n t i f y  t h e  d a t a  according t o  source ( s t a t i o n  name). 
S t a t i o n  letters and t h e  d a t e  of sample c o l l e c t i o n  are continued f o r  each 
l i n e  of d a t a  i n  t h e  t a b l e s  t o  f a c i l i t a t e  i d e n t i f i c a t i o n  of t h e  source of 
t h e  sample. 

Local s ta t ion- loca t ion  numbers are shown t o  t h e  r i g h t  of some s t a t i o n  
names. 
d iv is ion .  
of t h e  Montana base l i n e ;  t h e  second, t h e  range east (E) o r  w e s t  (W) of 
t h e  p r i n c i p a l  meridian; and t h e  t h i r d ,  t h e  sec t ion .  
following t h e  s e c t i o n  number denotes t h e  quar te r  s e c t i o n  (160-acre tract); 
t h e  second, t h e  quarter-quarter  s e c t i o n  (40-acre t r a c t ) ;  and the  t h i r d ,  
t h e  quarter-quarter-quarter s e c t i o n  (10-acre t r a c t ) .  Letters are assigned 
i n  a counterclockwise d i r e c t i o n ,  beginning wi th  "A" i n  t h e  nor theas t  
quadrant. Consecutive numbers beginning with 2 are added i f  more than one 
s t a t i o n  is loca ted  wi th in  a 10-acre tract. For example, hot  spr ing  
04N19W07DCD2 is t h e  second s t a t i o n  inventor ied i n  t h e  SE%SW%SE% sec.  7, 
T.4 N. ,  R.19 W. 

The loca t ion  numbers are based on t h e  Federal  system of land sub- 
The f i r s t  number ind ica t e s  t h e  township nor th  (N) o r  south (S) 

The f i r s t  let ter 

Abbreviations used i n  column headings of t a b l e s  1-27 are: 

AC-FT 
CFS 
DEG C 
FT 
GPM 
MG/L 
MICROMHOS 
PCIL 
UG/L 

Acre-feet 
Cubic f e e t  per  second 
Degrees Cels ius  
Feet  
Gallons per  minute 
Milligrams pe r  l i ter  
Micromhos per  cent imeter  a t  25OC 
Picocur ies  per  l i t e r  
Micrograms per l i t e r  

7 



Codes used i n  t h e  

FR 
H 
K 
M 
MBMG 
MSBH 

RFS 

USGS 

t 
column SAMPLED BY are: 

R. 0. Fournier and E. C. Robertson, wr i t t en  commun. 
Hackett and o t h e r s  (1960), t a b l e  31  
Kaczmarek (1974), t a b l e  3 
Mariner, P re s se r ,  and Evans (1976), t a b l e s  1, 2. 
Montana Bureau of Mines and Geology. 
Montana S t a t e  Board of Health (now Montana Depart- 

Robertson, Fournier,  and Strong (1976), t a b l e  2 and 

Data co l l ec t ed  f o r  t h i s  repor t .  

ment of Health and Environmental Sciences). 

unpublished data .  
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D I S -  
SnLVED 

VAG- 
NE- 
S I U h  
(MG) 

(MG/L) 

.O 

.4 
< . l  -- 

D I S -  
SOLVED 

RTDE 
(CL)  
(MG/L) 

7.0 
7.3 
6.7 
7.8 

cnLn- 

SPE- 
C I F I C  
CON- 

DATE SAM- DUCT- 
OF PLED FLOW ANCE 

SAMPLE BY RATE (MICRO- 
P H  

(GPM) MHOS) (UNITS)  
S T L l I O N  NUMBER STATION LETTER nND NAME 

a 5 5 0 0 7 i i a 0 2 0 6 0 0  A MEDICINE HOT SPRINGS O ~ N Z O W ~ Z C C D  
A MEDICINE HOT SPRINGS 0 l N Z 0 v l l 2 C C 0  
A MEDICINE HOT SPRINGS OlN2DWlZCCD 
A M F D I C I N E  HOT SPRINGS OlNZOwlZCCD 

6 4 - 0 8 - 0 5  WSBH 1 0 0  
72-08-09 MBMG 100 
70-08-16 M 1 0 5  
7 6 - 0 7 - 2 1  VSGS 85 

DIS- 
SOLVED 
SODIUM 

(MA) 
(4G/L)  

7 7  
8 U  

-- 
-- 

DIS- 
SOLVED 
FLUO- 

H l D E  
(F) 

(HG/L) 

9.0 
12 
1 4  
1 4  

D I S -  
SOLVED 
SODIUM 

PLUS 
POTAS- 

S I U M  
(MG/L) 

54 -- -- -- 

DIS- 
SOLVED 
SOLIDS 
(TOYS 

PER 
AC-FT) 

-- 
.45 -- -- 

DIS- 
SOLVED 

MAN- 
GANESE 

(MN) 
(UG/L) 

-- 
0 

< 2 0  

D I S -  
SOLVED D I S -  

SOLVED 
CAL- 
CIUM 
( C A I  

(MG/L) 

6.0 
6.6 
1.9 -- 

DTS- 
SOLVED 

SULFATk 
(SO41 
(MG/LJ 

22 
38 
3 3  
36 

SOOIUM 
AD- 

SORP- 
PERCENT T I O N  

SOOTUM R A T I n  

STA- DATE HYDRO- 
T I O N  OF TEMPtR- GEN 

LETTER SAMPLE ATURE SULFIDE 
(DEG C) (MGIL)  

A 60-08-05 09.0 -- 
A 7 2 - 0 8 - 0 9  " -- -- 
A 74-08-16 05.0 .6 
A 7 6 - 0 7 - 2 3  47.2 -- 

PD- 
TAS- B ICAR-  
S I U M  BONATE 
( K )  (HC03) 

(MG/L) (PG/L) 

HARD- 
NESS 

( C A i h G )  
(MG/L) 

15 
18 -- -- 

LLKA-  
L I N l T V  

AS 
CAC03 
(MGIL)  

9 0  
1 1 0  
1 0 3  -- 

O l d -  
SOLVED 
8OHnN 

(81 
( U L / L )  -- -- 

1 zo 

-- 1 1 0  
1.5 1 3 0  

1 2 0  1.4 -- -- 

OIS- 
SOLVFU 

01.9- SOLIDS 
SOLVED (9UV OF 
S I L I C I  C D N S r l -  
(9102) TUENTSJ 
(MG/L) (MG/L) -- -- 
54 328 
60 -- 
51 -- 

HY- 
R T b -  DATE CArl- DROX- 
Tl@h OF RONATE I D E  

LEITER SAMPLE (C03) (OH) 
( M G l L )  (MGIL) -- A 64-08-05 0 

A 72-08-09 0 0 
C. l a - 0 8 - 1 6  3 
A 7 6 - 0 7 - 2 3  -- -- -- 

D I S -  D I S -  
SOLVED SOLVED 

N I l R A T E  NITRATE 

DIS- 
SOLVED 

AMYOYIA 
STA- DATE NITRO-  
rIuw OF GEN 

L t T I E k  SAMPLE (N) 
(MG/L) -- 

A A 64-0R-05 7 2 - 0 8 - 0 9  -- 
I 7 4 - 0 4 - 1 6  C.10 
A 76-U7-23 -- 

DTS- 
S(rLYEU 

ST4- DAlE ALUPI- 
01s- n1s- 

SOLVE0 SOLVED 
IRON LEAD 
( F E l  ( P e l  

(UG/L) (UG/L) 

0 -- 
20 -- 

< 2 0  < l o o  

DIS- 
SOLVED 

MERCURY 
(HG) 

(UG/L) -- -- 
e.1 

1 I O N  OF INUM 
L E T T E ~  SAMPLE (AL) 

( U W L )  ' I  
A 'ar-08-05 -- 
A :72-08-09 -- 
A 1 7 0 - 0 8 - 1 6  7 

DIS- 
U a l F  SOLVED 

D I S -  DIS- 
SOLVED SULVED 

Z l Y C  CESIUM 
( Z W )  (CS) 

iUi i /L)  ( U G / L I  

-- -- -- -- 
e 1 0  < l o o  

A 60-0.5-05 -- 
A 7 2 - 0 6 - 0 9  -- 
A 7a-08-16 <i?o 

9 



f '  u 
.. 

SPE- 
C I F I C  
CUN- 

UhTE SAM- DUCT- 

b OF PLED FLOW ANCE PH 
STATION NUMBER STATYOY LETTFR AND NAME SAMPLE 81 RATE (MICRO- 

(GPM) MHOS) (UNITS)  

4 6 0 5 4 9 1 1 4 0 0 1 5 0 0  A 
A 

4 6 0 5 0 9 1 1 4 0 0 1 5 0 1  8 
8 
B 

STA- DATE 
1ION OF TEMPER- 

(DEG C)  

A 7 2 - 0 8 - 1 0  -- 
A 7 4 - 0 8 - 1 5  03.0 
B 6 4 - 0 8 - 0 0  51.0 
P 7 4 - 0 8 - 1 5  52.0 
fl 7 6 - 0 7 - 2 3  50.0 

LETIFW SAMPLE LTURE 

514- DATE 
TInL OF 

LETTER SAMPLE 

CAR- 
RUNATE 
(C03)  
(MG/L) 

SLEEPING C H I L n  HOT SPRINGS 04NlPWO7DCD 2 
SLEEPING C H I L D  HOT SPQINGS 04N191107DCIl 2 
SLEEPING C H I L D  HOT SPRINGS 04N19W07OCO 
SLEEPING C h I L D  HOT SPRINGS 04N19r)07DCO 
SLEEPING C H I L n  HOT SPRINGS 04N19H07DCD 

DIS- 
NON- D I S -  SOLVED 
CAR- SOLVED WAG- 

HYDRO- HARD- BONATE CAL- NE- 

HY- 
DROX- 

ALKA- 
L I N I T Y  

AS 
CAC03 
(MG/L )  

D I S -  
SULVEO 

SULFATt  
(SO41 
(YG/L)  

D I S -  
SOLVED 
CHLO- 
R I D E  
(CL)  
( M G I L )  

7 2 - 0 8 - 1 0  MBMG 115 
7 4 - 0 8 - 1 5  w r 5 2 8  
6 4 - 8 8 - 0 4  MSBH 1 1 5  
7 4 - 0 8 - 1 5  M '528 
7 6 - 0 7 - 2 5  USGS 2 7  

DIS- 
SODIUM SOLVED 

D I S -  AD- SDDIUM 
SOLVED SORP- PLUS 
SODIUM PERCENT T I U N  POTAS- 

(NA) SODIUM R A T I O  3 I U M  
(MG/L) ( M G I L )  

1 2 0  94 1 4  -- 
1 1 0  92 1 2  -- 
120 

-- 108 -- -- -- -- -- -- -- -- -- 

DIS- 
SOLVED 
FLUU- 

R I D E  
(F) 

(MG/L) 

01s- 

D I S -  
S6iVF.D 
SULIDS 

S I L I C A  CONSTI- 
(SIO2) TUENTS) 

(MG/L) 

SOLVED (suw OF 

, 0 1 5 -  
SOLVED 
SOLIDS 
(TONS 
PEP 

AC-FT) 

568 
505 

5 3 8  
6 7 4  

-- 

015- 
SOLVED 

Po-  
lls- 
SIUM 
( K )  

(MGlL)  

2.7 
2.6 

2.9 
-- 
-- 

D I S -  
SOLVED 

u 

I '  

n1s- 
SOLVED 

NITRATE 
(NO31 
(%G/L) 

I\ 7 2 - 0 8 - 1 0  0 0 1 2 6  2.7 93 9.2 1 4  69 4 7 9  .65 .os .20 
A 7 4 - 0 8 - 1 5  1 -- 1 3 3  2.1 n i  
t) 6 4 - 0 8 - 0 0  -- 109 -- 08 

1.n n 7  t 7 0 - 0 8 - 1 5  2 
LI 7 6 - 0 7 - 2 3  -- -- 

-- -- 6 0  5 6 3  - 7 7  
6 . 00 .on 5.0 1 6  

9.5 15 6 6  
-- -- n.8 14 -- -- -- -- -- -- -- -- -- -- -- 1 4 3  -- -- 8 2  9.7 

D I S -  
SOLWED 

AMMUYIA 
STA- @ I T €  N I T R i l -  
I I D N  OF GEN 

LETTFH S A W L C  (N1 
(UGIL) 

A 7 2 - O R - i o  

R 7 4 - o n - 1 5  

A 7 4 - 0 0 - 1 5  
B 6 4 - 0 8 - 0 4  

R. 7 6 - 0 7 - 2 3  

D I S -  OIS- D I S -  
SOLVED DJS- SOLVED 015- D I S -  01% UIS- D I S -  SOLVED DIS- 

LTA- DATE ALUM- SOLVED CAD- SfILVED BOLWFD SOLVED SOLVED SOLVED MAN- SOLVED 
TIJN OF TNUN tl@HCIN YIUU L l T h I U Y  CURALT CUPPER IQUY LEAD GANESE WERCUHY 

(UG/L)  (UG/L)  (UG/L) ( U G I L )  (UG/L)  ( U G / L l  (UG/L)  (IJC/L) ( U G / L I  (UG/L) 

A 7 2 - 0 8 - 1 0  -- -- -- 2 1 0  -- -- 3 0  -- l o  -- 
330 C10 1 1 0  c5u < l o  C Z O  < t o e  A 7 4 - 0 8 - 1 5  -- 

@ b4-68-04 -- -- -- -- -- -- 0 -- 
R 7u-08-15 4 350 < l o  1 8 0  e50 e 1 0  <2u < t o o  <20 c.1 

LETTER SAMPLE C A L I  ( R )  (CD) (LT) (CUI C U I )  (FE) (rfl) (MNI (HG) 

-- 
c2u -- -- 

DIS- D I S -  
STA- OAT€ SOLVE0 SOLVE0 
TIUF' OF N I C K t L  L I I K  

L E T I F R  SAMPLE (YII  ( Z N )  

t 

L 
IC 
t 

( U b / L I  (UG/L)  

-- -- A 7 2 - U 8 - l o  
A 7 4 - 0 8 - 1 5  <LO c10 
P 6 4 - 0 9 - 0 4  -- -- 
a 74-OR-IS C 2 0  <1U 

L 
t t 
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TABLE 3,--CHEMICAL ANALYSES OF WATER FROM THE LOLO (GRANITE) HOT SPRINGS AREA 

STATION NUMBER STATION LETTER AND NAME 

464508114315800 A LOLO HOT SPRINGS 
A LDLO HOT SPRINGS 
A LOLO HOT SPRINGS 

S l A -  DATE 
T I O N  OF 

L E T T E q  SAMPLE 
TEMPER- 

ATURE 
(DEG C) 

HVDRO- 
SEN 

S U L F I D E  
(9G/L)  

HARD- 
CESS 

(CAIMG) 
(MG/L) 

NON- 
CAR- 

BONlTE 
HAHD- 
NESS 
(UG/L) 

D I S -  
SOLVED 

CAL- 
C IUM 
( C A I  

tMG/L)  

DIS- 
SOLVED 

UAG- 
NE- 
SIUM 
CMG) 

(MG/L) 

SPE- 
C I F I C  
CON- 

DATE SAM- DUCT- 

SAMPLE BY RATE CMICRO- 
OF PLED FLOW LNCE Pn 

(GPMI MHOS) (UNITS) 

~ ~ I - O B - O P  Msnn -- -- -- 
254 7.9 
225 9.3 

72-08-09 M8MG 50 
74-08-15 M 26 

DIS- 
SOLVED 
SODIUM 

(NA) 
(HG/L) 

PERCENT 
SODIUM 

SODIUM 
AD- 

SORP- 
T I O N  

R A T I O  

D IS-  
SOLVED 
SODIUM 

PLUS 
POTAS- 

S IUM 
CMG/L) 

DIS- 
SOLVED 

PO- 
T l S -  
S IUM 
(Io 

(MG/L) 

n -- -- -- 50 31 
0 l.2 88 

A 64-06-04 46.0 -- IO 4.0 .a -- 1.2 70 
-e -- 6 2.0 .z 50 94 9.0 A 72-08-09 

A 74-08-15 44.0 e.5 

-- -- -- -- -- 1.8 e.1 52 -- 

01s- OIS- 
OIS- DlS- SOLVED SOLVED 

HV- LLKA- 019- SOLVED SOLVED D I S -  SOLIOS D I S -  DIS- AMMONIA 
STA- D 4 t E  CAR- DROX- L I N I T Y  CARBON SOLVEO CHLO- FLUO- SOLVED (SUM OF SOLVED SOLVED NITRO- 
T I O N  OF BONATE I D E  AS D I O X I D E  SULFATE R I D F  R I D E  S T L I C A  CONSTI- N I T H L T E  NITRATE GEN 

LETTER SAMPLE (to31 ’ (OH) CACO3 (C02)  (904) (CL)  (F) (9102) TUENlS)  (N) CN03) (N) 
CMG/L) (MG/L) (MG/L) ( M W L I  (MG/L) (MG/L) (MG/L) (MG/L) CMGlL) (MG/L) CMG/L) (MG/L) 

A 64-08-04 30 -- 75 -- 18 n.o (1.3 -- -- .oo .oo -- 
A 72-08-09 0 0 72 1.0 20 5.5 6.4 11  245 .or .50 -- 
A 74-08-15 8 -- 71 . I  18 6.1 6.4 72 -- -- -- <.in 

01s- DIS- D I S -  
SOLVED 01s- SULVED 01s- DIS- DIS- 01s- DIS- SOLVED DIS- 

‘LElTE.4 SAWPLE (AL)  (e) (CD) rL I )  cco) (CUI (FE) cpn) (MN) (HG) 

SlA- DATE ALUM- SOLVED CAD- SOLVED SOLVED SOLVE0 SOLVED SOLVED MAN- SOLVED 
T I O h  OF INUM aORON MIUfJ LITWIIJM COBALT COPPER IRON LEAD GANESE MERCURY 

CUG/L) (UGIL )  ( U G I L J  (UG/L) (UG/L) (UG/L) ( U G / L l  (UG/L) (UG/L) (UC/L) -- -- -- -- -- 0 
e- -- -- -- -- -- 340 

A 72-08-09 -- -- -- 40 -- -- 30 
A 74-na-15 10 110 <IO 30 6 0  a n  e20 e100 e20 . l  

A 64-08-00 

01s- 01s- U I S -  
STA- DATE SOLVED SOLVED SULVFD 
T I O N  9F N I C K E L  Z I N C  CESIUN 

CUGIL)  (UGIL )  (UG/L) 
LETTER SAMPLE (N1) CZN) (CS) 

-- -- -- -- -- -- A b0-06-01 
A i  72-08-09 

lo e100 a 74-06-15 <.?B 

015- 
SOLVED 

D I U M  

CUG/L) 

wn I -  

( n w  



f ’  
br 

TABLE b,--CHEMICAL ANALYSES OF WATER FROM THE GREGSON (FAIRMONT) HOT SPRINGS AREA 

SPE- 
C I F I C  
CON- 

SAM- DUCT- 
PLED F L O k  ANCE PH 

BY SATE (YICRO- 
(GPYI  MHOS) (UNITS)  

WSBH -- -- -- -- 0.4 
M 264 701 8.4 

RFS 40 -- -- 
USGS -- 852 8.3 

FR -- 

DATE 
OF 

SAMPLE STATION NUMBER STATION LETTEN AN0 NAME 

4602S7112483800 A GREGSON (FAIRMONT) HOT SPRINGS 
A GQtGSON (FAIRUONT) HOT SPRINGS 
A GREGSON (FAIHMONTI HOT SPRINGS 
A GREGSQN ( F A I R U O Y T )  HOT SPRINGS 
A GREGSON (FAIRWONT) HOT SPRINGS 

65-04-08 
67-09-21 
74-08-19 
74-08-21 
76-09- 10 

f 
LJ 

-L D I S -  D I S -  D I S -  
s n L v E o  SODIUM SOLVED SOLVED NON- D I S -  

CAR- SOLVE0 
. STA- DATE HYDRO- HARD- 8flN4TE CAL- 

T ION OF TEMPER- GEN NESS HIRD- CIUW 
LETTFH SAYPLE ATURE SULFIDE (CA,MG) NESS ( C A I  

(DEG C l  (MG/LI  (MG/LI  (WG/L) (MG/LI  

20 0 4.0 A 65-04-00 68.0 -- 
A 67-09-21 71.0 -- 10 0 4.0 .- 3.9 4 74-08-19 70.0 1.6 -- 
A 74-08-21 73.0 -- 10  0 4.0 
A 76-09-10 70.0 -- -- -- -- 

10- SODIUM PO- YAG- DIS- 
NE- SOLVED SORP- PLUS TAS- BICAR- 
SIUW S0I)IUH PERCENT T I O Y  POTAS- SIUM BONATE 
(MGI (NA) SODIUM R A T I O  SIUW (lo (HC03) 

( Y G I L )  (MG/LI  (MG/L) (MG/LI  (MG/L) 

-- 182 -- 110 
.o 180 96 25 -- 4.7 160 -- -- 3.9 160 
.o 180 96 25 -- u.1 190 -- 156 

-- -- 2.0 

e .1  170 -- 
-- -- -- -- -- 

t 
h: 

O I S -  
SOLVED 

OIS- 
SOLVED 

AMMONIA 
NITRO- 

GEN 
( N l  

(MC/L) -- -- 
< . l o  -- 

ALKA- 
L I N I T Y  

AS 
CACO3 
(WGIL)  

149 
136 
136 
161 
1 2n 

O I S -  
SOLVED 

SULFA I F  
(SO41 
( W G I L I  

1 80 
1 80 
180 
200 
i n 0  

01s- nxs- 
SOLVED SOLVED 
CHLO- FLUO- 
R I D E  SIDE 

D I S -  
SJLVEO 
S I L I C A  
(ST02)  
(MG/LI  -- 

77 
1 5  
83 
78 

SOLIOS 019- D I S -  
(SUM OF SULVED SOLVED 
CONSTI- N ITRATE NITRATE 

STA- DATE CAR- 
TION OF ROYATE 

(MG/LI  

A 65-04-01 6 
A ,  67-09-21 3 
A 74-08-19 3 
A .  74-08-21 3 
A 76-09-10 -- 

LFTTER SPYPLE ( ~ 0 3 1  

CARBON 
D I O X I D E  

(Cfl2) 
(MG/L) 

-- 
1 . 1  
1 . 1  

1.1 
-- 

( C L I  ( F l  
fMG/L l  (MG/L) 

20 18 
13 -- 
17 i n  
9 . 3  1 1  -- 17 

DIS- JTS-  
SOLVED 01s- SOLVEO 31s- 

YTA- DATE 4LUh- SOLVED CAD- SOLVED 
T ION OF INUM MORON MIUW L I T H I U M  

(UG/L) (UG/L) (UG/L) (UG/L) 
LETTFH SLMPLE (AL) (4) (CDI  ( L I I  

nIs- 
SOLVED 

LEAD 
( P a l  

(UG/L) 

DIS- 
SOLVED 

MAN- 
GANESE 

(MN) 
( U G I L I  

D I S -  
SOLVED 

MERCURY 
CHG) 

(UG/L) 

D I S -  
SOLVED 
CURALT 

(CO) 
(UG/L) 

-- -- 
<SO -- 

nxs- 
SOLVED 

7 I N C  
( I N )  

(lJG/L) -- -- 
< l o  -- 

D I S -  OIS- 
SOLVED SOLVED 
COPPER IROY 

(CUI  (FE)  
(UG/L) ( U G I L I  

0 

<.?O 

-- -- -- 
-- _ _  

b 6 5 - 0 4 - 0 9  -- -- -- -- 
A 67-09-21 -- 360 -- 780 
4 14-08-19 1 6  300 e10 640 
4 74-01-21 -- son -- 700 

D I S -  
STA- DATE SJLVEU 
T I U Y  OF NICKEL 

(UG/L) 

b 6 5 - 0 4 - 0 ~  -- 
A 67-09-21 -- 
4 70-08-19 < 2 O  
b 74-08-21 -- 

LETTER SAMPLt  (MI) 
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TABLE 5.--CHEMICAL ANALYSES OF WATER FROM THE WARM SPRINGS (STATE HOSPITAL) AREA 

SPE- 

S l A T I O N  NUMBER STATION LETTER AND NAME 

461040112474000 A ' kARM SPRINGS (STATE HOSPITAL) 
A kARM SPRINGS (STATE HOSPITAL) 
A * A I M  SPRINGS (STATE H O S P I T I L )  
A WARM SPRINGS (STATE HOSPITAL) 
A NANM SPRINGS (STATE HOSPITAL) 

STA- VATE 
TIOh ' OF 

LETTER S M P L E  
TEMPER- 

ATURE 
(DE6 C) 

HVDRO- 
GEN 

S U L F l D E  
(MG/L) 

UARD- 
NESS 

( CAr  MGI  
(MG/LI  

NON- 
CAR- 

BONATE 
UAMD- 
NESS 
(MG/L I  

D I S -  
SOLVED 

CAL- 
C IUM 
( C A I  

( YG/L 1 

TOATE 
OF 

SAMPLE 

SAM- 
.PLED 

BY 

FLOW 
RATE 

(GPMI 

C I F I C  
CON- 
DUCT- 
ANCE 

(MICRU- 
MHOS) 

Pn 

(UNITS)  

65-04-08 MBMG 60 -- -- 
7.9 67-09-21 FR -- 

14-08-19 II 158 1510 6.5 
74-06-21 RFS SO -- -- 
76-09-10 USGS 50 1465 6.6 

-- 

DIS- DIS- DIS- 
S3LVED 

MAG- 
NE- 
S IUM 
(MG) 

( M G I L I  

DIS- 
SOLVED 
SODIUM 

(NA) 
( M G I L I  

PERCENT 
SODIUM 

SODIUM 
AD-. 

SORP- 
T I O N  

R A T I O  

SOLVED 
SODIUM 

PLUS 
POTAS- 

S IUM 
(MG/L) 

SOLVED 
PO- 
TAS- 
S IUM 
(K)  

(MG/L) 

B ICAR-  
BONATE 

(MG/L) 
(tic031 

-- 150 -- 260 A 65-94-08 71.0 -- 640 430 230 17 
A 67-09-21 70.0 -- 570 450 180 29 I20 30 2.2 -- 24 150 
A 74-06-19 77.0 .7 640 430 220 22 120 20 2.1 -- 26 260 
A ~U-OB-ZI 70.0 -- 57 0 390 190 22 130 32 2.4 -- 23 220 -- 254 A 76-09-10 78.0 -- -- -- -- -- -- -- -- -- 

-- -- 

STA- DATE 
TION OF 

.LETTER SAMPLE 

A 65-04L08 
A 67-09-21 
A 74-08-19 

. A 74-08-21 
A 76-09-10 

ALKA- 
CAR- L I N I T Y  

BUNATE AS 
(C03) CACO3 
(MG/L) (MG/L) 

0 213 
0 123 

<I  213 -- 180 -- 208 

D I S -  
SOLVED 

SULFATE 
, (SO41 

(MG/L) 

700 
680 
670 
920 
680 

D I S -  
SOLVEO 

HIDE 
(CL)  
(MG/L I  

9.0 
6.0 
5.0 

5.7 

cnLo- 

-- 

D I S -  
DIS- SOLVED 

SOLVED DIS- SOLIDS 
FLUO- SOLVED (SUM OF 
RIDE S I L I C A  CONSTI- 
(F1 (SI021 TUEhiTSI 

( M C I L I  (MG/LI  (MG/L) 

4.0 -- -- -- 50 1160 
3.9 56 1250 
2.4 56 -- -- -- 53 

DIS- 
SOLVED 

AMMONIA 
NITRO- 

GEN 
(N) 

(MG/L I  

. -- -- 
<.IO -- -- 

CIS- 019- D I S -  
S6i;ED DIS- SOLVED DIS- D I S -  019- D I S -  DIS- S o i i E D  D I Y -  

STA- DATE ALUM- SOLVED CAD- SOLVED SOLVED SULVED SOLVED SOLVED MAN- SOLVED 
T I O N  OF INUM BORON WIUH L I T I I I U M  COBALT COPPER IRON LEAD GANESE MERCURV 

(UG/L)  ( U G I L )  (UG/L) (UG/L)  (UGIL )  (UG/L) (UG/L I  (UG/L I  (UG/L I  (UG/L) 
L E T r t R  SAMPLE CALI (e) (COI (LI) (COI (cu) (FEI (YB) (MN) (HG) 

DIS- 
S l A -  DATE SOLVED 
T I O N  OF N ICKEL 

( U C / L l  

A 65-04-08 -- 
A 67-09-21 -- 
A 74-08-19 20 
A 74-08-21 -- 

L E T l E R  SAMPLE (N11  

DIS- 019- 
SOLVED SOLVED 

DIS- 
YOLVEU 
RUBI -  

D IUM 
(RBI 

(UG/L) 



TABLE ~.--CHEHICAL ANALYSES OF WATER FROM THE JACKSON (JARDINE, BIG HOLE) HOT SPRINGS AREA 

S T A I I O N  NUM8ER STATION LETTER AND NAME 

4 5 2 1 3 5 1 1 3 2 3 1 1 0 0  A JACKSON RANGER STATION 
A JACKSON RANGER S I A T I O N  

4 5 2 2 0 4 1 1 3 2 4 1 1 0 0  0 JACKSON (JARDINE) HOT SPRINt iS  05S15W 
8 JACKSON (JARDINE) HOT S P l I N G S  0 5 5 1 5 1  
n JACKSON (JARDINE) HOT SPRINGS ossisri 

8 JACKSON (JARDINE) HOT SPRINGS 05J15W 
8 JACKSON (JARDINE) HOT SPRINGS 05S15W 
8 JACKSON (JARDINE) HOT SP8INGS 05315n 
0 JACKSON (JARDINE) HOT SPRINGS 05S15M 
0 JACKSOh (JARDINE) HOT SPRINGS 05S15W 

4 5 2 2 1 5 1 1 3 2 4 3 2 0 0  c JACKSON SCHOOL HOUSE 

STA- DATE 
TION OF TEMPER- 

(DE6 C) 
LETTER SAMPLE ATURE 

A 7 7 - 0 7 - 1 3  
A 7 7 - 0 7 - 1 3  
0 6 4 - 0 8 - 0 6  
0 6 7 - 0 9 - 2 1  
ti 7 2 - 0 7 - 2 6  

0 7 4 - 0 6 - 1 6  
8 7 4 - 0 8 - 2 1  
8 7 6 - 0 7 - 2 3  
8 7 7 - 0 7 - 1 2  
8 7 7 - 0 7 - 1 2  

C 7 7 - 0 7 - 1 3  

STA- DATE 
T l O k  OF 

LETTER SAMPLE 

A 7 7 - 0 1 - 1 3  
A 7 7 - 0 7 - 1 3  
t) 6 4 - 0 8 - 0 6  
R 6 7 - 0 9 - 2 1  
R 7 2 - 0 7 - 2 6  

8 7 4 - 0 0 - 1 6  

I 7 6 - 0 7 - 2 3  
0 7 4 - 0 8 - 2 1  

n 77-07 -12  
n 7 7 - 0 7 - 1 2  

C 7 7 - 0 7 - 1 3  

14.5 
14.5 
57.0 
58.0 
5n.o 

56.0 
59.0 
60.0 
58.3 
58.3 

15.5 

DIS- 
NON- D I S -  SDLJED 
CAR- SOLVCD MAG- 

HARD- 8OluAIE CAL- NE- 
hESS HARD- C IUM S I U M  

ICArMG)  NESS ( C A I  (MG) 
(HG/L) (MG/L) (MGIL)  (MG/L) 

1 0 .3 .1 

46 0 14 2.0 
-- -- -- -- 
3 1  0 6.7 3.5 
22 0 3.4 3.2 

40 0 1 0  3.7 
4 1  0 11 3.2 
45 0 1 2  3.5 
42 0 11 3.4 -- -- -- -- 

1 2 0  -- 3 7  7.2 

DIS- 
ALKA- DIS- SOLVED 
L I N I T Y  CAHOOh SOLVED CHLO- 

AS D I O X I D E  SULFATE R I D E  
CACO3 (CD2) (SOU) (CL)  
(ML/L)  (MG/L) (MG/L) (MG/L) 

6 0  2.6 1 3  2.1 -- -- -- -- 
5 0 0  -- 4 3  1 0  
5 0 2  2.5 46 6.Q 
5 0 0  1.0 49  b.7 

SUO 1 5 5  4 5  7.7 
5 1 7  -- 5 0  11 

500 1 5 5  4 6  0.1 
5 0 6  70 51 8.8 -- -- -- -- 

-- 6.7 -- -- 

STA- DATE 
TION OF 

.L tTTER SAMPLE 

A 7 7 - 0 7 - 1 3  
A 77 -07 -13  
F! 6 0 - 0 0 - 0 6  
H 6 7 - 0 9 - 2 1  
6 7 2 - 0 7 - 2 6  

8 7 4 - 0 8 - l b  
H 7 4 - 0 8 - 2 1  
t) 7 6 - 0 7 - 2 3  
8 7 7 - 0 7 - 1 2  
8 7 7 - 0 7 - 1 2  

C 7 7 - 0 7 - 1 3  

14 

DATE 
OF 

SAMPLE 

7 7 - 0 7 - 1 3  
7 7 - 0 7 - 1 3  
6 4 - 0 8 - 0 6  
6 7 - 0 9 - 2 1  
7 2 - 0 7 - 2 6  

7 4 - 0 8 - 1 6  
7 4 - 0 8 - 2 1  
7 6 - 0 7 - 2 3  
77 -07 -12  
77 -07 -12  

SAM- 
PLED 

BY 

USGS 
USGS 
MSBH 

FR 
M0MG 

M 
RFS 

USGS 
USGS 
USGS 

7 7 - 0 7 - 1 3  USGS 

DIS- 
SOLVED 
SIJDIUM PERCENT 

(NA) SODIUM 
(MG/L) 

3 6  9 7  -- -- -- -- 
240 9 2  
2 3 0  9 4  

240 9 1  
250 9 1  
2 3 0  a 9  
240 9 0 ,  -- -- 

2 1  2 7  

DIS- 
SOLVED DIJ- 
FLUO- SOLVEO 

R I D E  S I L I C A  
( F )  ( S I O Z )  

(MGIL )  (MG/L) 

.4 2 3  -- 2 5  
1.9 -- -- 44 
2.8 57  

2.0 52 
1.3 4 9  
1.9 47 
1.9 47 -- 5 1  

SODIUM 
AIJ- 

SORP- 
T I O N  

R A T I O  

-- 1 5  

1 9  
22 

1 6  
1 7  
1 5  
1 6  

-- 

-- 
.8 

DIS-  
SOLVED 
SOLIDS 

(SUM OF 
CONSTI- 
TUENTS) 

(MG/L) 

1 1 2  -- -- 
6 6 0  
9 0 6  

6 7 2  
6 9 8  
6 7 2  
671) -- 
-- 

YPE- 
C I F I C  
CON- 

FLOW DUCT- 
RATE ANCE 

(SPM) (MICRO- 
MHOS) -- 1 5 0  -- 150 

-i -- -- -- -- 1020 

s264 9 7 2  
9 5 0  -- 

P H  

(UNITS) 

7.6 
7.6 

8.6 
9.0 

6.8 

-- 
-- -- 1 1 3 0  7.1 

265 1 0 9 2  6.8 
265 1 0 9 2  6.8 

01s- D I S -  
SOLVEO SOLVED 
SODIUM PO- 

PLUS TAS- BICAR-  
POTAS- SIUM BONATE 

S IUM (K) (HCU3) 
(MG/L) tMG/L)  (MG/L) 

-- .7 7 3  

2 4 0  -- 6 1 0  -- 11 5 7 0  -- 10 4 9 0  

-- I O  6 1 0  -- 11 6 3 0  -- 12 6 1 7  -- 11 6 1 0  

-- -- -- 

-- -- -- -- 2.9 -- 

, 
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TABLE 6.--CHEMICAL ANALYSES OF WATER FROM THE JACKSON (JARDINE, BIG HOLE) HOT SPRINGS AREA--CONTINUED 

U I S -  D I S -  D I S -  
SOLVED D I S -  SOLVED D I S -  D I S -  D I S -  D I S -  019- SOLVED 

STA- DATE ALUM- SOLVED CAD- SOLVED SOLVED SOLVED TOTAL SOLVED SOLVED MAN- 
T ION OF INUM BORON MIUM L I T H I U M  COBALT COPPER IRON IRON LEAD GANESE 

(UG/L I  (UG/L) (UG/L I  (UGIL )  (UG/L) (UG/L) (UG/L) (UGIL )  ( U G / L I  (UG/L) 
LETTER SAMPLE ( A L )  (ni (CDI (LI) (co) (cui CFE) (FE) (PB) (MN) 

77-07-13 
64-08-06 
67-09-21 
72-07-26 
74-08-16 

74-08-21 
76-07-23 

17-07-13 
77-07-/2 

- STA- DATE 
T I O N  OF 

L F l T E R  SAMPLE 

A 77-01-I3 
0 64-01-06 
0 bl-09-21 
0 72-07-26 
0. 74-OB-16 

0 16-07-23 
0 17-97-12 
C 77-07-13 

B 74-06-21 

ais- 
. SOLVED 
MERCURY 

(HG) 
(UG/L) 

D I S -  
SOLVED 
N I C K E L  

( N I )  
(UG/L) 

D I S -  
SOLVED 
STRON- 

T I U M  
(SR) 

(UG/L) 

10 -- -- -- -- 

D I S -  
SOLVED 

Z INC 
( Z N I  

(UG/L) 

D I S -  
SOLVED 
CESIUW 

(CS) 
( U W L )  

c; 
I; 

15 
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TABLE 7 .--CHEMICAL ANALYSES OF WATER FROM THE NEW BILTMORE (ZIEGLER) HOT SPRINGS AREA 

SPE- 
C I F I C  
CON- 
DUCT- 
ANCE 

(MICRO- 

734 

was) 

-- -- 
2140 
2160 -- 
2240 

STATION NUMBER STATION LETTER AND NAME 

DATE 
OF 

SAMPLE 

SAM- 
PLED 

BY 

FLOW 
RATE 

(GPM) 

452741112282400 A NEW BILTMORE COLD SPRING 
452743112202SOO 0 NEW BILTMORE HOT SPRINGS 

0 NEW BILIMORE HOT SPRINGS 
0 NEW BILTMORE HOT SPRINGS 

B NEW BILWORE HOT SPRINGS 

B NEW BILIMORE HOT SPRINGS 
e YEN BILTMORE HOT SPRINGS 

76-12-1 6 
64-08-06 
61-09-21 

74-08-17 

74-08-21 
76-12-1 6 

72-07-10 

USGS 

FR 
MBMG 
. M  

RFS 
USGS 

w B n  
1 

100 

105 
74 

31 
73 

-- 

D I S -  
SOLVED 

MAG- D I S -  
SODIUM 

AD- 

01s- D I S -  
SOLVED SOLVED 
SODIUM PO- 

PLUS TAS- 
POTAS- S I U M  

S I U M  (K )  
(M6/L)  (MG/L) -- 4.5 

190 -- -- 27 -- 26 -- 24 

-- 27 -- 26 

NON- 
CAR- 

BONATE 
HARD- 
NESS 
(MG/Lf 

56 
1000 
870 
860 
840 

710 
860 

D I S -  
SOLVED 

CAL- 
CIUM 
( C A I  

(MG/L l  

90 

STA- DATE 
T ION OF 

LETTER -LE 

HYDRO- 
GEN 

SULFIDE 
(MGIL)  

HARD- 
NESS 

(CA, MG) 
(MG/L) 

320 

NE- SOLVED 
SIUM SODIUM PERCENT 
(MG) (NA) SODIUM 

(MG/L) (MG/L) 

SORP- 
T I O N  

R A T I O  
pn TEMPER- 

ATURE 
(UNITS1  (DEG C) 

7.1 6.7 -- 52.0 
7.9 -- 
7.3 -- 
b.O 53.0 

-- 54.0 
6.0 53.9 

A 76-12-16 
a 64-08-06 
B 67-09-21 
0 72-07-30 
0 74-00-17 

0 74-08-21 
0 76-12-36 

.9 

2.2 
2.4 
2.2 

1.5 
2.2 

-- 1000 
990 
900 

1000 

310 
280 
250 
290 

71 160 25 
72 170 28 
73 160 25 

900 
1100 

200 
3 0 0  

69 110 19 
72 1 60 24 

D I S -  
SOLVED 

R I D E  
( C L )  
(MG/L) 

two- 

D I S -  
SOLVE0 
FLUO- 

R IDE 
(F) 

(MG/L) 

1.1 
4.5 

4.6 
3.3 

1.0 
3.6 

-- 

D I S -  
SOLVED 
SOLIDS 

[SUM OF 

D I S -  
SOLVED D I S -  
SOLIDS SOLVED 

n y -  

ton) 

DROX- 
I D E  

(MG/L) 

ALKA- 
L I N I T Y  

AS 
CAE03 
(MGIL)  

267 
189 
123 

40 
189 

212 
188 

D I S -  
SOLVED 

SULFATE 
(904) 
(MG/L) 

140 
1200 
1100 
1100 
1100 

1100 
1200 

D I S -  
SOLVED 
S I L I C A  
(SI021 
(MG/L) -- -- 

42 
55 
46 

45 
44 

STA- DATE 
T ION OF 

LETTER SAMPLE 

BICAR- CAR- CARBON 
D I O X I D E  

(COZI  
(MG/L) 

41 -- 
3.0 
3.9 

58 -- 
5s 

CONSTI- 
TUENTS) 

(MG/L) 

(TONS NITRATE 
PER ( N l  

I C - F T )  (MGtL)  

A 76-12-lb 
0 64-06-06 
B 67-09-21 
0 72-07-10 
0 74-08-11 

0 74-08-21 
0 76-12-16 

326 -- 
230 0 
150 0 
49 0 

2 3 0  G I  

25s -- 
229 0 

10 
50 
50 
45 
46 

-- -- 
1810 
1810 
1860 

1090 
1970 

52 
45 

D I S -  D I S -  
SOLVED SOLVED 

D I S -  N I T R l T E  AMMONIA 
STA- DATE SOLVED PLUS- NITRO- 
TIOk OF NITRATE NITRATE GEN 

LETTER SAMPLE (NO31 (N)  (N)  
( M W L )  (MG/L) (MG/L) 

A 16-12-16 -- -- -- 
0 64-08-06 ..OO -- -- 
tl 67-09-21 
0 72-07-10 .oo -- -- -- .20 0 14-08-17 -- 

-- -- -- 

16 
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TABLE 7 .--CHEMICAL ANALYSES OF WATER FROM THE NEW BILTMORE UIEGLER) HOT SPRINGS AREA--~NTINUED 

D I S -  D I S -  D I S -  
SOLVED D I S -  SOLVED D I S -  D I S -  019- D I S -  D I S -  SOLVED D I S -  

-STA- DATE ALUM- SOLVED CAD- SOLVED SOLVED SOLVED SOLVED SOLVED MAN- SOLVED 
TION OF INUM 80RON MIUM L I T H I U M  COBALT COPPER IRON LEAD GANESE MERCURY 

‘LETTER SAMPLE (AL)  (6) (CD) ( L I I  (CO) (CUI  (FE) (Pd) (MN) (HG) 
(UGIL )  (UG/L) ( U G / L I  (UG/L I  (UG/L) ( U G I L )  ( M I L )  (UGIL )  ( U G I L )  (UG/L) -- -- -- -- -- -- -- -- -- -- -- -- -- -- Z O O  0 64-08-06 

n 67-09-21 -- LO40 -- 210 
B 72-07-10 -- -- -- 210 

180 e50 
210 

8 74-08-17 2 920 
B 74-08-21 -- 880 

B 76-12-16 -- 870 -- a10 -- -- 0 

-- -- -- 0 -- 0 -- 
100 e100 30 e.1 -- -- -- -- -- -- -- 

-- 30 -- 

STA- DATE 
T ION OF 

LETTER SAMPLE 

. B 64-08-06 n 67-09-21 
R 72-07-10 
B 74-08-17 
R 74-08-21 

B 76-12-16 

D I S -  
DIS- SOLVED 

SOLVED STROFI- 
N I C K E L  TIUM 

CNI)  (SR) 
(UG/L) (UG/L I  

r 

17 
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L 
TMLE 8 .--CHEMICAL ANALYSES OF WATER FROM THE ELKHORN (POLARIS) HOT SPRINGS AREA 

YPE- 
C I F I C  
CON- 

FLOW DUCT- TAT€- SAM- 
OF PLED 

SAMPLE ev 
krr€ ANCE PH 

(CPM) (MICRO- 
MHOS1 (UNITS)  

STATION NUMBER STATION LETTER AND NAME 

4 5 2 7 2 8 1 1 3 0 6 3 1 0 0  A ELKHORN (POLARIS) HOT SPRINGS 04S12N29ACC 
A ELKHORN (POLARIS)  HOT SPRINGS 0 4 S l 2 1 2 9 A C C  
A ELKHORN ( P U L A R I S I  HOT SPRINGS 0 4 S 1 2 W 9 A C C  
A LLKHORN (POLARIS)  H O l  SPRINGS 04Sl2W29ACC 
A ELKHOHN (POLARIS) HOT SPYINGS 0 4 S l 2 d Z Y A C C  

A ELKHORN (POLARIS)  HUT W R I N G S  04S12W29ACC 

-- -- 
450 . 
105 
32 

28 

DIS- 
SdLVED 
SODIUM 

PLUS 
POTAS- 

S I U M  
(MG/LI  

42 -- -- -- -- 
-- 

OIS- 
SULVCD 

N I T R A T t  
(N) 

( M G I L I  

-00  

.16 
-- 
-- -- 
-- 

DIS- 
YOLVCO 

LEAD 
( P B I  

( U G / L I  -- -- -- 
<IO0 -- 

6 4 - 0 8 - 0 6  USBH 
FR 6 7 - 0 9 - 2 1  

72-07-27 MBMG 
74-08-20 M 
74-08-23 RFS 

76-07-22 USGS 

015- 
SOLVED 

M A W  
NE- 
SIUM 
(MGI 

(MG/L) 

1.0 
.O 

1.5 
<.1 

.o -- 

DIS- 
SOLVED 
CIILO- 
R I U E  
( C L I  
( Y G / L l  

3.0 
.8 

1.8 
1.7 -- 
2.3 

DIS- 
SOLUED 
COBALT 

(CO) 
(UG/L) 

--. -- -- 
<50 -- 

DLY- 
SOLVED 

PO- 
TAS- 8 l C A H -  
SIUM BONATE 
(KI (lit031 

(MCIL)  lMG/L)  

-- 4 9  

I 

NON- OIS- 
CAR- SOLVED 

BONAIE CAL- 
HARD- CIUM 
NESS ( C A I  
( M G I L I  (YG/L) 

0 4.0 
0 2.0 
0 1.8 -- 1.9 
0 2.0 

SODIUM 
AD- 

SURP- 
T I J N  

R A T I O  

-- 
8.3 
6.8 

9.5 
-- 
-- 

D I S -  
SULVED 
SOLIDS 

(SUH UF 
CONSTI- 
TUENTS) 

( M G / L I  

-- 
1 6 7  
2 2 1  -- -- 
-- 

DIS- 
YOLVtO 

I R O N  
( F E I  

( U G I L )  

200 -- -- 
<20 -- 

O I S -  
SIJLVEO 
SODIUM 

( N A I  
(MG/L I  -- 

4 3  
4 6  
48 
49 

-- 

D I S -  
SOLVED 
FLUO- 

R I D E  
( F l  

(MG/L I  

2.9  

2.6 
2.6 
1.6 

2.8 

-- 

DIS- 
SCLl lEU 
COPPER 

( C U I  
(UG/L) 

-- -- -- 
< l o  -- 

PEUCENT 
SODIUM 

-- 
91 
90 

94 

-- 

DIS- 
SOLVED 
S l L I C A  
( S I O L I  
(MG/L I  

-- 
47 
57  
55 
s4 

5 2  

TOTAL 
I t fON 
(FEI 

(UG/LJ 

-- -- 
0 -- -- 

E STA- DATE 
T I O N  OF 

LETTEH SAMPLE 

HAUD- 
NESS 

(CAtMGI  
(MGIL)  

15 
5 

1 0  

5 
-- 
-- 

ALKA- 
L I N I T Y  

AS 
CAC03 
(CG/L) 

7 5  
74 
7 4  
7 0  
d l  

-- 

DIS- 
SOLVED 
80RON 

(81 
( U G / L I  

-- 
2 2 0  

4 0  
< l o o  

TEMPER- 
ATURE 

(OEG C) 

46.0 -- -- 
4b.5 
49.0 

47.6 

CAR- 
BONATE 
( C 0 3 1  
(MG/L I  

2 1  
2 
3 
4 -- 

-- 

DATE 
OF 

A 6 4 - 0 8 - 0 6  
A 6 7 - 0 9 - 2 1  
A 72-07-27 
A 74-08-20 
A 74-08-23 

A 7 6 - 0 7 - 2 2  

3.5 86 
.7 17 
.7 77 

1.0 99 

I: OIS- 
SOLVED 

D I S -  AMMONIA DIS- 
LAR8ON SOLVED 

DIOXIDE SULFATE 
( C 0 2 1  (SO41 
(MG/L) (MG/L I  

-- 2 5  
1.4 2b 

.5 2 9  

.2 27 -- 3 2  

-- 30 

STA- OATE 
T I ' M  UF 

LETTER SAMPLE 1' 
A 6 4 - 0 8 - 0 6  
P. 6 7 - 0 9 - 2 1  
A 7 2 - 0 7 - 2 7  
A 74-06-20 
A 79-06-23 

A 76-07-22 * c  D I S -  

CAD- SJLVED 
SOLVE0 D I S -  

D I S -  
SOLVED 

MAN- 
CANESE 

(MN) 
( U G / L I  

-- -- 
0 

< 2 0  -- 

STA- 
T I O l "  

-II A 6 4 - 0 8 - 0 6  
A 6 7 - 0 9 - 2 1  
A 72-07-27 
P. 74-Ob-20 
A 74-08-23 L 

D I S -  
01s- DIS- 01s- DIS- SOLVED 

STA- 
T I U N  

LETTEH 

D A l C  SOLJEO 
OF YtkCURY 

( U G / L I  
SAMPLC (HGI  

SOLVED 
Z I N C  
( Z N I  

SOLVEU 
CESIUM 

(CS) 
(( IG/Ll  (UG/L)  I: 

A 6 4 - 0 8 - 0 8  -- 
A 6 7 - 0 9 - 2 1  -- 
A 1 2 - 0 7 - 2 7  -- 
A 74-OR-20 <.l 
A 74-08-23 -- 

18 
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TABLE TI O CHEMICAL ANALYSES OF WATER FROM THE PULLER HOT SPRINGS AREA 

STATION NUM0ER STATION LETTER AN0 NAME 

451017112090700 A PULLER NARM SPRING 
A PULLER NARM SPRING 

451018112090701 0 PULLER HOT SPRINGS 
451032112082701 C MALONEV COLD SPRING 

NON- 
CAR- 

STA- DATE HARD- BONATE 
TION OF TEMPER- NESS HARD- 

LETTER SAMPLE ATURE (CApMG) NESS 
(DEC C )  (MG/L) (MG/L) 

A 73-07-21 43.0 220 -- 
A 76-05-14 41.0 240 0 
B 76-05-14 44.4 220 0 
C 76-05-14 13.0 340 94 

DIS- 
SOLVED 

CAL- 
C IUM 
( C A I  

(MG/L) 

58 
64 
56 
83 

DATE SAM- 

SPC- 
C I F I C  
CON- 
DUCT- 

OF PLED FLOH ANCE pn 
SAMPLE BY RATE (MICRO- 

(GPH) was) (UNITS) 

K 7.0 73-07-21 -- 
76-05-14 USGS 1.5 lb8O 7 . 3  
76-05-14 USGS 50 1680 7.7 
76-05-14 US69 50 605 7.6 

DIS- DIS- 
SOLVED SODIUM SOLVED 

MAG- DIS- AD- PO- ALKA- 
NE- SOLVED SORP- T I S -  B ICAR-  CAR- L I N I T Y  
S IUM SODIUM PERCENT T ION S IUM BONATE BONATE AS 
(MG) (NA) SODIUM R A T I O  (K) tHC03) (C03) CACO3 

(MG/L) (MGIL)  (HG/L l  (MG/L) (MG/L) CMG/L) 

I 9  250 69  7.3 20 -- -- -- 
io 330 i z  9 ; 2  24 537 0 440 
19 330 74 9.7 24 51 I 0 419 
33  23  12 .5 8.1 305 0 250 

D I S -  D I S -  DIS- 
DIS- D I S -  SOLVED 019- SOLVED SOL- 

D I S -  SOLVED SOLVE0 DIS- SOLIDS SOLVEO N I T R I T E  VEO- 
STA- DATE CIRBON SOLVEO CHLO- FLUO- SOLVED (SUM OF SOLIOS PLUS PHOS- 
lIOM OF D I O X I D E  S U L F I T E  R I D E  R I D E  S I L I C A  CONSTI- (TONS NITRATE PHORUS 

tMG/L)  (MG/L) (MG/L) (MG/L) (MG/L) (MGIL)  AC-FTI  (MG/LI  (MG/L) 
LETTER SAMPLE ( C O Z )  (SU4) (EL )  (F)  (SIOZ) TUENTS) PER ( N l  ( P I  

-- -- -- -- A 73-07-21 -- -- 91 -- 20 
A 7b-05-14 43  370 91 2.1 32 1200 1.63 .Ob .uo 
B 76-05-14 16 350 91 2 .2  33  1160 1.58 .oo .oo  
C 76-05-14 12 130 12 -7 40 482 .66 .I1 .or 

STA-  DATE 
T I O N  OF 

LETTER SAMPLE 

OIS-  
SOLVED 

ARSENIC 
(AS) 

(UG/L) 

D I S -  
SOLVED 
BERVL- 

L I U M  
(BE) 

(UGfL) 

D I S -  
SOLVED 
BOUUN 

(8)  
(UG/L I  

D I S -  
SOLVED 

CAD- 
MIUM 
(CD) 

(UGIL )  

DIS- 
SOLVED 

(L I )  
(UG/L) 

L I in1 un 

D I S -  
SOLVED 
COPPER 

( C U I  
(UGIL )  

O I S -  
SOLVED 

IRON 
(FE) 

(UGIL )  

DIS- 
SOLVEO 

LEAD 
(P01 

(UGIL )  

D I S -  
SOLVED 

MAN- 
6ANESE 

(MN) 
(UG/L) 

UIS- 
SOLVED 

MEHCURV 
(HG) 

(UG/L) -- -- -- -- -- 690 -- 200 -- 60 
40 4 30 .o A 76-05-14 

690 B 76-05-14 34 0 
C TI-05-14 -- -- 70 

0 -- -- 0 190 
30 -- 00 -- -- 

D I S -  D I S -  D I S -  D I S -  
SOLVED D I S -  SOLVED SOLVED SOLVED DIS- 

STA- DATE MOLVB- SOLVED SELE- STRON- VANA- SOLVED 
T I U N  OF DENUM N I C K E L  k I U M  T I U M  DIUM Z I N C  

L E T l E R  SAMPLE (MO) ( N I I  ( S E I  (SRJ ( V I  (LN) 
(UG/L) (UG/L) (UG/L) (UG/L) (UG/L) (UG/L) 

A 
a 
C 

-- -- 76-05-14 -- -- -- 1100 
3 0 1000 76-05-14 3 

76-05-14 -- -- ..- 810 
.O 20 -- -- 
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TABLE  CHEMICAL ANALYSES OF WATER FROM THE SILVER STAR (BARKELLS) HOT SPRINGS AREA 

STATION NUMBER STATION LETTER AND NAVE 

454015112181501 A 
454106112171100 8 
454107112174200 C 

C 
454107112174201 D 

D 
D 
D 
D 

454109112165900 E 

454213112200200 F 
454243112210200 G 

STA- DATE 
I l O N  OF 

LETTER SAMPLE 

A 76-05-14 
8 76-12-15 
C 76-12-15 
C 77-06-21 
D 64-08-05 

D 67-09-21 
D 72-07-10 
D 74-08-18 
D 74-08-21 
E 76-09-09 

F 76-09-09 
G 76-09-09 

S T A -  D A I E  
T I O N  . OF 

LETTER SAMPLE 

A 76-05-14 
8 76-12-15 
C 76-12-15 
C 77-06-21 
D 64-08-05 

D 67-09-21 
D 72-07-10 
D 74-08-18 
v 74-08-21 
E 76-09-09 

F 76-09-09 
G 76-09-09 

PM 

(UNITS) 

8.3 

7.6 
-- 
-- -- 

8.3 
8.4 
8.2 -- 
n.8 

8.3 
7.6 

BICAR-  
BONATE 
tMC03)  
(WGIL)  

234 
269 
176 

180 

210 
140 
170 
190 
196 

168 
126 

-- 

SILVER STAR COLD SPRING 1 
SILVER STAR COLD WELL OZS06NOlCDD 
SILVER STAR MOT SPRlhGS AT GRATE 
S ILVER STAR MOT SPRINGS AT GRATE 
S ILVER STAR MOT SPRINGS 

S ILVER STAR MOT SPRINGS 
S ILVER STAR HOT SPRINGS 
S ILVER STAR MOT SPRINGS 
S ILVER STAR MOT SPRINGS 
JEFFERSON RIVER AT S ILVER STAR 

S ILVER STAR COLD SPRING 2 
S I L V E R  STAR COLD SPRING 3 

TEMPER- 
ATURE 

(DEG C) 

10.0 

72.2 
72.7 
69.0 

67.0 

71.5 
71.0 
14.5 

12.0 
10.6 

-- 

-- 

CAR- 
BONATE 
(C03) 
(MG/L) 

0 

0 

0 

0 
0 
2 

8 

0 
. o  

-- 
-- 

-- 

STA- DATE 
T l O N  OF 

LET I E R  SAMPLE 

A 
R 
C 
c 
0 

D 
Li 
D 
D 
E 

F 
G 

76-05-14 
76-12-15 
76- 12-15 
77-06-21 
64-08-05 

67-09-21 
72-07-10 
74-08-18 
74-08-21 
76-09-09 

76-09-09 
76-09-09 

NON- 
CAR- 

MARD- BONATE 
NESS HARD- 

(MGIL)  (MC/L) 

290 96 
170 0 
26 0 

31 0 

25 ' 0 
32 0 
24 0 
26 0 
210 34 

150 16 
130 25 

(CAIMGI NESS 

-- -- 

ALKA- 
L I N I T Y  CARBON 

192 1.9 
221 -- 
144 7.1 

148 -- -- -- 
173 1.7 
120 -9 
143 1.8 
156 -- 
174 .5 

138 1.3 
103 5.1 

D I S -  
SOLVED 

D I S -  N I T R I T E  
SOLVED PLUS 

NITRATE NITRATE 

019- 
SOLVED 

CAL- 
C IUM 
( C A I  

(MG/L) 

82 
48 
9.5 

8.0 

9.1 
9.1 
9.3 
9.6 
52 

40 
33 

DIS- 
SOLVED 

SULFATE 
(904) 
(C(G/L) 

64 
220 
190 

200 
-- 

LOO 
230 
190 
190 
68 

48 
50 

D I S -  
SOLYED 

SPE- 
C I F I C  
CON- 

PLED L I N G  RATE ANCE 
DATE 'SAM- SAMP- FLOW DUCT- 

UF  
SAMPLE e y  DEPTH GPM) (MICRO- 

(FT)  MHOS) 

76-05-14 US65 
16-12-15 USGS 
76-12-15 USES 
77-06-21 USGS 
64-08-05 MS8M 

F R  67-09-21 
72-07-10 MBMG 
74-08-18 . M 
74-08-21 RFS 
76-09-09 USGS 

76-09-09 USGS 
76-09-09 US69 

D I S -  
SOLVED 

MAG- 
NE- 
S IUM 
(MG) 

( M W L )  

20 
1 1  
.3 

3.0 

.3 
2.2 
.3 
.5 

-- 

19 

13 
11 

019- 
SOLVED 
CHLO- 
R I O E  
(CL)  
(MG/L) 

19 
22 
.29 
32 
34 

31 
22 
31 

11 
-- 
8.2 
6.6 

D I S -  
SOL- 
VED- 
PMOS- 

PMORUS 
( P I  

(MG/L) 

.oo -- -- -- -- 
-- -- -- -- -- -- -- 

019- 
SOLVED 
SODIUM 

( N A I  
(MG/L) 

31 
140 
170 -- -- 
170 
170 
170 
170 
20 

13 
I1 

D I S -  
SOLVE0 
FLUO- 

R I D E  
(F) 

(MG/L) 

.8 
7.0 
8.9 

8.0 

9.2 
8.7 
5.4 
.u 
.5 
.2 

D I S -  
SOLVED 
ORTMU. 
PHOS- 
PHORUS 

( P I  
(MG/L) 

-- 
-- 

-- -- -- -- -- -- -- -- -- 
-03 

-06 
-04 

PERCENT 
SODIUM 

19 
63 
92 -- -- 
91 
90 
92 
91 
17 

15 
15 

019- 
SOLVE0 
S I L I C A  
(9102) 
(MG/LI  

25 

110 
110 

-- 
-- 

100 
120 
110 
110 
19 

21 
24 

D I S -  
SOLVED 
ORTMO 
PMUS- 
PMATE 
(PO41 
(MG/L) -- -- -- -- -- 

-- -- -- -- 
.09 

.I8 

.12 

SODIUM 
AD- 

SORP- 
T I O N  

R A T I O  

.a 
4.7 
15 -- -- 
I5 
13 
15 
14 
.6 

.5 

.4 

D I S -  
SOLVE0 
SOLIDS 

(SUM OF 
CONSTI- 
TUENTS) 

(WGIL)  

361 

612 
-- 
-- -- 
624 
712 
612 

305 

235 
203 

-- 

574 
931 
917 
918 -- 
-- 
847 
808 

471 

365 
266 

-- 

D I S -  
SOLVED 

PO- 
TAS- 
S I U M  
(K) 

(MC/L) 

3.2 

6.7 
10 -- -- 
8.8 
6.4 
6.4 
6.9 
9.4 

7.0 
4.8 

D I S -  
SOLVED 

h I T R A T E  
(N) 

(MG/L) -- -- 
e- -- 

.uo -- 
-09 -- -- -- 
-- -- 

L 
L 

c 
I; 

'I' 
L: 
L 
t, 
1; 
i- 
t 

20 t, 



L 

L 
L 
E '  
b 

TABLE 10, --CHEMICAL ANALYSES OF WATER FROM THE SILVER STAR (BARKELLS) HOT SPRINGS AREA--CONTINUED 

STA- DATE 
T ION OF 

LETTER SAMPLE 

A 1 76-05-19 
76- 12- 15 : I  64-08-05 

0 67-09-21 
D 72-07-10 

D 14-08-18 
D 74-08-21 
E 16-09-09 
F 76-09-09 
G 76-09-09 

O I S -  
SOLVED 
BORON 

( 8 )  
(UG/L)  

60 
260 

320 

250 
450 
50 
30 
20 

-- 
-- 

D I S -  
SOLVED 

L I T H I U M  
(L I )  

( U G / L I  

0 
380 

360 
380 

340 
320 
10 
0 
0 

-- 

STA- DATE 
T I O N  OF 

LETTER SAMPLE 

A 76-05-14 
C 76-12-15 
D 64-08-05 
D 67-09-21 
D 72-07-10 

D 79-08-18 
D 74-08-21 
E 76-09-09 
F 16-09-09 
G 76-09-09 

D I S -  
SOLVED 
STRON- 

TIUM 
(SR) 

(UG/L) 

360 
510 -- -- -- 
-- -- 
430 
210 
170 

D I S -  D I S -  
SOLVED SOLVED 

IRON LEAD 
(FE)  (PSI  

( U G / L I  (UG/L) 

AU 
0 
( 

D I S -  

I- 
UM 
81 

sa WED 

(UG/L) 

D I S -  
SOLVED 

MAN- 
GANESE 

(MNI 
(UG/L) -- 

40 -- -- 
20 

20 

20 
10 
0 

-- 



TABLE  CHEMICAL ANALYSES OF WATER FROH THE RENOVA HOT SPRINGS AREA f 
hii 

SPE- 
C I F I C  
CDN- 

- D A I E  . SAM- DUCT- 
OF PLED FLon ANCE P H  

SAMPLE BY RATE (MZCRO- 
(GPMCO MHOS) (UNITS) 

76-08-13 USGS -- 440 s.7 
16-08-13 US63 40 1100 7.5 
77-06-21 US53 40 995 -- 

STATIDN NUMBER STATION L E T I E R  AND NAME 

454728112073SOD A JEFFERSON R AT RENOVA HOT SPRINGS 
454730112073SOO 8 RENOVA HOT SPRIN6S OlN04#32DSC 

B RENOVA HOT SPRINGS OlNO4W32DBC 

t; 
D I S -  

SOLVED 
MAG- 
NE- 
S IUM 
(MG) 

(MGIL)  

18 
13 -- 

D I S -  
SOLVED 

PO- 
TAS- 
S I U M  
(K) 

(MG/L) 

4.4 
13 -- 

NON- 
CAR- 

STA- DATE HARD- BONATE 
T I O N  OF TEMPER- NESS HARD- 

LETTER SAMPLE ATURE (CA,MG) NESS 
(DE6 C) (MG/L) (MGIL)  

A 76-08-13 21.0 220 43 
0 8 76-08-13 50.0 180 

0 17-06-21 48.9 -- -- 

D I S -  
SOLVED 

CAL- 
C IUM 
( C A I  

(MG/L) 

59 
51 -- 

SODIUM 
D I S -  AD- 

SOLVED 80RP- 
SODIUM PERCENT T I O N  

(NA) SODIUM R A T I O  
(MG/L) 

19 15 -6 
150 62 4.9 -- -- -- 

ALLA- 
L I N I T Y  

AS 
CACO3 
(MG/L) 

179 
254 -- 

BICAR-  
BONATE 
(lit031 
(MG/L) 

208 
310 -- 

CAR- 
BONATE 
(COS) 
(MG/L) 

5 
0 -- 

DIS- 019- D I S -  D I S -  D I S -  
01s- D I S -  SOLVED D I S -  SOLVED SOL- SULVED SOLVED _ _ _  _. 

D I S -  S 6 i i E D  S 6 i i E D  DIS- SOLIDS SOLVED N I T R I T E  VED- ORlHO. ORTHO 

T I O N  OF D I O X I D E  SULFATE R I D E  R I D E  S I L I C A  CONSTI- (TON8 N ITRATE PHORUS PHORUS PHATE 
L E T I E R  SAMPLE (COZ) (504) (CL)  (F) (S IO2)  TUENTSI PER (N) (P)  ( P I  ( P O I )  

STA-  DATE CARBON SOLVED CHLO- FLUO- SOLVED (SUM OF SOLIDS PLUS PHOS- pnos- PHDP 

(MG/L) (MGIL )  (WGIL)  (MG/L) (MG/L) (MG/L) I C - F T )  (MG/L) (MG/LI  (MG/L) (MG/L) -- .01 .03 -- -- A 76-08-13 .7 71 9.9 .4 17 307 .42 .01 
0 16-08-13 14 roo 
B 77-06-21 -- -- 34 -- 655 -89 .01 -.03 -- -- -- 34 3.0 37 -- -- -- 

-L D I S -  
DXS- 

SOLVED 
BORON 

( 8 )  
(UG/L) 

D I S -  
SOLVED 

CAU- 
Y IUM 

DIS- DIS- 
SOLVED 
COPPER 

(CUI  
( U G I L I  

DIS- 
SOLVED 

IRON 
(FE) 

(UG/L) 

DIS- 
SOLVED 

LEAD 
(P8) 

(UG/L) 

D I S -  
SOLVED 

MAN- 
D I S -  

SOLVED 
D I S -  

S l A -  DATE SOLVED 
TION OF ARSENIC 

(UG/L) 

A 76-08-13 -- 
L E T l E R  SAMPLE (AS) 

8 76-08-13 19 

SOLVED 
BERVL- 

L I U M  
SOLVED 

L I T H I U M  
(L I )  

(UG/L) 

GANESE 
(MN) 

(UG/L) 

MERCURY 
( H G l  

(UG/L) L 
D I S -  DIS- 013- D I S -  

SOLVED. 019- SOLVED SOLVED SOLVED D I S -  

TION OF DENUM N I C K E L  N I U H  T I U M  D I U H  Z I N C  
LETTER SAMPLE (MO) ( H I )  ( S E I  (SR)  ( V I  (ZN) 

SIA- OATE cIoLve- SOLVED SELE- STRON- VANA- SOLVED 

(UG/L) (UGIL )  (UG/L) (UG/L) (UGIL )  (UG/L) -- -- A 76-00-13 -- -- -- 440 
B 76-08-13 0 u 0 850 .3 0 

22 



STATION NUMBER 

455344112135200 
455347112143400 

STA- D I T € -  
TION OF 

LETTER SAMPLE 

A 71-06-21 
B 64-08-06 

8 14-os-18 
0 74-08-25 

B 71-06-21 
8 77-06-21 

B 67-09-29 

STA- DATE 
TION OF 

LETTER SAMPLE 

A 71-06-21 
B 64-08-06 
B 67-09-29 
8 14-08-18 
B 74-08-23 

6 77-06-21 
B 71-06-21 

TABLE  CHEMICAL ANALYSES OF WATER FROM THE PIPESTONE HOT SPRINGS AREA 

STATION LETTER AN0 NAME 

A PIPESTONE HOT SPRINGS DONNSTREAM FROM POOL 
B PIPESTONE HOT SPRINGS AT P I P E  
B PIPESTDNE HOT SPRINGS AT P I P E  
6 PIPESTONE HOT SPRINGS AT P I P E  
B PIPESTONE HOT SPRINGS A T  P I P E  

B PIPESTONE MOT SPRINGS AT P I P E  
B PIPESTONE HOT SPRINGS A T  P I P E  

TEMPER- 
ATURE 

[DEG C) 

30.8 
57.0 
61.0 , 
51.0 
61.0 

60.0 
60.0 

O A T €  
OF 

SAMPLE 

77-96-21 
64-06-06 
67-09-29 
74-00-18 
74-0e-a 

17-06-21 
77-06-21 

D I S -  
NON- D I S -  SOLVED 
CAR- SOLVED MAG- O I S -  

C i L -  
CIUM 
( C A I  

(YG/L)  

3.1 
4.0 
3.0 
2.6 
2.6 

3.2 -- 

NE- 
SIUM 
(MG) 

(MG/L) 

.I 

.O 

.I 
a.1 

.O 

.O -- 

.SOLVED 
SODIUM 

(NA) 
(MG/L) 

100 

100 
98 
100 

98 

-- 

-- 

SAM- 
PLED 

BY 

USGS 
MS0H 

FR 
M 

RFS 

USGS 
USGS 

FLOW 
RATE 

(CPM) 

13 
13 

SPE- 
C I F I C  
CON- 
DUCT- 
ANCE 

(MICRO- 
MHOS) 

592 -- -- 
455 -- 
523 
523 

PH 

(UNITS)  

8.1 

8.2 
0.7 

-- 
-- 
9.1 -- 

01s- D I S -  
SODIUM SOLVED SOLVED 

AD- SOOIUM PO- 
sow- 

PERCENT T ION 
SODIUM R A T I J  

95 15 

94 15 

96 17 

95 15 

-- -- .- -- 
-- 

TAS- 
SIUM 
(lo 

(MG/L) 

2.1 

4.1 
1.9 
2.0 

1.9 

-- 

-- 

BICAR- 
BONATE 
(HC03) 
(MG/L) -- 

l o  
102 
100 
134 -- -- 

D I S -  01.9- D I S -  
01s- D I S -  SOLVED SOLVED SOLVED 

ALKA- 01s- SOLVED SOLVED D I S -  SOLIDS D I S -  D I S -  N I T R I T E  AMMONIA 
CAR- L I N I T Y  CARBON SOLVED CHLO- FLUO- SOLVED (SUM OF SOLVEO SOLVEO PLUS NITRO- 

BONATE AS D I O X I D E  SULFATE R I D E  R I D E  S I L I C A  CONSTI- NITRATE N I T R A T E  N I T R A T E  GEN 

(MG/L I  (MG/L) CMG/CI (MG/L) C*G/LJ CMG/L) (MG/LJ CMG/L) (MG/L) (MG/L I  (MG/L) (MGIL)  

0 -I 0- 95 22 5.5 70 -- I- -- .01 -- 
18 87 -- 93 24 5.4 -- -- .oo .oo -- -- 
4 -- -- -- <.lo 
0 84 1.0 94 23 -- 59 334 

89 .3 94 20 5.3 66 -- 
0 110 -- 99 27 3.1 66 366 -- -- -- -- -- -- -- 91 22 5.6 61 -- -- -- .01 -- -- -- .I -- ..- -- 67 -- -- -- -- -- 

(C03) t A C O 3  (CDZ) (904) ( C L )  (F) (9102) TUENTS) (N) (NO31 (N)  (N) 

-- -- -- -- 

SlA- DATE 
TION OF 

LETTER SAMPLE 

D I S -  
SOLVED, 
ALUM- 
INUM 

(AL) 
( U C / L l  

D I S -  
SOLVED 
BORON 

( 0 )  
(UG/LJ 

D I S -  
SOLVED 

L I T H I U M  
(L I )  

(UG/LJ 

D I S -  
SOLVED 

IRON 
(FE) 

(UG/L3 

D I S -  
SOLVED 

MAN- 
GANESE 

(HN) 
(UG/L) 

D I S -  
SOLVED 
STRON- 

T I U M  
(SR) 

(UG/L) 

4 90 l o  -- -- 
*20 -- -- 

90 -- 100 
100 9 -- A 17-06-21 -- 290 

0 64-08-06 -- -- 
B 67-09-29 -* 350 
B 14-08-10 15 280 90 
0 14-08-23 -- 500 90 

-- -I -- 
c- 

B 71-06-21 -- 290 90. 60 0 100 

23 



TABLE U.--&EMICAL ANALYSES OF WATER FROM THE BOUDER (DIAMOND S) HOT SPRINGS AREA 

& 

I -’ 
id 

SPE- 
C I F I C  
CON- 

D A I E  SAM- FLOW OUCT- 

SAMPLE BY (GPM) (MICRO- 
OF PLED RATE ANCE pn 

wnos) (UNITS) 
STATION NUMBER STATION LETTER AND NAME 

16-03-26 USGS 
64-11-24 MSBM 

FR 61-09-21 13-07-28 
K 

14-08-21 RFS 

14-08-22 M 
16-03-26 USGS 
16-04-27 USGS 

311 -- -- -- -- 
523 
519 
622 -- -- 
525 -- 

D I S -  
SOLVED 

PO- 
TAS- 
S I U M  
((0 

(MG/L) 

3.0 

5.5 
2.5 
3.8 

3.8 
4.0 
3.8 
3.1 
3.2 

3 .8  
3.3 

-- 

1.9 

8.4 
8.3  

-- 
-- -- 

8.8 

7.0 
1.0 

-- 

i -4 
t 

461054112061000 A BOULDER COLD SPRING OSN0411bDCA 
461153112053100 B BOULDER HOT SPRINGS 05NO411OCAB 

8 BOULDER HOT SPRINGS OSN04110CAB 
8 BOULDER HOT SPRINGS 05N04110CAB 
B BOULDER HOT SPRINGS 0SN04110CAt)  

B BOULDER HOT SPRINGS 05N04WlOCA8 
8 BOULDER HOT SPRINGS 05N04WlOCAB 
B BOULDER HOT 8PRINGS OSN04NlOCAB 

461153112053101 C BOULDER SPRING 1 
461153112053102 D BOULDER SPRING 2 

13-0 l-a8 
73-07-28 

14-08-22 
13-01-28 

K 2.0 
K 5.0 

461153112053103 E BOULDER SPRING 3 
461153112053704 F BOULDER T U N M L  

8.5 
7.0 

M -- 
K 2.0 

D I S -  
SODIUM SOLVED 

AD- SODIUM 
SORP- PLUS 

T I O N  POTAS- 
R A T I O  S I U M  

CMG/L) 

D I S -  
SOLVED 

MAG- 
NE- 
S I U M  
(MC) 

(MG/L) 

9.0  
.O 
.o 
.l 
.o 

..1 
.1 
.o -- -- 

e. 1 -- 
013- 

SOLVED 
FLUO- 

R I D E  
(F) 

(MG/L) 

.4 -- -- 15 

6 .9  

11 
12 
12 -- -- 
1 1  -- 

D I S -  
SOLVED 

AMMONIA 
NITRO- 

GEN 
(N) 

(MGIL )  -- -- -- -- -- 
< . l o  -- -- -- -- 
< . l o  -- 

NON- 
CAR- 

BONATE 
HARD- 
NESS 
(HGIL )  

0 
0 
0 

0 
-- 
-- 

0 
0 -- -- 

-- -- 

D I S -  
SOLVED 

CAL- 
C IUM 
( C A I  

(MG/L l  

40 
4.0 
3.3 
6.0 
2.3 

2.2 
2.0 
2.3 

10 
10 

2.1 
10 

D I S -  
SOLVED 

R I D E  
(CL) 
CMGIL) 

1.1 

two- 

22 
11 
18 
24 

19 
11 
18 
22 
11 

19 
2 2  

01s- 
SOLVED 
SODIUM PERCENT 

STA- DATE 
T I O N  OF 

LETTER SAMPLE 

HYDRO- 
GEN 

SULFIDE 
(MG/L) 

HARD- 
NESS 

( CAr MG) 
(MG/L) 

BICAR-  
BONATE 
tHC03) 
(MG/L) 

TEMPER- 
ATURE 

(OEG C) 

12.0 
38.0 
67.0 
15.0 
76.0 

76.0 
76.0 
74.4 
59.0 
64.0 

62.0 
42.0 

CAR- 
BONATE 
(C031 
(MG/L) 

0 
15 
3 -- -- 
4 
0 -- -- -- 
3 -- 

L CNA) SODIUM 
(MG/L) 

A 16-03-26 
B 64-11-24 
8 61-09-21 
B 13-01-28 
B 74-08-21 

8 74-08-22 
E 16-03-26 
8 16-04-21 
C 13-01-28 
D 13-01-28 

E 74-08-22 
F 73-07-28 

180 
150 
110 

zoo 
161 
111 
169 

-- 

-- -- 
1 6 4  -- 

D I S -  
SOLVtD 

NITRITE 
PLUS 

NITRATE 
CN) 

(MG/L) 

.32 -- -- -- -- -- 

.oo 

.oo -- -- 
-- 
-e 

16 20 

120 94 
100 91 
124 96 

120 -- 
120 95 
120 96 

.)- -- 

-- -- 82 
14 

120 -- 
84 - 

D I S -  
SOLVED 

013- SOLIDS 
SOLVED (SUM OF 
S I L I C A  CONSTI- 
(S IOZ)  TUENTS) 

f :  
L: 

ALKA- 
L I N I T Y  

AS 
CAC03 
(MG/L) 

148 
148 
144 

164 

139 
140 
139 

-- 

-- -- 
140 -- 

CARBON 
D I S -  

SOLVED STA- DATE 
T ION OF 

LETTER SAMPLE 
D I O X I D E  

(C02)  
(MG/L) 

SULFATE 
(904) 
(MG/L) 

25 

95 
64  

100 

110 
95 
96 

100 
97 

106 
97 

D I S -  
SOL- 
VED- 
PMOS- 

PMORUS 
( P I  

(MG/Ll  

.04 

-- 

-- -- -- -- 
-- 

-03  
.01 
-I -- -- -- 

A 16-03-26 
B 64-11-24 
8 61-09-21 
8 13-01-28 
B 14-08-21 

B 14-00-22 
tl 16-03-26 
8 16-04-27 
C 73-01-28 
D 13-01-28 

t 14-08-22 
F 13-01-28 

19 
18 
19 

11 

14 
80 
1 4  

-- 

-- -- 
1 4  -- t 
STA- DATE 
T I O N  OF 

LETTEI? SAMPLE b; 
16-03-26 
64-1 1-24 
61-09-21 
13-01-28 
74-08-21 

74-08-22 
16-03-26 
16-04-27 
13-01-28 
13-07-28 

74-08-22 
13-01-28 

A 
t) 
b 

8 

8 
b 
B 
C 
D 

E 
F 

n L 
L 

24 



XJ 
L 
b 

L 

, t!' 

TABLE U.--CHEHICAL ANALYSES OF WATER FROM THE BOULDER (DIAMOND S) HOT SPRINGS AREA--~NTINUED 

D€S- D I S -  D I S -  
SOLVED D I S -  SOLVED D I S -  SOLVED D I S -  D I S -  D I S -  D I S -  D I S -  

S A -  - DATE ALUM- SOLVED BERYL- SOLVED CAD- SOLVED SOLVED SOLVED SOLVED SOLVED 
T ION , OF INUM ARSENIC L I U M  BORON MIUM L I T H I U M  COBALT COPPER IRON LEAD 

LETTER SAMPLE C A L I  (AS)  (BE) (8) (CD) ( L I )  (CO) ( C U I  (FE)  ( P B I  
( U G / L l  (UG/L) (UG/L) (UG/L) (UG/L)  (UG/L) (UG/L)  (UGIL )  (UG/L) (UG/L) 

S T I -  ' DATE 
TION OF 

LETTER SAWPLE 

A 16-03-26 
t) 64-11-24 

B 74-08-21 
B 70-08-22 

t) 16-03-26 
U 76-04-27 
E 14-08-22 

a 67-09-21 

D I S -  
SOLVED 

MERCURY 
(WG) 

(UG/L) 

.o -- -- -- 

.1 

.O 

.1 
-- 

D I S -  
SOLVED 
N I C K E L  

( N I I  

OIS- 
SOLVED 
SELE- 

NIUM 

DIS- 
SOLVED 
STRON- 

T I U M  

D I S -  DIS- DIS- 
TOTAL SOLVED SOLVED SOLVED 
F I L T -  GROSS GRUSS GROSS 

STA- D A I f  RABLE ALPHA BETA BETA 
T ION OF RESIDUE AS AS AS SR90 

L E T l E N .  SAWPLE U-NAT. CS-137 /Y90 
(MG/L) (UG/L) (PC/L)  (PC/L)  

B 16-04-21 430 <b.S 5.5 4.5 

D I S -  
SOLVED 

Z INC 
(ZN) 

(UG/L) 

i '  
Y 

i; 

i i  1 
25. 



TABLE 14.--CHEMICAL ANALYSES OF WATER FROM THE POTOSI (CLARK) HOT SPRINGS AREA, 

053519111535301 A 
A 

45352U111535200 - B 
4535211115355U2 C 

C 

C 
C 
C 
C 

4535211115356UO p 

.Q 
4535?1111535flOl E 
053522111535601 P 

F 
453524111535400 G 

STA- GATE 

LETTER JAMZLE 
T I O N  OF 

A 76-05-12 
A 77-01-15 
9 77-01-15 
C 64-11-24 
C 67-09-dl 

C 74-08-21 

C 76-05-17 
77-01-15 
67-09-21 

D 76-05-17 
F 76-05-12 
F 76-05-32 
f 77-01-15 
G 76-05-12 

G 77-01-15 

c 74-08-27 

G 

TEMPER- 
ATURE 

(DE6 C) 

23.0 
17.0 
5Z.b 
38.0 
51.0 

49.5 

50.0 
51 .o 

-- 
-- 

49.0 
12.0 
24.0 
39.0 
25.0 

13.0 

POTOSI DRAIN SUUTY 

POTRSI  HUT SPRINGS VENT 37 
POTOSI HUT SPRINGS VENT X 

P o T n s I  n h u u  SOUTH 

P a i n s 1  HOT SPRINGS v E w  x 

P n r o s x  HUT SPRING'I VENT x 
POTOSI HOT SPRINGS VENT X 

POTOSI HOT SPRINGS V E Y l  X 
POTOSI HUT SPRING3 VENT X 
POTOSI HOT SPRINGS VENT 17 

POTOSI HOT SPRiNGS VENT 17 
P n J O b I  COLD SPRIYG V E Y l  1fl 
P n l O S I  WARM S W I N G  V E N l  15 
POTOSI NARC( SPRING VENT 15 
P O T O S I  DHAIN NURTH 

' I  D k A I N  NORTM 

HARO- 
N t S S  

(CA rmG1 
(MG/L I  

22 
29 
30 
36 
28 

-- 
27 
26 
78 
3 3  

26 
73 
15 
29 
75 

26 

018- 
SOLVEV 

L A L -  
CIUt '  
(CA) 

1 l4C/L l  

1.b 
11 
12 
12 
1 1  

10 
1 1  
10 
1 1  
1 3  

10 
6.3 
5.9 

9.8 
1 1  

t u  

D I S -  
SOLVED 

UAC- 
NC- 
91UM 
(NG) 

(WGIL) 

.b 

.3 

.I 

.o 

<.l 

.O 

. I  

.> 

.o 
1.8 

- 1  
.4 
. l  

.2 

1 .n 

.n 

DATE 

SAMPLE 
nF 

76-05- 12 
77-01-15 
77-01-15 
64-11-20 
b7-09-2i 

74-08-21 
74-08-27 
76-05-12 
77-01-15 
b7-09-21 

76-05-1P 
76-05- 12 
16-05- 12 
77-01-15 
76-05-12 

17-01-15 

DIS- 
SULVED 
SUDIUM 

(NA) 
tMG/L) 

39 
A Z  
A9 

88 

91 
94 
86 

' 10 

-- 

n7 

79 

36 
88 
67 

RU 

5.b 

PLRCEiuT 
s n o I u M  

78 
&5 
&h 

86 
-- 
-- 
81  
87 
86 
a 4 
86 
54 
83 
86 
au 

a7 

SAW- 
PLED 

BY 

USGS 
USGS . 
USGS 
MSBH 

f R  

M 
M 

USGS 
USGS 

FR 

US63 
USGS 
U S 6 9  
U S 6 9  
USGS 

USGS 

SPE- 
C I F I C  
CDN- 
DUCT- 

fLON 4 N C t  
RATE (MICRO- 

pn 

(GPMI MHOS) (UNITS)  

SODIUM 
AV- 

SORP- 
T I U N  

R A T I O  

3.6 
6.7 
7.0 

7.3 
-- 
-- 

7.8 
7.5 
7.3 
6.6 

6.9 
.5 

4.0 
7.1 
5.8 

7.5 

240 -- -- -- -- 
U71 

500 
082 

-- 
-- 
507 
78 
inu -- 
420 -- 

D I S -  
SOLVED 

PO- 
TAS- 
SXUM 
(Io 

(WG/LI 

1.2 
1.6 
1.7 

3.6 

1.6 

-- 

1.9 
1.7 
1.7 
2.8 

1.b 
.8 

1.1 
1.7 
1.6 

1.7 

f 7 

8.0 
7.0 
7.0 -- 
n.3 

f 

f '  
hl 

e, 
-8: 

79 
67 

63 
bcl 
66 

t 

26 

f. 

t; 



TABLE ~~. - -CHEHICAL ANALYSES OF WATER FROM THE POTOSI (CLARK) HOT SPRINGS AREA--CONTINUED 

STA- . U E .  _ _  CAR- 
T I O N  OF BONATE 

LETTER SAPPLL ( C 0 3 )  
(MG/L) 

A 76-05-12 0 
A 77-01-15 -- 
0 . 77-01-15 -- 
c 64-11-24 0 
c 67-09-21 2 

C ' 74-08-21 2 
C 74-08-27 2 
C 76-05-12 0 
C 77-01-15 -- 
D b7-09-21 2 

D 76-05-1r1 0 
E 76-05-l? 0 
F 76-05-12 0 
F 77-01-15 -- 
G 76-05-12 0 

G 77-01-15 -- 

ALKA- 
L I N I T Y  

AS 
CAC03 
(MGIL )  

44 -- -- 
65 
58 

55 
7 2  
5 8  

60 

51 
25 
40 

53 

-- 

-- 
-- 

OIS- 
CAPBnN SOLVED 

U I O X I D E  SULFAIF: 
(L'IZ) (904) 
fMG/L) ( U C I L )  

-6  53 -- -- -- -- -- 140 
1.1 140 

.3  140 -- 160 
-3  I 3 0  -- 140 

2.9 140 

-4 120 
4.8 8.3 
7.8 46 

.5 98 
-- -- 
-- -- 

D I S -  
SULVED 
cnm- 
RIPE 
CCL) 
(MG/L) 

2.7 -- -- 
8.0 

.o 

5.9 
4.4 
5.8 
6.0 
2.5 

5.6 
1.1 
2.4 

4.5 
-- 
-- 

STA- DATE 
T I U N  OF 

LETTER SAMPLF 

01s- 
SOLVE0 
FLUO- 

R I D E  
( F )  

(uG/L )  

3.7 
*- -- 

5 . 0  -- 
6.2 
3.6 
6.6 -- -- 
5.9 
.4 

2.4 

5.0 
-- 
-- 

A 76-05-12 
A 77-01-15 
8 77-01-15 
C 64-11-24 
C 67-99-11 

c ?U-98-Z1 
C 74-04-27 
C 70-05-12 
C 77-01-15 
D 47-09-21 

D 76-05-12 
E 74-05-12 
C 76-05-12 
f 77-01-15 
G 76-05-12 

G 77-01-15 

I 

D I S -  
SOLVED 
S f L I C A  
(S IU2)  
(MG/LI  

31 -- .- -- 
41 

46 
47 
UU 
45 -- 
43 
21 
30 

39 
-- 
-- 

OIS- 

VF3- 

PHOKUS 
( P I  

(MG/L) 

snL- 

wos- 

D I S -  
SOLVCO 
SOLIDS 

(SUM OF 
CONSTI- 
TUENTS) 

(MG/L) 

1 66 -- ..- -- 
319 -- 
365 
318 -- -- 
296 

60 
149 

758 
.- 
..- 

- 
D I S -  

SOLVED 
01s- 015- N l T R I T E  

SOLVED SOLVED PLUS 
N I T K b T E  N ITRATE YXTRAlE  

(N) [NO31 (id) 
(MG/L) (MG/L) (MC/L) 



TABLE 14.--CHEMlCAL ANALYSES OF WATER FROM THE POTOSl (CLARK) HOT SPRINGS AREA--bNTIWUED 

' 1  ti 

STA- DATE 
T ION OF 

LETTER SAMPLE 

A 76-05-12 
c 64-11-24 
C 67-09-21 
C 74-08-21 
c 74-08-37 

' C 76-05-12 
C 77-01-15 
D 67-09-21 
D 76-05-12 
E 76-05-12 

F 76-05-12 
f 77-01-15 
G 76-05-12 
G 77-01-15 

019- 
SOLVED 
BORON 

(8)  
(UG/L) 

30 

250 
e20 

4100 

20 

300 
20 
EO 

20 

30 

-- 

-- 

-- 
-- 

S l 4 -  DATE 
TION OF 

LETTER SAMPLE 

OIS-  

CAD- SOLVED 
MIUM L I T H I U M  
(ED) ( L I I  

(UG/L) (UG/L) 

-- 20 

-- 80 
410 SO -- 60 

-- 60 -- 60 -- 60 -- 60 -- 0 

-- 30 -- 60 -- 50 -- 70 

SOLVED b1S- 

-- -- 

A 76-05-12 
C 64-11-24 
C 67-09-21 
C 74-08-21 
C 74-08-27 

C 76-05-12 
C 77-01-15 
D 67-09-21 
D 76-05-12 
E 76-05-12 

F 76-05-12 
F 77-01-15 
G 76-05-12 
G 77-01-15 

D1S- 
SOLVED 
IUICKEL 

( N I I  
( U G I L I  

D I S -  
SOLVED 
STRON- 

T I U M  
(SR) 

(UG/L I  

300 -- -- -- 
510 -- -- 
490 
120 

290 

460 
-- 
-- 

28 

D I S -  
SOLVED 

IRON 
(FE) 

(UG/L)  

130 
0 

e o  
-- -- 
IO -- -- 
40 

120 

200 

60 
-- 
-- 

D I S -  
SOLVED 

Z INC 

D I S -  
SOLVED 

MAN- 
GANESE 

(MN) 
(UC/L)  



STATION NUMBER 

445831111384300 
445833111390201 
445657111365200 
445902111364700 
445902111364701 

445908111364601 
445932111352000 

TABLE 15.--CHEMICAL ANALYSES OF WATER FROM THE WOLF CREEK HOT SPRINGS AREA 

STATION LETTER AN0 NAME 

SPE- 
C I F I C  
CON- 

SAM- ' F L O h  DUCT- 
PLED RATE ANCE 

DATE 
OF 

SAMPLE EY (GPUI (MICRO- 
MHOS1 

A MADISON R UPSTREAM FROM WOLF CR 10901E07DEC 76-08-13 USGS -- 218 
8 WOLF CREEK NARM SPRING 1 76-05-13 USGS 10 1200 
C NOLF CREEK COLD SPRING 10SOlE09EBC 76-08-13 USGS (1.0 283 
D 
E 

WOLF CREEK HOT SPRINGS lOSOlEOPE8B 
k O L F  CREEK HOT SPRINGS 

F NOLF CREEK WARM SPRING 1 
G WOLF CREEK NEAR MORAINE 10SOlEO3BDC 

_ -  
76-oe-iJ USGS 50- 679 
76-05-13 USGS. 53 659 

76-05-13 USGS 35 333 
97 76-08-13 USGS -- 

D I S -  D I S -  
NON- D I S -  SOLVED SODIUM SOLVED 
CAR- SOLVED MAG- DIS- AO- PO- ALKA- 

STA- DATE HARD- EONATE CAL- NE- SOLVED SORP- I A S -  BICAR- CAR- L I N I T Y  
T I O N  OF TEMPJZR- NESS HARD- C IUM S IUM SODIUM PERCENT T I O N  S IUM EONAT€ BONATE AS 

LETTER SAMPLE ATI)RE (CA,MGI NESS ( C A I  (MG) ( N A I  SODIUM R A T I O  ( K I  (HC031 (C031  CACO3 
(OEG C) (MG/L) (MG/LI  (MG/LI  (MG/LI  (MG/L I  (MG/L) (HG/L I  (MG/L) (MG/LI  

A 
I 
C 
0 
E 

F 
G 

76-08-13 18.5 52 0 15 3.6 20  44 1 .2 3.0 85 -- 70 
0 6.5 491 0 403 -- 138 

76-05-13 25.5 24 6.5 1.8 270 95 2#  
0 38 8.1 8.1 12 76-08-13 10.0 130 

76-08-13 67.0 -- -- 
76-05-13 68.0 15 0 4.7 .e 120 94 13 1.9 157 9 44 

19 
34 

1.4 168 -- .3 -- -- -- -- -- -- -- -- . 
62 0 19 3.5 49 63 2.7 1.6 145 0 

8 35 1 11 1.9 1.5 .1 .5 42 -- 76-05-13 23.0 
76-08-13 10.0 

S T I -  DATE 
TIOk OF 
E T I t H  SAMPLE 

A 76-08-13 
B 76-05-13 
C 76-08-13 
D 76-08-13 
E 76-05-13 

F 76-05-13 
G 76-08-13 

CARBON 
DIOXIDE 

t C D 2 1  
(MG/L I  

DIS- D I S -  D I S -  D I S -  019- 
D I S -  D I S -  SOLVED D I S -  SOLVED SOL- SOLVED SOLVED 

01s- SOLVED SOlVED 019- SOLIDS SOLVED N I T R I T E  VED- ORTHO. ORTHO 

SULFATE R I D E  R I D E  S I L I C A  CONSTI- (TONS N I I R A T E  PHORUS PHORUS PHATE 
SOLVED cnLo- FLUO- SOLVED (SUM OF SOLIDS PLUS PHOS- PHOS- PHDS- 

(SO41 ( C L I  ( F I  (51021 TJENTSI  PER ( N l  ( P I  ( P I  (PO41 
(MG/L I  (MC/L I  (MG/L I  (MG/L I  (MG/LI  I C - F T I  (MG/LI  (MG/LI  (MG/LI  ( M G I L I  

13 13 1.9 28 140 -19 -01 -- .02 -06  

-- .01 - 0 3  
80 49 21 38 -- -- 715 .97 .02 .oo 
7.1 .9 .3 16 163 . 22 .04 -- -- -- -- -- -- -- -- -- .. 

50 22 - 18 
53 23 18 55 363 .49 .01 -00  

.28 .oo .02 22 8.5 6.5 24 206 *- -- -- .oo .oo 5.8 . 3  - 1  6.4 49 .07 -06 

D I S -  
DIS-  SOLVED 

STA- D A l E  SOLVED BERYL- 
TlOk OF ARSENIC L I U M  

LETTER SAMPLE (AS) (BE) 
( U G / L I  CUG/LI 

A 76-08-13 -- -- 
b 76-05-13 
C 76-08-13 -- -- 
E 76-05-13 7 0 
F 76-05-13 -- -- 
G 76-08-13 

-- c- 

-- -- 

STA- D A I E  
T l O N  OF 

L k T T E R  SAMPLE 

A 76-08-13 
E 76-05-13 
C 76-08-13 
E 76-09-15 
F 76-05-13 

G 76-08-13 

OIS- OIS- 
019- SOLVE0 019- D I S -  UIS- 019- SOLVED D I S -  

8OLVED CAD- SOLVED SOLVED SOLVED SOLVED MAN- SOLVED 
BORON M I J M  L I l H I U H  COPPER IRON LEAD GANESE MERCURY 

(81 ( C D I  ( L I I  ( C U I  ( F E I  ( P E I  (MNI  (HGI  
( U G / L I  (UG/L)  (UG/L I  CUG/LI (UG/L I  (UG/L I  ( U G / L I  ( U G / L l  -- 20 -- 

0 
0 .O 

-- -- -- 140 -- 120 -- 190 -- lo -- 230 
190 

P O  
40 0 80 0 0 3 
40 -- 40 -- 140 

-- -- -- 120 -- 0 -- -- -- -- 0 -- 0 -- 100 -- 0 



TABLE 16.--CHEMICAL ANALYSES OF WATER FROM THE ENNIS (THEXTON) HOT SPRINGS AREA 

SPE- 
C I F I C  
CON- 

STATION NUMBER STATION LETTER AND NAME 

452159111435700 A 
452201111434600 8 
452202111445100 c 

C 
C 

452207111433700 D 
D 

452226111432700 E 

S l A -  DATE 
T I O N  OF 

LETTEH SAMPLE 

A 76-04-01 
B 71-09-07 
C -69-02-06 
C 76-04-01 
C 76-04-01 

D 76-04-01 
D 76-04-01 
E 77-11-05 

STA- DATE 
TIOk OF 

LETTER SAMPLE 

A 76-04-01 
Li 77-09-07 
C 69-02-06 
C 76-04-01 
C , 76-04-01 

D 76-04-01 
D 76-04-01 
E 77-11-05 

THEXTON COLD SPRING OSSOlN28DCD 
NELSON-R.LEE *ELL 
E N N I S  (1MEXTON) HOT SPRINGS 05SOlN28DCA 
ENNIS  (1MEXTON) MOT SPRINGS 05901N28OCA 
E N N I S  (THCXTONI HOT 8PRIMGS 0 5 S O l I 2 8 D C A  

THEXTON HOT HELL 05S01128OBD 
THEXTON HOT NELL  05$01h28D8D 
PRAY COLD SPRING 

TEMPEH- 
ATURE 

(DEG C) 

7.8 
16.0 

83.2 
-- -- 

72.2 

15.0 
-- 

MARD- 
kESS 

(CArMG) 
lMG/L )  

210 
180 
210 

17 -- 
18 

200 

NON- 
CAR- 

BONATE 
HAHD- 
NESS 
(MG/LI  

0 
11 
5 
0 -- 
0 

0 
-- 

D I S -  
SOLVED 

CAL- 
C IUM . 
( C A I  

(MG/L) 

50 
47 
32 

5.8 
5.6 

5.8 -- 
50 

O I S -  
SOLVED 

MAG- 
NE- 
S IUM 
(MG) 

(MG/L) 

80 
14 
20 

-6 -- 
.9 -- 

17 

01s- D I S -  
ALWA- DIS- SOLVtD SOLVED 
L I N I T Y  CARBON SOLVED CWLO- FLUO- 

AS D I O X I D k  SULFATE R I O E  H I D E  

(MG/L) (MG/L) (YG/L)  (HG/L) ( M G I L I  
CAC03 (COLI ( S O U )  (CL) ( F l  

209 8.1 34 19 
160 -- 33 21 
205 -- 30 72 

120 363 14 220 -- -- e- -- 
-- 250 110 

200 9.6 32 18 
-- -- -- -- 358 

.a 

.4 
- 3  

11 -- 
1 1  -- 

1 .2 

STA- DATE 
T I O N  OF 

LETTER SAMPLE 

A 76-04-01 
B 77-09-07 
C 69-02-06 
C 76-04-01 
C ' 76-04-01 

D 76-04-01 
D 76-01-01 
E . 77-11-05 

4) 

DATE SAM- SAIIP- ' FLON DUCT- 
OF PLED L I N G  RATE ANCE 

SAMPLE R V  DEPTH IGPM) (MICRO- 

76-04-01 USGS -- .20 *58 
77-09-07 U S 6 5  45 6.0 410 
69-02-06 ' MSBM -- 15 -- 
76-04-01 USCS 
76-04-01 USGS' 

76-04-01 USGS 
76-04-01 LJSGS' 
77-11-05 USGS 

D I S -  
SOLVED 
SODIUM PERCENT 

(NA) SOOIUM 
(MG/L) 

D I S -  
SOLVED 

D I S -  SOLIDS 
SOLVED (SUM OF 
S I L I C A  C O N S I I -  
(9102) TUENTS) 
(MG/LI  (hG/L)  

31 314 
41 284 

96 1030 
91 

-- -- 
-- 

98 104u 
95 -- 
41 311 

D I Y -  
SOL- 
VED- 

PHORUS 
( P I  

( Y G I L )  

.02 

PHOQ- 

-- -- 
.u2 

.03 -- -- 

SODIUM 
AO- 

SORP- 
T I O N  

R A T I O  

.8 

.7 -- 
36 -- 
34 -- 

-8  

D I S -  
SOLVED 
SOLIDS 
(TONS 

PER 
I C - F l )  

-43 
.39 

1.40 
-- 
-- 

1.41 

-42 
-- 

_ -  -- e o  1510 -- e o  1510 

U I S -  019- 
SOLVE0 SOLVED 
SODIUM PO- 

PLUS TAS- BICAR-  

DIS- . 
SOLVED 

D I S -  N I T H l T t  
SOLVtD PLUS 

NITI(A7E N ITRATE 



u 
I 

IJ 

TABLE 16.--CHEMICAL ANALYSES OF WATER FROM THE ENNIS (THEXTON) HOT SPRINGS AREA--CONTINUED 

OIS- D I S -  DIS- 
DIS- SOLVED 01.3- SOLVED D I S -  D I S -  01s- OIS- SOLVED D I S -  

STA- DATE SOLVED BERYL- SOLVED CAD- SOLVED SOLVED SOLVED SULVED MAN- SOLVED 
T ION OF ARSENIC L I U M  BORON MIUM L I T H I U M  COPPER IRON LEAD GANESE MERCURY 

(UG/L) I U G I L )  ( U G I L )  (UG/L) (UG/L)  ( U G / L I  (UG/LJ (UG/L)  ( U C / L I  ( U G / L I  
LETTER SAMPL€ (AS) (BE) ( 8 )  (CD) (L I )  (CUI (FEI (PB) (MN) (HG) 

D I S -  D I S -  01.9- DIS- 
SOLVED DIS- SOLVED SOLVED SOLVED D I S -  

S1A- DATE MOLYE- SOLVED SELL-  STRON- VANA- SOLVED 
T I O N  OF DENUM N I C K E L  N I U N  T I U M  DIUM ZINC 

LLTTER SIMPLE (MO) (kI) ( S E I  ( 3 R )  ( V I  (ZN) 
(UG/L) (UG/L) (UG/L) CUG/L) (UG/L) ( U C / L I  

1 I 270 3.4 0 

1 .2 0 

-- -- -- -- -- -- -- -- A 76-04-01 2 
E 77-09-07 -- -- -- 410 
C 69-02-06 
C 76-04-01 I2 7 0 180 
C 76-04-01 -- -- -- 160 

D 76-04-01 
E 77-11-05 

-- -- -- -- -- -- -- -- -- -- -- *- 260 -- 

n 



TABLE 17.- -CHEMICAL ANALYSES OF WATER FROM THE NORRIS 

. . , .  c 
(HAPGOOD, BEARTRAP) HOT SPRINGS AREA f '  

SPE- 
C I F I C  
CON- 

SAMP- DUCT- O A T €  SAM- 
OF PLED 

SAMPLE ey 

.._ 
L I N G  FLOH ANCE 

DEPTH k A T E  (MICRO- 
(FTI  (GPM) MHUSI 

S T L T I i l N  NUMBER STATION LETTER AND NAME 

470 
294 
730 
602 
662 -- -- 
903 

970 

970 

-- 

DIS- 

PO- 
TAS- 
SIUM 
(lo 

(MS/L) 

s o L v E n  

a534n3iii4iiioo A RO*F CCLD SPRING 
453413111412100 e HOT SPRINGS CQEEK AT NJRRIS 
~53419111410500 c kOl )QlS WARM CFLL ? 03SOldt4DAR2 
453421111410800 0 NORPIS (BEARTRAP) # E L L  

D l r O k R l S  (BFARTRAP) sELC 

76-03-31 USGS 
76-07-09 USGS 
76-00-14 USGS 
76-03-31 USGS 
76-03-31 USGS 

60-1 1-24 MSBH 

74-08-21 M 
74-06-27 RFS 
76-03-29 1 US65 

76-03-29 USGS 

67-09-29 FR 
453430111410000 E N O W I S  (YEAPTRAP) H O i  SPRINGS 

E NORRlS (MEARIPAP) hTJT SPRINGS 

E N W R l S  (BFARTPAP) HOT SPRINGS 
E NORRIS (BEARTRAP) hOT SPRINGS 

E NORPIS (BFAPTRAP) HOT SPaINGS 

E hnRwis (BEARTRAP) Hnr SPRINGS 

D I S -  
Sl lLVED 

M4G- 
NE- 
YIUW 
(MG) 

(MG/L l  

12 
8.1 
5.4 
7.2 -- 

l o  
3.0 
3.2 
2.6 
3.2 

-- 

D I S -  
SULVED 
FLUO- 
dIOE 
(F) 

(MG/L) 

2.4 

5.4 
4.9 

-- 
-- 

8.5 

1.4 
4.4 
8.1 

-- 

-- 

DON- 
CAR- 

RLlNATt 
HARD- 
NESS 
(Ur./L) 

01s- 
SOLVED 

CAL- 
CIUM 
(EA)  

(UG/L) 

36 
32 
22 
23 
22 

35 

17 
19 
19 

18 

6.1 

n is -  
SOLVE0 
CHLO- 
R I D E  
(CL)  
(Yb/L)  

1 1  

16 
13 

6.5 

-- 
25 

23 
27 
2z 

in 

-- 

SDUIUM 
AD- 

SORP- 
T I O N  

R A T I O  

2.2 
-6  

5.6 
-- 
-- 
-- 

15 
1 1  
12 
11 

-- 

C I S -  
SOLVED 
SOLIDS 
(TONS 

PER 
A t - F T )  

.4B -- -- 
a 62 -- 
-- -- -- -- 
.a9 -- 

STA- DATE 
T I O N  OF 

LETTER SAMPLC 

HARD- 
NFSS 

( C A e M G I  
( M G l L )  

i4o 

i n  
110 

TEMPER- 
ATURE 

(DEC C )  

A 76-03-31 
8 76-07-09 
C 76-08-14 
D 76-03-31 
D 76-03-31 

E 64-11-24 
E 67-09-29 

E 74-00-27 
F 76-03-29 

E 76-03-29 

E 74-on-21 

12.0 
17.5 
21.0 
1a.n 
14.0 

0 
27 

8.0 
2.9 

1 Z P  
33 
56 

-- 
41.0 
52.5 
45.0 
50.0 

-- 

ALKA- 
L I N I T Y  

dS 

D I S -  
SULVED 

SULFATE 
S T A -  DbTE 
T I O N  OF 

LETTER SAMPLE 

RICAR-  
HUNATE 

(MG/L) 

219 
105 
310 
294 

(HCOI) 

-- 
390 
530 
5R0 
400 
363 

-- 

CACU3 
(c;G/L) 

(SO41 
(MG/L) 

70 
18 
110 
n9 -- 
130 
150 
130 
1q0 
130 -- 

A 76-03-31 

C 76-08-14 
D 76-03-31 
0 76-03-31 

E bP-ll-24 
E 67-09-29 
E 74-08-21 
E 74-08-27 
E 76-03-29 

e 76-07-09 

c 7b-n3-29 

370 
2A6 
313 
326 
314 

1 .R 
15 

B 



TABLE 17, *-CHEMICAL ANALYSES OF WATER FROM THE NORRIS (HAPGOOD, BEARTRAP) HOT SPRINGS AREA--CONTINUED li 
DIS- D I S -  0 1 3 -  01.3- D I S -  

SOLVED SOLVED SOL- SOLVEO SOLVED 
' I I I l U l l E  A M M l l h I A  VED- OUTHO. ORTHO 

TION OF N I T R I T E  BEN PHOPUS PhOHUS P H A l E  
STA- DATE PLUS N I T R O -  PHW- wins- PWS- 

LETTER SAMPLE (h)  ( N l  ( P I  ( P I  (POCO 
(MGIL )  ( W G / L I  (ML/L) (MGIL )  (MG/L) 

A 76-03-31 .12 
B 76-07-OV -- 
C 76-04-14 .01 
D 76-03-31 .Ul 
D 76-03-31 -- b 

D I S -  
SOLVED 
ALUM- 
INUM 

(AL) 
( U G I L I  

D I S -  
SOLVED 
BERYL- 

L I U M  
(BE1 

( U G / L I  

D I S -  
SOLVED 
UORON 

(81 
( U G / L I  

so -- 
an 
80 -- 
-- 
370 
100 
200 
I20 -- 

DIS- 
SOLVED 

L I T H I U M  
CLI) 

(UG/L)  

46 
10 
80 -- -- 
-- 
110 
90 

100 
100 -- 

DIS- D I S -  D I S -  
STA- DATE 
1 I O N  OF 

LETTER SAMPLE 

SOLVED 
COPPER 

( C U I  
( U G / L I  

SOLVED 
I R O N  
( F E I  

( U G / L I  

SOLVED 
LEAD 
( P R I  

(UG/L I  1 I 76-03-31 
R 76-07-09 
C 76-08-14 
0 76-03-31 
D 76-03-31 

E 64-11-24 
E 67-09-29 

E 74-08-27 
F: 76-03-29 

E 76-03-29 

E 74-oe-21 

bIS- 
SOLVED 

STA- DATE MAN- 
T ION OF GANESE 

LETTEH SAMPLE ( I N 1  
S I  (UG/L) 

D I S -  
SOLVED 
RUBI- 

DIUM 
(REI 

( U G / L I  -- -- -- -- -- 
A 76-93-31 

C 76-08-14 
D 76-03-31 
0 76-03-31 

E 64-11-24 
E 67-09-29 
E 14-08-21 
E 74-06-21 
E 76-03-29 

E 76-05-29 

n 76-07-09 
0 

lo 
-- -- -- 



TABLE 18,--CHEMICAL ANALYSES OF WATER FROM THE BOZEMAN (FERRIS, bTTHEWS) HOT SPRINGS AREA 

SPE- 
C I F I C  
CON- 
DUCT- f ’  tA 

DATE 
OF 

SAMPLE 

SAM- 
PLED 

BY 

USGS 
USGS 

H 
MSBH 

RFS 

M 
USGS 
USGS 

; USGS 
USGS 

. ~ .  
FLON ANCE Pn 
RATE (MICRO- 

(GPMJ MHOS) (UN lTS)  
STATION NUMBER STATION LETTER AND NAML 

2.0 
2.0 

120 
60 
50 

.oo 
75 
75 

682 
682 
679 -- -- 
624 
703 
703 
819 
194 

D I S -  
SOLVED 

PO- 
TAS- 
SIUM 
( K )  

(MG/L) 

1.2 

3.3 

3.2 

2.8 
3.1 

-- 
-- 

-- -- 
1.3 

D I S -  
SOLVED 

NITRATE 
1NJ  

(MG/LJ -- -- -- 
-00 -- 
-e -- -- -- -- 

453937111111000 

45393Sl11111000 

A BOZEMAN HOT SPRINGS WELL 

B BOZEMAN (FERRIS)  HOT SPRINGS 02304E14DAD 
8 BOZEMAN (FERRIS)  HOT SPRINGS 02SO4E14DAD 
8 BOZEMAN (FERRIS)  HOT SPRINSS 02S04E14DAD 

B BOZEWAN (FERRIS)  HOT SPRINGS 02904E14DAD 
8 BOZEMAN (FERRIS)  HOT SPRINGS 02304E14DAD 
8 BOZFMAN (FERRIS)  HOT SPRINGS 02S04El4OAD 
B BOLEMAN (FERRIS)  HOT SPRINGS 02S04E14DAD 
C *EST GALLCTIN R IVER AT SHEDS RRIDGE 

A BOZEMAN nor SPRINGS *ELL 
76-02-04 
76-02-04 
51-09-22 

74-08-21 

74-08-25 
76-02-04 
76-02-04 
76-07-09 
10-07-09 

64-11-14 L 
? 

F ’  
b 454220111145700 

D I S -  
SOLVED 

YAG- 
YE- 
S IUM 
(*GI 

lMG/L )  

.6 

.4 

.o 
1.8 

2.7 
2.4 

-- 

-- -- 
6.4 

O I S -  
SOLVED 
FLUO- 
RIDE 
( F J  

l H G / L )  

1 1  

lo 
13 

-- 
7.5 

9.2 
12 

lo 
-- 
-- 

SODIUM 
AD- 

SORP- 
T ION 

R A T I O  

14 

19 

1 1  

-- -- 
8.1) 

1 1  -- -- 
-1 

D I S -  
SOLVED 
SOLIDS 

(SUM OF 
CONSTI- 
TUENTS) 

(MG/L) 

361 

451 

471 

434 
436 

-- 
-- 

-- -- -- 

NGN- 
CAR- 

BONLTE 
HARD- 
NESS 
(MG/L) 

0 

0 
0 
0 

0 
0 -- -- 
12 

D I S -  
SOLVED 

CAL- 
C IUM 
(CA) 

(MG/L) 

4.4 
5.9 
3.5 

8.5 

9.5 
1.0 
8.6 

12 

-- 
24 

STA- DATE 
1lON OF 

LLTTER SAMPLE 

DIS- 
SOLVED 
SODIUM 

(NAJ 
(MG/L) 

120 

140 

135 

170 
130 

-- 
-- 
-- -- 

2.8 

DIS- 
SOLVED 
S I L I C A  
(SI021 
(MG/L) 

31 

60 

64 

66 
57 
51 
63 

-- 
-- 

HARD- 
NESS 

(CA, MGJ 
(MG/LJ 

14 

lo 
30 
29 

35 
28 

-- 

-- -- 
06 

BICAR- 
BONATE 
(HC03) 
(MG/Ll  

IEMPER- 
ATURE 

1DEG C )  

48.3 
48.3 
60.0 

51.u 

50.0 
54.6 
54.6 
54.4 
15.0 

-- 

PER C EN T 
SODIUM 

95 

95 

90 

87 
90 

-- 
-- 

-- -- 
6 

I: 
A 76-02-04 
A 76-02-04 
a 51-09-22 
e 64-11-14 
n 70-os-21 

b 74-08-25 
b -  16-02-04 

L( 76-07-09 
C 76-07-09 

n 16-02-00 

66 

110 
91 
160 

130 
83 

-- 

-- -- 
qn 

u 

4- 
Y 

- E  D I S -  
SOLVED 
CHLO- 

ALKA- 
L I N I T Y  

AS 
CACO3 
(MGILJ  

D I S -  
SOLVED STA- DATE 

T I O N  OF 
L E T I E H  SAMPLE 

A 76-02-04 
A 76-02-04 
d 51-09-22 
8 64-11-14 
a 74-08-21 

D 74-08-25 
d . 76-02-00 
U 76-02-04 
8 76-07-09 
C 16-01-09 

CAR- 1OTAL 
N ITRATE 

(NO31 
(MG/L) 

BONATE 
(C03) 
(MG/L) 

SULFATE 
(904) 
(MG/L) 

I; 54 

I04 
110 
131 

-- 110 

120 
120 
120 

-- 50 

51 
54 
52 

46 
48 

50 

-- 

-- 
.8 

L 3 
I S  

112 
93 
93 

74 
-- 

110 
120 

130 
17 

-- 
f ’  
L 

c 



TABLE f8.--CHEMICAL ANALYSES OF WATER FROM THE BOZEMAN (FERRIS, f'hTTHEWS) HOT SPRINGS AREA--CONTINUED 

D I S -  D I 3 -  
TOTAL SOLVED SOL- 

015- N I T R I T E  AYMONIA VED- 
STA- O A I E  SOLVEO PLUS NITKO-  PHOS- 
llON OF NITRATE N I T R I T E  GEN PHORUS 

CMG/L) €MG/L) ( k G / L I  ( M G / L I  
LPTTER SAMPLE (NO31 (N) ( N l  ( P I  

A 76-02-04 
A 76-n2-04 
n 51-09-22 
B 64-11-14 
0 7U-08-21 

B 78-08-25 
6 76-02-04 
0 76-02-04 
B 76-07-09 
c 76-07-09 i. 

i 

bd 
D I S -  

SOLVED 
MAN- 

GANESE 
(MNI  

( U G / L I  

10 -- -- -- -- 
<20 

3 0  -- -- 

OIS- 
SOLVED 
BORON 

( B J  
(UG/LJ 

240 

210 

150 

-- -- 

OIS- 
S O L t t D  

L l T d I U M  
(L I )  

(UG/L) 

3 u  -- -- 
40 

40 
40 

0 
-- 

D I S -  
SOLVED 

IRON 
( F P I  

(UG/L) 

0 

20 
0 

-- 
-- 

e20 
0 

STA- DATE 
T l c l N  OF 

LETTER SAMPLE 

A 76-02-04 
A 76-02-04 
B 51-09-22 
n 64-11-14 
ti 74-08-21 

n 7b-02-04 
8 14-08-25 

a 76-02-04 
C 76-07-09 

200  
220 -- -- 

< I O  
0 

< lo  
I 

e100 
2 

t' 
D I S -  

SOLVED D I S -  
MULIB-  SOLVED 

DEhlJY N I C N E L  
(kG1 ( N I I  

D I S -  
SULVLD 
YELE- 

h IUW 
( S t  I 

( U G I L I  

SIA- ~ A T E  
T I O N  OF 

LETTEH SAMPLE 

A 76-02-04 
A 76-U2-U4 
I 51-09-22 
B 64-It-14 
B 74-08-21 

tl 74-06-25 
B 76-02-04 
B 76-02-04 
C 76-07-09 

- - .  <.a) 
11 0 

L 

35 



TULE ~ ~ . - - C H ~ I C A L  ANALYSES OF WATER AOM THE ALHAP~BRA HOT SPRINGS AREA L 
OEPIH 

TO OOT- 
TOM OF Ih5TAN- 
5AYPLE TANEOUS 
INTER- DIS- 

VAL CHARGE 
( c T i  (crai 

D A H  
OF 

SAMPLE 

SAM- 
PLED 

BY , L XATION NUMBER STATION LEITEN AND NAME 

462451111531800 A MINE TRlB TO M I D  FK WIRY 5P CR 08WOZW29CCC 
462511111564100 8 50UTH I O R K  WARM SPRINGS CREEK 08N03M260AO 
46251411l563700 C NORTH fORK WARM SPRINGS CREEK 08N03M268AA 
462554111571500 n n r u  DECUER WELL 0 8 Y O 3 I 2 2 I C I  

76-08-20 
16-08-20 
16-08-20 
76-08-20 
59-0 1 - 12 

64-08-05 
61-09-29 
13-01-29 
16-04-01 

16-04-00 
76-04-28 
16-08-11 
16-12-02 
11-08-12 

16-08-05 
16-08-20 
16-04-30 
16-06-30 
16-01-13 

76-12-02 
17-08-12 
16-Oll-29 
16-04-29 
67-09-29 

13-01-29 
74-08-23 
74-08-29 
76-06-29 
76-04-29 

16-04-29 
16-04-29 
16-06-29 
16- 12-02 
76-06-29 

I -  
t 

.-.. ___. _.__ - _ _ _ _  _ _ _  - _-_ .. .. _ _  - 
462647111585800 E ALHAMBRA H D I  8PRINGS (SOUTH) 08NOSWlbACD 

E ALHAYBRA HOT SPRING5 (SOUTH) 08NO3MlbACD 
E -ALHAYBRA HOT 5PRIYGS (SDUlH) O8N03*lbACD 
E ALHAMBRA HOT SPRINGS (SOUTH) 08hOSUlbACD 
E 4LHAMBRA HOT SPRINGS (SDUTlt) 08NO3MlbICD 

E ALHAMBRA HOT SPRINGS (SOUTH1 08N03UlbACO 
E IALHAMBRA HOT SPRINGS (SOUTH) 08N0SWlbACD 
E ALHAMBRA HOT SPRINGS t8DUTH1 08NO3WlbACD 
E ALHAMBRA HOT SPRINGS (SOUTH1 08NOSU16ACO 
E ALHAY8RA HOT SPRINGS (SOUTH) 08NO3MlbACD 

USGS 
U3GS 
US68 
USGS 
USGS 

USGS 
USGS 

462648111584100 F 
4626501115841~0 6 

HILLBROOK COLD WELL 08N03W16AOD 
WARM SPRIMGS CREEK AT WALLS 08N03WlbADB 
WARM SPRlNGS CREEK UPSIREAM FROM ALHAMBRA 
LEO POPE MELL 08N03W1618B 
HILLBROOK FLOWING WELL 08NO3M168DA 

HILLBROOK FLDIING *ELL O8NO3W1680A 
HILLBROOK FLOMIWG *ELL 08N03MlbBDA 

462651 I 1  1584801 H 
4b2652111583600 1 
462652111591400 J 

USGS 
USES 
USGS 

J US63 
US63 
US63 
USGS 

FR 

K 

J 
462653111585001 K 
462653111585101 L 
462659111585000 M 

*ALL8 COLD WELL 
WALLS HOT SPRING 08N03*16ACA 
ALHAY8RA HOI SPRIWGS (NORTH1 08NO3UlbAACZ 

ALHAMBKA HOT SPRINGS (NORTH) 08N03M16AAC2 M 
M 
M 
M 

462701111585000 N 

N 
N 
N 
h 

462701111585002 0 

ALHAMBRA HOT SPRINGS (MORTHI 08N03MlbAAC2 
ALHAMWlA HOT SPRINGS (NORTH) 08N03UlbAAC2 
I L H A M B R I  HOT SPRINGS 1NORTHI 08N03M16AAC2 

M 
' RFS 
USGS 
USGS 

U5GS 
USGS 
USGS 
US63 

ALHAMBRA HOT WELL (NORTH) 08N03WlbIAC 

'ILHIMBRA HOT WELL 1NORlH) O8NO3MlbAAC 
ALHAMBRA HOI WELL (WORTH) 08U03116AAC 
ALHAMBRA MU1 WELL (NURTH) 08N03IlbAAC 
ALltIM0HA MOT WELL IWORTHI  08U03MIbCAC 

USES 

L 
c 
-E' 
L 

t 
I 

462104111590300 . P 
462105111590800 0 

NARM SPRINGS CREEK NEAR NOUTH 
PRICICLI PEAR CR UPSTREAM FROM MARY SPRINGS 

76-08-20 
76-01-13 

USGS 
US63 

DIS- 
SOLVED 

MAG- 
NE- 
SIUM 
(*GI 

(MGIL) 

Ill 
2.6 
8.1 

13 
18 

5.0 
4.5 

5.2 
-- 
-- -- -- 
e.3 

1.5 
5.9 
5.8 

5.6 

5.3 

3.5 
.3 

3.3 
3.5 
3.2 

-- 

12 

-- 
11 

-- -- 
3.9 -- -- 
3.3 -- 
5.6 
4.7 

SPE- 
CIFIC 
CON- 

FLDd OUCT- HYDRO- 

(GPMI (MICRO- ATURE SULFlDE 
MNOS)  (UhITS1 (OEG C) (YGIL) 

RATE ANCE pn TEMPER- GEM 

DlS- 
SOLVE0 
CAL- 
CIUM 
( C I )  

( M G I L )  

52 
13 
34 
39 
25 

30 

26 
21 

26 

6.0 

-- -- -- 27 

36 
24 
22 
44 
32 

30 

32 
18 

-- 
9.0 

21 
I8 
19 -- -- 

-- -- 17 

-- 18 

22 
24 

SODIUM 
AO- 

SORP- 
TIOM 

R A T I O  

DIS- 
SOLVED 
SODIUM PERCENT 

(MA1 SOOIUY 
(MGA.1 

STA- DATE 
T I O N  OF 

LETTER SAMPLE 

- 
HARD- 
MESS 

(CLIME) 
( M G I L I  

190 
43 
I20 
150 
140 

97 
36 

91  
-- 
-- -- -- 
85 -- 

120 
84 
19 

160 
110 

97 

130 
61  
24 

66 
59 
61  

-- 

-- -- 
60 -- -- 
59 -- 
78 
80 

397 
108 
270 
SO4 -- -- -- -- 

1580 

1580 
1510 
1540 
1510 
1460 

I000 
192 
209 
410 

1650 

1620 
1580 
358 

1110 -- 
-- 

929 

827 
1040 

1040 

1080 
1000 
1000 

264 
210 

-- 
-- 

1.3 
7.6 
7.8 
7.8 -- -- 
8.6 
7.5 
6.7 -- -- -- 
6.8 

1.5 
8.2 

6.7 
6.9 

6.8 

1.4 

8.5 

1.0 
7.2 

1.2 
6.8 

6.0 

6.8 
1.0 
1.0 

8.0 
8.1 

-- 
-- 
-- 
-- 

-- 

-- 

10.0 
12.0 
13.5 
10.0 

51.0 
54.0 
54.0 
55.0 

55.5 
55.0 
54.4 
54.4 

11.1 
16.0 

1.0 
16.0 
30.0 

30.0 
28.9 

8.9 
55.6 
53.0 

50.0 
56.5 
59.0 
59.4 
52.2 

52.0 

54.0 
52.2 

18.5 
16.0 

-- 

-- 

-- 

6.1 
4.1 
6.4 -- 29 

-- 
330 
270 
310 -- -- -- -- 300 

110 

50 
340 

340 

25 
210 
200 

150 
220 
220 

6.4 
5.6 

-- 

-- -- 
-- -- 190 

-- I90 

25 
6.2 

76-08-20 
16-08-20 
16-08-20 
16-08-20 
59-01-12 

64-08-05 
61-09-29 
13-01-29 
76-04-00 

16-04-00 
16-04-28 
16-08-11 
16-12-02 
11-00-12 

16-08-03 
76-08-20 
76-04-30 
16-06-30 
76-01-13 

16-12-02 
77-08-12 
16-04-29 
76-04-29 
67-09-29 

13-01-29 
14-06-23 
14-08-29 
76-06-29 
16-04-29 

76-04-29 
16-04-29 
16-01-29 
76-12-02 
16-06-29 

16-08-20 
76-01-13 

7 
17 
10 
29 -- 
** 
93 
12 
86 -- -- -- 
86 -- 
1 4  
14 
I3 
39 
85 

86 

29 
86 
92 

81 
81 
87 

-- 

-- -- 
85 -- -- 
e5 -- 
40 
14 

E 
E 
E 
E 

-- 15 

1.0 
12 
18 

M 
M 
M 
k 
h 

h 
N 
N 
N 
0 

P 
0 

8.0 
12 
12 -- 

L 
I; 
c 

1 .2 
.3 

36 



TABLE 19.--CHwia~ ANALYSES OF WATER FROM THE ALHAMBRA HOT SPRINGS AREA--~NTINUED 

L; 
DIS- DII- 

SOLVED 
P0- 
T A I -  
8IUM 
((0 

(MC/L) 

2.2 
1.2 
2.6 
3.2 

-e 

17 
15 
17 -- -- 
16 
16 -- 
9.1 
2.1 
2.0 
8.6 

20 

20 

10 
11  

10 

10 
l o  

-- 
4.3 

9.5 

-- 
9.9 

9.5 
9.6 

2.9 
1 .8 

-- 
-- 

DIS- 
8OLVED 
CHLO- 
RIDE 
(CL) 
(MC/L) 

.5 

.9 
1.2 
3.2 

16 

23 
22 
20 
20 -- -- -- 
20 
20 

8.0 
1.1 
1.3 
6.5 

25 

24 
24 

11 
1.5 

a9 

13 
l o  

11 
-- -- 

8.7 

9.9 

9.7 

2.4 
1.5 

-- 
10 

D 
SO1 
FLI 
I 

1S- 
LVED 
uo- 
1DE 
F)  
E/L) 

.3 

.l 

.7 
1.3 
1.5 

7.8 
-I -- 

9.0 -- .- 
-I 

9.4 

6.3 
.z 
.7 

2.2 
8.7 

8.9 

.9 
6.9 

-- 

-- 
-- -- 

8.4 
4.8 -- -- 
7.4 

8.1 

1.0 
.I 

-- -- -- 

8OLVLD ’ 
DIS- SOLIDS 

SOLVE0 (SUM OF 
aILICA CONSTI- 

ALKA- DlS- 
LIMITY CARBON SOLVED 
AS DIOXlDE SULfATE 

(MCILI (MEIL) (MGILI 
caco3 cco2) (804) 

STA- VTrr 
TION OF 

LETTER SAMPLE 

SlCAR- 
DONATE 

(MC/L) 

83 
47 
82 

217 
610 

710 
620 

712 

(neon 

-- 
-- -- -- 

698 -- 
454 

78 
70 

231 
187 

781 

177 
489 
420 

-- 
I- 

480 
510 -- -- 
463 -- -- 
461 

(I 
(MI 

A 
B 
C 
0 
E 

E 
E 
E 
E 

E 
E 
E 
E 
E 

F 
C 
H 
I 
J 

J 
J 
K 
L 
H 

M 
M 
H 
M 
N 

N 
N 

. N  
N 

, o  

P 
0 

.~ 

76-08-20 
76-08-20 
76-08-20 
76-08-20 
59-01-12 

64-08-05 
67-09-29 
13-07-29 
76-04-08 

76-04-08 
76-04-28 
76-08-17 
76-12-02 
77-08-12 

76-01-03 
76-08-20 
76-04-30 
76-06-30 
76-07-13 

76-12-02 
77-08-12 
76-04-29 
76-04-29 
67-09-29 

73-07-29 
74-08-21 
74-08-29 
16-06-29 
76-09-29 

76-04-29 
76-04-29 
16-06-29 
76-12-02 
76-06-29 

76-08-20 
76-07-13 

21 
19 
21 
14 -- -- -- 
54 
61 

58 -- 
I- -- -- 

48 
21 
19 
29 
67 -- -- 
24 
60 
64 

37 
66 
65 
b7 -- 
58 
58 
61 

62 

24 
17 

-- 

68 
39 
67 

I 7 8  
so0 

582 
543 

584 
-- 
-- 
I- -- 

572 

312 
6 4  
57 

189 
646 

641 

145 
401 
359 

394 
418 

-- 

-- 
-- 
-- -- 
380 -- 
-e 

378 -- 
96 
42 

6.7 
1.9 
1.9 
5.5 
-I 

-I 

2.7 -- 
221 

I- -- -- 
177 .- 
23 

73 
141 

198 

l o  

.8 -- 
-- -- 

2.2 

I- -- -- -- 
48 

-- -- 117 

74 -- 
1.9 
.6 

130 
15 
67 
40 

150 

150 
160 

150 
-- 
-- -- -- -- 160 

120 
30 
34 
52 

170 

190 

39 
88 
88 

-- 
-- 

89 
93 

L O O  

08 

90 
86 
90 

43 
54 

-- 
-- 

I L 

h 

-- 
117 
51 

D l I -  
SOLVED 
ORIHO 
PHOS- 
PnATE 
(Poll) 
(MGtLI 

DIS- DIS- 01s- DII- 
DIS- OOLVED SOLVED SOL- SOLVED 

SOLVED DIS- 01s- NITRITE AMMONIA VED- OHTHO. 

(TONS MITRATE NITRITE NITRATE GEN PHORUS PHORUS 
s o L m  SOLVED SOLVED PLUS NITRO- PHOS- Pnos- 

PER (N) (NO31 (N) (N) ( P I  (P I  

k 

b STA- -DAIL 
IION OF 

LEl lEk SAMPLE 

). 

C 
D 
E 

E 
E 
E 
E 

E 
E 
E 
E 
E 

n 

_ _  

76-08-20 
76-08-20 
76-08-20 
76-08-20 
59-01-12 

64-08-05 
67-09-29 
73-07-29 
16-04-00 

76-04-08 
7 6 4 4 - 2 8  
76-08-17 
76-12-02 
77-08-12 

76-08-03 
76-08-20 
76-04-30 
16-06-30 
76-07-13 

76-12-02 
77-08-12 
76-04-29 
76-04-29 
b7-09-29 

73-07-29 
74-08-23 
74-08-29 
16-06-29 
76-04-29 

16-04-29 
76-04-29 
16-06-29 
16-12-02 
76-06-2V 

r: 

bd‘ 

‘U’ 
F 
G 
H 
I 
J 

J 
J 
I( 
L 
M 

M 
rn 
M 
M 
N 

N 
N 
N 
N 
0 

P 

L 
76-08-20 

L 16-07-13 



TABLE 19.--CHEMlCAl ANALYSES OF WATER FROM THE h J i M B R A  HOT SPRINGS bJtEA--bNTlNUED Q 
DIS- OIS- 

018- 

LETTER SAMPLE CALI (AS1 (BE1 (01 (COI ( L I I  (COI (CUI (fE> ( F E I  

DIE- 
SOLVED 018- SOLVED 01s- SULVEO DIS- DIS-  DIS- 

STA- OUT- ALUM- SOLVED BERYL- SOLVED CAD- SOLVED SOLVED SOLVED TOTAL SOLVED 

(UCIL I  (VE IL1  ( U W L I  (UEIL) (UGIL I  (UCIL I  W G I L I  ( U E I L I  ( U E I L I  ( U W L I  

IION OF INUM ARSENIC LIUM BORDN MIUM Lnniun COBALT COPPER IRON IRON I A 76-08-20 
8 76-08-20 
C 76-08-20 
D 76-OS-20 
E 59-01-12 

E 64-08-05 
- E 61-09-29 
E 76-04-0s 
E 76-01-08 

f 76-08-03 
6 76-08-20 

I 76-06-30 
J 16-07-11 

K '  76-04-29 

M 67-09-29 
M 73-08-23 
M 74-08-29 

U 76-04-29 
P 76-01-20 
0 76-07-13 

n 76-oa-30 

L 76-oa-29 

6 '  
10 
9 

20 -- 
20 

0 
10 
ao -- -- 
700 
710 -- 
300 

10 
10 
80 

830 

1800 
190 
310 

30 
200 

800 

120 
-- - 
410 
380 
70 
60 
630 

ao 
370 
330 
120 

10 

'10 
e20 

I20 
a40 
510 

-- ~~ 

380 

360 
50 
5 c/ 

DIS-  
SOLVED UIS- 

D1S- 
SDLVED 
STRON- 

T l U M  
( S R I  

( U C I L I  

280 
120 
LOO 
900 
I- -- -- 

1900 
1600 

1000 
170 
160 
1100 
2200 

a30 
1300 -- -- -- 
1000 
290 
240 

76-08-20 
76-08-20 
76-08-20 
76-08-20 
s9-01-12 

64-08-05 
67-09-29 
76-04-08 
76-04-01 

76-08-03 
76-08-20 
76-04-30 
76-06-30 
76-01-13 

76-01-29 
76-04-29 
67-09-29 
74-08-23 
73-OS-29 

76-oa-~9 
76-08-20 
76-07-13 

A 
0 
C 
0 
E 

E 

E 
E 

F 
E 
I4 
I 
J 

K 
L 
Y 
M 
M 

N 
P 
0 

. r  

il, 

ii i 
I 



hl 
ii 

L 
i.1 
I 

bif 

Lj 

&A- D A E  
71ON OF 

LETTER SAMPLE 

' E  
E 
E 
F 
J 

J 
M 
N 
N 
N 

76-04-28 
16-08-17 
76-12-02 
76-08-03 
76-07-13 

76- 12-02 
76-06-29 
76-04-29 
76-06-29 
76-12-02 

TABLE  CHEMICAL ANALYSES OF WATER FROM THE ALHMRA HOT SPRINGS AREA--~ONTINUED 

TOTAL 
TOTAL NON- 
F I L T -  f I L T -  

TOTAL RABLE RABLE 
RESI- RESlDUE RESIDUE 

(MEIL I  CMGIL) (MGIL) 

1000 -- -I 

1 

DUE 

-- -- -- 
-- 1300 -- 1000 -- 340 -- 1200 -- 1200 -- 740 -- 720 -- 660 -- 680 

-- -- -- -- -- 

01s- 
SOLVED 
CROSS 
ALPHA 

AS 
U-SAT. 
(UEIL )  

930 
310 
890 
26 

260 

560 
290 
410 
240 
360 

sus- 
PENDED 
GROSS 
ALPHA 

A s  
U-NIT. 
(UCIL) 

g.4 

e.4 

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

01s- 
SOL WE0 
GROSS 

BETA 
AS 

CS-137 
(PCIL) 

220 

210 
19 
81 

130 
81 

110 
69 
90 

n o  

sus- 
PENOED 
EROSS 

B E l A  
AS 

CS-137 
(PCIl.1 -- 

e.4 

e.4 
-- -- -- -- -- -- .- 

OIS- 
SOLVE0 
CROSS 

BETA 
AS 8890 

l V 9 0  
(PCIL) 

170  
250 
170 

16 
65 

110 
66 
03 

73 
57 

sus- 
PENOED 01s- 
GROSS SOLVED DlS- 

BETA RA-226 SOLVED 
AS SR90 (RADON RAOON- 

l V 9 0  MLTnDo) 222 
(PCIL )  (PCIL )  (PCIL )  

e.4 61 -- 
e.4 3.5 -- 

30000  -- -- 
-- 13 37000  

-- -- 27 

-- 37 31000 -- 40  3000 -- 20 -- 27 33000 -- 28 24000 

_- 

C 76-04-20 
E 76-08-17 
P 76-12-02 
F 76-08-03 
J 76-07-13 

J 76-12-02 
M 76-06-29 
N 76-09-29 
N 76-06-99 
N 76-12-02 

OIS- 
SOLVED 

URANIUM 
(U) 

( U W L I  

.40 
a.40 
7.2 

.so 

.80 

-- 

-- -- -- 
.80 

01s- 
SOLVED 

URANIUM 
C 0 I REC T 
FLUORO- 
METR 1 C ) 

(PCIL) 

.9 

.8 

39 

i' 



TABLE 20.--CHEMICAL ANALYSES OF WATER FROM T H E  BROADWATER (HELENA) HOT SPRINGS AREA 

S T A l l O N  NUMBER 

46343~1120740OU 
463456112084501 
463538112065500 
463544112063300 

463544112063800 
463544112064200 

U63544112064201 

463544112064202 
463544112064203 

463545112061500 

463547112063700 
463557112060700 
463600112062000 
463610112059600 

963747112081~00 

464221112110700 

464423112110300 

S T A T I O N  LETTER AND NAhE 

A 
B 
C 
D 
D 

D 
E 
F 
F 
F 

F 
F 
F 
F 
G 

n 
I 
1 
J 
J 

K 
L 
M 
N 

N 
U 
0 
P 
P 

0 
Q 

SPE- 
C I F l C  
cutl- 

STA- DATE DUCT- 
. T I O t l  OF ANCE 
LETTER SAMPLE (MICRO- 

MHOS) 

A 76-04-07 
6 76-04-07 
C 76-11-16 
D 76-01-30 
0 76-01-30 

D 76-04-27 
E 76-11-24 
F 64-09-17 
F 67-09-21 
F 73-09-21 

F 74-08-21 
F 74-08-24 
F 76-01-30 
F 76-01-30 
G 76-09-08 

H 76-09-08 
I 76-10-06 
1 77-06-07 
J 76-01-29 
J 76-01-29 

K 76-11-16 
L 77-06-30 

76-10-08 
N 77-06-30 

N 77-06-30 
0 77-06-30 
0 77-06-30 

77-06-29 
p 77-06-29 

Q 77-06-30 
Q 77-06-30 

466 
484 
323 
906 
906 

940 
929 -- -- -- 
-- 

796 
972 
872 

lob5 

863 
860 
874 
I28 
728 

333 
465 
395 
373 

373 
336 
336 
418 

, 418 

616 
616 

G R I F F l T t I  L b L D  SPf t ING I l O N O W 3 2 O A D  
SMALLWflOU-PETERSON COLD SP TlONR041132t)CD 
1 E N M I L E  CR UPSTREAM FHOM N E I  8Ht BROADNATER 
BHUADWAER HOT SPRINGS AT UUTLET 
L)RUAOwATEH HOT SPRI t lGS A 1  OUTLET 

BROADWATER nor SPRINGS A T  OUILET 
BRUADWATER no1 SPRINGS A T  BREAK 

BROADWATER no1 SPRINGS A T  MANHOLE 
BROADWATtft HGT SPRINGS AT MANHOLE 

BQOADIIATER H07 SPRINGS AT MANHOLE 

BROADWATEL HOT SPRINGS AT MANHOLE 
BHUADdATER HOT SPYINGS AT MANHOLE 
BROADWATER HOT SPRINGS AT MANHOLE 
BROADMATEK HOT SPRINGS A T  MANHOLE 
bRDADwATER NORTHMEST COLD P I 1  

BROADWAIER HOT P I T  2 
BROAOWATEH N E L L  3 
BRLlAUsAIER N E L L  3 

GLOEGE WELL 
GLOEGE WELL 

TENMILE CR DOWNSTREAM FROM DUTSClN 
STATE NURSERY n E L L  1 
GANNON WELL i 
STATE NURSERY WELL u 

STATE NURSERY N E L L  4 
NUVAK SPRlNG 
NOVAK S P R I h G  
BERG SPRING 
BERG SPRING 

ANDERSON 
ANDERSON 

SPRING 
SPRING 

pn 

( U N I T S )  

7.4 
7 .2  
8.1 
8 .3  
8 .3  

-- 
a.2 

8.4 
7 .0  

-- 
-- 

n.5 

8.0 

8.2 
8.2 

7.8 
7.4 

7.4 
7.4 

8.0 
6.7 
7 . 7  
6.8 

6.8 
7.4 
7.4 
7.4 
7.4 

' 7.3  
7 .3  

-- 

TEMPtR- 
ATUR€ 

(DEG C) 

9.5 
7.0 
6 .0  

6 2 . 2  
66.2 

59 .0  
60.0 
59.0 
65.0 
63.0 

6S.0  
62.0 
66.4 
66.4 
21.0 

67 .0  
67.8 
65.5 
19.4 
19.4 

8.0 
11.0 
11.7 
10.0 

10.0 
11.0 
11.0 
10.0 
10.0 

9.0 
9.0 

( S I T Z E R  
(SI TZER 

w L c I o  
GULCH) 

NON- 
CAR- 

HARD- UONATE 
NESS H A W -  

(MG/L I  ( M G / L I  

240 18 
240 20 
130 26 
32 Q 

(CAIMG) NESS 

-- -- 
34 0 
31 0 
41 U 
26 0 
33 -- 
33 0 
31 0 
29 0 

DATE 
OF 

SAMPLE 

76-04-07 
76-04-07 
76-11-16 
76-01-30 
76-51-30 

76-04-27 
76-1 1-24 
64-09-17 
67-09-21 
73-09-21 

74-08-21 
74-08-24 
76-01-30 
76-01-30 
76-09-08 

76-09-08 
76-10-06 
77-06-07 
76-0 1-29 
76-01-29 

76-11-16 
77-06-30 
76-10-08 
77-06-30 

77-06-30 
7 7- 0 6-30 
77-06-30 
77-06-29 
77-06-29 

7 7-0 6- 30 
77-06-30 

UIS- 
SOLVE0 

CAL- 
C l U U  

(MG/L) 

76 
67 
37 
1 1  
12 

12 
1 1  
12 

12 

12 
1 1  
10 
11 
20  

( c h i  

9.6  

9 .4  
v . 1  

13 
78 
79 

39 
45 
47 
42  -- 
50 

43  
-- -- 

73 -- 

D I S -  
SLlLVE0 

UAG- 
NE- 
Slur 
(MG) 

(MG/L) 

12 
16 
9.7 

.9 -- 
1.0 

.V 
2.0 

.4  

.7 

.8 

.V 

.6 

1.4 

. 8  

. 3  

-- 

.n 
16 -- 
9.4 
9.6 
v .3  

10 

-- 
13 

36 
-- -- 

38 -- 

I 
ILM- 
'LEO 
BY 

JSGS 
JSGS 
JSGS 
JSGS 
JSGS 

USGS 
USGS 

YBMG 
K 

RFS 

USGS 
USGS 
USGS 

USGS 
USGS 
USGS 
USGS 
USGS 

USGS 

USGS 
USGS 

USGS 
USGS 
USGS 
USGS 
USGS 

USGS 
USGS 

Msen 

n 

USES 

I N S l A h -  
SAMP- rANEUUS FLOW 

L I N G  019- RATE 
CHARGE CGPM) 
( C F S I  -- 1.8 -- 121 . _ ~  -- 7.1 ' -- 207 -- 207 

D I S -  

( N A I  
( M G / L I  

9.0 
13 
1 1  

170 -- 
1 7 0  
170 

170 
150 

190 
160 
170 

190 

180 
17U 
180 

38 

-- 

-- 

-- 
18 
50 
24 
22 

-- 
8 . 2  

7.4 
-- -- 

18 -- 

SOlVED 
SODIUM PEYCENT 

SODIUM 

7 
10  
15 
90 -- 
YO 
V I  

91 
8 9  

01 
90 
91 

8b 

92  
92  
90 
24 

-- 

-- 

-- 
22 
41 
25 
24 -- 

9 

6 
-- -- 
l o  -- 



TABLE 20,--CHEMlCAL ANALYSES OF WATER FROM THE BROADWATER (HELENA) HOT SPRINGS AREA--CONTINUED 

STA- DATE 

LETTER SAMPLE 
r i o l v  OF 

A 

C 
D 
0 

D 
E 
F 
F 
F 

F 
F 
F 
F 
G 

v 
I 
I 
J 
J 

K 
L 
M 
N 

N 
u 
11 
P 
P 

w 

n 
76-04-01 
76-04-07 
76-1 1-16 
76-01-30 
76-01-30 

76-04-27 
76-1 1-24 
64-09-17 
67-09-21 
73-09-21 

74-08-21 
74-08-24 
76-01-30 
76-0 1-30 
76-09-08 

76-09-u~ 
76-10-06 
77-06-07 
76-01-29 
76-0 1-29 

7b-11-16 
77-06-30 
76-10-08 
77-06-30 

77-06-30 
77-06-30 
77-Ob-30 
77-06-29 
77-Ob-29 

77-06-30 
77-06-30 

D I S -  
SOLVED 
PO- 
TAS- 
sIun 
(Io 

(NG/L) 

10 
3.7 
2.9 
6.1 -- 
5.7 
5.8 

8.7 
4.7 

6.0 

6.3 

9.1 

6‘3 
5.9 
b.2 
3.4 

3.2 
4.1 
2.7 
3.1 

-- 

5.8 

-- 

-- 

-- 
2.6 

1.4 
-- 
-- 

2.7 -- 

SrA-  ~. 
T l w i  - 

LETTER SAhPLE 

d f C A h -  
BUN ATE 
tncui i  
(Mb/L)  

276 
270 
130 
178 -- 
192 
188 
190 
190 -- 
300 
210 
152 

212 

188 
193 

289 

-- 

-- 
-- 
136 
190 
162 
140 -- 
170 

200 
-- -- 
300 -- 

DATE 
(IF 

A 
Y 
C 
0 
D 

D 
E 
F 
F 
F 

F 
F 
F 
F 
G 

h 
I 
I 
J 
J 

h 
L 
P( 
N 

N 
O 
I J  
P 
P 

0 
IJ 

7h-04-01 
76-04-07 
76- 1 1- 1 b 
76-01-30 
7b-01-30 

76-04-27 
76-11-24 
64-09-1 1 
67-09-21 
73-09-21 

74-V8-21 
74-38-24 
76-01-30 
76-01-30 
7b-r)V-V8 

76-09-UP 
lb-10-Vb 
77-06-07 
76-01-29 
76-01-dY 

7b- 1 1  - 16 
7_7_-46->6 
76-10-08 
11-Ob-30 

77-Ob-30 
77-Ob-30 
77-Ob-3v 
77-06-29 
17-06-29 

77-va-3o 
77-Ob-30 

c 

DIS- 
SOLVED 
FLU& 

R I D E  
(F)  

(MG/L l  

.2 

.4 

.3 
1 1  -- 
7.9 

9.6 
-- 
-- -- 

6.2 
9.4 
9.6 

9.7 

9.3 

-- 

-- 1 1  

.7 -- 

.6 
1.9 

.9 

.7 -- 

.4 

.2 
-- 
-- 
.e -- 

DIS- 
SOL- 
VED- 
Pt ios-  

PnoRus 
(P)  



I 

i 

TABLE 20. --CHEMICAL ANALYSES OF WATER FROM THE BROADWATER (HELENA) HOT SPRINGS AREA--bNTINUED 

DIS-  
S T I -  DATE SOLVED 
T I O N  OF ARSENIC 

(UG/L) 
LETTEM SAMPLE (AS1 

A 76-04-07 
r( 16-04-07 
C 76-11-16 
D 76-01-30 
D 76-01-30 

P 76-04-27 
F 69-09-17 
F 67-09-21 
F 74-08-21 
F 74-08-24 

F 76-01-30 
F 76-01-30 
C. 76-09-08 
H 76-09-08 
1 76-10-06 

I 17-06-01 
J 76-01-29 
J 16-01-29 
K 16-11-16 
L 77-06-30 

1.' 76-10-08 

STA- DATE 
TIUN OF 

L t T I E R  SAMPLE 

A 
R 
I: 
D 
n 
r) 

F 
F 
F 
F 

F 
F 
r. 
H 
1 

I 
J 
1 

K 
c 
u 

76-04-07 
16-04-01 
76-11-16 
76-01-30 
76-01-30 

76-04-27 
64-09- 17 
67-09-21 

74-08-24 

76-01-30 
76-01-30 
76-09-08 
76-09-08 
76-10-06 

77-06-07 
76-01-29 
76-01-29 
76-11-16 
17-06-30 

76-10-08 

74-os-21 

DIS- 
SDLVED 
BORON 

(I)) 
(UG/L) 

20 
30 
20 
780 -- 
750 

880 
820 
800 

so0 

780 
180 
810 

-- 

-- 

-- 
70 

60 
160 

50 

-- 

DIS-  
SOLVED 

LXTHIUM 
(LI )  

(UC/L) 

lo 
30 
20 

510 -- 
530 

550 
550 
480 

570 

600 
590 
600 

600 
80 

50 
140 

40 

-- 

-- 

-- 

DIS-  
SOLVED 
COBALT 

(CO) 
(UC/L) 

DIS- 
SOLVED 
STRON- 

TIUM 
(SR)  

(UG/L) 

150 
190 
260 
290 
270 

330 -- -- -- -- 
290 
260 
550 
140 
310 

-- 
560 
550 
260 
370 

780 

DIS- 
SOLVED 
COPPER 

(CUI 
(UG/L) 

D IS-  
SOLVED 

IRON 
(FEI 

(UG/LI  

0 
10 

210 
60 -- 
30 
0 -- -- 

l o  

130 

120 
. 10 
110 

-- 

-- 
20 

190 
40 

110 

-- 

019- DIS- DIS-  
TOTAL SOLVED SOLVED SOLVED 
F I L T -  CROSS GRUSS GROSS 

STA-  DATE . AA8LE ALPHA BETA BETA 
l I O e  OF RESIDUE AS AS AS SAPO 

L t T l F k  SAYPLE U-NAT. CS-137 /Y90 
(MG/LI (UG/L) (PC/L) (PC/L) 

n 76-04-27 650 7.7 8.3 6.7 

DIS-  
SOLVED 

MAN- 
GANESE 

(MN) 
CUC/L) 

lo 
0 
10 
30 -- -- -- -- -- 
so 
50 

l o  
40 
20 

-- 
-- 
30 

30 
8 

50 

-- 

L 
t; 



TABLE 21.--CHEMICAL ANALYSES OF WATER FROM THE b A R Y S V I L L E  T E S T  WELL AREA 

S T A T I O N  NUMBER S T A T I O N  LCTrEI4  AND f iAhE 

464245112210600 
464J29112204100 
464346112210700 
464409112213100 
46445&112221700 

464514llZ223300 

464515112205300 
464715112245bUO 

464721112264600 
464736112223900 
464744112262800 
46481b112220700 
464818112202500 

46481S112220700 
464841112201400 
472056112170600 

A 
8 
C 
D 
E 

F 
F 
F 
G 
ti 

1 
J 

L 
M 

N 
0 
P 

r 

STA- DATE 
T I U d  OF 

LETTCR SAMPLE 
k t  
b. P 76-07-01 

t) 76-07-01 
C 76-07-02 
D 76-07-02 
E 76-07-02 

F 75-08-29 
f 15-08-29 
F 75-08-29 
B 76-07-02 I H 16-10-22 

id 
1 76-10-22 e, J 76-10-22 
K 76-10-22 
L 76-10-22 

4 M 76-10-22 

N 76-10-22 
U 76-10-22 
P 77-06-29 
P 77-06-29 

1 5 =  

STA- DATE 
T I D Y  OF 

L E T T € @  SAMPLE 

A 
B 
C 
V 
E 

F 
F 
F 
G 
t i  

I 
J 
h 
L 
N 

N 
0 
P 
P 

76-07-01 
76-01-01 
76-07-02 
76-07-02 
76-07-02 

75-08-29 
75-08-29 
75-08-29 
76-07-02 
16-10-22 

76-10-22 
76-10-22 
76-10-22 
76-10-22 
76-10-22 

76-10-22 
76-10-22 
77-06-29 
77-06-29 

P 

SPE- 
C I F I C  
COY- 
DUCT- 
ANCE 

(MICRO- 
MHOS) 

356 
229 
318 
515 
368 

950 
1000 
960 
207 
221 

197 
256 
299 
269 
252 

322 
182 
426 
426 

CAR- 
BONATE 
(COS) 
( M G l L )  

0 
0 
0 
0 
0 

0 -- -- 
0 -- -- 
0 
0 
0 -- -- 
0 -- -- 

DAG0 GULCH S P R I k G  IINObrllbAAl 
UALD BUTTE SPWIhGS llhO6~1OtMC 
DOG CRCEK SPRING 1 l lNO6NOQDDC 
SPKING F R I D A Y  GULCH llNObh04t100 
NO NAME SPNING 1 2 h O b ~ f Z D A B  

MARVSVILLE DEEP WELL 
MARVSVILLE DEEP * E L L  
MAUYSVILLE DEEP Y E L L  
EMPIRE M I N E  D R A I k  12NObrl32AAD 
LOST HORSE CREEK NEAH MOUlH STA 5 

S FK L I T l L E  P R I C K L V  PEAR CR NR MOUTH STA 21 
L I T T L E  P R I C K L Y  PEAR CR B L  LOST HORSE STA 10 
h FN L P H I C K L V  PEAR A T  MCOUlTHY GULCH STA 1 
L P R I C K L Y  PEAK CH UPSTR MARSH CR STA 1 1  
P I E G A N  CREEK NEAR MOUTH S I A  13 

MARSH CREEK AT MOUTH STA 12 
L I T T L E  P R l C N L Y  PEAR CH AT EAST GRADY STA 14 
T R I N I T Y  H I L L  COLD SPRING 
T R I N I T Y  H I L L  COLV SPRING 

' PH 

( U h I T S )  

1.3 
7.3 
7.6 
7.6 
7.6 

7.9 
7.6 
7.8 
6.1 
8.0 

8.1 
8.1 
8.2 
8.2 
8.1 

8.2 
8.1 
7.3 
7.3 

ALKA- 
L I N I T Y  

AS 
CACO3 
(MG/L) 

134 
112 
154 
144 
177 

200  
198 
195 
139 
95 

91 
117 
142 
125 
in1 

157 
146 
213 -- 

TEMPLR- 
ATURE 

(DEG C) 

7.0 
6.0 
9.8 
8.0 
9.0 

96.5 
42.0 
39.0 
7.2 
6.0 

n.7 
6.2 
6.8 
6.2 
5.3 

4.5 
5.5 
8.0 
8.0 

CARBON 
D I O X I D E  

(cor?) 
(MG/L) 

15 
9.7 
6.7 
7.0 
7.7 

5.2 
9.7 
6.0 
2.1 
1.7 

1.3 
1.6 
1.7 
1.5 
2.5 

1.9 
2.3 
21 -- 

HARD- 
h E S S  

(CAiMG) 
( M G I L )  

170 
120 
160 
200 
190 

21 
18 
22 
150 
110 

99 
130 
160 
140 
230 

170 
150 
240 -- 

D I S -  
SOLVED 

SULFATE 
(sur) 
(MG/L) 

24 

1 1  
24 
21 

180 
150 
160 
16 
10 

7.0 

6.2 
9.1 
1.9 
8.5 

9.2 

28 

12 
26 -- 

NON- 
CAR- 

BONATE 
HARD- 
NESS 
(MG/L) 

35 
10 
10 
bl 
17 

0 
0 
0 
13 
15 

n 
15 
15 
15 
45 

16 
5 
31 -- 

DIS- 
SOLVE0 

U I D E  
( C L I  
(YG/L)  

-6 
.5 
1.2 
1.4 
1.2 

cnLo- 

51 
43 
47 
1.4 
.8 

.4 

.7 
3.1 
.8 
1.5 

.9 

.8 
5.2 -- 

01s- 
SOLVED 

CAL- 
C I U M  
( C A I  

(MG/L) 

55 
42  
54 
71 
64 

7.7 
5.9 
7.8 

52 
26 

20 

30 
31 

2n 

o r  

43 
34 
65 -- 

D I S -  
SOLVED 
FL'JU- 

R I V E  
( F l  

(MG/L) 

1.3 
1.0 
.2 
.1 
.3 

20 
18 
I *  

.7 

.2 

.l 

.L 

.d 

.2 

.2 

.1 

.2 

.l -- 

DATE 
OF 

SAMPLE 

76-07-01 
76-07-01 
76-07-02 
16-07-02 
76-07-02 

75-08-29 
7S-08-dP 
15-08-29 
76-07-02 
76-10-22 

16-10-22 
76-10-22 
76-1 0-22 
76-10-22 
76-10-22 

76-10-22 
76-10-22 
77-06-29 
77-06-29 

D I S -  
SOLVED 

MAG- 
NE- 
S I U M  
t M G )  

(MG/L) 

7.6 
3.9 
7.0 
b.5 
8.4 

.5 

.7 
-6  

s.2 
1 1  

12 
15 
20 
15 
15 

16 
16 
20 -- 

D I S -  
SDLVCO 
SODIUM 

(NA) 
tMG/L)  

1.9 
1.5 
2.8 
2.4 
2.8 

210 
200 
200 

1.9 
1.7 

1 .2 
1.3 
1.0 
1.5 
3.8 

2.5 
1.8 
6.4 -- 

D I S -  

S4H- 
PLED 

RV 

USGS 
UJGS 

. U S 6 9  
USGS 
USGS 

USGS 
USGS 
USGS 
USGS 
USGS 

USGS 
USGS 
USGS 
USES 
USGS 

USGS 
USGS 
USGS 
USGS 

S O L V t 0  
013- S O L I D S  

SOLVED (SUM OF 
S I L I C A  CONSTI- 
(SIO2) IUENTS)  
(MG/L) (MGIL)  

22 196 
16 144 
14 188 
13 206 
I 6  223 

69 806 
72 a25 
0 5  655 
16 179 -- -- 

-- -- 
7.5 134 
6.2 155 
7.6 141 -- -- -- -- 
8.7 163 
9.6 doll -- lo 

INSTAN-  
TANEOUS 

D I S -  
CHARGE 
(CFS) 

-- -- -- -- -- 

PERCENT 
SOUIUM 

2 
3 
4 
2 
3 

93 
93 
92 
3 
3 

5 
2 
1 
2 
3 

3 
3 
5 -- 

ulS- 
SI  LVEV 
SI'LIOS 
( I  Ids 
kr h 

AC-FI )  

.27 

.20 
-26 
.Z8 
-50  -- 
.!Is 
.89 
.d4 -- 
-- 
.la 
.21 
.19 -- 
-- 

.22 
-36 -- 

FLOW 
RATE 

(GPM) 

a2.0 
18 
8.0 
1.0 

20 

-- -- 
SODIUM 

AD- 

T I O N  
R A T I O  

sow- 

.1 

.1 

.1 

.1 

.1 

51 
21 
19 

.l 

.I 

.1 

.1 

.u 

.1 

.I 

.1 
- 1  
.2 -- 

D I S -  
SOLVCU 
S O L I D S  
(TONS 

P E k  
DAY) -- -- -- -- -- -- -- -- -- -- -- 
4.96 
1-60 
5.00 -- -- 
1-56 -- -- 



TABLE 21.--CHEMICAL ANALYSES OF WATER FROM THE h R Y S V I L L E  TEST WELL AREA--bNTfNUED 

STA- DATE 
T f U N  OF 

L t i T r u  SAMPLE 

4 

C 
0 
E 

F 
F 
F 
li 
ti 

I 
J 
K 
L 
M 

N 
0 

n 
16-01-01 
16-07-01 
16-01-02 
16-07-02 
16-07-02 

75-08-29 
75-08-29 
15-08-29 
76-07-02 
16-10-22 

76-10-22 
76-10-22 
76-10-22 
16-1 0-22 
76-10-22 

76-10-22 
16-1 0-22 

DIS- 
SOLVED 
BORON 

(81 
(UG/L) 

9 
6 
6 
6 

10 

100 
190 
820 

4 -- 
-- 

2 
2 
2 -- 

-- 
5 

STA- DATE 

LETTER SAMPLE 
r m  OF 

A 16-07-01 
B 76-01-01 
C 76-07-02 
D 16-01-02 
E 76-01-02 

F 15-08-29 
F 15-08-29 
F 15-08-29 
G 16-01-02 
n 16-10-22 

I 16-10-22 
J 16-10-22 
K 76-10-22 
L 16-10-22 
I4 76-10-22 

N 76-10-22 
0 16-10-22 
P 71-06-29 
P 17-06-29 

D I S -  
SOLVED 

(L I )  
(UG/L) 

10 
. 5  

5 
10 
5 

2000 
2700 
6500 

5 

L I T n I u n  

-- 
-- 
l o  

0 
0 -- 

-- 
lo 

D I S -  
SOLVED 

N I T R I T E  
PLUS 

NITRATE 
(N) 

(MG/LI 

-15 
.13 
.45 
-15 
.03 -- 
-29  
-08 
.34 -- 
-03  
.15 
.13 

D I S -  
SOLVED 
IRON 
(FE)  

(UG/L I  

20 
0 

30 
0 

160 -- 
20 

250 
0 

130 

1 0  
100 

130 
490 

170 
150 

' no 

01s- 
SOLVED DIS- 

MAN- SOLVED 
GANESE MERCURY 

0x9- 
SOLVED 
STRON- 

T I U M  
(SR) 

(UGIL)  

90 
90 
130 
150 
160 

7 0  
220 
230 
100 -- -- 
100 
100 
100 -- -- 
110 

c 
I, 

i: 

I I  
f l  
U 

L 
br 

- c  
" 4 '  

31 
f '  
L4 

5 "  i 



TABLE  CHEMICAL ANALYSES OF WATER FROM THE WHITE SULPHUR (BREWERS) SPRINGS AREA 

SlbTION NUMBER STATION LETTER AND NAME 

SPE- 
C I F I C  . 
COY- 

DATE SAM- DUCT- 

SAMPLE BY RATE (MICRO- 
OF PLED FLOW PNCE PM 

(GP*) WIOS) t U N I T S )  

4 6 3 2 2 1 1 1 0 5 3 4 5 0 0  A WYITE SULPMIJR SPHINGS 0 9 N 0 7 E l R d R d  6 1 - 0 9 - 0 1  MSBH 500  -- -- 
A kHITt SULPMUfi SPHINGS 09ld07E18BBB 74-oe-2a M >400 2 2 2 0  6.5 
A h H I T E  YULPMUH S D r I N G S  U9Y07E18t3RB 76-05-11 USGS w160 2 3 ~ 0  -- 

STA- DATE 
T I O N  OF 

L t l l E R  SIMPLE 

A b l - 0 9 - 0 1  
A 74-06-24 
A 76-0>-11 

STA- UATF 

L E l l E H  SIMPLE 
T l u ~  OF 

A 6 1 - 8 9 - 0 1  
A 7 4 - 0 6 - 2 4  
4 76-05-11 

TEHPER- 
ATURE 

(DEG C )  

-- 
46.0 
45.5 

CAh- 
BUNATt  
(CD3) 
t * C / L )  

24 
<l -- 

DIS- D I S -  D I S -  
NOW- DTS- SOLVED SODIUM SOLVtD SULVED 
CAR- SULVEU MAG- D I S -  AD- SOOIUW PO- 

IIYURU- MARL- 8ONATE CbL-  YE- SOLVED SORP- PLUS 1AS- BICAR-  
GEN w s s  mm- CIUY SIUM sonIu* P ~ R C E N T  TION POTAS- SIUM KINATE 

SULFIDE (CPeMC) NES3 (CA) ( # G I  (NA) 
(WVL) ( h C / L )  (WG/Ll  t n G / L )  (Mb/L)  ( M G / L I  

U I S -  D I S -  
SOLVED SOlVED 

01s- SOLIDS PIS- D I S -  LCMORIA 
SOLVEn (SUS OF SOLVED SOLVED CITRO- 

D I S -  DIS-  D I S -  
SOLVED DIS- SOLVEU D I S -  DIS- DIS- D I S -  D1S- SOLVED DIS-  

STA- DATE ALUM- SOLVED CAD- SOLVED SOLVED SOLVED SOLVED SOLVED MAN- SOLVED 
T I O N  OF ICUh BORON WIUM LITHIUM COBALT COPPER IKON LEAD GANESE N I C K E L  

(UG/L) ( U G I L )  CUG/L) (UG/L) (UG/L) (UG/L) (UG/L) tUG/L) ( U G I L )  (UG/L) 
L E l T t H  SAMPLE C A L I  ( 0 )  (CD) (L I )  (CO) ( C U I  (FE)  (PB) (MN) ( N I )  

-- -- -- A b l - 0 9 - 0 1  -- -- -- -- -- -- 100 
A 7 4 - 0 8 - 2 4  b 9100 e l 0  1 3 0 0  <so < i o  1 1 0  <LOO 1 5 0  e20 

DIS- 

STA- DATE SOLVED SOLVED R U B I -  
1IGd OF Z I N C  CESIUM D I U M  

LETJER SAMPLE (Zld) (CS) ( R B I  

DIS-  D I S -  SOLVED 

(UG/L) (UG/L) (UGIL)  -- -- -- A 61-09-01 
A 7 4 - 0 8 - 2 4  20 1 0 0  9 0  



TABLE 2 3 . - - b i E M I C A L  ANALYSES OF WATER FROM THE LA DUKE ( b R W I N 1  HOT SPRINGS AREA 

S T A T I O N  NUMBER S T A T I O N  LETTER AND NAME 

SPE- 
C I F I C  
CON- 
DUCT- 
ANCE 

(MICRO- 
MHOS1 

2400 
2460 
2600 

DATE SAM- FLOW 
OF P L E D  P A T E  

SAMPLE 8 V  (GPMI 
PH 

( U N I T S )  

1.6 
6.5 -- 450535110462500 1 L A  DUKE (CORWIN) HOT SPRINGS 08SOBE32CO 

L A  DUKE ( C O R k I h )  HOT SPRINGS OBSOBE32CD 
L A  DUKE (CORWIN) HOT SPRINGS 0890BE32CD 

12-01-26 MBMG 500 
15-01-02 USGS 152 
16-05-21 USGS 220 

1 
1 

TEMPER- 
ATURE 

(DE6 C) 

66.0 
65.0 
61.5 

HV- 
DROX- 
1 DE 
(OH1 

(MG/L I  

0 -- -- 

018- D I S -  
SOLVED 

MAG- 
NE- 
S I U M  
(16) 

(MG/L I  

80 
58 
61 

DIS- 
SOLVED 
FLUO- 

R I D E  
(F I 

(MG/L) 

3.6 
3.6 

.3.5 

NON- 
CAR- 

HYDRO- HARD- BONATE 
GEN NESS HARD- 

( M G l L I  (MG/L) ( M G / L l  -- 990 P O I  
e1.0 1000 190  -- 1100 850 

S U L F I D E  (CArMG1 MESS 

D I S -  
SOLVED 

CAL- 
C I U M  
( C A I  

(MGlL)  

270 
320 
330 

DIS- 
SOLVED 
CHLO- 
RIDE 
(CL)  
(MG/L) 

42 
45 
42 

SODIUM SOLVED 
AD- PO- 

SORP- T I S -  B ICAR-  CAR- 

H A T I O  (IO (HC031 ( C 0 3 1  
I I O N  S I U M  BONATE BONATE 

(MG/L) ( M G / L l  (MG/L I  

DIS-  
SOLVED 
SODIUM PERCENT 

(NA) SODIUM 
(MG/L) 

230 33 
2 3 0  31 
240 32 

STA- DATE 
110k OF 

L E I  TEH SAMPLE 

A 12-01-26 
A 15-07-02 
A 16-05-27 

3.1 24 94 0 
<l 3.1 23 3 0 0  

3.2 25 281 -- 

D I S -  
SOLVED 

DIS- 
D I S -  SOiVED 

SOLVED D I S -  DIS- k I T R I T E  
S O L I D S  SOLVED SOLVED P L U S  
(TONS N I T R I T E  N I T R A T E  N I T R A T E  

PER 

ALKA- 01s- 
L I N I T Y  CARBON SOLVED 

AS D I O X I O E  SULFATE 
CACO3 (COZ) (504) 
(MG/L) (MG/L) ( M G I L I  

11 3.8 1300 
246 152 1200 
230 -- 1400 

D I S -  S O L I D S  
SOLVED (SUM OF 
S I L I C A  C O N S I I -  
(9102) I U E N T S )  
(MG/L I  (MG/L) 

52 2 0 1 0  
49 2080 
45 22vo 

STA- D A I E  
I I O N  OF 

LETTER SAMPLE 

A 12-01-26 

A 16-05-27 
A 75-07-02 

D I S -  
SOLVED 

AMMONIA 
STA- DATE NITRO-  
TION OF GEN 

L c i r E d  s w L e  (N) 
(MG/L) 

A 72-01-26 -- 
A 15-07-02 .22 
A 16-05-27 -- 

DIS- 
SOL- 
VED- 
PHOS- 

PHORUS 
( P I  

(MG/L) -- -- 
.oo 

DIS-  
SOLVED DIS-  D I S -  D I S -  

D I S -  
SOLVED 

DIS- 
SOLVED D I S -  

D I S -  
SOLVE0 _ _  _. 

1. DATE ALUM- S O ~ V E D  S O ~ V E D  TOTAL SOLVED WAN- STRUN- SOLVED RUU- 
T I L  OF I h U H  BORON L I T H I U M  I R O N  IRON GANESE T I U M  CESIUM DIUM 

LETICH SAMPLE ( A L I  ( 8 )  (L I )  (FE) (FE) (WN) (SRI (CS) (RE) 
( U G / L I  ( U G I L )  ( U G I L )  (UG/L)  (UG/L) (UG/L) (UF/L)  CUG/L) (UG/L) 

-- e- -- -- A 12-07-26 -- -- 280 260 

A 16-05-21 -- 480 2 7 0  
A 15-07-02 460 240 -- 160 2o 20 -- <IO0 1 0  -- 300 -- 3900 -- -- 



TABLE 24.--CHEMICAL ANALYSES OF WATER FROM THE CHICO (EMIGRANT) HOT SPRINGS AREA 

INSTAN- 
TANEOUS 
DIS- 

CHANGE 
(CFS) -- 
20 

14 
-- 

8.8 

8.9 
2.2 

12 

c- -- 
-- 
-e -- -- -- 

40 
36 

1690 
1090 

-- 
ii 
14 

1600 
1060 

8.6 

STATION LETTER AND NAME 

DATE 
OF 

SAMPLE 

SAM- 
PLED 

BY 

USGS 
USGS 
USGS 
USGS 
USGS 

USGS 
USGS 
USGS 
USGS 
USGS 

MS9H 
M 

USGS 
USGS 
USGS 

USGS 
US65 
USGS 
USGS 
USGS 

USGS 
USGS 
USGS 
USGS 
USGS 

’ ,  
STATION NUMBER L 

A 
8 
C 
D 
D 

E 
E 
F 
G 
n 

I 
I 
I 
I 
I 

J 
J 
K 
L 
L 

M 
n 
N 
0 
a 

. LC-3 CHICO FL03ING WELL OlSO9EO6DDA 
EAST FORK EMIGRAhT CR 0lS09E06 O A A  
CHICO HELL 11 EMIGRANT GULCH OlS09E06ADD 

16-07-08 
16-01-08 
76-01-23 
16-10-28 
17-04-05 

16-10-28 
17-04-05 
17-04-05 
16-01-09 
16-10-26 

64-1 1-24 
14-08-25 
16-05-27 
16-01-09 
17-04-05 

76-10-28 
17-04-05 
16-10-28 
76-10-28 
17-04-05 

76-10-28 
17-04-05 
17-04-05 
lb-10-28 
17-04-05 

4 5 i 5 i i i i O i 9 ~ i O O  
451524110393100 
451609110462800 SIXMILE CREEK 

SIXMILE CREEK 

EMIGRANT CR AT OLD c n m  
EMIGRANT CR A T  OLD cnxco 
E n i c u m r  CR NEAR Mown 
CHICO COLD SPRING 06S08E12ACB 
CHICO HOT SPRINGS #EST VENT 06S09EOlCDC 

CHICO HOT SPRINGS 06S09EOlCDC 
CHICO HOT SPRINGS 06909EOlCDC 
CHICO HOT SPRINGS 06SO9EOlCDC 
CHICO HOT 3PRIhGS 06S09EOlCDC 
CHICO HOT 8PRINGS 06SO9EOlCDC 

MILL CREEK UPSTREAM FROM DIVERSION STA 4 
MILL CREEK UPSTREAM FROM DIVERSION STA 4 
YELLOUSTOhE FISH HbTCHERY 
YELLOWSTONE RIVER AT EMIGRANT 
YELLOUSTOhE RIVER AT EMIGRANT 

451859110415800 

451951110451000 
451955110410800 
452013110412100 

452013110412100 

452103110363000 

452141110431100 
452205110432900 

EIGHTMILE CREEK NEAR CHICORY 
EIGHTMILE CREEK NEAR CHICORY 

452431110415100 

452449110384900 
452510110382800 

MILL CREEK NEAR MOUTH 
YELLONSTONE 
YELLOMSTONE 

RIVER-NEAR 
RIVER NEAR 

PRAY 
PRAY 

DIS- 
SOLVED 

MAG- 
NE- 
SIUN 
(MG) 

(MG/L) 

8.6 
1.1 

18 
11 
14 

4.1 
5.6 
5.4 
3.6 
8.0 

2.0 
8.8 -- -- 
8.4 

6.9 
8.9 
9.1 
5.8 
1.2 

1.8 
2.0 
8.1 
6.2 
1.1 

3PE- 
CIF IC 
CON- 

NON- DIS- 
CAR- SOLVED 

BONATE CAL- 
HARD- CIUM 

DIS- 
SOLVED 
SODIUM PERCENT 

(NA) SODIUM 
(MGIL) 

A I R  HYDRO- 
PH TEMPER- TEMPEft- GEN 

ATURE ATURE SULFIDE 
(UNITS) (DEG C )  (DEG C )  (*G/L) 

HARD- 
NESS 

(CAS MG) 
(MGIL) 

921- DATE DUCT- 
TION OF ANCE 

LETTER SAWPLE (MICRO- 
MHOS) 

16-07-08 2 9 1  
16-07-08 1 3  
16-01-23 556 
76-10-28 345 
17-04-05 227 

16-10-28 2 2 1  
17-04-05 169 
11-04-05 166 
16-01-09 200 
16-10-28 518 

64-11-24 -- 
14-08-25 319 
16-05-21 5 0 1  
16-01-09 490 
71-04-05 438 

76-10-28 191 
11-04-05 210 
16-10-28 420 
76-10-28 260 
17-04-05 302 

76-10-28 11 
71-04-05 68 
71-04-05 213 
76-1 0-28 242 
17-04-05 308 

9.2 
8.0 

10.0 
4.0 
8.5 

130 
21  

210 
96  

110 

67 36 
10 6.4 
98 r i  

9.5 14 
1.8 16 

21  15 
3.8 8 
4.4 8 

3.0 9 
3.3 9 
3.6 9 
6.4 15 

3 1  34 -- -- 
35 3 1  -- -- -- -- 
34 36 

.4 
- 2  
-6 
.2 
-2  

.2 

.2 

.2 

.3 
1 .2 -- 
1.4 

1.3 

.2 

.2 

.3 
1.0 
1 .2 

.2 

.2 

.2 
1.0 
1.2 

-- -- 

A 
B 
c 
D 
D 

E 
E 
F 
G 
H 

I 
1 
I 
1 
I 

J 
J 
K 
L 
L 

W 
H 
N 
0 
0 

i 20 
6 22 

3.5 
1.5 

10.5 
9.5 

42.5 

6 1  6 19 
1 6  
15  
18 

14 21  
13 21  
0 25  

130 

111 
120 

130 

-- -- 
0 3 1  

0 43 
0 35 -- -- -- ..- 
0 36 

0 a 1  
1 25 

13 34 
0 19 
0 22 

0 6.1 
0 5.9 

ae.5 

45.0 
42.0 

46.0 
43.5 

11.5 
4.0 
9.0 
1.0 

11.0 

81 
99 

4.0 10 
5.3 10 
8.4 13 

19 35 
26 38 

2.6 1 1  
2.4 16 
5.1 10 

19 35 
25  31 

120 
12 
e5 

5.6 
11.5 
1.8 
6.0 
9.0 

24 
23 L 100 
1 1  
84 

1 26 
3 18 
2 22 

“ I  

b 



L 
DIS-  

SOLVED 
SOLIDS 
(TONS 
PER 

AC-FT) 

.30 

.Ob 

.51 
-16 
.18 

-13 
-13 
-13 
.15 
.35 -- -- -- -- 
-36 

.15 

.18 

.24 

.21 
-27 

-09 
-10 
-17 
.21 
-27 

TABLE 24.--CHEMICAL ANALYSES OF WATER FROM THE CHIC0 (EMIGRANT) HOT SPRINGS AREA--CONTINUU) L 
DIS- 

SOLVED 
SOLIDS 

(SUM OF 
CONSTI- 
TUENTS) 

(MG/L) 

218 
43 
375 
121 
134 

93 
98 
99 
110 
255 -- 
255 -- -- 
263 

110 
129 
175 
158 
20 1 

68 
70 
126 
152 
196 

DIS-  
SOLVED 

PO- 
TAS- 
SIUM 
( K )  

(MG/L) 

2.0 
.5 

1.1 
1.6 
2.1 

.7 

.9 

.a 
-6  

6.6 -- 
6.8 -- -- 
6.9 

1.3 
1.5 
2.6 
4.2 
,5 -8  

2.6 
2.8 
I .4 
4.3 
5.6 

DIS-  
SOLVED 
CHLO- 
RIDE 
(CL) 
(MG/L) 

1.2 
.5 
.8 
.8 

1 .2 

.4 
-6 
.5 
1.5 
12 

13 
10 
1 1  
1 1  . 
10 

1.4 
2.0 
2.2 
13 
15 

2.9 
-8  

1.1 
10 
15 

DIS-  
SOLVED 
FLUO- 

RIDE 
(F)  

(MG/L) 

.5 

.1 

.e 

.1 

.1 

.2 

.I 

.I 

.4 
-9 

-8  
-9 
.9 
-8  
1.0 

.2 

.a 

.2 
-8  

1.1 

.1 

.l 

.I 

.7 
1.1 

ALKA- 
L I N I T Y  

AS 
CACO3 
(MG/L) 

59 
1 1  
171 
102 
107 

62 
62 
62 
86 
141 

139 
139 
141 

140 

88 
98 
110 
.16 
85 

35 
26 
100 
67 
82 

-- 

DIS-  
SOLVED 

SULFATE 
(9041 
(MG/L) 

88 
14 
120 
12 
15 

16 
19 
20 

42 

41 
41 
53 
53 
47 

5.0 

8.2 
12 
33 
21 
43 

1.1 
0.2 

10 
31 
42 

OIS- 
SOLVED 
S I L I C A  
(SIOZ) 
(MG/LI 

33 
12 
30 
10 
10 

11 
10 
10 
15 
31 -- 
34 
33 
31 
34 

14 
14 
18 
23 
29 

29 
36 
13 
22 
28 

STA- DATE 
TION OF 

LETTER SAMPLE 

BICAR- 
BONATE 
(HC03) 
(MG/L) 

72 
13 

208 
124 
130 

75 
75 
75 
105 
172 

170 
110 
172 

’ 170 

107 
120 
134 
93 
98 

43 
32 
120 
82 
100 

-- 

CAR- 
BONATE 
(C03) 
(MG/L) 

0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
e1 

-- 

-- -- 
0 

0 
0 
0 
0 
3 

0 
0 
1 
0 
0 

CARBON 
DIOXIDE 

(C021 
(MG/LI 

7.3 
.3 

1.6 
1.5 

3.4 
1.7 
2.1 
1 .2 

-- 

14 

11 

14 

-- -- -- 
1.4 
1.2 
5.4 

.a 

.3 

1.1 
2.0 

-6  
.3 
.4 

A 
B 
C 
D 
D 

E 
E 
F 
G 
n 

I 
I 
I 
I 
I 

J 
J 
K 
L 
L 

W 
W 
N 
0 
0 

76-07-08 
76-07-08 
76-07-23 
16-1 0-28 
17-09-05 

76- 10-28 
77-04-05 
77-04-05 
76-07-09 
76-10-28 

64-11-24 
74-08-25 
76-05-27 
76-07-09 
17-04-05 

76-1 0-28 

16-1 0-28 
16-1 0-28 
77-04-05 

76-10-28 
77-04-05 
77-04-05 
76- 10-28 

77-04-05 

r7-04-05 

t ’  u 
1 ’  

t; 

i: 
L 

b. DIS-  
SOLVED 

NITRITE 
PLUS 

NITRATE 
(N) 

(MG/L) 

.01 
-07  
.01 
-09  
-09 

-08 
-08 
-08 
.I1 
-26 -- -- -- -- 
.21 

.01 

.05 

.34 -- -- 
- 0 3  
.Ol 
.u4 -- -- 

DIS-  
SOL- 
VED- 
PHOS- 

PHORUS 
( P I  

(WG/L) 

.oo 

.OO 

.oo 
-- 
-- 

.oo 

.oo 

.01 

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

-00  

.03 -- -- 

.oo 

.oo 

.14 

.oo 

.01 

.oo 

-- 

DIS-  
SOLVED DIS-  
SOLIDS SOLVED 
(TONS NITRATE 
PER 

STA- DATE 
l I O N  OF 

LETTER SAMPLE - L  orr I -- 
2.32 

4.70 
3.18 

3.09 
2.35 
.59 

-- 

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

11.9 
12.8 -- 
721 
592 

3.19 
2.72 
2.95 

657 
561 

76-07-08 
76-07-08 
76-07-23 
76-10-28 
17-04-05 

76-10-28 
77-04-05 
77-09-05 
76-07-09 
76-10-28 

64-11-24 
74-08-25 
76-05-27 
76-01-09 
77-04-05 

76-10-28 
77-04-05 
16-10-28 
76-10-28 
77-04-05 

76-10-28 
71-04-05 
17-04-05 
76-10-28 
77-04-05 

A 
8 
C 
0 
D 

E 
E 
F 
G 
H 

I 
I 
I 
I 
I 

J 
J 
K 
L 
L 

7 
W 
N 
O 
0 

1 ‘  
t 

1 
I: 

48 
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 LE 24.--CHEMICAL ANALYSES OF WATER FROM THE CHIC0 (EMIGRANT) HOT SPRINGS AREA--CONTINUED 

DIS-  D IS-  
D IS-  

SOLVED 
IRON 
(FE) 

(UG/L) 

3100 
210 
1200 
60 
160 

140 
40 
40 
30 
90 

0 
<20 
50 
70 
130 

90 
30 
60 
100 
190 

40 
40 
60 

SO~VED DIS- 
ALUM- SOLVED 
INUM ARSENIC 

OIS-  
SOLVED 
BORON 

( 8 )  
CUWL) 

6 
6 
4 
5 
2 

7 
2 
2 
8 
50 -- 
60 
60 
7 
7 

9 
340 
540 
7 
4 

7 
330 
510 

SOLVED DIS-  
CAD- SOLVED 
MIUM L ITHIUM 

STA- DATE 
IION OF 

LETTER SAMPLE ( C D I  (LII 
( U W L )  

10 
0 
50 
0 
10 

0 
0 
0 
0 

so 

30 
30 

0 
10 

0 
100 
140 

0 
0 

0 
90 
140 

-- 

4 
R 
C 
D 
0 

F 
E 

' F  
. G  

H 

T 

76-01-08 
76-01-08 
76-07-23 
16-10-20 
71-04-05 

16-10-28 
71-04-05 
77-04-05 
76-07-09 
76-10-20 

64-11-24 
14-08-25 
77-04-05 
76-10-20 
71-04-05 

16-10-28 
76-10-28 
77-04-05 
16-10-28 
77-04-05 

77-04-05 
16-10-28 
77-04-05 

I 
I 
J 
.I 

K 
L 
L 
II 
U 

N 
' I 7  

0 

DIS-  D IS-  
SOLVED 
STRON- 

TIUM 
(SR) 

(UGIL) 

330 
70 

2000 
360 
350 

190 
IQO 

OIS- 
SOLVED 

MAN- 
GANESE 

(MN) 
(UG/L) -- -- 

70 
0 
10 

0 
10 
10 

D 
-- 
-- 
e20 
10 
10 

0 

018-  
SOLVED 

MERCURY 

SOLVED 
SELE- 

NIUM 
(SEI  

(UG/L) 

STA- DATE 
T l O h l  OF 

LETTER SAMPLE 

L 76-01-08 
R 76-07-08 
C 76-07-23 
D 16-10-28 
r) 71-04-05 

E 76-10-28 
F 77-04-05 
F 17-04-05 
G 76-01-09 
H 16-10-28 

I 64-11-24 
I 74-08-25 

J 16-10-28 
J 77-04-05 

U 16-10-20 
L 76-10-28 
L 77-04-05 
H 16-10-28 
u 77-04-05 

k 17-04-05 
0 16-10-28 
i7 77-04-05 

I 77-09-05 

180 
210 
380 

i i o  
200 

240 
150 
170 

0 
0 
10 

1.0 
.9 

3.7 -- 
0 
0 

0 
0 

60 
40 

180 
150 
160 

.7 

.O 

.0 

10 
10 
10 

10 
0 
10 

0 
I 
2 

0 

0 
a 

49 



TABLE PS.--CHEMICAL ANALYSES OF WATER FROM THE HUNTERS HOT SPRINGS AREA 

SPE- 
C I F I C  

INSTAN-  CON- 
DATE SAM- TANEOUS F L O d  DUCT- 

OF P L E D  D I S -  RATE ANCE 
SAMPLE BY CHARGE CCPM) (MICRO- 

CCFS) unosi S T A T I O N  NUM8ER STATION L E T I E R  AND NAME 

76-10-29 
17-04-06 
76-10-29 
77-04-06 
61-08- 15 

12-07-25 
73-07-29 
14-08-21 
75-07-02 
76-10-29 

77-04-06 
74-08-21 
71-04-06 

-- -- -- -- -- 
USGS 2360 
USGS 1540 
USGS 2.2 
usss 1.7 
Y s B n  -- 
YBMG -- I S 0 0  

K -- 1500 
RFS -- 420 

M -- >1320 
USGS -- 710 

USGS -- 776 
RFS -- -- 

USGS -- .so 

287 
324 
518 
463 -- 
337 

354 
441 

430 

706 

-- -- 
-- 

454435110131500 I YELLOWSTONE R I V E R  AT SPRINGDALE 
A VELLOWSTONE R I V E R  A T  SPRINGDALE 

454439110131900 I) HUNTERS CREEK NEAR MOUTM 
0 HUNTERS CREEK NEAR MOUTH 

454526110152600 C HUNTERS HOT SPRINGS . 
li 

C HUNTERS HOT SPRINGS 

C HUNTERS HOT SPRINGS COMPOSITE 

C HUNTERS HOT SPRINGS COMPOSITE 

c MUNTERS nor SPRINGS 

c MUNTERS no1 SPRINGS COMPOSITE 

C HUNTERS HOT SPRINGS COMPOSITE 
454535110150500 D HUNTERS COLD SPRING 

D HUNTERS COLD SPRING 

1, DIS- DIS- 
D I S -  SOLVED SODIUM SOLVED 

SOLVED MAG- D I S -  AD- SODIUM 
CAL- NE- SOLVED SORP- PLUS 
C I U M  SIUM SODIUM PEHCENT T I D N  POTAS- 
( C A I  (MG) (NA1 SODIUM R A T I O  S I U M  

(MG/L) (MGIL)  ( M G / L I  (MG/L) 

NON- 
CAR- 

BONATE 
HARD- 
NESS 
(MG/L) 

STA- DATE 
T I O N  OF 

LETTER SAMPLE 

A I R  HARD- 
NESS 

(CA,MG) 
(MG/L l  

P n  

( U N I T S )  

8.2 
8.5 
8.4 
8.4 -- 
8.5 
7.6 

9.1 
8.9 

8.6 

7.6 

-- 

-- 

TEMPER- 
ATURE 

(DEG C l  

TEMPER- 
ATURE 

(DEG C) 

5.5 
9.5 
1.5 

L b 76-10-29 
A 77-04-06 
8 76-10-29 
8 77-09-06 
C 61-08-15 

C 72-07-25 
C 73-07-29 
C 74-08-21 
C 75-01-02 
C 76-10-29 

C 77-04-06 
D 74-08-21 
D 71-04-06 

99 
120 
81 

5 
'1 
0 
0 
0 

26 8.1 
31 9.2 
25 5.8 

18 
21 
78 

28 
27 

.8 

.9 
3.7 

16.0 -- 
-- 

60.0 
57.0 
60.0 
53.9 

56.5 

8.0 
-- 

68 
10 

12 

2 

3 

-- 
-- 

19 4.9 
2.0 1.0 

1.2 2.2 
3.6 -- 

.6 .o 
g1.0 e.1 
1.0 .2 

80 -- 
90 
80 
88 
85 
86 

4.2 -- 
-- 11 

30 

21 

23 

-- 
1.4 
1.4 L 3 

190 
230 

85 
45 
47 

98 
33 
31 

1.0 .o 
53 15 
61 18 

DIS- 
SOLVED 

PO- 
TAS- 
S I U M  
<lo 

(WG/L) 

3.9 
4.6 
.9 

.1.1 

.5 
-6  
1.0 

-6 
.6 

1.4 
.4 
.3 

-- 

B I S -  
D I S -  

SOLVED 

R I D E  
( C L I  
(MG/L I  

8.0 

cnLo- 

1 1  
18 
16 
18 

15 
14 
24 
18 
17 

14 

DIS- 
SOLVED 
FLUO- 

R I D E  
( F )  

( M G / L l  

.b 

.S . 4.0 
4.9 
1.7 

6.0 

4.6 
5.6 
5.8 

5.8 
.3 
.3 

-- 

s o i i E D  
D I S -  S O L I D S  

DIS- 
SOLVED DIS- 

SOLVED 
SULFATE 
(SO41 
(MG/L) 

35 
43 
39 

nv- ALKA- 
L I N I T Y  

AS 
CAC03 
( M G / L I  

94 
110 
185 
160 
140 

140 

164 
164 
139 

-- 

STA- DATE 
TION OF 

LETTER SAMPLE 

B I C A R -  
BONATE 

(MG/L) 
(nco31 

CAR- 
BONATE 
( C 0 3 1  
(MGIL)  

0 
0 
0 
6 
36 

10 -- -- 
15 
22 

4 

0 
-- 

DROX- 
I D E  
( O W  

(MG/L) 

CARBON 
D I O X I D E  

t C 0 2 )  
(MG/L) 

SOLVED (SUM-OF 
S I L I C A  CONSTI- 
(SI021 TUENTS) 

S O L I D S  
(TONS 

PER 
I C - F T )  

.24 

.29 

.45 

.42 c -- -- -- 

(MG/LI  (MG/L) 

18 174 
20 210 
45 329 

308 50 -- -- 
A 76-10-29 
A 71-04-06 
E 76-10-29 
0 71-04-06 
C 61-08-15 

c 12-01-25 

C 74-08-21 
C 75-07-02 
C 76-10-29 

C 71-04-06 
0 74-08-21 
D 77-04-06 

c 73-07-29 

114 
140 
226 

1.2 
.I 
1.4 

180 
98 

150 

zoo 
170 
125 

-- 
36 
21 

20 

19 
11 
16 

19 
55 
84 

-- 68 281 
50 -- 
62 298 
65 -- 
59 273 

63 268 
9.8 349 
10 315 

150 
300 
280 

130 
246 
230 

-6  -- 
lo 

23 
13 

i 



TABLE 25. --CHEMICAL ANALYSES OF WATER FROM THE HUNTERS HOT SPRINGS AREA--CONTINUED 

DIS-  
019- D IS-  D IS-  

TOTAL SOLVED SOLYEU SOL- 
SOLVED DIS-  D IS-  NIYRITE N ITRITE AMMONIA VED- 

STA- DATE SOLIDS SOLVED SOLVED PLUS PLUS NITRO- PHOS- 
TION OF (TONS NITRATE NITRATE NITRATE NITRATE GEN PHORUS 

DAY) (MG/LJ (WG/Ll (MG/Ll (MG/Ll CRG/L) (YG/L) 
LETTER SAMPLE PER (N) (NO31 (N) (N) (N) ( P I  

A 
A 
0 
0 
C 

C 
C 
C 
C 
C 

C 
0 
D 

76- 10-29 
77-04-06 
76-1 0-29 
17-04-06 
61-08-15 

72-07-25 
13-07-29 
74-08-21 
75-07-02 
16- 10-29 

71-04-06 
14-08-21 
77-06-06 

1110 
073 

1195 
1.42 

.oo 

.oo 

DIS-  
SOLVED 
ALUM- 
INUM 

( A L I  
( U W L )  

30 
40 -- -- -- 

DIS-  
SOLVED DIS-  

CAD- SOLVED 
MIUM L ITHIUM 
CCO) (L I )  

(UG/L) (UG/LI  

0 70 
I 100 
4 30 

30 I -- -- 

DIS-  
D IS-  SOLVED DIS-  

SOLVED BERYL- SOLVED 
ARSENIC L IUM BORON 

(AS) (BE) (81 
(UG/L) (UGIL) (UG/L) 

18 0 250 
16 0 350 
0 0 530 
0 0 590 -- -- 

DIS-  
SOLVED 

IRON 
(FE) 

(UG/L) 

20 
30 

100 
60 

e100 

-- 
e o  

70 
40 -- 

130 

OIS- 
SOLVED 
CESIUM 

CCS) 
(UG/L) -- 

-c -- -- -- 
-- 
e- 

*IO0 
.)- -- 
-- -- 

u STA- DATE 
TION OF 

LETTER. SAMPLE 

A 
A 
0 
E .  
C 

C 
E 
C 
C 
C 

D 
D 

76-10-29 
77-04-06 
76-10-29 
11-04-06 
61-08-15 

12-07-25 
74-06-21 
75-07-02 
16-10-29 
77-04-06 

14-08-21 
71-04-06 

1- D I S -  
‘ED 019- SOLVE0 D IS-  
I- SOLVED WOLYE- SOLVED 

DIS-  D IS-  
SOLVED SOLVED 
SELE- ITRON- 

NIUM TIUM 
(SEI  (SR) 

(UG/LI  (UC/L l  

STA- DATE 
TION OF 

LETTER SAMPLT 
GANESE MERCURV DENUM NICKEL 

(MN) (HGI (MO) ( N I )  
(UG/L) ( U W L )  (UG/L) ( U G I L I  

A 76-10-29 
A 77-04-06 
B 76-10-29 
0 71-04-06 
c 61-08-15 

0 -  
20 
10 

0 

0 210 
0 230 
0 310 
0 220 

c 72-01-25 
c 14-06-21 
C 75-07-02 
C 76-10-29 
C 77-04-06 

0 

e20 
10 
0 

-- 

0 74-08-21 
D 77-04-06 



TABLE 26,--CHEMICAL ANALYSES OF WATER FROM T H E  RINGLING FLOWING WELL AREA 

S T A T I O N  NUMBER S T A T I O N  LETTER AND NAME 

462022110471100 A R I N G L I N G  FLOWING WELL 
A R I N G L I N G  FLOWING WELL 

STA- DATE 
T I O N  OF TEMPER- 

(DEG C) 

A 61-08-14 -- 
A 76-05-26 48.0 

LETTER SAMPLE ATURE 

nr- 
STA- DATE DROX- 
T I O N  OF I D E  

LETTER SAMPLE (on) 
(MG/L1 

A 61-08-14 0 
A 76-05-26 -- 

STA- , DATE 
T I O N  OF 

LETTER SAMPLE 

A 61-08-14 
I 16-05-26 

HARD- 
NESS 

(EA, MG) 
(MG/L) 

1300 
1000 

ALKA- 
L I N I T Y  

AS 
CACO3 
(MG/L) 

131 
135 

NON- D I S -  
CAR- SOLVED 

BONATE CAL- 
HARD- C I U M  
NESS ( C A I  
( M G / L l  (MG/L) 

1200 350 
890 300 

CARBON SOLVED 
D I O X I D E  SULFATE 

(CO2) (504) 
( M G / L I  (MG/L) 

-- 990 
42 860 

D I S -  
SOLVED 

MAG- 
.NE- 

S I U M  
(MG) 

( M G I L I  

93 
66 

D I S -  
SOLVED 

R I D E  
( C L I  
(MG/L) 

11 

cnLo- 

2.1 

SODIUM 
D I S -  AD- 

SOLVED SORP- 
SODIUM PERCENT T I O N  

( N A I  SODIUM R A T I O  
CMG/L) 

D I S -  
O I S -  s o i V E u  

SOLVED UIS- S O L I D S  
FLUO- SOLVEO (SUM OF 

R I D E  S I L I C A  CONSTI- 
( F )  (SI021 TUENTS) 

SPE- 
C I F I C  
CON- 

DATE SAM- DUCT- 

SAMPLE 8r RATE (MICRO- 
OF PLED FLOW ANCE P H  

(GPW MHOSI (UNITS) 

-- -- -- 61-08-14 MSBH 
76-05-26 USGS 800 1630 6.8 

( M G / L l  ( M G / L I  (MG/L) -- -- 1 .8 
2.7 25 1360 

D I S -  
SOL- 
VED- 

STA- DATE pnos- 
T I O N  OF P n o n u s  

LETTER SAMPLE ( P I  
(MG/L) 

A 61-08-14 -- 
A 76-05-26 .oo 

D I S -  D I S -  

SOLVED BERYL- SOLVED CAD- 
ARSENIC L I U M  BORON MIUM 

(AS) (BE)  (el (ED1 
(UG/L) ( U G I L )  ( U G / L I  ( U G / L l  

D I S -  SOLVED D I S -  SOLVED 

-- -- -- -- 
1 0 80 0 

D I S -  
SOLVED D I S -  

STA- DATE MOLY& SOLVED 
T I O N  OF DENUM N I C K E L  

(UG/L) (UG/L) 

A 61-08-14 -- -- 
A 76-05-26 1 4 

LETTER SAMPLE (MO) ( N I I  

D I S -  D I S -  D I S -  
SOLVED SOLVED SOLVED 

L I T n I U M  COPPER I R O N  
(L I )  ( C U I  (FE)  

( U G / L l  ( U G / L l  ( U G / L l  

-- -- <loo 
60 0 100 

D I S -  D I S -  D I S -  
SOLVED SOLVED SOLVED 
SELE- STRUN- VANA- 

NIUM T I U M  D I U M  
( S E I  ( S R )  ( V I  

( U G / L l  (UG/L) (UG/L) 

3 4300 2.1 
-- -- -- 

D I S -  O I S -  
SOLVED SOLVEO 
SODIUM PO- 

P L U S  T I S -  B I C A R -  CAR- 
POTAS- S I U M  BONATE BONATE 

S I U M  (lo CHC03) (C03)  
(MG/LJ (MG/L l  (MG/L) (MG/L) 

.O -- 160 0 -- 6.5 164 0 

D I S -  
D I S -  SOLVED 

SOLVED U I S -  D I S -  N I T R I T E  
S O L I D S  SOLVED SOLVED PLUS 
(TONS N I T R A T E  N I T R A T E  N I T R A T E  

PER ( N l  (NO31 (N) 
AC-FTI  ( M G / L I  (MG/L) (MG/L) -- 

1.85 

01s- 
SOLVED 

L E A D  
( P B I  

( U G / L l  -- 
4 

D I S -  
SOLVED 

Z I N C  
( Z W  

(UG/L)  

20 
-- 

D I S -  

MAN- SOLVED 
SOLVED D I S -  

GANESE MERCURY 
(MN) (HG) 

(UG/L) (UG/L) 



I L 
L 

1 '  w 

t '  
kl 
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TABLE 27.--CHEMICAL ANALYSES OF WATER FROM THE LUCAS FLOWING WELL AREA 

S T A T I O N  NUMBER S T A T I O N  LETTER AND NAhE 

4 6 2 1 3 0 1 1 0 4 0 4 1 0 0  A LUCAS FLOWIhG WELL 
A LUCAS FLOWING WELL 

SPE- 
C I F I C  
CON- 

DATE SAY- DUCT- 
OF PLED F L O d  ANCE TEMPER- _-- 

SAMPLE BY RATE (MICRO- ATURE 
(GPM) MHOS) (DE6 C) 

61-09-13 MSRH -- -- -- 
3300 42.2 76-05-26 USGS 99 

NON- D I S -  
CAR- SOLVED 

YTA- DATE HARD- BONATE CAL- 
TIOh OF NESS HARD- C I U M  

LETTER SAMPLE (CA,MG) NESS ( C A I  
(MG/L) (biG/L) (MG/L) 

A 61-09-13 2500 2400 7 0 4  
C 76-05-26 2 2 0 0  2100 6 6 0  

019- D I S -  019- 
SOLVED SODIUM SOLVED SOLVED 

MAG- DIS- AD- SODIUM PO- 
NE- SOLVCD SOUP- PLUS T I S -  B I C A R -  CAR- 
S I U M  SODIUM PERCENT T I O N  POTAS- S I U M  BONATE BONATE 
(MG) (NA) SODIUM R A T I O  S I U M  (K)  t H C 0 3 )  (COS) 

(MG/Lf (ME/L) (MG/L) ( M G I L )  (MG/L) (MG/L) -- -- -- .o -- 116 0 -- 176 
1 4 0  32 3 .3 -- 13 115 

D I S -  OIS- 
D I S -  DIS- SOLVED D I S -  SOLVED SOL- 

D I S -  SOLVE0 SOLVED D I S -  S O L I D S  SOLVED 01s- DIS- N I T R I T E  VEO- 

019- 

STA- OATE SOLVED ~ CHLO- FLUO- SOLVED (SUM OF S O L I D S  SOLVED SOLVED PLUS PHOS- 
T I O N  OF SULFATE R I D E  R I D E  S I L I C A  CONSTI -  (TONS N I T N A T E  N I T R A T E  N I T H A T E  PHORUS 

( M G l L )  (MG/L) (MGIL)  (MGIL)  (MG/L) A t - F T )  (MG/L) (MG/L) (MG/L) fMG/L) 

-- -- .oo .oo 

LETTER SAMPLE (504) (CL)  (F )  (9102) TUENTS) PER ( N l  (N03)  (N) ( P I  

-- -- -- -- -- .05 .20 A 6 1 - 0 9 - 1 3  2200 16 1.5 
6.0 2.a 25 3150 4 - 2 8  A 76-05-26 2200 

DIS- 
019- 019- 019- SOLVED 

STA- DATE SOLVEO SOLVED SOLVED STRON- 
~ 1 3 . 1  OF BORON L I T H I U M  I R O N  T I U M  

LETTER SAMPLE (8) (LI)  (FE) (SI?) 
(UG/L) (UG/L) (UG/L) (UG/L) 

A 6 1 - 0 9 - 1 3  -- -- 2000 -- 
A 16-05-26 i a o  1 0 0  1600 12000 

ALKA- 
L I N I T Y  

AS 
CACU3 
(MGIL)  

95 
94 

a 



Table 28.--Composition of gases escaping from thermal spr ings  and w e l l s  
[Composition is i n  percent by volume.] 

.m 
1 
rl a n rr 

n u  
cUQ 

O U  
3 

Q) rl 
n td m U 

0 X 

a V 
3 

Q) 
5 

Q) U 
t4 

3 

E %  

n h( 

% U $ 60 

E &I 0 3 c, 23 3 0 

Z u 
3 

Thermal- G U  $ 8  Q) 

sp r ing  Date m 
m u  bo iv (fig.1) La t i t ude  Longitude Name sample' 0 

00 

c, 
.r( !3 3 Z w" PG g v  

0 

td 
area of 

4 46 02 37 

6 45 22 04 

7 45 27 28 

9 45 10 17 

VI 45 10 18 * 

10 45 41 07 

11 45 47 30 

15 44 59 02 

17 45 34 30 

19 46 26 47 

46 26 53 

112 48 38 Gregson Hot Springs 8/19/74 

113 24 11 Jackson Hot Springs 8/16/74 

113 06 31 Elkhorn Hot Springs 8/20/74 

112 09 07 P u l l e r  w a r m  spr ing  5/14/76 

112 09 07 P u l l e r  Hot Springs 5/14/76 

112 17 42 S i l v e r  S t a r  Hot 8/18/74 

112 07 35 Renova Hot Springs 8/13/76 

Springs 

111 36 47 Wolf Creek Hot 5/13/76 
Springs 

111 41 00 Norr i s  Hot Springs 8/21/74 

111 58 58 Alhambra Hot 4/29/76 
Springs (south) 

111 58 51 Walls hot  spr ing  8/29/76 

2.9 

2.9 

2.4 

5.6 

7.7 

7.9 

2.7 

3.12 
2.g2 

5.1 
6.4. 
6.4 

2.9 

5.7 
6.0 

2.3 

96 0.6 

82 <.1 

98 <.1 

91.8 .1 

89.5 .1 

89.6 .1 

96 C.1 

93.4 1.7 
93.2 .5 

93.8 .4 
93.2 .4 
93.1 .4 

95 .2 

86.2 .O 
85.2 .O 

89.2 <.1 

0.6 

16 

.1 

2.6 

2.5 

2.5 

1.2 

.5 
1.7 

.3 

.2 

.2 

2.8 

8.1 
9.6 

8.9 

67 

- 
- 
- 

100.1 

100.0 

100.1 

- 

100.0 
99.6 

99.6 
100.2 
100.1 

- 
100.0 
100.8 

100 6 5- 
. .  



Table 28.--Composition of gases escaping from thermal springs and wells--continued 
[Composition is in percent by volume.] 

rn 

a n n a 
7 
d 

n F (  

J 

rl 

U 
0 

9) 

3 
Z" a* x 

3 3  
a %  9) 

ci P) 

e 0 w u  5 8 W w c4 

rz 

% U 

m 

W 
0% 2 Q U a 

0 3 BS 3 0 
sli 

u n 

3 9) 
U 
(.I 

M 

w u 
d 

Thermal- 
spring Date 
area of 
(fig.1) Latitude Longitude Name sample' o 

a M 
M(.I 

2 Z 
P4 

19 46 27 01 111 58 50 Alhambra hot well 4/29/76 

6/29/76 
12/02/76 

(north) 

20 46 35 44 112 06 42 Broadwater Hot 8/16/76 

46 35 44 112 06 42 Broadwater well 3 12/16/76 

25 45 45 26 110 15 26 Hunters Hot Springs 7/02/75 

Springs at manhole 
cn cn 

4.2 - 
4.4 - 
4.1 - 
1.9 - 
1.12 1.4 

1.8 - 
1.3 - 
1.1 - 

89.9 
92.6 
87.9 
89.4 

96.4 . 

94.7 

36 
38 

.O 6.5 - 100.6 

.o 3.2 - 100.2 
c.1 9.2 - 100.3- 
c.1 7.7 c.1 99.2- 

<.1 1.9 - 100.9- 

.9 C.1 97.6' .1 

- 64 c.1 - 
62 c.1 - - 

'Analyses of samples collected prior to 1976 are from Mariner, Presser, and Evans (1976). 
20xygen alone. 
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Table 29.--Isotopic composition of s e l e c t e d  thermal and coo l  waters 
[Hydrogen and oxygen i so tope  r a t i o s  are repor ted  r e l a t i v e  t o  

Standard Mean Ocean Water (SMOW) .I 

Thermal- I s o t o p i c  composition, 
s p r i n g  Date i n  parts per thousand Locat ion  area of 
(fig. 1 )  L a t i t u d e  Longitude Name sample' 6D 6l80 

cn 
o\ 

4 

5 

6 

7 

8 

45 50 57 

-- 
46 05 49 

-- 

46 45 08 

-- 
46 02 37 

46 10  40 

45 22 04 

-- 
45 27 28 

-- 

45 27 43 

-- 

a72 e' 

114 02 06 

-- 
114 00 1 5  

-- 

114 31 58 

-- 
112 48 38 

112 47 40 

113 24 11 

-- 
113 06 31 

-- 

122 28 28 

-- 

r - ? P  

Medicine Hot Spr ings  8/16/74 

Unnamed Creek near  Medicine H o t  Springs 8/16/74 

Sleeping Child Hot Spr ings  8/15/74 
8/15/74 

Unnamed Creek nea r  Sleeping Child 8/15/74 

Lolo Hot Springs 8/17/74 

Unnamed Creek near  Lolo Hot Springs 8/17/74 

Gregson Hot Springs 8/19/74 

W a r m  Springs 8/19/74 

Jackson Hot Springs 81 161 74 
7 123176 

Unnamed Creek nea r  Jackson Hot Springs 8/16/74 

Elkhorn Hot Spr ings  8120174 

S. Fk. Hot Spring Creek nea r  Elkhorn 8120174 

Hot Spr ings  

Hot Springs 

New Biltmore Hot Spr ings  8/17/74 

Big Hole River nea r  New Biltmore 8/17/74 
Hot Springs 

-165.0 

-141.8 

-150.4 
-149.9 

-138.4 

-139.8 

-130.9 

-149.1 

-152.3 

-153.5 
-153.6 

-142.5 

-155.1 

-144.2 

-149.0 

-140.9 

-19.62 

-18.56 

-19.46 
-19.30 

-18.05 

-16.08 

-17.54 

-18.60 

-19.97 

-20.44 
-19.45 

-18.32 

-20.25 

-19.03 

-19.30 

-18.17 



IF": r- a-: 
Table  29.--Isotopic composition of s e l e c t e d  thermal and coo l  waters--continued 

[Hydrogen and oxygen i so tope  r a t i o s  are repor t ed  relative t o  
Standard Mean Ocean Water (SMOW) .I 

c 

Thermal- I s o t o p i c  composition, 
Date i n  p a r t s  per thousand s p r i n g  

6D 
area ( f i g .  1) La t i tude  Longitude Name sample' 6l80 

Locat i on  of 

10 

1 2  

13 

cn 
w 

14  

15 

17 

45 40 15 

45 42 13 

45 42 43 

45 41  07 

45 53 47 

46 10  54 

46 11 53 

45 35 21 

45 35 21  

45 35 21  

45 35 22 

44 59 02 

44 59 08 

45 34 30 

-- 

112 18 15 S i l v e r  S t a r  cold s p r i n g  1 5/14/76 

112 20 02 S i l v e r  S t a r  co ld  sp r ing  2 9/09/76 

112 2 1  02 S i l v e r  S t a r  co ld  s p r i n g  3 9/09/76 

112 17 42 S i l v e r  S t a r  Hot Spr ings  8/18/74 

112 14  34 Pipestone Hot Spr ings  a t  p i p e  8/18/74 

112 06 10 Boulder co ld  s p r i n g  

112 05 37 Boulder Hot Spr ings  

3/26/76 

8/22/74 
8/22/74 
3/31/76 

111 53 55 P o t o s i  Hot Spr ings ,  ven t  X 8/21/74 
5/12/76 

111 53 56 P o t o s i  H o t  Spr ings ,  vent-17 5/12/76 

111 53 58 Po tos i  Hot Spr ings ,  vent-18 5/12/76 

111 53 56 P o t o s i  Hot Spr ings ,  vent-15 5/12/76 

111 36 47 Wolf Creek Hot Spr ings  51131 7 6 

111 36 46 Wolf Creek w a r m  s p r i n g  1 5/13/76 

111 41 00 Norris Hot Spr ings  8/21/74 
3/29/76 

-- Unnamed Spring near  Nor r i s  Hot Springs 8/21/74 

-142.2 

-150.0 

-147.5 

-145.4 

-144.3 

-144.6 

-146.0 
-146 5 
-148.0 

-149.0 
-150.0 

-148.0 

-145.0 

-144.5 

-153.1 

-140.7 

-148.4 
-149 2 

-150.4 

-17.90 

-19.15 

-18.90 

-18.48 

-18.28 

-18.10 

-18.91 
-19.03 
-18.60 

-19.81 
-19.60 

-19.50 

-18.75 

-18.65 

-20.35 

-18.95 

-19.11 
-18.75 

-19.42 
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Table 29.--Isotopic composition of s e l ec t ed  thermal and cool waters-continued 
[Hydrogen and oxygen i so tope  r a t i o s  are reported r e l a t i v e  t o  

Standard Mean Ocean Water (SMOW) .1 
Thermal- I so top ic  compos it  ion, 
spr ing  
area Locat i on  Date i n  p a r t s  per  thousand 

of .In 

( f ig .  1) Lat i tude  Longitude . Name sample' 6D P O  

19 

20 

m 
00 

22 

23 

24 

25 

46 26 47 

46 26 51 

46 27 01 

46 26 47 

46 35 44 

46 35 44 

46 35 44 

46 32 21 

45 05 35 

45 15  09 

45 45 26 

111 58 58 

111 58 48 

111 58 50 

111 58 58 

112 06 33 

112 06 42 

112 06 42 

110 53 45 

110 46 25 

110 39 37 

110 15 26 

Alhambra Hot Springs (south) 

Warm Springs Creek upstream from 

Alhambra hot w e l l  (north) 

A 1  hambra 

Alhambra nor th  spr ing  

Broadwater Hot Springs a t  o u t l e t  

Broadwater hot p i t  2 

Broadwater w e l l  3 

White Sulphur Springs 

La  Duke Hot Springs 

Chico Hot Springs 

Hunters Hot Springs 

4/08/76 

4130176 

4/29/76 

8/23/74 

8/24/74 
3/25/76 

9/08/76 

101 0617 6 

81 17 174 

7/02/75 

8/25/74 

7 10217 5 

-149.0 

-142.3 

-147.3 

-146.5 

-147.6 
-148.9 

-149.0 

-149.8 

-148 6 

-145.8 

-150.2 

-138.9 

-18.35 

-18.55 

-19.95 

-19.23 

-18.56 
-18.20 

-18.35 

-18.75 

-18.91 

-19.74 

-17.70 

-18.52 

'Analyses of samples co l l ec t ed  p r i o r  t o  1976 are from Mariner, Presser ,  and Evans (1976). 



Table 30.--Gross alpha and gross beta activity of 
selected thermal waters 

[Analyses by Montana Department of Health and Environmental 
t i  Sciences. Analyses are in picocuries per liter.] 
t 

Thermal- 
spring 
area 

Date 
of Gross Gross 

(fig.1) Latitude Longitude Name sample alpha beta 
Location 

4 )  
1 45 50 47 

2 46 05 49 

4 46 02 37 

5 46 10 40 

6 45 22 94 

7 45 27 28 

8 45 27 43 

10 45 41 07 

11 45 47 30 

12 45 53 47 

13 46 11 53 

14 45 35 21 

15 44 59 02 

16 45 22 02 

17 45 34 30 

18 45 39 38 

114 02 06 

114 00 15 

112 48 38 

112 47 40 

113 24 11 

113 06 31 

112‘28 28 

112 17 42 

112 07 35 

112 14 34 

112 05 37 

111 53 55 

111 36 47 

111 44 51 

111 41 00 

111 11 10 

Medicine Hot Springs 7/23/76 

Sleeping Child Hot Springs 7/23/76 

Gregson Hot Springs 9/10/76 

Warm Springs (State Hos- 9/10/76 
pital) 

Jackson Hot Springs 7/23/76 

Elkhorn Hot Springs 7/22/76 

New Biltmore Hot Springs 12/16/76 

Silver Star Hot Springs 7/15/76 
at Grate 

Renova Hot Springs 81 13/76 

Pipestone Hot Springs 8/13/76 
at pipe 12/16/76 

Boulder Hot Springs 7/15/76 

Potosi Hot Springs, vent-X 1/15/77 

Wolf Creek Hot Springs 8/13/76 

Ennis Hot Springs 11 15/77 

Nortis Hot Springs 7 1091 76 

Bozeman Hot Springs 7/09/76 

59 

3 

1 

2 

27 

32 

16 

8 

49 

1 

8 

2 
3 

0 

2 

2 

4 

0 

1 
0 

10 

9 

2 

40 

37 

28 

0 

43 

4 

10 

2 
8 

0 

8 

2 

13 

10 

4 
3 



Table 30.--Gross alpha and gross beta activity of 
selected thermal waters--continued 

[Analyses by Montana Department of Health and Environmental, 

, t  
t 

Sciences. Analyses are in picocuriea per liter.) 

Thermal- 
spring 
area Location Date 

of 'Gross Gross ! -  
(fig.1) Latitude Longitude Name sample alpha beta b 
19 

20 

46 26 47 111 58 58 Alhambra Hot Springs (south) 6/15/76 
6/29/76 
12/02/76 

46 26 52 111 59 14 Hillbrook flowing well 71101 76 
7/23/76 
10/19/76 
121021 76 

46 26 53 111 58 51 Walls hot spring 6/29/76 
10/19/76 

46 26 59 111 58 50 Alhambra Hot Springs (north) 6/15/76 
6/29/76 
10/19/76 

46 27 01 111 58 50 Alhambra north hot well 6/29/76 
121 021 7 6 

46 35 44 112 06 33 Broadwater Hot Springs 7/15/76 
at outlet 

46 35 44 112 06 42 Broadwater well 3 101 06/76 
12/06/76 

46 36 00 112 06 20 Gannon well 1 101 081 76 

23 45 05 35 110 46 25 La Duke Hot Springs 1/24/77 

24 45 20 13 110 41 27 Chico Hot Springs 7/09/76 

25 45 45 26 110 15 26 Hunters Hot Springs 10/29/76 
(composite) 

26 46 20 22 110 47 11 Ringling flowing well 1/11/77 

60 

153 
214 
293 

77 
113 
121 
113 

97 
70 

68 
94 
81 

112 
110 

0 

12 
4 

2 

57 

0 

8 

14 

131 
100 
150 

59 
60 
53 
77 

48 
54 

58 
48 
43 

56 
70 

5 

13 
8 

5 

48 

6 

3 

14 



Table 31.--Subsurface temperatures in selected water wells near hot-spring areas 
[Abbreviations: ft, feet; m, meters; MP, measuring point; 

LSD, land-surface datum. To convert feet to meters, 
multiply feet by 0.3048.1 

]a 

Lat 45O34'34" N., long 112°15'45" W. Bayer Ranch well 1. 
unknown. Water level, 156.5 ft (47.70 m) below MP. MP is top of casing at LSD. 
Date of measurements, Sept. 9, 1976. 

Reported well depth, 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 -- 300 91.4 9.9 550 167.6 10.5 
50 15.2 7.9 350 106.7 9.9 600 182.9 11.1 
100 30.5 9.0 400 121.9 10.1 650 198.1 11.4 
150 45.7 9.0 440 134.1 10.2 700 213.4 12.9 
200 61.0 9.6 450 137.2 10.2 750 228.6 13.3 
250 76.2 9.9 500 152.4 10.4 

Bayer Ranch well 2. U t  45O34'34" N., long 112°15'49" W. Reported well depth, 
unknown. Water level, 129.7 ft (39.53 m) below Mp. MP is top of casing 2.0 ft 
(0.6 m) above LSD. Date of measurements, Dec. 15, 1976. 

Measured depth Tempera- , Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (Oc) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 1.2 150 45.7 9.5 300 91.4 10.3 
50 15 4.8 200 61.0 9.7 350 106.7 10.5 
100 30.5 7.3 250 76.2 10.0 

Bozeman (Ferris, Matthews) Hot Springs area 

Lat 45O39'37" N., long 11l011'1O" W. Bozeman hot spring well. 
depth, 457 ft (139 m) below ISD. 
is top of casing 1.0 ft (0.30 m) above LSD. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

Reported well 
Water level, 35.0 ft (10.67 m) above MP. Mp 

Date of measurements, Nov, 13, 1976. 

+35 +10.7 
+10 +3.0 
0 0 
25 7.6 
50 15.2 
75 22.9 
100 30.5 
125 38.1 

13.7 
21.5 
48.7 
58.5 
59.3 
59.4 
59.4 
59.5 

150 45.7 55.8 325 99.1 53.3 
175 53.3 54.2 106.7 53.7 
200 61.0 ' 53.2 114.3 54.1 
225 68.6 53.0 400 121.9 54.5 
250 76.2 52.8 425 129.5 55.4 

300 91.4 53.0 455 138.7 55.8 
275 83.8 52.9 450 137.2 55.7 
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I Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

f .  i 
[ 

Bozeman hot spring well. 
457 ft (139 m) below LSD. Water level, flowing at MP. MP is top of casing 1.0 ft 
(0.30 m) above LSD. Date of measurements, Nov. 14, 1976. 

Lat 4!5°39'37" N., long llloll'lO" W. Reported well depth, 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below TSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 58.5 120 36.6 57.1 250 76.2 53.9 
20 6.1 59.3 130 39.6 54.3 300 91.4 54.1 
50 15.2 59.4 140 42.7 54.2 350 106.7 54.2 
100 30.5 58.9 150 45.7 54.2 400 121.9 54.8 
110 33.5 58.2 200 61.0 53.8 450 137.2 55.6 

Alhambra Hot Springs area 
Buness well. Lat 46O26'09" N., long 111°57'31" W. 
(64.6 m) below LSD. Water level, 19.3 ft (5.88 m) below M P .  
1.3 ft (0.40 m) above LSD. Date of measurements, Aug. 16, 1977. 

Reported well depth, 212 ft 
MP is top of casing 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

below LSD ture below LSD ture below LSD 

0 0 -- 70 21.3 8.9 151 46.0 
1 .30 22.4 82 25.0 9.0 ' 162 49.4 
10 3.0 14.3 90 27.4 9.2 182 55.5 
21 6.4 7.5 101 30.1 9.4 191 58.2 
30 9.1 7.6 121 36.9 9.7 202 61.6 
41 12.5 8.0 130 39.6 9.9 211 64.3 
50 15.2 8.4 139 42.4 10.1 212 64.6 
59 18.0 8.6 

Hillbrook cold well. Lat 46°26'48" N., long 111°58'41" W. 
99 ft (30.2 m) below LSD. Water level, 5.9 ft (1.80 m) below M P .  is top of 
casing 2.3 ft (0.70 m) above LSD. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) 

10 3.0 16.1 40 12.2 18.1 70 21.3 
20 6.1 15.6 50 15.2 18.2 80 24.4 
30 9.1 17.8 60 18.3 18.5 

Reported well depth, 

Date of measurements, Aug. 3, 1976. 

below LSD ture below LSD ture below LSD 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Alhambra Hot Springs area--continued 

Hillbrook flowing well. 
325 ft (99.1 m) below LSD. Water level, 52.0 ft (15.85 m) above MI?. MP is top of 
casing 1.5 ft (0.46 m) above LSD. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

Lat 46O26'52" N., long 111'59'14" W. Reported well depth, 

Date of measurements, July 13, 1976. 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

-- -- - 141 43.0 31.3 262 79.9 32.7 
30 9.1 29.7 161 49.1 31.5 279 85.0 32.7 
50 15.2 29.9 182 55.5 32.2 302 92.0 32.8 
80 24.4 30.2 200 61.0 32.4 321 97.8 32.5 
100 30.5 31.1 220 67.1 32.4 325 99.1 32.6 
121 36.9 31.3 240 73.2 32.4 

Alhambra north flowing well. 
depth, 100 ft (30.5 m) below LSD. Water level, flowing at M P .  MP is top of casing 
5.0 ft (1.52 m) above LSD. Date of measurements, June 30, 1976. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) . (OC) (feet) (meters) (Oc) 

9 2.7 54.3 53 16.2 53.8 82 25.0 54.6 
18 5.5 54.1 59 18.0 53.6 82 25.0 54.8 
30 9.1 54.0 65 19.8 53.6 88 26.8 54.5 
40 12.2 53.9 71 21.6 53.5 94 28.6 54.6 
50 15.2 53.9 77 23.5 52.8 100 30.5 54.6 

Lat 46°27'01" N., long 111°58'50" W. Reported well 

Habb well. 
below LSD. Water level, 25.0 ft (7.62 m) below MP. 
(0.37 m) above LSD. Date of measurements, Aug. 16, 1977. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

Lat 46O27'52" N., long 111'59'49" W. Reported well depth, 255 ft (77.7 m) 
MP is top of casing 1.2 ft 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

-- 0 0 
2 61 26.1 
11 3.4 26.9 
20 6.1 19.4 
31 9.4 9.6 
40 12.2 9.6 
49 14.9 9.8 
60 18.3 10.2 
72 22.0 10.5 
81 24.7 10.6 

90 27.3 10.8 
101 30.8 11.0 
110 33.5 11.3 
121 36.9 11.4 
130 39.6 11.6 
142 43.3 11.8 
151 46.0 11.9 
162 49.4 12.0 
170 51.8 12.2 

182 55.5 12.3 
191 58.2 12.4 
202 61.6 12.6 
211 64.3 12.7 
222 67.7 12.8 
231 70.4 12.9 
240 73.2 13.0 
251 76.5 13.1 
255 77.7 13.1 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Alhambra Hot Springs area--continued t: 
L Ostry well. 

(64.6 m) below LSD. Water level, 16.0 ft (4.88 m) below MP. MP is top of casing 
0.95 ft (0.29 m) above LSD. Date of measurements, Aug. 15, 1977. 

Lat 46°28'06" N., long 111°59'47'' W. Reported well depth, 212 ft 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- b 

( C) 1 %  
6 ture 

0 
below LSD ture below LSD ture below LSD 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) 

0 0 
10 3.0 
20 6.1 
32 9.8 
40 12.2 
51 15.5 
62 18.9 
70 21.3 

25.7 80 24.4 10.7 152 
22.9 90 27.4 11.0 160 
8.5 102 31.1 11.2 171 
9.0 110 33.5 11.5 18 0 
9.3 120 36.6 11.7 192 
10.0 132 40.2 11.8 200 
10.2 140 42.7 11.8 212 
10.2 

& 
46.3 12.1 
48.8 12.2 i 'I 
52.1 12.5 
54.9 12.5 
58.5 12.6 
61.0 12.6 
64.6 12.6 

Broadwater (Helena) Hot Springs area b 

b 

( *b 
11.0 I; 

50 15.2 8.9 131 39.9 10.5 200 61.0 11.1 ti 
c 

Colorado Gulch (Yahvah) well. 
depth, 210 ft (64.0 m) below LSD. 
top of casing 0.8 ft (0.24 m) above LSD. Date of measurements, Aug. 6, 1977. 

Lat 46°33'18" N., long 112°10'26'' W. Reported well 
Water level, 41.0 ft (12.50 m) below MP. MP is 

6 '  
Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- b 

ture 
0 

ture below LSD 
( C) (feet) (meters) 0 

below LSD ture below LSD 
(feet) (meters) (OC) (feet) (meters) 

0 0 21.8 80 24.4 9.7 151 46.0 10.8 
11 3.4 19.0 90 27.4 9.8 160 48.8 10.9 
20 6.1 17.3 100 30.5 10.0 171 92.1 
30 9.1 15.6 111 33.8 10.1 180 54.9 11.0 
41 12.5 8.8 120 36.6 10.4 192 58.5 11.1 

62 18.9 9.2 140 42.7 10.6 209 63.7 11.1 
70 21.3 9.4 

64 



Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Broadwater (Helena) Hot Springs area--continued 

Dundas well. 
below LSD. Water level, 42.6 ft (12.98 m) below MP. MP is top of casing 0.91 ft 
(0.28 m) above LSD. Date of measurements, Aug. 1, 1977. 

Lat 46O35'44" N., long 112°05'47" W. Reported well depth, 25 ft (77.1 m) 

! ?  

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 

(feet) (meters) 
ture 
( C) 0 

ture below LSD 
( C) (feet) (meters) 0 

ture below LSD 
( C) (feet) (meters) 0 

~ below LSD 

t '  
I h i 0  0 

10 3.0 
f 20 6.1 

I 32 9.8 
I 40 12.2 

50 15.2 $i 61 18.6 
70 21.3 
81 24.7 

6 1  

-- 
15.0 
13.1 
12.2 
11.7 
10.5 
10.8 
10.9 
11.3 

90 27.4 11.5 182 55.5 
102 31.1 11.4 190 57.9 
110 33.5 11.6 200 61.0 
122 37.2 11.8 210 64.0 
130 39.6 12.1 220 67.1 
142 43.3 12.4 230 70.1 
150 45.7 12.4 240 73.2 
159 48.5 12.5 250 76.2 
171 52.1 12.5 253 77.1 

12.5 
12.6 
12.6 
12.6 
12.6 
12.9 
12.9 
13.3 
13.4 

Broadwater well 3. 
(64.9 m) below LSD. Water level, 1.0 ft (0.30 m) above MP. MP is top of casing 
1.0 ft (0.30 m) above LSD. Date of measurements, Oct. 6, 1976. 

Lat 46O35'44" N., long 112°06'42" W. Reported well depth, 213 ft 6d 

1 Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 64.7 70 21.3 66.7 140 42.7 67.2 
! 10 3.0 66.7 80 24.4 66.7 149 45.4 67.2 
I 

20 6.1 66.7 90 27.4 67.2 161 49.1 67.2 
30 9.1 66.7 101 30.8 67.2 169 51s.5 67.2 

1 12.2 66.7 110 33.5 67.2 180 54.9 67.2 40 
49 14.9 66.7 120 36.6 67.2 190 57.9 67.2 
60 18.3 66.7 131 39.9 67.2 200 61.0 67-2 

below LSD below LSD ture below LSD ture 

b" 

E l  
b 

L 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Broadwater (Helena) Hot Springs area--continued 

Broadwater well 3. 
(64.9 m) below LSD. Water level, flowing at MP. 
above LSD. 

Lat 46O35'44" N., long 112°06'42tt W. Reported well depth, 213 ft 
MP is top of casing 1.0 ft (0.30 m) 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

10 3.0 67.2 
20 6.1 67.2 
30 9.1 67.2 
50 15.2 67.2 
71 21.6 67.2 

0 0 67.1 
11 3.4 66.7 
20 6.1 66.7 
30 9.1 66.8 
40 12.2 67.0 
50 15.2 67.5 

0 0 63.0 
10 3.0 66.8 
20 6.1 67.8 
31 9.4 67.9 
40 * 12.2 67.7 
51 15.5 67.7 

Date of measurements, Oct. 6, 1976 
90 27.4 67.2 160 
110 33.5 67.2 171 
130 39.6 67.2 180 

150 45.7 67.2 
139 42.4 67.2 ' 190 

Date of measurements, June 22, 1977 

60 18.3 67.5 121 
70 21.3 67.5 130 
80 24.4 67.5 141 
90 27.4 67.6 150 
101 30.8 67.6 160 
110 33.5 67.7 165 

Date of measurements, June 28, 1977 

60 18.3 67.7 129 
70 21.3 67.7 14 0 
81 24.7 67.7 151 
90 27.4 67.7 162 
101 30.8 67.8 171 
120 36.6 68.0 

48.8 
52.1 
54.9 
57.9 

36.9 
39.6 
43.0 
45.7 
48.8 
50.3 

39.3 
42.7 
46.0 
49.4 
52.1 

ti 
c 
t 

1J 
e bi 

# I  

67,2 
67.2 
67.8 
67.8 

bi 
67.8 
67.5 
67.6 
67.6 
67.7 
67.6 

67.9 
67.8 
67.8 
67.9 
67.9 c 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Broadwater (Helena) Hot Springs area--continued 

Lat 46O35'44" N., long 112°06'43" W. $roadwater well 4. 
(73.2 m) below LSD. Water level, 3.1 ft (0.94 m) below MP. MP is top of casing 
0.5 ft (0.15 m) above LSD. Date of measurements, Sept. 29, 1976. 

Reported well depth, 240 ft 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD tgre below LSD ture below LSD ture 

(feet) (meters) ( C) (feet) (meters) (OC) (feet) (meters) (OC) 

0 
11 
20 
29 
41 
52 
61 
70 
80 

0 
3.4 
6.1 
8.8 
12.5 
15.8 
18.6 
21.3 
24.4 

26.7 
31.0 
31.7 
33.1 
35.2 
36.6 
38.8 
40.8 
44.4 

90 
101 
110 
121 
130 
141 
150 
160 

27.4 
30.8 
33.5 
36.9 
39.6 
43.0 
45.7 
48.8 

45.2 
45.7 
45.8 
49.5 
50.1 
50.8 
51.6 
52.5 

170 
180 
190 
200 
210 
220 
230 
233 

51.8 
54.9 
57.9 
61.0 
64.0 
67.1 
70.1 
71.0 

52.9 
53.5 
54.1 
54.8 
55.4 
55.9 
56.6 
56.9 

Broadwater well 4. 
(73.2 m) below LSD. 
0.5 ft (0.15 m) above LSD. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera 
ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

0 -- 78 23.8 38.6 ,171 52.1 4 9 . 3  

Lat 46O35'44" N., long 112°06'43" W. Reported well depth, 240 ft 
MP is top of casing Water level, 4.05 ft (1.23 m) below MP. 

Date of measurements, June 22, 1977. 

below LSD 

50.4 
10 3.0 19.2 101 30.8 45.0 191 58.2 51.5 
20 6.1 21.0 110 33.5 45.4 200 61.0 52.4 

9.4 24.6 121 36.9 45.6 210 64.0 53.2 
53.6 

31 
12.2 28.1 130 39.6 45.8 222 67.7 

53.9 
40 

30.6 140 42.7 46.2 230 70.1 15.5 
54.1 

51 
60 18.3 33.2 150 45.7 47.2 240 73.2 
71 21.6 37.8 160 48.8 48.0 

0 
5 1.5 19.1 90 27.4 44.7 180 54.9 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Broadwater (Helena) Hot Springs area--continued 

Broadwater well 4. 
(73.2 m) below LSD. 
0.5 ft (0.15 m) above LSD. Date of measurements, June 28, 1977. 

Lat 46"35'44" N., long 112°06'4311 W. Reported well depth, 240 ft 
MP is top of casing Water level, 3.63 ft (1.11 m) below MP. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD tgre below LSD ture below LSD ture 

(feet) (meters) ( C) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 -- 80 24.4 44.0 161 49.1 49.4 
10 3.0 20 .a 90 27.4 45.8 170 51.8 50.4 
20 6.1 22.7 101 30.8 46.3 181 55.2 51.6 
31 9.4 26.1 110 33.5 46.6 190 57.9 52.5 

11 
c 
t 
L 

eid 

t' 

8 

42 12.8 28.8 121 36.9 46.8 . 202 61.6 53.6 
51 15.5 32.5 130 39.6 47.0 211 64.3 53.9 
60 * 18.3 34.9 14 1 43.0 47.6 220 67.1 54.1 
71 21.6 39.4 150 45.7 48.2 225 68.6 54.1 

Gloege well. Lat 46O35'45" N., long 112°06'15" W. 
(83.8 m) below LSD. Water level, 28.3 ft (8.63 m) below MP. MP is top of casing 
1.0 ft (0.30 m) above LSD. Date of measurements, Jan. 29, 1976. 

Reported well depth, 275 ft 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD tgre below LSD ture 

(feet) (meters) (OC) (feet) (meters) ( C) (feet) (meters) (OC) 

0 0 -- 90 27.4 12.6 230 70.1 19.8 
32 9.8 10.2 110 33.5 14.0 240 73.2 20.0 
40 12.9 10.2 130 39.6 15.0 242 73.8 20.3 
50 15.2 10.4 150 45.7 15.8 250 76'.2 20.5 
60 18.3 11.2 17 0 51.8 16.9 260 79.2 20.9 
70 21.3 11.5 190 57.9 18.0 270 82.3 21.3 
80 24.4 -- 210 64.0 18.8 275 83.8 21.5 

~ 

Broadwater well 1. 
(61.0 m) below LSD. 
0.5 ft (0.15 m) above LSD. 

Measured depth1 Tempera- . Measured depth' Tempera- Measured depth' Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 29.1 60 18.3 57.7 110 33.5 64.4 
10 3.0 46.2 70 21.3 57.9 122 37.2 65.0 
20 6.1 49.1 80 24.4 58.4 132 40.2 65.0 
30 9.1 52.6 90 27.4 60.8 142 43.3 65.0 
40 12.2 57.6 100 30.5 62.0 146 44.5 65.3 
50 15.2 57.7 

Lat 46°35145" N., long 112°06'42" W. Reported well depth, 200 ft 
Water level, 6.6 ft (2.01 m) below MP. MP is top of casing 

Date of measurements, Sept. 15, 1976. 

Well drilled approximately 20' from vertical. 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Broadwater (Helena) Hot Springs area--continued 

Broadwater well 1. 
(61.0 m) below LSD. Water level, 7.02 ft (2.14 m) below MP. 
0.5 ft (0.15 m) above LSD. Date of measurements, June 28, 1977. 

Lat 46O35'45" N., long 112°06'42" W. Reported well depth, 200 ft 
MP is top of casing 

4 Measured depth'. Tempera- Measured depth' Tempera- Measured depth' Tempera- 
below LSD tgre below LSD ture below LSD ture L# (feet) (meters) ( c) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 -- 20 6.1 50.6 30 9.1 55.0 
1 a 11 3.4 48.1 

IiJ 

~ ~ ~ 

I 

' 

Broadwater well 2. 
(62.2 m) below LSD. 

'Well drilled approximately 20' from vertical. 

Lat 46°35'46" N., long 112°06'42" W. Reported well depth, 204 ft 
Water level, 22.3 ft (6.80 m) below MP. MP is top of casing 

I 0.5 ft (0.15 m) above LSD. Date of measurements, Sept. 16, 1976. , &  1 
Measured depth' Tempera- Measured depth1 Tempera- Measured depth' Tempera- 
below LSD ture below LSD ture below LSD ture 

1 t (feet) (meters) (oc) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 -- 80 24.4 47.8 152 46.3 65.0 L; 10 3.0 26.6 91 27.4 51.7 160 48.8 65.0 
20 6.1 31.9 100 30.5 54.9 169 51.5 66.7 
30 9.1 33.5 109 33.2 57.6 180 54.9 66.7 

' Ls 40 12.2 35.6 120 36.6 61.1 190 57.9 66.7 
50 15.2 38.3 132 40.2 63.0 200 61.0 67.2 
62 18.9 42.0 . 140 42.7 65.0 204 62.2 67.2 

L 
I 

bi 70 21.3' 45.0 

'Well drilled approximately 20' from vertical. 

Broadwater well 2. 
(62.2 m) below LSD. Water level, 21.49 ft (6.55 m) below MP. MP is top of casing 
0.57 ft (0.15 m) above LSD. Date of measurements, June 27, 1977. 

Measured depth' Tempera- Measured depth' Tempera- Measured depth' Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 -- 70 21.3 42.2 130 39.6 62.5 
I 26 7.9 29.3 80 24.4 45.5 140 42.7 63.7 

Lat 46°35'46" N., long 112°06'42" W. Reported well depth, 204 ft 

l i  

($ 30 9.1 30.2 90 27.4 49.6 151 46.0 65.5 
41 12.5 32.8 100 30.5 53.8 I60 48.8 66.0 
50 15.2 35.6 110 33.5 56.9 165 50.3 66.0 u 62 

18.9 39.5 120 36.6 59.7 

'Well drilled approximately 20' from vertical, 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Broadwater (Helena) Hot Springs area--continued c 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- t 
YI, 

Thomson well. 
(36.6 m) below LSD. Water level, 17.0 ft (5.18 m) below MP. MP is top of casing 
1.6 ft (0.49 m) above LSD. Date of measurements, Aug. 12, 1977. 

fat 46O35'49" N., long 112°06'23" W. Reported well depth, 120 ft 

below LSD tgre below LSD ture below LSD ture C 
(feet) (meters) ( C) , (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 -- 40 12.2 15.8 80 24.4 16.0 
10 3.0 22.9 50 15.2 15.8 90 27.4 16.4 

16.6 20 6.1 14.2 60 18.3 15.9 100 30.5 
30 9.1 15.4 70 21.3 15.9 

Broadwater well 5. 
(76.8 m) below LSD. Water level, 77.9 ft (23.74 m) below MI?. MF' is top of casing 
1.0 ft (0.30 m) above LSD. Date of measurements, Oct. 6, 1976. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (oc) 6 

Lat 46'35'52" N., long 112°06'38" W. Reported well depth, 260 ft 

t; 

0 
10 
20 
30 
40 
50 
59 
70 
82 

0 
3.0 
6.1 
9.1 
12.2 
15.2 
18.0 
21.3 
25.0 

-- 
12.6 
13.3 
13.0 
12.6 
12.6 
12.7 
13.0 
14.2 

- ~ ~- 

91 
100 
111 
120 
131 
139 
151 
159 
171 

~~ ~~ 

27.8 
30.5 
33.8 
36.6 
39.9 
42.4 
46.0 
48.5 
52.1 

~ 

14.7 180 54.9 18.5 
15.1 191 58.2 19.0 
15.6 200 61.0 19.3 
15.9 211 64.3 19.8 
16.4 220 67.1 20.1 
16.8 231 70.4 20.5 *L 
17.3 240 73.2 20.7 
17.6 246 78.0 20.9 
18.1 

Broadwater well 5. 
(76.8 in) below LSD. Water level, 91.1 ft (27.77 m) below MP. MP is top of casing 
1.0 ft (0.30 m) above LSD. Date of measurements, June 28, 1977. 

Measured depth Tempera- Measured depth Tempera- Measured depth 

(feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

0 0 -- 151 46.0 17.4 211 64.3 19.8 
96 29.3 15.0 160 48.8 17.8 220 67.1 20.2 
101 30.8 15.4 171 52.1 18.2 231 70.4 20.6 
110 33.5 15.7 180 54.9 18.6 240 73.2 20.9 
120 36.6 16.1 191 58.2 19.0 251 76.5 

140 42.7, 17.0 

Lat 46°35'52" N., long 112°06'38" W. Reported well depth, 260 ft 

below LSD ture below LSD ture below LSD Tempera- ture c 

21.2 t' 
130 39.6 16.6 200 61.0 19.4 260 79.2 21.2 
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Table 31.--Subsurface temperatures in selected water wells 
near hot-spring areas--continued 

Broadwater (Helena) Hot Springs area--continued 

Gannon well 2. 
(53.34 m) below LSD. 
1.0 ft (0.30 m) above LSD. Date of measurements, Oct. 27, 1976. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD tgre below LSD ture below LSD ture 

(feet) (meters) ( C) (feet) (meters) (OC) (feet) (meters) (OC) 

Lat 46O35'54" N., long 112°06'17" W. Reported well depth, 175 ft 
Water level, 6.0 ft (1.83 m) below MP. MP is top of casing 

0 0 16.0 70 21.3 12.0 130 39.6 13.7 
10 3.0 11.7 80 24.4 12.2 140 42.7 13.9 
20 6.1 11.7 90 27.4 12.6 150 45.7 14.3 
30 9.1 11.4 100 30.5 12.8 160 48.8 14.5 
40 12.2 11.0 111 33.8 13.2 171 52.1 14.7 
50 15.2 11.2 120 36.6 13.4 174 53.0 14.7 
60 18.3 11.5 

Gannon well 1. 
(73.2 m) below LSD. Water level, flowing at MP. M p  is top of casing 1.0 ft (0.30 m) 
above LSD. Date of measurements, Oct. 8, 1976. 

Measured depth Tempera- Measured depth Tempera- Measured depth Tempera- 
below LSD ture below LSD ture below LSD ture 

' (feet) (meters) (OC) (feet) (meters) (OC) (feet) (meters) (OC) 

Lat 46°36'00" N., long 112°06'20" W. Reported well depth, 240 ft 

0 
10 
20 
30 
40 
50 
60 
70 

0 
3.0 
6.1 
9.1 

12.2 
15.2 
18.3 
21.3 

54.7 
54.9 
54.7 
55.0 
55.2 
55.6 
55.9 
56.1 

80 
90 
100 
112 
120 
130 
140 
150 

24.4 
27.4 
30.5 
34.1 
36.6 
39.6 
42.7 
45.7 

56.3 
56.5 
57.0 
57.0 
57.2 
57.4 
57.2 
57.2 

160 ' 48.8 57.2 
170 51.8 57.2 
180 54.9 57.2 
190 57.9 57.2 
200 61.0 57.2 
210 64.0 57.4 
221 67.4 57.2 
230 70.1 57.2 
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