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CONVERSION FACTORS (Continued)

Multiply Working Unit . By To Obtain SI Unit

Heat Discharge

calorie per second (cal/s) 4.187 watt
Energy
calorie (cal) ‘ 4,187 joule

Conversion of °C (degrees Celsius) to °F (degrees Fah-
renheit) is by the equation: °F = 9/5 (°C + 32).
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GEOTHERMAL RESOURCES IN THE
BANBURY HOT SPRINGS AREA, TWIN FALLS
COUNTY, IDAHO

By
R. E. Lewis and H. W. Young

ABSTRACT

Thermal water 30.0 to 72.0 degrees Celsius is produced
from 26 wells and 2 springs in the vicinity of Banbury Hot
Springs near Buhl, Idaho. Thermal water is used for resi-
dence heating, catfish and tropical fish production, green-
house operation, swimming pools, and therapeutic baths. . In
1979, 10,300 acre-feet of thermal water was utilized; heat
discharged convectively from the geothermal system was about
1.1 x 107 calories per second. Decline in artesian head and
discharge apparent in recorder charts from two wells may
represent seasonal fluctuations or may reflect aquifer
response to development of the resource.

The thermal waters sampled are sodium bicarbonate in
character and slightly alkaline. Mixing of hot (72 degrees

- Celsius) water with local, cooler ground water can be shown

from various relations among stable isotopes, chloride, and
enthalpy. On the basis of concentration of tritium, age of
most of the water sampled is at least 100 years and perhaps
more than 1,000 years. Some water (33 degrees .Celsius) may
be as young as 29 years. On the basis of silica, sodium-
potassium~calcium, and sulfate-water geothermometers, the
best estimate of the maximum reservoir temperature for the
thermal water is between 70 and 100 degrees Celsius.

INTRODUCTION

The Banbury Hot Springs area, ‘as discussed in this
report, is located immediately south of the Snake River
between Salmon Falls Creek and Deep Creek in Twin Falls
County, south-central Idaho (pl. 1). Thermal water issuing
from springs and several shallow wells has been used for
many years in swimming pools and therapeutic baths.

In the early 1970's, several wells that produce thermal
water were drilled. Successful use of these wells led to
increased development of the resource. At present, 26 wells
that produce thermal water have been completed. Water from
these wells flows at land surface and is used for residence
heating, catfish and tropical fish production, and green-
house operation.




Due to the increasing number of wells being completed,
many residents are concerned that continued development may
decrease the amount of geothermal water available to present
users. If continued development reduces flow or causes
heads to drop below land surface, the economic advantage of
using the resocurce would be greatly impaired. Therefore, to
aid in future decisions regarding development and use .of the
resource, the U.S. Geological Survey, in cooperation with
the U.S. Department of Energy, undertook this study of the
nature and occurrence of geothermal water in the Banbury Hot
Springs area.

Purpose and Approach

The overall purpose of this study was to define the
nature and extent of the geothermal reservoir in the Banbury
Hot Springs area. Specific objectives are to: (1) Inven-
tory selected wells and springs in the area and determine
the present (1979) quantity of thermal water being used; (2)
define boundaries of the geothermal reservoir; (3) evaluate
the existing resource as to its temperature and pressure at
land surface and its chemical character; and (4) estimate
reservoir temperatures by using chemical geothermometers.

The approach used in the study included: (1) Inventory
of. 50 thermal and nonthermal wells and 2 thermal springs in
the Banbury Hot Springs area; (2) collection of water-level,
or pressure, and discharge measurements where possible at
the time of inventory; (3) collection of water samples from
21 thermal wells and 2 thermal springs for chemical analyses,
including common jions, silica, and the minor elements of
arsenic, boron, lithium, and mercury; and (4) collection of
water samples from 9 wells and 2 springs for deuterium and
oxgyen-18 analyses, 4 wells and 1 spring for tritium analy-
ses, and 2 wells and 1 spring for sulfate-water isotope
analyses.

Water-level measurements were used to compile a gen-
eralized potentiometric map. Discharge measurements and
water temperatures at land surface were used to determine
the present quantity of thermal water being utilized and the
associated convective heat flux. Reservoir temperatures
were estimated for all sampled thermal water in the Banbury
Hot Springs area and for selected thermal water in the
nearby areas, using the silica and Na-K-Ca (sodium-potas-
sium-calcium) geothermometers Reservoir temperatures for
two wells and one spring were estimated by using the sul-
fate-water isotope geothermometer. Relations of selected
chemical constituents to deuterium and oxygen-18 isotopes
and concentrations of tritium were used to distinguish and
define the approximate areal extent of the Banbury Hot
Springs geothermal reservoir.

Previous Investigations

The occurrence of thermal water in the Banbury Hot
Springs area was first mentioned in the literature by Stearns,
" Stearns, and Waring (1937). Ross (1971) summarized. existing
data that included several chemical analyses for the area.
On the basis of similar water chemlstry, Schoen (1972) con-
cluded that granitic rocks similar in composition to the
Idaho batholith underlie the Banbury Hot Springs area.
Young and Mitchell (1973) included water- quallty analyses
from one thermal well and one thermal spring in their assess-
ment of Idaho's geothermal potential. Using chemical geo-
thermometers, Young and Mitchell estimated reservoir temp-
eratures in the study area to range from 85° to 135°C.
Malde, Powers, and Marshall (1963) included the Banbury Hot
Springs area in their reconnaissance geologic mapping of the
west-central Snake River Plain. More detailed geologic
mapping was done by Malde and Powers (1972) in their study
of the Glenns Ferry-Hagerman area.
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Well- and Spring-Numbering System

The well- and spring-numbering system (fig. 1) used- by
the U.S. Geological Survey in Idaho indicates the location
of wells or springs within the official rectangular sub-
division of the public lands, with reference to the Boise
base line and meridian. The first two segments of the
number designate the township and range. The third segment
gives the section number, which is followed by three letters
and a numeral to indicate the % section (l60-acre tract),
the %-4% section (40-acre tract), the %-%-% section (l0-acre
tract), and the serial number of the well within the tract,
respectively. Quarter sections are lettered A, B, C, and D
in counterclockwise order from the northeast quarter of each
section. Within quarter sections, 40-acre and 10-acre
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tracts are lettered in the same manner. Well 9S-14E-4BBD1
is in the SE4NW4%NW% sec. 4, T. 9 S., R. 14 E., and was the
first well inventoried in that tract. Springs are desig-
nated by the letter "S" following the last numeral; for
example, 8S-14E-31ACBl1S. Wells and springs in Nevada are
located in the same manner with reference to the Mount
Diablo base line and meridian.

‘GEOLOGY

Rocks underlying the Banbury Hot Springs area are of
volcanic and sedimentary origin and range in age from late
Miocene to Holocene. For purposes of this report, they are
divided into the following units: (1) Tertiary silicic
volcanics, (2) Tertiary basalt, (3) Quaternary and Tertiary
sedimentary rocks, and (4) Quaternary sedimentary rocks.
Areal distribution and descriptions of these units are shown

on plate ‘1.

Tertiary silicic volcanics consist chiefly of welded
tuff of the Idavada Volcanics of late Miocene age and are
exposed locally in the canyon of Salmon Falls Creek and in
the uplands southwest of the Banbury Hot Springs area.
Drillers’ logs indicate that this unit is widespread in the
subsurface. Total thickness of the Idavada Volcanics in the
vicinity of Banbury Hot Springs exceeds 2,000 ft (Malde and
Powers, 1972). - ' »

Tertiary basalt, consisting chiefly of olivine basalt
flows of the Banbury Basalt of late Miocene age, is the
predominant rock unit in the area. This unit, reported to
be about 650 ft thick, is exposed throughout the area and,
as reported by drillers' logs, underlies most of the sur-
rounding region. ' ‘

Quaternary and Tertiary sedimentary rocks, consisting
chiefly of detrital basin-fill deposits of the Glenns Ferry
Formation of late Pliocene and early Pleistocene age, are
also exposed throughout the area. ' '

Quaternary sedimentary rocks consist chiefly of sur-
ficial deposits of sand and gravel of fluvial origin. This
unit includes the Melon and Tuana Gravels of late and early
Pleistocene age, respectively. ‘

Several northwest-trending normal faults have been
‘mapped in the study area (pl. 1). Most faults have their
downthrown side on the northeast. Some graben-and-horst
structures occur southwest of the study area. Most of the
faulting probably occurred in late Miocene time, although
some faulting continued through Pleistocene time. '




HYDROLOGY OF THE GEOTHERMAIL SYSTEM

Occurrence and Movement

Temperatures of thermal ground water from flowing wells
and springs in the Banbury Hot Springs area range from 30°
to 72°C. The thermal water occurs under artesian condi-
tions, chiefly in the Banbury Basalt and Idavada Volcanics
of late Miocene age. The low concentration of magnesium in
the thermal water seems to favor the Idavada Volcanics as
the principal reservoir rock. Drillers' logs indicate that
water also occurs in the interbedded sedimentary rocks.
Locations of wells and springs in and near the study area
are shown on plate 2. Well data are given in table 1.

Most wells in the study area were drilled near the
Snake River northward from Deep Creek to the site of the
Banbury Hot Springs Natatorium in thé southwest quarter of
section 33, T. 8 S., R. 14 E. (pl. 2). Pertinent sections
on plate 2 can be recognized by the first part of the well
numbers. Well depths range from 850 ft near Deep Creek to
110 ft at the natatorium. Ground-water temperatures in-
crease northward and range from 31.5°C near Deep Creek to
59°C at the natatorium.

Thermal ground water also occurs along Salmon Falls
Creek near its confluence with the Snake River (see pl. 2).
Two springs and several wells discharge thermal water at
temperatures ranging from 57° to 72°C. Well depths range
from 420 to 700 £t in the vicinity of Salmon Falls Creek.

Temperatures of ground water in nearby areas southeast .
and southwest of the Banbury Hot Springs area range from
24.5° to 30.0°C in wells 350 to 900 ft deep. This water,
although probably classified as thermal by most definitions,
is considered part of the regional ground-water system and
is not discussed in detail in this report.

Artesian heads, calculated using well-head pressure,
range from a few feet to as much as 360 ft above land sur-
face. Lack of a uniform gradient in the calculated artesian
heads is probably due, in part, to the method of obtaining
the. pressure measurement. Artesian-head determinations for
some wells were obtained from pressure gages on the wells,
and several readings were taken from wells that were partly
shut in. Thermo-artesian effects were not considered due to
the questionable accuracy of some pressure measurements.
Calculated heads. are generally lower, however, from Deep
Creek northward to the natatorium, where the potentiometric
surface declines from about 3,170 to 3,080 ft above NGVD
(National Geodetic Vertical Datum of 1929). Artesian heads
in wells near Salmon Falls Creek are fairly uniform and

Table 1. Records of wells

Headnotes

Altitude: From U.S. Geological Survey topographic maps

Well finish:

Water level:

Discharge: P
E

Temperature:

Use of water:

Remarks: DL -~
WQ -~

Notation: --

X

F
P
R

R

Open hole
Flowing, partially shut in

Pumping
Reported

Pumping
Estimated

CnWYH D

Reported

Air conditioning
Domestic
Irrigation
Public supply
Recreation

Stock (catfish)
Unused

Driller's log
Water-quality analysis avallable (table 2)

No

data available
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: range from about 247 to 262 ft above land surface. The
potentiometric surface is-about 3,160 ft above NGVD.
Table 1. Records of wells ) ’
Several wells southeast and southwest of the study area
also yield thermal water. To the southeast, wells 9S-14E-:
Altitude . ) 13DDD1 and 9S-14E-23ABD1 (see pl. 2) yield water hav%ng
surface Casing temperatures at the surface of 26° and 25°C, respectively."
(foct bove @ ported _ vater level PRy . ) Heads calculated from pressure measurements in these wells
Geodetlc  depth of [Fest below. reot dbove (1) floving  Temperatwre o ! are 4 and 29 ft above land surface, respectively, and indi-
Gatun  below land Diameter  to first  Well or below Date  otherwise  water of , cate a potentiometric surface about 3,520 and 3,370 ft above
Well No. of 1929) surface) (in:) perforation finish  land surface  measured indicated (°C) water Remarks ~ NGVD, respectively". Southwest of the Stlldy area, water
"*%Zf' temperatures range between 24.5° and 30.0°C. Water levels
85-128-240CCL 3,480 500 12 46 X 240.08 o O = s = measured in seven wells are between 259 and 449 ft below ‘ .
85-13E-230CD1 3,390 - - —_ -— 69.28 2_22_79 - - oL . . . . \
35aCD1 3,479 700 16 170 X 182.43 . ke N o vox land surface. The potentlometr.:lc surfgce in these wells is \
i v 31854 120 8 75 X -- 8-15-79, 120 72.0 U DLW about 3,365 ft above NGVD and is relatively flat. , !
ggggu?l 3;382 Zgg g 5(9% X gg:p g—ig:;g 653 sig v Erﬂqug On the basis of measurements made in the spring of
Joenl 2,50 i - . X o2 e 7 A A W 1979, a potentiometric contour map was constructed for the
32001 2,950 553 8 230 X 7+ F 4= 4-79 170 42.5 A DLW - area south and southwest of the Banbury Hot Springs area
338CAL 2,910 653 10 - - S+ R 10-28-79 - S 2.5 8 u oo ‘ (pl. 2). The contours are generalized and, as drawn, show
oo 2,805 210 i0 - - - L 60 59.0 R W . possible barrier effects and compartmentalization that could
33CEA2 2,902 342 8 122 X 47+ F 4 579 - 59.0 R DLW result from northwest-trending faults in the area. The
33CBA3 2,902 243 6 - - - - - %0 : _ inferred direction of ground-water movement is down the
wal 2,80 540 ; 2 X W Fie o a0 r rw hydraulic gradient, approx1mately perpendlcular to the
o o 280 p 420 X 82+ F - 3-26-79 12 30.0 A DLW potentiometric contours. .
95~12E~35BCDL 3,705 797 16 . 462 X 343,14 2-21-79 - - I DL
95-13E-20CCD1 3:805 920 20 165 X 448.88 3-27-79 - - I DL
- - 743 P - ors _ g o - Several directions of movement and compartmented units
e o - ﬁ 175.80 > 879 - - 1o : are implied by the generalized potentiometric contours. In
Apcl 3,819 840 16 402 X 458.89 En T, s : the southeastern part of the area depicted on plate 2 east
- gggi ggig ;22 8 28 X 145+ F 3-27-79 92 42.5 A DLW of Salmon Falls Creek, nonthermal ground watexr moves 1n a |
4cDB1 3,026 610 10 51 X - 3-15-79 3,000 E 34,0 s DLW general northwest direction. Near Salmon Falls Creek, - I
acoc1 3,022 750 12 ue X 89+ S 1 e s however, where temperature and water-level data are lacklng, |
ey 33%8 590 5 550 x 166+ F 12- 8-78 100 35.0 A DLW two northwest-trending en echelon faults may act as barriers |
6CDAL . 3,400 - 4 - - 109.60 4~ 679 - - H , and divert the nonthermal water from the Banbury area. Some |
OADAL 2,930 750 6 332 X 362+ F 3-14-79 164 33.0 A DLW of the water probably moves northeastward across the faults |
3};&"1 2,980 530 6 o X 100y ¥ ner o PR A and may represent local, cooler ground water which, it is |
oRAAL 3,060 578 12 45 X - NI o 22 r proposed, mixes in varying proportions with the 72°C water
loceel 2,950 615 6 488 X Ber i e to produce the Banbury thermal waters. Some recharge to
Lol 3,514 900 6 425 X oo oo e 7 26:9 oW these local, cooler ground waters may occur from seepage
178821 3,360 415 6 214.5 X 153.68 pacat - oo losses along the lower reach of Salmon Falls Creek. How- , '
i) e 350 ; 39 X o 3-27-79 30 25.0 H DLW ever, absence of significant tritium in the mixed Banbury
’ 6 86 . o & _ 260 29.0 P oW thermal. waters indicates that either the component of young 1 .
g1 e 3% 2 = = = 365.70 22179 — o o _ (less than 100 years) water is extremely small or- that the !
los-1E- sl 3,823 25 2 100 X A oS- BRI o ‘l ground-water velocity in the aquifer in that area is low. i
1408C1 3900 - - 12 - - 258.94 2-21-79 - - 1 . . SR ;.
2500c1 3,860 250 6 - - 68.73 7719 - - i Southwest of the Banbury area and west of Salmon Fa}l‘s : ]
los-les- Jowl 3,840 68 - - - 58.22 et = 1 | Creek, the effect of structure on ground-water movement is
21pccl 3,850 - - - - 47.97 Co2-23-79 0 - - I unclear. Generally, the potentiométric surface is rela- |
tively flat, and direction of movement is probably north— {
ward. , -
8 ? |
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Depth of Circulation g
Depths to which ground water circulates and becomes . ™ _ . | _
heated in the Banbury system cannot be determined precisely @ o
from available data. Assuming values for conductive heat L o
flow and thermal conductivity of the rocks, however, an : 2
estimate for the depth of circulation can be obtained that ’ -
is probably valid within the constraints applied. 3 5
‘ -
Blackwell (unpublished data) indicated heat-flow values ~
of 1.7 HFU (heat flow units; 1 HFU = 10 ® cal/cm2.s near P |
the south edge of the Snake River Plain. Average thermal ]
conductivity values of 3.0, 4.0, and 4.5 x 10~2 cal/cm s.°C 9 )
for basalt, rhyolite, and sedimentary rocks, respectively, = o
weighted for a typical drill hole in the Banbury area, o
result in a weighted average thermal conductivity of 3.85 x - 2'
1073 cal/cm s.°C., Substituting values for heat flow and > '
thermal conductivity in the conductive heat-flow eguation, 2 g
]
Q = K dt/dz . a
where, 5 %
0. = conductive heat flow, o @ 3
K = thermal conductivity, and fos g
dt/dz = thermal gradient, - : % -
. -
and assuming a mean annual surface temperature of 10°C, a = -4
gives a thermal gradient of 1.35°C/100 ft. For this grad- 1Kz o
ient, in order to attain a temperature of 70°C, water must S
circulate to a depth of about 4,400 ft. In the Banbury - 2
area, water temperatures near 70°C occur in wells 420 to 700 o !
ft deep, which suggests there is considerable convective I o o
fluid transfer, probably upward along faults, to achieve P °
70°C temperatures at depths shallower than 4,400 ft. - 5
- B (=
> ®
"Fluctuations in Discharge and Artesian Head 3
As part of this study, two thermal wells were selected i w
in which to continuously monitor fluctuations in discharge 2
and artesian head. Well 9S-14E-4CDBl, which supplies water A 3
for catfish production, was equipped to monitor discharge, , : -0 4
and well 9S-14E-4BBD1l, which is unused, was equipped to -
monitor pressure fluctuations. Locations of these two wells o >
are shown on plate 2. The discharge hydrograph for well 9SS~ §
14E-4CDB1 is shown ‘in figure 2, and the water-level hydro-
graph. for well 95-14E-4BBD1 is shown in figure 3. o g
L ‘ : i)
As shown by figures 2 and 3, the records are not long r . ' o
enough to complete one annual cycle of fluctuation; there- %
fore, little interpretation of the records can be made. The Q | Lj - o | . L
flow rate for well 9S-14E-4CDBl (fig. 2) declined from 3,110 o o - o o B
S S 8 S B
e ) (] N
JLANIN ¥3d SNOTTVO NI ‘398VHOSIC
10

11
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Figure 3.-- Water levels in well 9S-14E-4BBDI.
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gal/min in April 1979 to 1,550 gal/min in March 1980. The _ |
calculated head in well 9S-14E-4BBDl' (fig. 3) declined from ‘
164 £t above land surface in July 1979 to 146 ft above land f
surface in March 1980. These declines may reflect seasonal |
fluctuations or may indicate a decrease in reservoir pres- i
sure due to development of the resource. Continued mon- ' ;
itoring may -provide more data for determining the cause of

' WATER CHEMISTRY
., - Chemical Character

Samples of thermal water (water temperature greater
than 20°C) were collected from 21 wells and 2 springs in and
near the Banbury Hot Springs area. Temperatures of the
water range from 25° to 72°C. Results of the chemical
analyses, including common ions, silica, and the minor
elements--arsenic, boron, lithium, and mercury--for the
samples collected, are.listed in table 2. Well and spring
locations are shown on plate 2. "

The thermal ground waters sampled are a sodium bicar-
bonate type and are slightly alkaline (pH ranges from 7.9 to
9.5). Concentrations of dissolved solids generally increase
with water temperature and range from 231 mg/L in water at
31.5°C to 406 mg/L in water at 72.0°C. Concentrations of ' I
chloride, fluoride, and boron also increase from the lower '
temperature. water to the higher temperature water. ‘ o i

Chemical Geothermometers

Reservoir temperatures in the Banbury Hot Springs area §
were estimated by using the silica geothermometer (Fournier
and Rowe, 1966) and the Na-K-Ca geothermometer (Fournier and
Truesdell, 1973). Temperatures estimated by these chemical
geothermometers are valid only for hot-water systems and
only if the following basic assumptions are met (Fournier,
White, and Truesdell, 1974): (1) The chemical reactlons at
depth are temperature dependent; (2) an adequate supply of
chemical constituents used for the thermometry is present in
the aquifer; (3) chemical equilibrium is established at
depth between the hot water and the aquifer minerals; (4)
there is negligible reequilibratibn of the chemical com-
position of the hét water ‘as it rises to the surface; and
(5) hot water rises rapidly to the surface with no dilution
or mixing of hot and cold water :

13
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Estimated reservoir temperatures and departure from
theoretical equilibrium (degree of saturation or unsatura-
tion) for aragonite, calcite, chalcedony, and quartz were
calculated for the thermal waters (table 3), using a com-
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Figure 3.-- Water levels in well 9S-14E~-4BBDI.
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gal/min in April 1979 to 1,550 gal/min in March 1980. The
calculated head in well 95~14E-4BBD1 (fig. 3) declined from
164 ft above land surface in July 1979 to 146 ft above land
surface in March 1980. These declines may reflect seasonal
fluctuations or may indicate a decrease in reservoir pres-
sure due to development of the resource. Continued mon-
itoring may provide more data for determining the cause of

Athe decline.

' WATER CHEMISTRY
Chenical Charécter

samples of thermal water (Water,température greater

than 20°C) were collected from 21 wells and
near the Banbury Hot Springs area. Temperatures of the
water range from 25° to 72°C. Results of the chemical
analyses, including common ions, silica, and the minor
elements--arsenic, boron, 1ithium, and mercury--for the
samples collected, are. listed in table 2. Well and spring

locations are shown on plate 2.

ters sampled are a sodium bicar-
ly alkaline (pH ranges from 7.9 to
ssolved solids generally increase
with water temperature and range from 231 mg/L in water at
31.5°C to 406 mg/L in water at 72.0°C. Concentrations of
chloride, fluoride, and boron also increase from the lower
temperature. water to the higher temperature water.

_ ' The thermal ground wa
bonate type and are slight
Concentrations of di

=Y

Lo

N ‘ -
'; Truesdell, 1973).
a

'ﬁ the aquifer; (3) chemical equi

Chemical Geothermometers

eratures in the Banbury Hot Springs area
were estimated by using the silica geothermometer (Fournier
and Rowe, 1966) and the Na-K-Ca geothermometer (Fournier and
Temperatures estimated by these chemical
geothermometers are valid only for hot-water systems and
only if the following basic assumptions are met (Fournier,

o White, and Truesdell, 1974): (1) The chemical reactions at

depth are temperature dependent; (2) an adeguate supply of

" chemical constituents used for the thermometry is present in
_ l1ibrium is established at

3 depth between the hot water and the aguifer minerals; (4)

: there is negligible reequilibration of the chemical com-
position of the hot water as it rises to the surface; and
(5) hot water rises rapidly to the surface with no dilution

or mixing of hot and cold water.

Reservoir temp

2 springs in and

— “




calculated for the thermal waters (table 3), using a com—
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}H! . . : S P Fournier, Sorey, Mariner, and Truesdell (1979) showed
\in ' ' : S S that, on a plot of reservoir temperatures estimated by the
‘W”} silica geothermometer versus reservoir temperatures esti-

= o : » : : : : mated by the Na-K-Ca geothermometer, most unmixed water in

| l Table 3. Estimated aquifer temperatures and free energy of formation - . equilibrium plots on or near an equal-temperature line

i for selected thermal wells and springs having a slope of 1. Water that plots significantly above

e [-- = values not computed for pH 8.3 or less] el tbe equal—temgerature line probab}y.has undergone evapora-
IWH' ' , S v . tion or has dissolved amorphous silica from the aquifer
"] : : i material, Water that plots significantly below the equal-

. Estimated aquifer temperatures ‘ o . temperature line probably has mixed with another type of

i based on geothermometers Free energy of formation 3 water -and - has not reequilibrated, precipitated silica during

ff " ; cooling, or precipitated calcite or aragonite due to loss of ' .
\W‘ , _ : Do CO, (Fournier, Sorey, Mariner, and Truesdell, 1979).

| - -
‘;'Ai.“:' g g 6 < . ) ) .. )
w} hd | o2 o A_comparison of reservoir temperatures estimated by the C-
oy = 0~ , 3 E g Ew 0 H,SiO, -corrected silica and Na-K-Ca geothermometers is
. S0 ~ it 5 o o hat 3 . . R Bt : .
.M! z B 15 18- S B8 shown in figure 4. With the exception of water from wells
P - CH P~ pmg @S L Q9 : 9 and springs in the vicinity of Salmon Falls Creek, chal-
{“i & 23 8g S92, e B8 gN o oy o ~cedony is assumed to control the silica solubility. Water
£ " 94 oy vgg e, LY [ A o -8 , 0 e that plots on or near the equal-temperature line is probably
A 3 “wh 88 883 EF 3 3a 5 X 8 N 0 unmixed, This includes the 57°-72°C water from wells and
T o %2 Eg EEEE :g% 5 o g S ey 5 03 springs in the vicinity of Salmon Falls Creek and 31.5°-
i = €8 @O0 w00 A0 @ o= & § S & & 33.0°C water from wells near Deep Creek. These waters are
"I - ' : : considered to comprise the unmixed components from which
E%\ 8S-14E-30ACD1S 70.5 131 96 92 103 66 0.2 0.3 -0.1 0.4 1 most of the other thermal waters in the study area are
. 30ACD2  72.0 129 gg 93 1ol 8l .1 .2 -.3, .2 2 derived. Other waters, with temperatures between about 30°-
| ggggg% .gifg »i%g ca gg 188 gg —-é -g _'§ 'i 2 60°C, plot below the equal-temperature line in figure 4 and, .
i . - . - . . .
4“ 31ACB1S 57.0 129 99 103 101 52 1 1 -1 4 5 ; lacklng any evidence to indicate precipitation of silica,
il 32paAl  45.5 129 105 116 10l 75 -.3 -.2 .4 .9 6 calcite, or aragonite, are probably mixed waters that have not
o 32DDC1l 42.5 116 86 100 . 87 55 .0 .1 .2 .7 7 equilibrated. Some waters plot significantly above the
i1l 33CBAL  59.0 137 111 108 110 81 -.1 .0 .3 .8 8 d : ) . P o Y :
{3 33CBA2  59.0 130 89 108 . 103 cg ‘1 5 1 5 9 equal—tempe;a?ure %1ne. These waters pyobably coptaln‘
i 33CBD1  42.0 134 106 84 107 77 .6 . .7 .5 -1.0 10 amorphous 'silica dissolved from the aquifer materials but
;& ggggéi gg-g iig 35* 1?3 lgg gg _-g .g 'i l-g 1; were sampled from wells 3 to 8 mi southeast of the study
i 95-13E-33GBDL  30.0 129 o 74 1ol 2 "0 "o 5 1.5 13 area and are not 1ncluded in a dlscu551on of the Banbury
R 95-14E- 4BDCL 42.5 122 96 101 94 66 .0 .0 3 L9 14 thermal water. :
:Y! 4CDB1  34.0 107 100 82 78 70 .1 .1 5 1. 15
o 4DcCl  35.0 105 85 76 - -.2 -.1 .5 1.1 16 Samples of thermal water were collected from two wells
o 9ADAl  33.0 104 101 75 75 71 2 3 5 1.1 17 a p’; ) W L werse. .C ¢ rom o we
%; 9ADB1  32.0 104 101 72 75 . 71 1 0 'z 1.1 18 and one spring for sulfate-water isotope analyses. For
i 9ADCL  31.5 103 97 73 73 67 .1 .2 .5 © 1.1 19 water containing even small amounts of H .5, analyses for
RO iggggi gé-g igg - ;g 33 - -g _.g .5 i-é %g : - 1%0(s0,) may be affected by the formation of additional sul-
H] 25aBD1  25.0 130 - 86 1oz - - et 0 1'8 1.5 52 fate due to oxidation of H,S§ to H;SO; by sulfur-oxidizing
Ik? 36DACL . 29.0 115 -- 80 86 - -_ 2 2 9 1.3 23 bacteria.  -PoSsible effects due to oxidation were minimized
Wl by adding 5 mL of formaldehyde to each sample to kill any
sﬁ L . . . . . . o ; bacteria and preclude the formation of H,SO, by oxidation
}\ﬁ{ Values are departure from theoretical equilibrium in kilocalories; (+) values indicate super- ,} £ H.S s 1 1 d bv N. L. Nehri d A. H
o saturation, (-) values indicate \msaturated Calculations from computer program SOLMNEQ . OL. Hyo. amp.iles were ana yz? y N. - Nenring an . .
Nm mhmmkaandaamws,197m. 4 . o - @ Truesdell of the U.S. Geological Survey, Menlo Park, Calif.
]% A Estimated reservoir tempgratures, uging the_sulfate—water
o geothermometer and assuming conductive cooling for samples
LAl A o : . , - : 3, 5, and 7 (table 3), were 90°, 93°, and 101°C, respec- -
it _ ‘ , : : tively. ©On the basis of significant differences in temper-
Jw , S ' : . o ‘ ature and concentrations of chloride and dissolved solids,
ol , , .
g
1. .
Li .
B 1e ) 17 |
| \




4=

Sio

TEMPERATURE ESTIMATED FROM SILICA-(H3

CORRECTED), IN DEGREES CEL SIUS

12 .
120 T T 1 T T ]
. 022-4Thermol well or spring and
— reference number —
Reference numbers refer to wells and springs
listed in table 3
13 022
: o! 21 R
O3
- o, . —
023 :
(o)
80— 10 ]
20 16
18 :
— . O7 o . —
§§' 0% oy Ois
&
¥ - O9
N4 7
e ,«Q, N p—
W
&
- " .
PPN V28 N N TH LY N B
40 60 80 100 120
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'Figure 4.--Comparison of reservoir temperatures estimated
by the silica and sodium-potassium-calcium

geothermometaers.

thermal water represented by samples 5 and 7 is probably
mixed water and the 90°C obtained for sample 3 is probably
the best estimate of the thermal reservoir temperature
obtained by using the sulfate-water geothermometer.

Based on the H,SiOy -corrected chalcedony and Na-K-Ca
geothermometers, reservoir temperatures near Deep Creek are
about 71°C +4°. Based on the H,SiO, -corrected quartz, Na-
K-Ca, and sulfate-water geothermometers,  reservoir temp-
eratures in the vicinity of Salmon Falls Creek are about
94°C +4°.

Isotopes

Samples of thermal water from selected wells and
springs were.collected for analysis of tritium, oxygen-18,
and deuterium. Isotopic compositions of thermal fluids can

- be used to indicate age, origin, and mixing patterns in the

geothermal system.
Tritium

Tritium (3H), a radioactive isotope of hydrogen, is
formed in the upper atmosphere during bombardment by sub-
atomic particles from outer space. It decays with a half-
life of about 12.4 years and is introduced into the water
cycle in rain and snow. Although concentrations of tritium
in precipitation vary both seasonally and geographically,
prior to extensive thermonuclear testing between 1954 and
1963, tritium levels in precipitation were generally less
than about 10 but were as high as about 20 TU (tritium
units; one TU equals a *H/H ratio of about 10, or about 3.2
picocuries per liter.) By 1963, worldwide tritium levels in
precipitation had increased dramatically and were reported
to be 7,000 TU in the vicinity of Yellowstone National Park
(Pearson and Truesdell, 1978). Since the completion of
atmospheric nuclear tests, tritium levels in precipitation
have declined and in 1977 averaged about 50 TU.

Tritium in a ground-water system is a function of
tritium concentration in the recharge water and the re-
sidence time and nature of flow in the system. Two basic
types of flow models are discussed in detail by Nir (1964):
(1) the piston-flow model, which has parallel flow lines of
constant and equal velocity, so that a water sample taken at
some point would include only water originating at the point
of recharge; and (2) the completely mixed reservoir model,
where it is assumed that the recharge water is continually
and instantly mixing throughout the entire system. The




tritium concentration in water of various residence times,
assuming piston-flow and mixed-reservoir systems, in Yellow-
stone National Park was calculated by Pearson and Truesdell
(1978) and is shown in figure 5. .Curves similar to those in
figure 5 probably would result for thermal ground-water
systems in south-central Idaho. '

Water samples for tritium analyses were obtained from , _
four thermal wells in the study area and one thermal spring IOOOr T T TTTTT T T 1T T 17T .
about 60 mi south but still within the Salmon Falls Creek 700: ]
drainage area. Samples were predistilled and enriched by - - —
electrolysis; enriched aliquots of 470-mL samples were 500 —
counted by a gas proportional counter. Results of tritium 400 -
analyses of thermal water samples are shown in table 4; ' 300( -
errors are given for one standard deviation and include
those incurred during radioactive counting, as well as 200 -
volume errors. For the 470-mL enrichment method, the mini-
mum error is 0.1 to 0.2 TU. All samples were corrected for
tritium decay to the collection date, using a half-life of . i
12.350 years? Concentrations of tritium ig the thermal oo Assuming a well-mixed system -
water sampled ranged from 0 +0.1 to 4.1 +0.2 TU. 700 “//’ f

If the thermal water moves by piston flow, the tritium 50 -
level (T) in a water sample taken at any point within the 40 -

system will be related to the tritium concentration in the
water during recharge (TO) and the transit time or age (t)
of the sample by,

30 Assuming piston flow_

20

where the decay constanty = 1ln 2/half life of tritium. If

the Banbury thermal waters are part of a piston flow systenm,
assuming an upper limit of 20 TU, samples that overlap 0 TU
could indicate a residence time near 100 years and virtually
no mixing with younger water. If these waters are part of a 4
well-mixed system, residence times could exceed 1,000 years.

MEAN RESIDENCE TIME, IN YEARS

L 111

‘ Constraints applied by the hydrologic model developed

| for the Banbury geothermal system (discussed more fully in a 2
I later section) requires some local mixing of water of at

‘ 1 least two slightly different compositions. Consequently, N | L Ly N

'j\ g thermal water having a concentration of tritium <0.1 TU is 3 10 20 30 4050 100 260 : 5$olllhko 2000
1 - - interpreted as being at least 100 and perhaps more than '
!h I 1,000 years old. This water mixes with varying amounts of ‘ : TRITIUM UNITS
, younger water to give local differences in temperature and .
. isotopic and chemical composition. In table 4, a sample Figure 5.--Relation of tritium concentration to residence time,
! ‘ from well 9S-14E-9ADAl, has a tritium concentration of 4.1 _ assuming piston~flow and well-mixed ground-water
o +0.2 TU, and is probably mixed water. A concentration of systems in Yellowstone National Park (after Pearson and
e about 4 TU would result in a piston-flow system for water T dell. 1978)

1 - having a residence time of about 29 years and no mixing with ruesdell, )
' post-1954 water, or could have resulted from a mixture of 90

)
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i f tritium
Table 4. Concentrations ©O
in water sampled from se}ected thermal
wells and springs

Well or Temperature TritiuT
spring No. (°C) (TU)
85-14E-30DAD1 62.0 0.1 * 0.1
85-14E-32DDC1 42.5 0.2 + 0.1
9S-14E- 9ADAL 33.0 4.1 + 0.2
9s-14E-3éDAc1 29.0 0 + 0.1
46N-64E~23BBD1S 24.0 0 + 0.1

lanalyses by T. A. Wyerman, U.S. Geological
survey, Reston, va.
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percent older, zero tritium water and 10 percent young,
local water. PFurther discussion of mixing is included in
the next section.

Deuterium and Oxygen-18

. Concentration of the stable isotopes, deuterium (D) and
oxygen-18 (!%0), in water from different sources charac-

terizes and indicates the origin and mixing pattern of
individual water.

Principal stable molecular species in water are H,!°0,
H,!7’0, H,!%0, and HD!®0. 1In seawater, the proportions of
these species are 10%:2,000:420:316 (Craig, 1963); this
composition is referred to as SMOW (standard mean ocean
water). Precipitation, which is derived from ocean water,
is depleted in the stable isotopes due to evaporation.
Stable isotope concentrations are generally expressed in
delta units (§) and are reported in parts per mil (°/,,), or
parts per thousand. These units represent relative de-

viations in the heavy isotope fraction in water and are
defined as:

R, R
5 = sample standard x 1,000

Rstandard

where,

Rsample = ratio or isotopic concentration (!®0/!%0,
R D/H) of the sample, and
standard = ratio of isotopic concentration of the
standard SMOW.

A worldwide study of freshwater samples by Craig (1963)
showed that the isotopic reactions in cold meteoric water
could be expressed by the equation D = 8§'%0 + 10. ‘A plot
of this equation is a straight line, commonly referred to as
the SMOW line, and is shown in figure 6. Surface water
affected by extensive nonequilibrium evaporation, as in
inland basins, lie off this line. However, at ordinary air
temperatures, evaporated surface water is connected ap-
proximately to the original precipitation composition §?!8Q,
8D,, by a line expressing the equation, 6D = 5(8'%0 - §'%0,)
+ §D, (Ellis and Mahon, 1977).

During passage through the aquifer, thermal water and
nonthermal water retain the deuterium composition charac-
teristic of precipitation in the recharge area. The 80
content in thermal water, however, is usually enriched
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Figure 6.--Relation between concentrations of deuterium and oxygen-18

(becomes less negative) to varying degrees during circula-
tion within the system, due to reaction with the more en-
riched %0 of the aquifer material. For a more complete
discussion of stable isotope geochemistry, refer to Gat
(1971) or Ellis and Mahon (1977).

Samples of thermal water were collected for analyses of
185 and deuterium from nine wells and two springs in and
near the study area. Due to the reconnaissance nature and
1imited extent of this investigation, no cold-water samples
from potential recharge areas were collected. For dis-
cussion, results of stable isotope analyses for several
nearby cold-water springs are included in table 5 and figure

6.

Figure 6 is a graph showing the stable isotope data in
standard 6 values (°/,,) relative to SMOW. The wide range
of deuterium in the samples  between about--139 and -130 °/,,
indicates mixing of water from at least two sources. If
only one source of recharge were involved, the deuterium
values for all the thermal waters would be more nearly
identical because there.is no mechanism for deuterium
exchange during deep circulation through the system (A. H.
Truesdell, written commun., 1975). '

Thermal waters having the hottest temperatures measured
at the surface occur in wells in the vicinity of Salmon
Falls Creek and are represented by point 1 in figure 6.
These waters, having surface temperatures near 72°C, seem to
be unmixed and are probably representative of the deep '
circulating hot water in the Banbury system. The recharge
area for the unmixed hot water is unknown. :

Cold meteoric water isotopically similar to 25 in
figure 6 could, by long contact at temperatures near 100°C,
pecome enriched in !°0 to yield water similar to 1. Al-
though cold water represented by 25 presently occurs in the
mountains 60 mi southeast of the Banbury area, isotopically
similar water might occur as recharge in the higher alti-
tudes nearby to the southeast. Additional stable isotope
analysis of the cold water from that area are necessary to

confirm this, however.

Cold water, represented by 24, 26, and 27 (fig. 6), was
sampled from springs southwest of the study area in the
Jarbidge Mountains. On the basis of tritium analyses, these
cold waters are probably less than 20 years old. Samples 26
and 27 may have undergone some evaporation before percolat-
ing to the saturated zone, but in general, are probably
representative of recent recharge water for areas to the
southwest (Young and Lewis, 1980). Meteoric water that
recharges the shallow ground-water system in the Banbury




Table 5. Stable isotope analyses of water
from selected wells and springs
Refege?ce
mpo
sgiiigo§o. tecC 8Dgmow 51808MOW ABO ?%ig. 6)
85-14E-30ACD1S 70.5 -137 -17.2 +1.17 1
30DADL 62.0 -137 . -18.0 +0.38 3
31ACB1S 57.0  -139° -17.6 +1.02 5
32DDC1 ~ 42.5 ~134 -17.1 +0.90 7
. 33CBA2 59.0 ~137 -17.6 +0.63 9
33CBD1 . 42.0 -135 ~17.7 +0.42 10
9S5-13E-33CBD1 30.0 ~131 ~16.2 +1.37 13
98-14E- 4BDCl 42.5 -135 -17.7 +0.42 14
4CDB1 34.0 -131 -16.8 +0.77 15
9ADAL 33.0 -132 -16.9 +0.85 17
36DAC1 29.0  -130  -16.8 © +0.70 23
1145~14E-11CAB1S 12.0 -126 -17.1 -0.01 24
2155~23E~14DDC1S 5.0  -136 -18.2 0 25
146N~ 60E-13ACC1SNem 4.0 -127  -16.7 +0.43 26
1 45N~55E-25DAALSuean) 6.5 -128 -16.6 +0.65 '27
'Young and Lewis (1980)
2Unpublished data from A, H. Truesdell

area would be similar but somewhat more depleted isotop-~
ically relative to SMOW.

Although not as enriched in !80, thermal water rep-
resented by 3 and 9 (fig. 6) is similar in deuterium to the
hottest water, 1, and probably originated as precipitation
in about the same general vicinity. Lack of any significant
enrichment in !'%0 for water 3 may be due to shorter resi-
dence time or shallower depth of circulation of the water.
Water similar to 10 and 14 could result from mixing of
either 1, 3, or 9 with cooler, local ground water.

Water represented by 5 (fig. 6) is from a thermal
spring in Salmon Falls Creek Canyon about 2 mi from the main
Banbury area and about 1 mi from the wells that produce the
hottest water. The depletion in deuterium relative to the

hottest water indicates that this water was recharged in a
different area. ‘ v

- Thermal water represented by 7, 15, 17, and 23 (fig. 6)
could result from mixing of hot water, similar to 1, with
cooler, local ground water, which more nearly resembles,
isotopically, the cold water represented by 24, 26, and 27.
Water represented by 23 is from a municipal well and may
reflect some mixing with shallow ground water affected by
local irrigation or urbanization. Water represented by 13
is from a well about 8 mi southwest from the Banbury Hot
Springs area and is isolated, hydrologically, by numerous
faults. Chemically and isotopically, this water is similar
to some of the thermal water in southwestern Idaho described
by Young and Lewis (1980) and to the thermal waters south-
east of the Banbury area that were sampled during this
study. The large oxygen shift evident for sample 13 may be
due, in part, to evaporation, prior to being recharged to
the regional thermal ground-water system. '

Further indication of mixing of water of different
compositions and temperatures to give the physical and
chemical variations evident in Banbury thermal waters is
shown by the comparisons in figures 7-10. Figure 7 shows
the relation between chloride and deuterium for water in the
Banbury area. Cold water similar to water represented by 25
in figure 7, and subject to constraints imposed by temp-
erature and residence time, could result in thermal water
having a chloride concentration that plots anywhere along an
extension of line 1-9., Thermal water thus formed could mix
with cold water similar in composition to 26 to produce any
Chemical variation of thermal water that would plot on a
line radial to 26 between 26 and line 1-9. Similar re-
lations of chloride with enthalpy, oxygen-18, and fluoride

for thermal water of the Banbury area are apparent in
figures 8-10.
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In figures 7-10, water represented by point 23 is
ignored due to probable influence on the water chemistry by
recharge from runoff near Buhl. Also, the sample site is
more than 5 mi from the study area, as is the site for
sample 13, and little weight was given to either in the
chemical 1nterpretatlons.

THERMAL GROUND-WATER DISCHARGE
AND ASSOCIATED CONVECTIVE HEAT FLUX

Thermal ground-water discharge in the Banbury Hot
Springs area was estimated for 26 wells and 2 springs.
Water from these wells and springs is used for fish farming,
swimming pools, therapeutic baths, space heating of private
residences, and a greenhouse. Ultimate discharge of the
water produced by the thermal wells and springs is, pri-
marily, into the Snake River. For purposes of this study,
all thermal water withdrawn from wells and springs is con-
sidered to be consumptively used.

Measurements or estimates of discharge for all wells
and springs in the study area were made in early 1979 (well

“discharges are shown in tables 1 and 2; spring discharges

are shown in table 2). Selected wells were measured again
late in the summer of 1979 to determine seasonal changes in
water withdrawals. No significant seasonal change was
observed. Withdrawal for each well and spring was estimated
by the measured or estimated discharge and the period of
use. Thermal ground-water discharge in the Banbury Hot
Springs area in 1979 was about 10,300 acre-ft.

Heat from the Banbury Hot Springs area geothermal
system is discharged convectively in thermal water, which
discharges naturally from springs or artificially from
flowing wells and one pumped well. The convective heat flux
from the system can be calculated as the product of the
volume rate of discharge and the enthalpy (heat content) of
the water in excess of the ambient (surrounding) air temp-
erature, or:

H=M (hr - ho)

where,
H = heat loss, by convectlon, in calories per second,
M = mass discharge,
hr = enthalpy of thermal water, and
hO = enthalpy of cold recharge water, at 10°C.

To estimate the total convective heat flux, the volume
of thermal water discharge from each well or spring in 1979
was converted to an instantaneous flow rate, and the mass




discharge, M, was calculated. In the above equation, h_ is
taken as the mean annual air temperature, which is abou

10°C for the study area. Once withdrawn, subsequent per-
colation of thermal water is considered negligible, because
after the water is used, it is discharged to the Snake River
by means of ditches or pipes, and no heat is returned to the

~system. Total convective heat flux from the Banbury Hot

Springs area in 1979 was 1.1 x 10’ cal/s.

AREAL EXTENT OF THE GEOTHERMAL RESERVOIR

For this study, the areal extent of the geothermal res-
ervoir in the Banbury Hot Springs area can only be approxi-
mated. . Surface evidence of the reservoir includes several
thermal springs and numerous thermal wells. On the basis of
the surface evidence, approximate areas where proven and
potential low-temperature geothermal resources occur were
delineated (fig. 11). As additional wells are drilled and
new data become available, the approximate boundaries will,
undoubtedly, be altered.

Most of the thermal wells and use of the resource occur
near a northwest-trending fault that has been mapped in the
area. Thermal water probably moves upward along this fault
from depths below 4,400 ft to mix in varying proportions
with cooler, local ground water in a complex network of
interconnected fractures. No thermal water occurs on the
northeast side of the Snake River; and, for the purpose of
this discussion, the general course of the river is con-
sidered an approximate boundary of the system. Thermal
water occurs in wells to the northwest as far as the vic-
inity of Banbury Hot Springs Natatorium. Nearly 2 mi north-
west of the natatorium, in the vicinity of Salmon Falls
Creek, recently drilled wells produce water with temper-
atures as high as 72°C. The areal extent of the thermal
water along Salmon Falls Creek is not well defined, due to
lack of data. The northeastern boundary may be near well
8S-14E-19DAD1. This well was drilled to a depth of 700 ft,
encountered water at a temperature of 30°C (markedly below
other temperatures in the area), and had an artesian head
slightly above land surface. Spring 8S-14E-31ACD1S, with a
water temperature of 57°C at the surface, represents the
southwestern surface expression of thermal water along
Salmon Falls Creek. Chemical and isotopic data indicate
that the 72°C water is probably representative of the deep-
circulating component that mixes with cooler, local ground “

water all along the Banbury system. Although some con-
‘nection to allow mixing is implied by the water chemistry,

no wells presently indicate that thermal water occurs in the
area between Salmon Falls Creek and the Banbury Hot Springs
Natatorium.
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Deep Creek marks the southeastern extent of current
development in the Banbury system. Chemical analyses of
25°-26°C water from two wells about 3 mi southeast of Deep
Creek are similar to those of the Banbury thermal water.
About 3 mi farther to the southeast, along an extension of
one of the mapped faults, 29°C water is pumped from a well
about 900 ft deep. The chemistry of the water from this
well differs somewhat from that of the Banbury thermal
water, but this may be due to mixing of recharge locally
influenced by agricultural and urban development. Thermal
water may occur in the areas between these existing warm-
water wells; however, additional data are necessary to
extend the southeastern limits of the Banbury system con-
‘tinuously beyond Deep Creek.

Thermal water occurs in wells to the southwest only a
short distance from the fault shown in the Banbury Hot
Springs area (pl. 1), and the extent of the geothermal
system to the southwest is unknown. Water temperatures in
wells south of the Banbury area and east of Salmon Falls
Creek range between 11° and 14°C. No data are available to
indicate whether thermal water occurs below the cooler
ground-water system.

West of Salmon Falls Creek, 9-12 mi southwest of the
Banbury area, the temperature of water from three wells
ranged from 24.5° to 30°C. Chemical analyses show a sim-
ilarity of the water to thermal ground water in the regional
system, and it is not likely that this water is associated

with the thermal water in the Banbury Hot Springs area.

SUMMARY

Rocks underlying the Banbury Hot Springs area are of
_ volcanic and sedimentary origin and range in age from late
Miocene to Holocene. Thermal water, temperatures of which
range from 30° to 72°C, issues from two springs and flows
from numerous shallow wells bottomed chiefly in silicic
volcanics and basalt. Presently, thermal water is bene-
ficially used by residents for home heating, swimming
pools, therapeutic baths, catfish and tropical fish pro-
duction, and greenhouse operation. :

Most wells are located in a narrow belt near or along
the extension of a northwest-trending fault. Other north-
west-trending faults southwest of the study area act as
barriers to ground-water movement from the southwest. Ar-
tesian heads in wells range from slightly above to 360 ft
above land surface. The hottest water (temperature near
72°C) occurs in the vicinity of galmon Falls Creek. On the
pasis of available heat-flow data, depth of circulation in

the system required to attain water tem

: peratures near 70°C
is about 4,400 ft. Because these temperatures occur in
’yater from wells 420 to 700 ft deep, some convective trans-
port-of heat, probably upward along faults, is indicated.

Recorders installed on two wells to monitor
and flow at the well head indicate a decline in tggezitggian
head from }64 to 146 ft between July 1979 and March 1980
and a decllpe in discharge from 3,110 to 1,550 gal/min ’
between April 1979 and March 1980. Declines may reflect
seasonal fluctuation or may represent aquifer response to
development of the resource. Continued monitoring is nec-
essary tovdetermine the nature of the decline.

Thermal waters sampled are sodium bicarbonate i -
acter and are slightly alkaline (pH ranges from 7?9120Cga§)
A general increase in concentrations of chloride, fluoriée )
and bqron occurs with increase in temperature. Relations éf
chloride with deuterium, oxygen-18, enthalpy, and fluoride
gnd.between §t§ble isotopes of oxygen-18 and deuterium
1pd1cate a mixing of hot water from a single, deep source
with shallow, cooler, local ground water to give the range
of temperature and chemical makeup evident in the Banbur
tbermal waters. Concentrations of tritium in samples inZ
dicate that most thermal water contained little or no post-
1954 water and is probably at least 100 years old and per-
gapi morg than 1,000 years old. One sample of 33°C water
oggya;geyegii.io.z TU and may have had a residence time of

Probable maximum reservoir tem ‘ i

_ le peratures, estimated b
using the silica and the Na-K-Ca geothermomeéers, are genz
erally between gbout 70° and 100°C. The sulfate-water
geothermometer indicates that maximum reservoir temperatures
in the Banbury system are probably near 90°C.

Measurements or estimates of discharge for all
agd springs in early 1979 indicated a totgl thermal xsiéi
discharge of 10,300 acre-ft annually. Heat, which is re-
moved from the Banbury system in the thermal water dis-
charge, amounted to 1.1 x 107 cal/s in 1979.

Proven areas of low-temperature '

. : geothermal resources
éwhere thermal water is belpg removed and used beneficially)
fre near or alqng an extension of a northwest-~trending

ault, Potential areas of low-temperature geothermal re-
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