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INTRODUCTION

This report presents a compilation of data used by Brook and
others (1979) in determining the accessible resource base for identified
hydrothermal convection systems ‘3_90°C in the United States (U.S.
Geological Survey Circular 790, Assessment of Geothermal Resources
of the United States — 1978). Geographic, geologic, chemical,
isotopic, volumetric, and bibliographic data and calculated thermal
energy contents are listed for all vapor-dominated and hot-water
systems with estimated reservoir temperatures > 90°C and reservoir
depths less than 3 km known to the authors in mid 1978. Systems
with lower temperatures are discussed by Sammel (1979) in Circular
790. Much of the data is the same as that presented by Renner and
others (1976), but numerous revisions have been made and additional
information has been added to update the data base. Data presented
here is stored in the U.S. Geological Survey's geothermal computer
file GEOTHERM (Swanson, 1977).

Data for individual hydrothermal convection systems in each
State are arranged geographically from north to south and west to
east without regard to the type or temperature of the system. Locations
of the systems and corresponding reference numbers are shown on
map 1 accompanying U.S. Geological Survey Circular 790. All references
are listed in a single bibliography at the end of this report.

EXPLANATION OF THE DATA SHEETS

The various entries contained in the data sheets are generally
self-explanatory. Scientific notation is used throughout the report

and is symbolized as follows: RM**2 = kmz; RM**3 = km3; and 10**18

= 1018. All temperatures are in degrees Celsius (°C). Individual

entries are discussed below. Only entries containing information
are displayed.

Field Name. -- Either the name of the geothermal field, the principal
hot spring, or a nearby geographic feature which identifies
the hydrothermal convection system. Names are taken from published
literature and topographic maps. Alternate names are given
in parenthesis.

KGRA or Other Name. -- The name of the KGRA (Rnown Geothermal Resources
Area) which includes the hydrothermal convection system, or
other names which have been used for the system.




Circular Reference. -- An arbitrary number assigned to the system
for bookkeeping and map location purposes. The circular reference
corresponds to the number assigned to each system listed by
Brook and others (1979) in Circular 790.

Geographic Locality

The geographic location of the spring, well, or field
is given by state, county, latitude, longitude, the most detailed
topographic map covering the area, township, range, section,
quarter section, and the reference base and meridian. Longitude
and latitude locations are given to the nearest tenth of a
minute.

General Information

Waring Number. — and Wacring Fiqure. -- The figure and spring or
well number assigned to the system by Waring (1965).

Elevation. -- Surface elevations were taken from USGS topographic
maps and converted to meters from feet by multiplying by 0.3048.

Area of surface expression. -- Areal extent of hot springs, hot
spring deposits, or surface alteration are given in square
kilometers (km**2). This area is not the result of geophysical
measurements. Areas are not reported for single springs or
wells or where the data is insufficient to indicate areal extent.

Surface activity. -~ The type of surface activity related to the
geothermal system: hot springs, geysers, fumaroles, and acid-
sulfate springs.

Associated deposits. -- Lists the deposits associated with the spring
or occuring in the area: wusually travertine or sinter.

Number of springs. --, Spring temperature. --, and Discharge (L/MIN).
--The number of thermal springs issuing in a system, their
reported range of temperatures (in C), and the total discharge
(liters per minute) of all the thermal springs and wells in
the system.

Number of wells. -—, Well depths. =--, and Maximum well temperature
'ZUC). --These items list the number of thermal wells and their
depths in meters. The maximum well temperature (in oC)'includes
the depth at which the maximum temperature was encountered
if this depth differs from the maximum depth of the well.

Rock types. -- The dominant rock types in the area.

Geophysics. -- The types of géophysical information available in
the area.



Chemistry'

This section includes the sample source, collection date, chemical
composition, isotopic composition, and discharge rate of the sampled
spring or well. Chemical compositions are in milligrams per liter.
Isotopic compositions for the water and the dissolved sulfate are
expressed in the § -notation (listed as DEL in the tables):

= R x 100 . (1)

where R, = (D/H)x or (180/160)x of the sample and Reig is the corresponding

ratio for Standard Mean Ocean Water (SMOW). Total alkalinity is reported
as bicarbonate (HCOB) or distributed as carbonate (C03) and bicarbonate

(HCOB) at the spring temperature and pH. Appreciable noncarbonate
alkalinity is present in some of the high pH waters.

Geothermometers

The silica and cation geothermometers are calculated from
equations given in Fournier (1975). The geothermal equations have all
been derived using molal concentrations. However, chemical analyses
are generally reported in terms of milligrams per liter which is a
molarity concentration. The difference between molarity (moles of
solute per 1000 milliters of solution) is insignificant except in
brines and was ignored. Molarity units (mg/L and moles/L) were used
in the silica and cation geothermometers, respectively. Equations
for the individual geothermometers are listed below:

Cation Geothermometers

Na-K-Ca geothermometer

_ 1647 ' -273.15, (2)
O {log (Na/K) + Blog (v Ca/Na) - 2.24)

t

where B = 1/3 for water equilibrated above 100°C, and
B = 4/3 for water equilibrated below 100°c.



Na-K geothermometer

tbcfs 717 -273.15

(0.47 + log (Na/K)

Silica Geothermometers

Quartz adiabatic

tbcr= 1322 - 273.15
(5.75 - log Sioz)
Quartz conductive
toc = 1309 - 273.15
(5.19 - log Sioz)
Chalcedony
tog = 1032 - 273.15

(4.69 - log §i0,)

Alpha~-cristobalite

toc = 1000 - 273.15
(4.78 - log §i0,)
Opal (i.e. amorphous-silica)
toc = 731 - 273.15

(4.52 - log SiOz)

(3)

(4)

(3)

(6)

(7

(8)



Sulfate-Water Isotope Geothermometers

The equations for the sulfate-water isotope geothermometers
are discussed in some detail by McKenzie and Truesdell
(1977). The calculations were carried out using the following

equations:
518
1000 + 0(804)
« S0,-H,0 = (9)
4 72 618
1000 + O(HZO)
and
8
1000 ln“so Cho = (288 x210 ) - 4.1 (10)
4 2 T

where T is in Kelvin (K).

Conductive heat loss

Conductive heat loss was assumed in nonboiling springs

and total condensed samples from steam wells. Temperatures
may be calculated for these systems by using equations

(9) and (10).

One-step steam loss

One-step steam loss occurs in geysers and steam wells

with two phase (steam-water) discharge where only the

water fraction is sampled. In order to use equations

(9) and (10), the oxygen isotopic composition of the reservoir
water must be calculated.

The oxygen isotopic composition of the reservoir water can
be calculated from the equation

18
1000 + §~°0 .
H
B0 (n -1 (11)

1y

= n+(l-n)(/ clv) =«

18
+ 8*%0
1000 (Hzo)s



where

184 = = 18O value of the geothermal reservoir water
(HZO)r

c—lso .2 = 18O value of surface water
(520)s

fraction liquid = (Hvs - Hlr)/(Hvs - Hls)

n

Hlr = enthalpy of liquid water at the reservoir temperature
Hls = enthalpy of liquid water at the spring temperature

Hvs = enthalpy of steam at the spring temperature

(180/16

lv = 0) H,0 liquid/(*20/*0) H,0 vapor.

2

Values of « 1y can be expressed over the range 3% to 360°%¢ by

1000 lne = -3.494 + 1.2051 (103/7) + 0.7664 (10%/7%), (12)

where T is in Kelvin (K). The temperature used in equation
(12) is the temperature of steam-water separation.

18

The value of « 770 (HZO)r calculated from the above equations

can then be used to calculate the « factor (equation

504-320

9) which is then used in the temperature dependent 18O fractionation
equation (10).

Continuous steam loss

The continuous steam=-loss model should only be used in areas

where steam has continuously separated from the thermal water

as it rose to the surface. In such situations, fumaroles and steaming
ground are physically separated from the hot springs.

The temperature of isotopic equilibrium is determined by iteration
of the equations:

1000 + <« 1% Hlr

(H,0)r
1n T =/ (L-1 «, ) —B (13)
1000 + <%0 V' Hys - H

(HZO)s Hls




Reservoir Properties

This section lists values for the primary reservoir variables
— temperature, area, and thickness — which are used to calculate
the thermal energy content (that is, the accessible resource base)
for each system. Minimum, maximum, and most likely values for each
variable are a result of our judgment based on geclogy, geothermometry,
geophysics, and (or) downhole measurements. A geothermal reservoir
is a complex, heterogenous volume of rock and water. We assume
that each of the values estimated for the geothermal reservoir represents
an integrated value that is characteristic for the reservoir as
a unit. That is, it is probable that an estimated value is no
less than the minimum or no greater than the maximum when the entire
reservoir is considered, even though higher or lower values, especially
temperature, may be locally encountered. Minimum and maximum values
thus are not total ranges of the reservoir variables. The most
likely value is thought to be the most representative esstimate for
the entire reservoir. The mean and standard deviation (STD. DEV.)
for each variable are calculated from the minimum, maximum, and
most likely values.

Subsurface temperature (°C1. -- Each temperature estimate is coded
to indicate which geothermometer or other source was used.
If no code is given, the temperature was subjectively estimated
considering several lines of evidence. For alkaline waters
with pH of 8 and above, the quartz conductive and chalcedony
geothermometers were corrected to compensate for the effects
of dissociated silicic acid (see discussion in Brook and others,
1979). 1If the quartz or chalcedony geothermometer was reduced
by 10°¢C or more, the pH-corrected value was either used as
an estimate or recorded in the comment section. This pH correction
was not used where the spring or well discharged carbon dioxide.
Magnesium corrections on the Na-K-Ca geothermometer were carried
out using preliminary graphs provided by R.O. Fournier. Fournier
and Potter (1978) have subsequently developed an equation for
the correction. Values calculated from their equation may
differ slightly from those reported here.

Depth to top (km). —- Depth to the top of the reservoir is based
on drill data where available. Otherwise, standard estimates
of 0.5, 2.0, and 1.5 km are assumed. ’

Thickness (km). -- Thickness estimates are based on drill data where
available. Otherwise, standard estimates of 1.0, 2.5, and
1.5 are assumed for the minimum, maximum, and most likely,
respectively. Base depth of the reservoir is considered to
be 3 km unless drill data indicate otherwise.




Subsurface area (kmz). -- Extent of the reservoir in the subsucface
within the temperature limits defined for the reservoir. The
area is generally determined from various geoclogical and geophysical
data which is given on the following line. If data was not

available, standard estimates of 1, 3, and 2 km? were assumed
for the minimum, maximum, and most likely, respectively.
Volume gkm32. -- Mean volume is calculated from the mean thickness
and mean subsurface area. The method of calculating the standard
deviation is given by Nathenson (1978).

Thermal enerqy (1018 Joules). Thermal energy (Q) of each system
is calculated from the equation:

Q= opc ,GO(E-TO) (13)
where

pc = volumetric specific heat of rock plus water

o)
(= 2.7 J/cm3 - Q)
V = mean volume (converted to cm3)
T = mean temperaturev(OC)

To = reference temperature (lSoC)

The volumetric specific heat (pc) is calculated assuming the

rock specific heat to be 2.5 J/cm3-°C and the reservoir
porosity to be 15 percent. The method of calculating the
standard deviation is given in Nathenson (1978).

Comments
Comments about the springs, the geothermal system, thermal wells,
geothermometers, unusual chemical constituents, and other miscellaneous
items.

References

The principal references containing data or descriptions used to prepare
the data sheets.
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