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ABSTRACT

The California Division of Mines and Geology (CDMG), under contract to
the U.S. Department of Energy (DOE), has performed, under its second year
geothermal contract (1979-80), Phase I statewide assessment studies and Phase

II site specific assessment studies. Phase I studies included updating

and.completing the USGS GEOTHERM File for California and compiling all data
needed for a California Geothermal Resources Map. Phase II studies included
a program to assess the geothermal resource at Calistoga, Napa County,
California. The Calistoga effort was comprised of a series of studies
involving different disciplines, including geologic, hydrologic, geochemical

and geophysical studies.

The Calistoga geothermal area is relatively 1large and contains a
considerable shallow, moderate temperature geothermal resource with the
extent not known until now. Additionally, CDMG's findings indicate that the
area along the southwest side of the main geothermal area is either a deep
seated source of heat or a deep seated hydrogeothermal resource and thus the
geothermal area may be much larger than was previously believed. The area
containing near surface geothermal resources, determined by CDMG, is 5.79
square miles and the vertical section of sediments ‘containing geothermal
fluids above 25°C, and serving as the.major part of the reservoir, averages
280 feet deep. The maximum recorded temperaﬁure is 135°C and the maximum
estimated temperature is i40°C. A drilling program, still to be completed,
has been designed by CDMG. to confirm what has been done and to provide
information as to the volume, quality, mix, and thermal énergy of the

geothermal fluids available for use.
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INTRODUCTION

This report presents the results of the investigations performed under
the ﬁerms of the second year contract (1970-80) between the U.S. Department
of Energy (DOE) and the California Division of Mines ane Geology (CDMG) under
the State C&ﬁpled Program. As explained in the report for the first year of
this program (Martin and others, 1980, p. 2), there are two operatidnally
distinct technical phases in the program. Phase I involves the compilation,
verification, and dissemination of existing data, as well as use of this data
to produce state geothermal maps and related publications and to assess
regional and local geothermal areas. Phase II involves site specific studies
in which new data are generated by geophysical surveys and drilling
operations. The data are. used to quantitatively assess the resource

potential of a given geothermal reservoir.

The main efforts in the second year were divided between Phase I and
Phase II studies. Phase I studies included updating the USGS GEOTHERM file

and compilation and. submittal of the data for the 1low and moderate
temperature geothermal resources map of California. Phase II studies

included an intensive study of the low and moderate temperature geothermal

resources of the Calistoga area in Napa County, California.

Phase I work for the GEOTHERM file was concerned mainly with adding data
to, and deleting data from, and making corrections on each of the original

966 records in the file, as well as inserting newly found data on previously




unrecorded wells and springs. Deletioné for elemination of duplicate entries
were approximately equal to new entries. Complete data were developed and
sent to National Oceanic and Atmospheric Administration (NOAA) for
publication of a 1:750,000 scale Geothermal Resources Map of California
showing the distribution of the known low and moderate temperature geothermal
resources within the State. A lithographer's proof of the final map was
reviewed and returned with correctiéns to NOAA in late June 1980. Copies of
this map will abe available to the public from the Division of Mines and
Geology in early 198l.

For Phase II studies of low and moderate ten(perature geothermal
resources, under the second year contract, the Calistoga area in the uppér
Napa Valley was chosen. The Calistoga groundwater and geothermal area 1is
unique in having (a) a léng history of development and use as a geothermal
resource (first by Indians and then by early settlers, for domistic use,
space heating, and spas); (b) high and sometimes artesian groundwater, and
(c), surprisingly, a shortage of potable ground water for domestic use. This
lasﬁ factor, and a proposal to remedy the situation by using geothermal heat
to remove deleterious salts from poor quality water obtained from a local
aquifer, was partly instrumental in focusing CDMG's attention on the area.
Subsequently, it'was decided by the local electorate that the water from the‘
state water project should be imported to satisfy the domestic water need.
However, the extensiveness of the geothermal resource in the area, the many
potentials for its use, its ease of access and a good local source of
manpower continues to make the resource attractive for a priority Phase II

study by CDMG.




The purpose of this study is to provide new insight iﬁto the extent of
the geothermal resource--its areal extent has never been determined--and its
'quality, and to gain an understanding of the geologic factors that control
its occurrence. This report outlines the steps taken to accomplish this end

1

and presents the results obtained to date. Included are studies of the
history of the resource, the geology of the area, geophysical studies,
geochemical sampling and temperature testing for 206 wells in the area, and a

map showing the seismicity of the nearby region.

Still to be completed as part of the 1979-80 project are the drilling,
sampling, and testing of up to six geothermal test holes ranging in depth
from 400 to 990 feet. Upon completion of the drilling and testing program, a
final supplement will be prepared to present interpretation of all the data
obtained. Results from a. separately funded study, based on geochemical
sampling, not only for the newly completed test holes, but also for wells
tested throughout the area, will be released in a separate report (Majmundar,
work in progress). Maps, together with the other interpretive data, are
expected to provide a new and concise picture, not only of the extent and
potential of the hot and cold water aquifers, but also of the subsurface
geologic stratigraphy and structﬁre--the controlling elements for the

aquifers and their contained waters.

The present report presents ‘a wealth of new geophysical information
developed by CDMG in its Calistoga studies. Studies wusing resistivity,

seismic refraction, gravity, magnetic and chemical methods are described, as




are the good correlations obtained by comparing the resistivity results with
those from a shallow hole temperature study made in the area northwes%~of the
center of Calistoga. The best overall results obtained, by far, are those
from use of the resistivity method and, in fact, it has been possible to
determine the subsurface higher temperature - areas directly using
resistivity. It should be pointed out that one of the studieé included, the
geochemical analyses, is not called for under temms of the 1979-80 contract

but is presented only as a complimentary study to those funded by DOE.

Because geologic énd hydrologic data from drilling operations are not yet
available, the conclusions presented in this report are necessarily
identified as being preliminary in nature. In addition, some types of data,
as mentioned above, cannot be finalized until the drilling and testing
operations are complete. The final supplementary report will contain all of
the data from drilling, completebwith interpretations, and is expected to be

available during the first quarter of 198l.
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SUMMARY OF PHASE I ACTIVITIES (FY 1979-80)

Phase I work during Fiscal Year 1979-80 consisted of two major projects:
v(l) the updating of the California records in the U.S. Geological Sﬁrvey's
GEOTHERM file (a computer data bank listing data for all known thermal
springs and wells in California) and (2) the compilation of a map that shows

the distribution of known geothermal resources in California. The former

task is ongoing whereas the latter was completed during 1979-80.

Updating of the GEOTHERM File

The U.S. Geological Survey's computer file GEOTHERM was substantially
updated during Fiscal Year 1979-80. At the beginning of the year, the file
contained 966 records of thermal wells and thermal springs. Initially, these
records were compared with the CDMG Jenning's file of thermal wells and
springs. for mutual completeness. Many of the GEOTHERM records lacked
chemical analyses; project staff abstracted chemical data from the literature
for as many of these records as possible. The literature search mainly
included various USGS and California Department of Water Resources reports as
well as the chemical records at the Los Angeles Office of the Department of
Water Resources. This search also revealed dozens of new‘thermal wells and

thermal springs.




At the end of June 1980, the first complete updating of the file was
nearly finished. Emphasis was made on adding data to, deleting data from,
and making corrections on each of- the original 966 records, and on inserting
records for the newly found wells and springs. Many of the 966 records were
deleted from the file because of duplications or because they were not
considered truly thermal. The number of deletions was approximately equal to

the number of new records added to the file.

Another pﬁrpose of updating the file was to ensure that the file
contained records of all the thermal wells and thermai springs shown on the
public geothermal map, described below. People who desire more detailed
information on particular wells or springs than is given on this map (for
example, a chemical analysis) will, in most cases, find it in the GEOTHERM
file. The file will also be used as a baéic source of data for the technical

geothermal map, that is to be compiled in FY 1980-81.

Public Geothermal Map

The major accomplishment in Phase I activities during 1979-80 was the
compilation of a map (scale 1:750,000) that shows the distribution of known
geothermal resources in California. The map is intended for use by both the
general ﬁublic and technical community. A proof of the map was reviewed in
late June, 1980, was approved with minor changes to be made by NOAA, and is
expected to go to the printer in late 1980. Printed copies will probably be

available to the public in January 198l.




Specifically, the map shows the locations of thermal springs and thermal (i
wells, areas underlain or possibly underlain by thermal water (>20°C)
suitable for direct-heat applications, KGRA's, points of measured heat flow,
and cultural and geographic data. A table lists the location, and, where
available, the temperature; rate of flow, total dissolved solids, and well
depth for each well and ' spring. Notes on the map highlight geothermal
phenomena and applications at many localities throughout the state. The data
for the wells and springs were drawn exclusively from the three éources
discussed above: the Jenning's file (a part of CDMG Bulletin 201, in press)/

the GEOTHERM file, and our literature search during the fiscal year.




PHASE II STUDIES, CALISTOGA AREA




PHASE II STUDIES, CALISTOGA AREA - METHODOLOGY

At the outset of CDMG's Calistoga geothermal investigation, it was
decided that, in order to provide a resource ‘assessment for the area,
information would have to be gathered on the foilowing: (a) the areal extent
of the hot water reservoir; (b) the depth and configuration of the reservoir,
including the configuration of geologic boundaries and barriers; (c) flow
rates and yield for the geothermal fluids within the reservoir and, if
possible, for individual aquifers within the area; (d) locations and depths
where the hottest water is to be found; and (e) quality of the thermal waters

and problems to be expected from use of those waters.

As with any complex research project, a logical first step is to perform

{
a search of the 1literature. Although much information was available
concerning thermal waters in the area, no delineation of the resource could

be made without developing abundant new data.

Areal Extent

One of the best ways to determine the areal extent of the hot water in a
geothermal area that contains a multitude of wells is to canvass the well
owners and to measure temperatures and sahple waters from the wells.
Geothermal gfadients and total depth temperatures obtained from certain of

the wells can also provide some of the needed information to help determine

-10-




vertical as well as lateral reservoir configuration, and where the hottest
water can be found. Chemistry of the water can provide information on
maximum temperatures of mixed water. For these reasons, a program was
established early to systematically sample and run temperature tests on the
wells throughout the Calistoga area. This work was performed with the
cooperation of the California Division of 0il and Gas. Chemical analyses of
the water samples were performed by CDMG and by University of Utah Research
Institute (UURI). The intensive use of the electrical resistivity technique
was originally planned to help delineate the boundaries of the reservoir,
however, delays in delivery of the new resistivity equipment that had been

ordered, precluded part of the intended use of this technique for this

purpose.

Depth and Configuration of Reservoir

Several techniques were planned for use in the program to develop a
picture of the subsurface configuration. These included detailed geologic
mapping to supplement existing maps, gravity studies, resistivity studies,
seismic studies, and to a lesser extent, magnetic studies. Information from
these methods was used, in addition to information ébout the subsurface
gained from the survey of'exiSting water wells, to develop profiles to show
depths to baéement and to different horizons within the reservoir. Pertinent
information from water wells was necessarily Sketchy because of a lack of

good drill logs and other data relative to the wells.
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The CDMG drilling program was designed, in part, to develop
substantiating information for the reservoir configuration developed thfough
the methods outlined above. Two sets of proposed drill hole locations, those
in the Tubbs Lane-Bennett Lane vicinity, and those along Greenwood Avenue,

were chosen to provide checks on the geophysical profile alignments and to

provide correlative -alignments' of the wells themselves that would
substantiate basement configuraton.‘ In addition, these drill holes are:
expected to provide detailed information on the stratigraphy within the

reservoir and on the basement rock itself.

Flow Rates and Reservoir Capacity

At the beginning of CDMG's Calistoga studies, it was expected that
documentatién on flow rates and draw down in the geothermal reservoir,
information essential to development of a quantitative estimate of reservoir
capacity, would become available from two sources. These included (1)
testing of one or more existing wells in cooperation with the owner/operator
and (2) drilling and testing by CDMG of a series of test holes at strategic
locations within the reservoir area. As of thé date of this report, it has
noF been possible for CDMG to gain the cooperation of an owner of an
approériate existing well to procede with the necessary testing. The\primary
reason has been that such testing would severely interfere with the owner's

normal operation of the wells. The result is that CDMG will have to depend'
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very heavily on its own still-to-be—completed drilling program for data on
flow rates, draw downs, and specific yield to provide data with which to
estimate quantitative reservoir capacity. Another aspect of this problem
lies with the presence (or absence) of water barriers within the reservoir
proper. A separately funded geochemical study of the Calistoga area is being
carried on by CDMG concurrently with this study and preliminary results so
far show the probable presence of one or more major fault controlled water
barriers within the alluviated part of the valley. The feasibility of using
geochemical techniques to show fault controlled partitioning of different
water types was recognized early in CDMG's study and plans were made for its
use. Significant results are expected to be available in time for use in

making the final assessment of this area.

Locations and Depths of Hottest Waters

One of the main objectives of the program to visit and systematically
sample the existing wells throughout the Calistoga area, was to obtain
temperature information,- including a temperature profile for each well
wherever possible. Thesé~ temperature data,'vtogether with geothermometry
based on geochemical techniques;uwere ﬁwo of the main methodé planned to
provide the temperéture fpiééﬁ?e, inciudiﬁg maximum. temperatures for the
reservoir area in and around Célistogé}‘ The othér technique that was planned
to provide a major contribution“éoutemperétufe information was registivity.

An extremely strong correlation between the measured occurrence of hot water
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and areas interpreted as being hot based upon resistivity has proven the use
of the resistivity technii;ue. Contouring of the temperatures to be found at
different depths in the reservoir area and in outlining the periphery of the

hot water zone provide two of the major elements needed in reservoir

assessment.

Quality of Thermal Waters-Problems

At the outset of CDMG's studies in the Calistoga area, it was recognizéd
that deleterious chemical constituents were present in harmful quantities in
at least part of the hot waters to be found within the reservoir. These
constituents, wheﬁ present in quantity, can result in a host of problems
ranging from scaling of pipes and water handling equipment, to detrimental
effects on agricultu;al plant growth. Chemical anélysis of the samples
collected from wells of various depths throughout the reservoir area was .seen
as a most logical and useful method to obtain the needed data; however,
because mixing of water from different levels in an existing well is an
ever—-present problem, it was planned to carefully sample water from each
interval as enlcount.ere_d during the drilling of CDMG's test wells. The sites
of the proposed wellé are strategically located to provide a cross section of
the véliey and also to provide samples from special locations known to have
waters with unique characteristics. The samples taken froxﬁ CDMG's test wells

during drilling are thus expected to provide, by far, the most exact data
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available on water quality and to pinpoint the location of sources of problem

waters, both vertically and horizontally within the reservoir area.

In summary, the Division of Mines and Geology program for resource
assessment at Calistoga was planned using a variety of techniques. One that
was considered essential was to collect and study data gathered‘from a survey
of the existing water and thermal wells. The purpose was to provide
information on the areal extent and vertical distribution of hot waters and
to provide chemical data for geothermometry, water quality, and related
problems, and also to provide information on pértitioning and source areas
for different types of subsurface water—--a potential key to reservoir limits
and to fault controlled barriers within the reservoir. Geophysical and
geological techniques planned and used included: the resistivity technique
to locate and delimit hot and chemically variable waters and also geologic
structure; seismic, magnetic, and mapping techniques to delineate geologic .
unit occurrence and subsurface structure, and microacoustics to attempt to
locate areas of high subsurface thermal activity. To complete the
assessment, it was considered essential to obtain first hand flow data and
accurate information on the temperature, stratigraphy, and water chemistry at
specific depths. To accomplish this, the CDMG drilling program was planned.
All but the drilling program and attendant studies have now been completed
and so far results have proven the success of the resource assessment program

as planned. An addendum to this‘report will be submitted to present the

results of the drilling pfogram.
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HISTORICAL USE OF THE MODERATE-TEMPERATURE GEOTHERMAL RESOURCE

A

In this day of awakening interest in alternate energy sources,
“moderate-temperature geothermal resource areas are coming under scrﬁtiny.
One techniqué helpful in evaluating a potential resource area is to study the
Historical use of the “hotb water: - in  the area. Fairly good historical
documentation is available for Calistoga, California. Researching the
literature and interviewing local residents of Calistoga has brought to light

the use of the moderate-temperature geothermal resource there.

The Indian-Spanish Period of Use

According to all historical sources and local lore, the Indians reSiding
in the Upper Napa Valley were the first to utilize the hot springs and
steaming mud at the presénﬁ site at Calistoga. In a fanciful drawing,

: \
labeled "Calistoga in primitive times", found in the 1871 "Handbook of the

Calistoga Springs", several 'Indians are shown relaxing about the hot

springs. Two or three are apparently pértaking of a natural steam bath.
How long the Indians had been coming to the springs to "bathe away aches

and pains" is not clear. Beard (1979, p. 12) reports that the Napa Valley

has been continuously inhabited by man for 4,000 years and probably longer.
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Studies of two nearby Lake County archaeological sites have placed ancient

man there approximately 10,000 - 12,000 years ago (Beard, 1979, p. 9).

When Spénish explorers and friars pushed into the Upper Napa Valley in
1823 looking to extend their line of missions up California, probably several
thousand Indians were encamped throughout the valley and foothills, mostly
along streams and rivers. The Spanish termed the Indians "Guapos", later
anglicized to "Wappo" by immigrating Americans. The Wappo lands encompassed
the lower‘Napa River Valley to lower Clear Lake and to the area now known as

"The Geysers".

A permanent Wappo village had one or two sweat houses. A daily bath in
the sweat house was common practice for the Wappo men. The sweat house
served as a combination health spa, men's club, and ceremonial center (Beard,
1979, p. 46). It has long been assumed that the Wappo practiced their daily
sweat bath ritural wutilizing the natural resources available at the hot

springse.

The Spanish "discovered" a number of hot springs and probably some small
geysers grouped several hundred feet to the south and east of a small,
isolated volcanic tuff knoll. They called the place "Agua Caliente". In a
succession of names, the surrounding érea was called the Aqua Caliente
District, Hot Springs, Calistoga Springs and eventually, Calistoga. The

meadow containing the hot springs‘was often called the Springs Ground.
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The Spanish friars chose to establish their twenty-first and last mission
approximately 30 miles south of Aqua Caliente. Nothing seems to be recorded
_about the springs at Calistoga until the date 1857.

Arrival of the Bmerican Settlers

The American, George C. Yount, settled in the upper Napa Valley in 1831

and was endowed with a Spanish grant of land in 1836 from General Mariano

Guadalupe Vallejo at Petaluma-Sonoma. Dr. Edward Turner Bale was awarded a
- land grant from Ceneral Vgllejo in 1841. Dr. Bale's grant included present
day St. Helena and extended ‘northwestward to encompass the present day
Calistoga City 1limits and all the valley lands out to the foothills that

enclose the upper Napa Valley.

The American ownership of two largg tracts of land in this area attracted
early American immigrants who wanted their own small farms, and Yount and
Bale were glad to sell portions of their grants to the immigrants for
profit. As a result, in the late 1830's and early 1840's the Upper Napa

Valley began to acquire new sgettlers.
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"The Saratoga of the Pacific”

In 1857, Samuel Brannan, reportedly California's first millionaire, began
buying up portions of the Springs Ground. By 1859, he had acquired nearly
2,000 acres of upper valley property including all the Springs Ground. He
set out to build a health resort to rival the famed Saratoga Hot Springs of

New York State.

A popular story of the times relates how the resort became known as
Calistoga. According to the story, Sam Brannan, while slightly "under the
influence", meant to say thaf he was going to build the Saratoga of
California, But instead said, "Calistoga of Sarafornia'. The Name

"Calistoga" had appeal and was adopted.

In the fall of 1862, Brannan declared his fabulous resort open at a gala
party of some 3,000 people. The grounds included é large hotel, stables,
racetrack, 25 neat little cottages for guests, dance pavilion, store, bath
houses, steam rooms, mud'baths,‘laundry, swimming pool, an observatory placed
atop the volcanic tuff knoll (dubbed Mount Lincoln, by Brannan), and even an

aviary. A grand place it was by any standards.

I.C. Adams, in . a passage (1946, p. 6) explaining how the bath houses were
built at the hot springs, makes a very interesting observation about the

consequences of drilling wells at a later date in the area:
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Before there were any geysers here, there were many individual
springs and streams of hot water from which on cool days, steam could be
seen rising; but since the drilling of the geysers this is practically a
thing of the past as it seems the surface pressure has been taken off and
this has done away with the smaller emanations. Over some of the little
individual springs lattice houses were built which were approximately
eight by ten feet in size, with seats running lengthwise on the inside
upon which patrons could sit while partaking of the water if they so
desired.

One house was about a hundred feet from the entrance gate and
another was  at the upper end of the grounds and was known as the
"Chicken-Broth Spring". It was so named because the water tasted like
weak chicken broth, especially if a pinch of salt and a dash of pepper
were added.

\

Writing in 1881, the anonymous author of "History of Napa and Lake
Counties” (1881, p. 347) records some temperatures at the famed Calistoga
Springs:

Several years ago a well was bored directly in front of the hotel,
and at the depth of seventy feet rock was struck which prevented further
progress, and water stood in this well at the uniform temperature of one
hundred and eighty-five degrees. There was a Russian steam bath formed
by having the bath-room erected immediately over a spring which had a
temperature of one hundred and ninety-five degrees, with apparatus . for
letting steam come up into the room. There are a host of springs there,
each differing from the others in some peculiarity. ‘

From the "Handbook of Calistoga and the Geysers" (1871, p. 11) comes this
quantitative record of temperatures at the Calistoga Springs:

There are baths of all temperatures, dozens of them, from cold to
scalding hot, by which last, eggs are boiled and combining medicinal
virtues applicable to every ill that flesh is heir to.

And still another record of early temperatures at the springs comes from

Waring (1915, p. 108):

The observed temperatures of the principal springs range from 126
to 173 and their flows from about one=fourth gallon to 5 gallons per
minute. The hottest spring which yields about 1 gallon a minute, appears
to be the most strongly mineralized, though its mineralization is only
slightly perceptible to the taste. )
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At Brannan's resort, one could spend the day strolling the grounds,
partaking of mud or steam baths, and preparing lunch in special cooking
houses utilizing the natural steaming waters from the sprinés. It has been
reported that bathing towels were also sterilized in the waters of the

hottest springs, thus providing a "natural boiling laundry".

I+t appears that at least one of the small cottages built for guests was
at one time heated by piped hot water from the springs. It seems more than

likely that this was attempted some years after Sam Brannan lost ownership of

the resort.

Brannan lavishly landscaped his. resort with palms, hardwoods, flowers,
cactii, etc. Some of these plants and trees still are growing today in
Calistoga. However, Brannan reportedly had to bfing in "fresh" soil for some
of his gardens because of the high concentrations of "toxic minerals" in the
soil around the springs. This may be the earliest record of the high

concentrations of boron evident in some of the geothermal waters at Calistoga

today.

The Decay and Revival of Calistoga as a Resort
Sam Brannan was going broke by 1873. Resorts closer to the San Francisco

area were ,becoming more'popular. He leased the once magnificent resort to

George Schonewald, but the economic situation worsened. In 1875, the
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Sacramento Savings Bank ordered all of Brannan's property in Calistoga sold.
Leland Stanford, who once considered siting his university at Calistoga, but
instead chose Palo Alto because it was closer to the Bay Area, retained the
main resort and several of the guest cottages. Then began é long succession
of managers of the resort and a gradual decline and decay of the facilities

hastened by several fires that destroyed some of the buildings.

Mr. A.C. Tichenor became proprietor of the property in 1880 ("History of
Napa and Lake Counties", 1881, p. 349). He erected a steam whistle and had

"some machinery in motion, operated by the steam of one of the springs". He

also placed some sort of gas collecting device over one of the sprinés and
attached a lighted burner. The burning gas was called "carburetted hydrogen"
.(methane?). Mr. Tichenor also claimed the waters of the spfings were laden
with gold. Through a "secret process"” he added some gold to the water and

was supposed to be able to recover six times the original amount of gold.

In 1911, Jacques Pacheteau became proprietor of the resort and bought all
of Leland Stanford's interest in 1919. The Pacheteau family built up the
grounds and improved the resort. Although no longer owned by the Pacheteau

family, the resort thrives today as Pacheteau's Original Hot Springs, Inc.

In approximately 1922, Charley Nance bought a lot on the southern edge of
the original Springs Ground and started the second mud bath spa in Calistoga
(Adams, 1946, p. 19). .The operation still thrives today as Nance's Hot

Springs, located on Lincoln Avenue.
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Other motels/spas have been built through the years in Calistoga. Some
are still operating today; some closed and became low-income apartment
complexes. There are presently four mud-bath spas in Calistoga (Buck,
1980). = There are approximately four or five more establishments that offer
hot mineral water baths, jacuzzi baths, heated swimming pools, and massages.
Today, Calistoga offers more types of hot mineral water "treatments" and more

facilities than any other "hot springs" resort area in California.

History of Well-Drilling and Geyser Wells

The first geysering hot water well at Calistoga was drilled on Sam
Brannan's resort ground (now Pacheteau's Original Hot Springs) probably in
the late 1860's. Bancroft's "Tourists' Guide" (1871) provides the following

account of the drilling:

A well was bored at this place preparatory to the erection of a
bath-house, to the depth of sixty-five feet, when the boring instruments
were blown out with tremendous force high into the air, as if some unseen
power beneath was resenting intrusion of mortals upon his domain. The
workmen ran for their lives and could not be induced to resume operations
on any terms. An attempt was made to pump water from this well, and
after a few strokes a violent stream was blown out of the well ten or
fifteen feet high. If the pumping were stopped the blowing would stop
also, but was renewed afresh as often as the pumping was resumed. The
water being cold at the top, seemed to hold in abeyance the steam and
intensely hot water below; the action of the pump relieved the
superincumbent pressure when the hot water below rushed out.
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Adams (1946, p. 30) surmises that "this well was left to its own devices
as it were, as nothing was ever done with it. The probabilities are that it

was filled with debris at the time and forgotten."

The Aate when the second geysering well was drilled is uncertain, but it
was in existence before 1916. A local resident of Calistoga relates that,
when she moved to Calistoga as a young lady of eight years in 1916, there
were two geysering wells, one at the Ephfiam Light winery and one out on
Tubbs ILane owned by Mr. Bhegnasco. She recalls having the impression that
.the Light well was drilledvabout two years prior to her arrival and that the
Bhegnasco well was drilled perhapé only one year or less before her move to
Calistoga.

Ephriam Light bought the stable building from Sam Brannan's decayed
resort and turned it into a neat winery. Adams (1946, p. 30) relates the

happenstances of drilling a well on the property:

Mr. Ephriam Light, knowing that his property was situated on the
edge of the hot-water land, thought that by boring a well he could get
hot water which would be available at all times and with which he could
wash the barrels and tanks as they needed it without having to build a
fire each time, so he hired a local well-driller--Mr. Strubel--to drill a
well for him.

At a depth of one hundred fifty feet hot water was struck and the
drilling was stopped. Shortly after this his son Edward who lived close
by, heard a loud swishing noise one night and running out saw hot water
and steam being shot high into the air. It would seem that the drilling
had been stopped just before the area of hot water was struck and that
the plug between where the drilling stopped and where the lake of boiling
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water is had been blown out which allowed the hot water and steam to
shoot out. For a time one could set one's watch by the intervals at

which the spouting occurred but it changed quite frequently. at first it
would shoot every day or so and finally got down to about an hour or so.
The geyser caused a terrific stir about the area. Benches were set up

for the people who came to sit and wait for the eruption. A few years later

the well was capped.

The stable-converted-to-winery still stands in Calis‘toga today on Grant
Street, but it is no lohger used as a winery. The present occupant is the
Napa Valley Springs Mineral Water Company. The company commercially bottles
mineral water from a "hot water" well on the property (not the original

geysering well).

Allen and Day (1927, p. 98-99) write that by 1924 thirteen geyser wells
had been drilled in Calistoga and all but three Qere capped so that the water
could be utilized. Other wells that didn't geyser have been drilled into the
geothermal zone\, also. An unpublished map (Koenig and Anderson, 1970) shows

the location of 76 "hot water” wells in Calistoga.

Many of the  "hot 'wat;r" : wélls :drilled in Calistoga were flowing or
artesian wells. Today.appro#imatevly_ z:tel;x -u';nel:ls are opénly discharging at the
surface. = Many of the értesién wellé ‘vhave .been capped. - Three spectacular
flowing wells are on the Pacheﬁéau'ls AOricv;ihal Hot Springs- property. These
wells flow at a pressure of 80->.psi»:,.:‘ and it; ;:J".s wreported that two of them

flowing together «can discharge 250,000 gallons of 100°C water in
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approximately 8 hours. These wells are approximately 160-180 feet deep and
were drilled around 1920. Apparently these wells have flowed at the same

volume since they were drilled.

The three wells are controlled by gate valves at the well heads. The

water is directed into holding tanks for cooling before it is used in the

swimming pool, mineral baths, mud baths, etc. In addition, the resort has
put their geothermé.l resource to a clever practical use: to dry bath towels
and linens after washing, two large commercial clothes dryers are employed.
The heat is supplied by geothermal well water circﬁlating about the large

drying drums.

The geothermal wells at "Pacheteau's” have provided some "hair-raising"”
moments throughout the years. Adams (1946, p. 30) provides the following

account:

In 1928 the boiling water geyser on the Springs Ground next to the
Pacheteaus Bath-house ran amuck and was finally brought under control by
the Calistoga Fire Department after it had "shot" for several days
continuously. It not only damaged the nearby bath-house but drained
other wells in the vicinity. This incident had its start when A.H. Word,
a local well-driller reached a depth of one hundred fifty feet while
boring a well for Mrs. Pacheteau. Suddenly tools and equipment went
hurtling through the air propelled by a force which was estimated to be
about one thousand pounds to the square foot. For days the frantic
efforts of the people failed, as they attempted to "cap" the geyser.
After much publicity in bay-area papers, the Springs Ground was the goal
of thousands of motorists for several days. Finally it was the Fire
Department that solved the problem. They pumped cold water into the well
fast enough to cool it off thus allowing workmen to cap the pipe and to
put a concrete packing around it.
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Approximately-eight years ago, a similar incident occurred. There was an
old abandoned open well in the driveway in front of the bath house at
"Pacheteau's". Some of the waste water from the mineral baths had been
allowed to drain into this well for years. Apparently over the years some
" debris had been dropped down the well, also. One night, this well erupted
with a vengeance belching forth cans, bottles, and sundry debris. The local
Fire Department was prevailed upon again to quench the eruption, and the well

was capped and buried.

"0ld Faithful Geyser of California"

There remains only one uﬁcapped geysering water well in Calistoga today.
That one is the old Bhegnasco well at the corner of Tubbs Lane and Myrtledale
Road which apparently has always remained open since it was drilled circa
1915(?). The well erupts on a somewhat regular basis on the average of every
40 minutes  (Rinehart, 1972) and has long been both a point of interest and a
tourist attraction. It is now called the "0ld Faithful Geyser of
California”. The . grounds 4daround the geyser have been moderately well
maintained, the result of which is a  small park-like setting for ﬁourists
awaiting the eruption. The.'eruptioﬁ "lasts sometimes as long as three
minutes. It has been fepdrted that the discharée during the eruption is

5

4,000 gal/min, sometimes shooting to a height of sixty feet or higher.
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A local resident related how he had been baptized at the geyser in 1942.
Apparently others had been baptized there also. He remembered that in the

1940's weddings were occasionally performed at the geyser site.

Disappearance of the Sbrings

In the "Handbook of Calistoga and the Geysers" (1871, p. 4), the author

describes the abundance of hot springs on the old Springs Ground:

There are upwards of a hundred within an area of about sixty acres...in
winter when a slight frost tips the glades with silver, the boiling
springs send up clouds of vapor as from a hundred steam engines...

Waring in 1915 (p. 108) writes:

FPour main springs rise at the base of a knoll of buff-colored
tuffaceous material at the northern border of the meadow land, and a few
pools and seepages of hot water appear in the meadow itself...about 400
yards west from the springs, a dug well supplies warm water for tub
baths...warm water is also obtained in several other wells near by and
there is one strongly flowing artesian well.

If both authors are to be believed, the old Springs ground was beginning
to dry up by 1915. The meadow lands are apparently completely dry at the
surface today, except for some discharge flowing from the artesian wells at

"Pacheteau's". A large mobile home park and a glider airport are situated on

a large portion of the original hot spring-laden meadow land.
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Bottled Mineral Water

Guests at Sam Brannan's Calistoga Hot Springs would not only_bathe and
steam themselves, but also drink the spring waters  in hopes of curing a
malady or simply improving their constitutions. Today, bottling the mineral
watér at Calistoga is a thriving business; there are three commercial mineral
water bottling companies operating in town. It is reported that a fourth
bottling company, with its works located in Santa Rosa, obtains some of its

water from the "Pacheteau's" wells.

The largest in saies volume and the longest in business is the Calistoga
Mineral Water Company on First Street. A well was put down on this site in
1920, and the temperature of the water was reported to be 212°F. In 1924,
the first bottles of mineral water were produced, and the company has

remained in business ever since.

Prior to 1975, the Napa Valley Springs Mineral Water Company was only a

small weekend business. After that date, the company stepped up to full

production and now puts out its product in gallon plastic jugs. Their

production well was probably drilled about 1920, also..

The Crystal Geyser Water Company, located on Washington Avenue, drilled
their production well in 1978. After testing the water and ensuring the
presence of a large enough supply, a bottling plant was erected at the site.

According to the company, they now rank third in total mineral water sales in
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California. First in sales in California is the French import "Perrier".

Second is the California Mineral Water Company.

The volume of water pumped from the moderate-temperature geothermal
resource for mineral water bottling purposes is unknown. Because of the
competitive nature of the mineral water business, the bottling companies
guard their production figures. However, it may be assumed, since the
popularity of Calistoga's mineral waters is great, that a relative large

volume of "hot water" is removed from the resource annually.

Recent Use of the Geothermal Resource

Through the years, a few enterprising individuals attempted to utilize
the geothermal resource at Calistoga for home heating. According to a
long~time Calistogan, these heating systems generally had to be abandoned
when, in a few years, the water pipes would be choked full of mineral

deposits. There have been successes in recent years.

There are at least two private residences totally heated by utilizing hot
water from a well. One house, built in the late 1950's to early 1960's,
simply has copper pipes built into the concrete foundétion through which the
geothermal waters circulate, heating the whole house from the floor up. The
other house has an elaborate custom-made heat exchanger system whereby the

heat from mineral laden waters is transferred to a system containing fresh
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water. This eliminates the mineral deposit problem that plagued early

heating systems.

There is one motel/spa in Calistoga that heats its entire complex from a
geothermal well. The hot waters circulate through a space-heating system in

each of the units.

There may be as many as 20-25 residences that are using water from a "“hot
well" directly as a domestic hot water supply in Calistoga. Approximately
10-12 residences are utilizing their "hot wells" for heating swimming pools,

private mineral water baths, jacuzzi-type spas, etc.

In the mid 1950's, a moderate size greenhouse was buiit and heated with
Vtwo geothermal wells. This business is still operating today on Tubbs Lane.
Another greenhouse complex, which used two geothermal wells as a heat source,
was started in the early 1960's in the same general area, but the economics
of the plant business apparently forced the abandonment of this operation in

the late 1960's.

Very recently, there has been a renewed interest on the part of some
Calistogans to utilize  the geothermal. resource as an alternate energy
source. A few new homegrhave been bpilt with a geothermal well designed into
their system as a potential auxiliary ‘heating supply for some domestic
needs. There is much interest in converting somé .older residences to

geothermal heating, also. An estimated two to five wells are currently
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drilled annually in Calistoga with the explicit goal of tapping the

geothermal resource.

The Resource Development's Effect on the "Hot Water" Table

It is obvious that the "hot water" table has lowered about the original
Springs Ground since the development of the geothermal resource there. The
history suggests that the springs dried up sometime between 1910-1920,
probably at least in part due to the drilling of the first deeper (150-190
feet) water wells in Calistoga. It is now generally believed by townséeople
and local well drillers that a well must abe drilled over 100 feet to reach

the resource in this area.

Even though the "hot water" table has deepened around Pacheteau's, it may
not have lowered very much in nearby areas. It was reported that shallow
excavations (dug in the early 1960's to 8-10 feet deep) in the vicinity of
Tubbs Lane and Bennett Lane became so hot that the soil was nearly "too hot

to touch", even when no water flowed into the excavations.
Despite moderately heavy commercial and domestic development of the

resource over the years, some geysering and flowing wells drilled around 1920

are still producing at what appears to be nearly their original volume.
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Although geothermal wells have been drilled elsewhere in Calistoga, none
seem to have been able to produce as much hot water as the wells at

.Pacheteau's. Therefore, the largest volume of the resource may be in this

area, although exploratory drilling may prove this conclusion wrong.

The literature suggests that the temperature of the resource may not have

changed much in at least the last 120 years (that is, boiling water is still

available from the resource).
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GENERAL GEOLOGY

The geologic formations within or near the Calistoga Geothermal Project
Area have been studied and mapped by Johnson (1940), Carter (1943), Weaver
(1949), Taliaferro (1951), Kunkel and Upson (1960), Koenig (1961, 1963),
Blake and others (1971), and lastly by fox and others b(l973). Regional
studies were limited to providing insight into structural and‘ lithologic
controls of geothermél waters. Thus, the brief descriptionbof the geologic
formations, history, and water bearing properties contained within this

report has, for the most part, been abstracted from published works.

The Calistoga area lies within the southern end of the Mayacmas
Mountains. « The geologic framework for the Mayacmas Mountains is
characterized by a series of northwest-trending folded and faulted blocks and
‘thrust plates (Figure 1). The mountains are typically broken into a

corresponding series of northwest-trending ridges and valleys.

In the Mayacmas Mountains, the Great Valley sequence of Jurassic to
Cretaceous marine miogeosynclinal sedimentary rocks and underlying igneous
rocks are in thrust fault contact with, and overlie the rocks of, the
eugeosynclinal Franciscan assemblage of similar age. Also present in this
zone are: Marine sedimentary rocks of Tertiary age, southeast of Clear Lake;
the Sonoma Volcanics, of Pliocene age, near and south of Mount St. Helena;
and numerous scattered exposures of non-marine sedimentary rocks of Pliocene

to Holocene age.
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Franciscan Assemblage

Rock units, assigned to the Franciscan assemblage by Blake and others
(1971), occur in major portions éf the Mayacmas Mount;ins. The.Franciscan
assemblage contains an abundance of sheared rock characterized by high clay
content and low permeability. Areas where these rocks are exéosed in the
Mayacmas Mountains»have large numbers of landslides. The entire assemblage
can be divided into three major rock units that are separated by faulting
into three thrust plates. The unit that is most unstable and that apparently
extends beneath the Sonoma Volcanic rocks .and other younger rocks in the
Calistoga area, i§ exposed over major parts of ;he area to the northwest.
This unit is the sheared shale and sandstone (KJfs) of Blake and others
(1971) which contains resistant masses of hard rocks of several lithologic
types. Most of the sheared rock in the Franciscan assemblage, together with
masses of shattefed sandstone, is assigned to this unit. The term "melange"

has been applied to Franciscan rocks of similar characteristics by Hsu (1969).
A melange unit generally consists of a highly sheared lustrous gray to

black .shale matrix containing abundant hard, resistant blocks of

metagraywacke sandstone, chert, greenstone, serpentinite, and metamorphic
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rock. The blocks range in size from less than 1 foot (30 cm) to greater than
5 miles (8 km) in length. They make up a highly variable proportion of the

entire unit.

The second of the three subdivisions of the Franciscan rocks, and the
most stable for engineering purposes, consists principally of metagraywacke
sandstone with lesser amounts of other metamorphic constituents, including
metagreenstone and metachert. This wunit is characterized by blueschist
minerals, such as glaucophane, lawsonite, and jadeitic pyroxene. Thé main

outcrop area lies to the northwest of Calistoga near Geyserville and Jimtown.

The third Franciscan unit has widespread outcrops in the Mayacmas
Mountains, particularly west and north of the present study area. it
consists predominantly of graywacke-type sandstone - and shale with minor
greenstone, limestone, and chert and some lenses of conglomerate. The
sandstone ranges from massive to thin bedded, but the rock is frequently

shattered and commonly veined with laumontite and is subject to landslide

activity.

The base of the. Franciscan. assemb;age -has‘ not been recognized and no
older formations are exposed. It 'is érobable ﬁhat the Franciscan rocks were
deposited upon a thin oceanic crust and were tectonically emplaced in their
present position as vthe Papific‘ plate.,slid benéath, the North American

continental plate.
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Several rock types occur as discrete masses within the Frnaciscan units,
and their presence can often serve as an indication of the melange-like
character of the unit within. which they occur. They iﬁclude high grade
metamorphic rocks such as glaucophane schist, eclogite, and amphibolite;
blocks of graywacke énd metagraywacke sandstone; chert and meﬁachert:
greenstone, serpentinite, and silica-carbonate rock.. Many of the high-grade
metamorphic rock inclusions occur in blocks less than 100 feet (30 m) long.
The three most important rock types are dJreenstone, serpentinite, and

silica~carbonate rock.

Greenstone: These altered mafic sulmarine volcanic rocks include gray to
greenish-gray spilitic basalts in the form of pillow 1lavas, massive flow
rock, tuffs, and breccias. In many parts of the area, they occur as discrete
masses no more than a few hundred feet thick, but McNitt (1968) has estimated
a thicknéss of 7,000 feet for the massive pile that trends northwestward for
several miles from the vicinity of the Geysers Resort. In some places, these
rocks contain minor amounts of fossiliferous 1limestone; in others, the
greenstone ‘contains incipient blueschist minerals or is reconstituted to
blueschist. Landslide activity, although not as prevalent as in some other

rock units, does occur in the larger greenstone outcrop areas.

Serpentinite, including relatively fresh ultramafic masses "intrudes" the
lower or melange unit of the Franciscan assemblage and occurs as sheets,
lenses, and; irregular shaped masses, both within and along the boundaries of

the unit. Depending on the degree of internal shearing and alteration,
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serpentinite can present foundation problems for well drilling and for other

engineered structures.

Silica-carbonate rock, a product of the hydrothermal alteration of
serpentinite, can be relatively hard and strong. It most often occurs in
blocks and masses associated with serpentinite and is often associated with

the occurrence of mercury deposits.

Although the Franciscan assemblage comprises the bedrock within the
Calistoga study area, actual outcrops of Franciscan rocks occur as small
isolated exposures, confined to the north and northeastern margins of the
valley. Typically, these outcrops are comprised of graywacke or greenstone,
although an extensive body of serpentinite is exposed northwest of Kimball

Reservoir.

Chemical analyses of the serpentinized intrusions (Bailey, Irwin, and
Jones, 1964) indicate that the rock is composed of almost equal parts of
silica and magnesium but also contains residual amounts of other rock-forming
minerals. Analyses of the sandstones and shales of the Franciscan assemblage
(Bailey, Irwin, and Jones, 1964). indicate that silica and aluminum are the
dominant constituents, followed by iron, magnesium, and calcium,
respectively. Except where fractﬁred or deeply weathered, the ultramafic

rocks and the Franciscan rocks are poorly permeable and yield water of poor

quality.
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Great Valley Sequence

the Jurassic and Cretaceous Great Valley sequence consists mainly of
well-bedded sandstone and shale, massive shale and siltstone or mudstone with
minor sandstone, and conglomerate lenses and beds. Swe and Dickinson (1970),
in their studies centered in the Lower Lake gquadrangle have described 35,000
feet of clastic sedimentary strata, ranging in age from Late Jurassic to Late
Cretaceous, as belonging to the Great Valley sequence. They have divided the
entire seqﬁence stratigraphically into four main segments, three of which,
although broken by faults, are apparently conformable successions of strata.
The fourth consists of several segments of similar age each bounded entirely

by faults. None of these rocks crop out in the immediate Calistoga vicinity.

Ultramafic rocks, largely pyroxenite and serpentinite, basaltic pillow
lavas and breccias, quartz diorite, diorite, gabbro, and diabase are present
locally at- the bagse of the Great Valley sequence. These rocks are in fault

contact with the Franciscan rocks.

Logs .of wells and pump-test information supplied by drillers, pump
companies, and land owners indicate that the consolidated sedimentary rocks
of Cretaceous age, rocks of the Franciscan assemblage and the ultramafic
rocks generally yield small quantities of water to wells. However,
significantly larger guantities of water may be obtained from highlf

fractured or deeply weathered 2zones. Well-test information from 36 wells
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drilled into these rocks show an average yield of 19 gpm (gallons per minute)
with most/wells yielding 10 gpm or less. Most of the well tests for which
both yield and drawdown information are available, show a specific capacity
less than or equal to 0.1 gallon per minute per foot of drawdown (ane, 1973,

pe 14).
Sonoma Volcanics

Tertiary volcanic rocks are exposed on the surface over all of the
marginal area of the Napa Valley. These rocks are composed almost entirely
of material of volcanic origin, and are considered to constitute a part of

the Sonoma Volcanics of upper Pliocene age.

The Sonoma volcanics constitute a thick and highly variable series of
volcanic rocks including andesite, basalt, and minor rhyolite flows with
interbedded and discontinuous layers of tuff, tuff breccia, agglomerate and

scoria.

Tuff, by far the most common. and wi@ély distributed rock in the Sonoma
Volcanics, 1is a fragméntal -;ock‘ ma&e up  entirely of volcanic material.
Enormous quantities. of volcanié ash_Were showered on the area and accumulated
under various conditions. Most of ;hese tuffs appear to be massive and were
deposited on the irregular‘surface.of‘the land. Locally, however, some of
them are definitely waterworked,‘~apparently shallow lake deposits. Tuffs

formed this way are often soft and usually fine grained and light both in
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color and weight, but coarse varieties are common and, in some places, these
appear to be more a kind of agglomerate, containing angular particles of
lava, mostly andesite and basalt. Ordinarily, the massive tuff contains
numerous pumice fragments, which vary in size from very small grains to
fragments up to an inch or more in length. The majority of the tuff is white
in c¢olor, but gray and buff colored varieties are common, and in some

localities the gray and white tuffs occur interbedded (Johnston, 1948).

the tuffs are separated at a number of horizons by lava flows, which are
either basaltié or andesitic in composition. These lavas usually occur as
dense, heavy, very fine-grained rocks, but are commonly scoriaceous, have
vesicles which may or may not be filled, and may be porphyritic in nature.
Flow bandiﬁg is commonly present and columnar jointing occurs locally. The
lava flows are much more resistant to weatheriné and erosion than the tuffs,

and they commonly crop out in steep cliffs and form caps on many of the

‘ridges.

A number of 1lenses of sediments, composed almost entirelf of volcanic
material, none of which are either thick or extensive, are found locélly.
These sediments are composed of 1loosely consolidated sands, gravels, and
conglomerates, most of which were probably deposited in streams or shallow

lakes, while others represent erosion intervals between periods of volcanism.
}

Redeposited, water-laid pyroclastic materials, diatomite, silt, sand and

gravel are exposed in roadcuts along the Silverado Trail east and southeast
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1of St. Helena. In the vicinity of Caiistoga, prominent bodies of rhyolite
and rhyolitic tuff have been altered by hydrothermal processes to a hard,
dense, fine-grained rock. Thin-section and X-ray diffraction aﬁalyses
indicate that the altered rhyolitic rocks now consist primarily of quartz and

kaolinitic and montmorillonitic clays.

Well-test information from 140 wells tapping the Sonoma Volcanics show an
average yield of 32 gpm and an average specific capacity of 0.6 gallon per

minute per foot of drawdown (Faye, 1973).

Alluvium

In this report, deposits described as alluvium include the older
alluvium, terrace deposits, older alluvial-fan deposits, and younger alluvium

as mapped and described by Kunkel and Upson (1960) and Fox and others (1973).

The older alluvium of Napa Valley is composed of lenticular deposits of
unconsolidated and poorly éorted clay,»silt,.sand, and gravel. Where exposed
at the surface, it is predominantly a reddish-brown color and exhibits
cross~bedding. The materiéi-ié un¢;néolidated But somewhat compacted, and
some lenses of gravel‘vare cemeﬁééd. ‘The .éand and gravel fragments are

composed mainly of andesitic debris, but they include chert.
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Terrace deposits include numerous isolated bodies of unconsolidated clay,

sand, gravel, and cobbles that cap hilltops and benches or border the base of

steep hills and mountain slopes. All these bodies are thin and of small

extent. Locally, they conceal the older formations on which they lie
unconformably. Some are remnants of former river-channel or flood-plain
deposits, some may bevmarine terrace deposits, and soﬁe are older alluvial
fan deposits. They occur at several altitudes above present éea level and
present stream grades. They range in thickness form 0 to 15 feet, except for
the‘ older alluvial fan deposits which may be considerably thicker. No
fossils have been found in these deposits, but ﬁheir stratigraphic positon
indicates an age from late Pleistocene to Holocene. They may be equivalent
in part to the older alluvium. These deposits are unconsolidated. Although
in most places they contain a large proportion of sand and gravel, they are
mainly non-waterbearing, because generally they are thin and occur above the
water table. Where these deposits overlie either the Huichica or the Glen
Ellen formation, the coarse gravel of the terrace deposits may easi;y be
mistaken for gravel interbedded with the underlying formations, and a false

impression of the water-bearing character of the underlying formations may be

inferred. Because these deposits are mainly non-water-bearing, they have
been mapped only where they are relatively thick or where they obscure the

nature of the underlying formations (Kunkel and Upson, 1960).

The younger alluvium consists of interbedded unconsolidated gravel, sand,

silt, clay, and peat in beds comprising channel, flood-plain, and alluvial

fan deposits. These deposits overlie or overlap all other formations in the
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Napa Valley. They were deposited by the streams, much as we see them today,
in valleys cut by streams graded to a lower position of sea level thought to
correspond with a late Pleistocene glacial stage (Upson, 1949, Louderback,
1951). Hence, the younger alluvium may be in part late Pleistocene, but for
the most part it is considered to be recent (Holocene) because deposition is

continuing (Kunkel and Upson, 1960).

The floor of the Napa Valley consists of channel deposits and flood-plain
deposits composed predominantly of Qell-sorted g:avels and sand interbedded
with silts. This material is not well exposed in section; and for the most
part is indistinguishable from the older alluvium. However, typically, these

deposits are less than 30 feet thick.

The yield of wells tapping the alluvium ranges from about 50 gpm to about
3,000 gpm depending on the number and thickness of gravel and sand lenses
penetrated at the particular well. Well-test information supplied by
drillers, pump companies, and land owners for 100 wells perforated in the
alluvium indicate that this unit is by far the best aquifer in the project
area. The average yield of these 100 wells is about 220 gpm, and the average
specific capacity is about 10 gallons per minute per foot of drawdown (Faye,

1973).
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Geologic Structure

The geologic structure for much of the Mayacmas Mountains area 'is
characterized by the northwest trends of the outcrop patterns of the Jurassic
and Cretaceous rocks and ofvthe fault zones that separate them into tiited
and folded blocks or plates of strata. The area north of Calistoga is
essentially bisected by a major thrust fault zone called the Soda Creek
thrust by Swe and Dickinson (1970). This =zone, which apparently follows a
line of serpentinite . outcrops trending northwestward, marks the 1line of
seﬁaration between 'Ehe outcrop areas of the Great Valley sequence on the

northeast and the Franciscan assemblage on the southwest.

Swe and Dickinson (1970) postulated that, together with overthrust Eocene
and Paleocene strata, the Great Valley sequence forms a thrust complex that
rests structurally upon the Franciscan assemblage along the Spda Creék
thrust, and is overlain unconformablyvby late Cenozoic strata. A number of
subsidiary thrusts, that are discordant to the bedding, divide both the Great
Valley sequence and the Franciscan assemblage into three or more successive

thrust plates or slices.

Emplacement by regional thrust faulting of the Great Valley sequence and
early Tertiary rocks above the Franciscan assemblage was probably complete by
Oligocene time, after which the entire complex, including the thrust faults
themselves, were folded and cut by faults during later Cenozoic

deformations. The late Tertiary—-early Quaternary oregeny, which probably
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produced most of this folding and faulting; also brought with it the
volcanism that produced the Sonoma Volcanics and the Clear Lake lavas. Mount
St. Helena itself is built up of a series of folded flows and beds and is not
a former major volcanic vent. The fact that the maximum dip of beds in the
vicinity does not usually exceed 20 degrees indicates that oregenic activity

in that area was relatively mild in post-Sonoma Volcanics time.

folding and erosion have exposed the Soda Creek thrust and underlying
Franciscan rocks along the Soda Creek anticline outside the Calistoga area on
the north. Of the several subsidiary thrusts or other faults known to have
sizable displacements within the Great Valley sequence, most prominent is the
Collayomi fault. This fault may be associated with the Soda Creek thrust

which separates the Great Valley and Franciscan rocks.

The more imporfant fault zones associated with the Franciscan assemblage
outcrop area include (1) the complex fault zone along Big Sulphur Creek to
the northwest; (2).the Little Sulphur fault and Black Mountain fault zone
that bound the Little Sulphur graben along Little Sulphur Creek; and (3) the
Maacama and Chianti faﬁltb zonese. Gealey (1951) estimates that the Sonoma
volcanic rocks have been downdropped by nearly 2,100 feet (700 m) by the
combined action .élong the Maacama and adjacent Chianti fault 2zones that
border the Mayacmas Mountains on the southwest. These facts would tend to
agree, at least in part, with the concept expressed by McNitt (1968) that the

Mayacmas Mountains are a large complex horst bounded by faults.
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Local Folding

As mentioned above, the folding that has affected the Franciscan rocks is
difficult to document in the Calistoga area due to lack of outcrops and
reliable attitudes. That folding and faulting have occurred in the
Franciscan rocks is evidenced by sharp attitude changes within short

distances and near vertical to vertical bedding.

The rocks of the Sonoma Volcanics that cover most of the Franciscan rocks
south of Mt. St. Helena were gently folded and faulted by compregsional
forces from the northeast or southwest after their deposition. Broad,
parallel synclines and anticlines transgress across the area in a
northwest-southeast direction and, in general, the topography follows these
folds. Thus, Napa Valley is a broad, asymmetric syncline plunging to the
southeast and the large mass of overthrust Franciscan rocks exposed to the
southwest of Napa Valley comprises the crest of an anticline. Gentle dips in
the range of 10 to 30 degrees are the most common within the Sonoma
Volcanics, although steep dips and tight folds have been documented

{Johnston, 1948, p. 32).,
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Local Faulting

The pre-Pliocené (pre=-Sonoma Volcanics) faults that occur within the
Franciscan Formation, although contemporaneous with major folding, are poorly
exposed within the study area. Major northwest trending fault 2zones in
Franciscan rocks have been mapped to the northwest of Napa Valley (Fox and
others, 1973), but the overlying Tertiary volcanic rocks and Quaternary
alluvium mask any pre-Sonoma faulting that may be present within the Napa

Valley.

The Sonoma Volcanics show some evidence of Pliocene and post Pliocene
faulting. Mapping by Fox and others (1973) has shown the occurrence of two
short 1length faults north of the town of Calistoga, as well as some
relatively large, both in length and possible displacement, faults occurring
3 to 5 miles south and southeast of Calistoga. The faults all appear to be

of normal displacemeht.

A major structural ‘feature with a 'strong local effect is the large
northwest trending»thfust:;aldng”&ﬁiéh Franciscan rocks have been overthrust
upon Sonoma Volcanic; rocks - at»za 'relafively shallow angle of 20 to 30
degrees. This thrust’ié*thé majéf,fééture of the western limb of the Napa
'Valley syncline. Thé éastern terminus of fhis thrust, in all probability, is
coincident with the current axial plane of the Naéa Valley and may result in

a major structural discontinuity underlying the Napa Valley.
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GEOPHYSICAL INVESTIGATIONS

Geophysical surveys were undertaken by the Division of Mines and Geology
in the Calistoga area in order to provide additional information concerning
the geology‘as related to the hot water resource. Parts of two aeromagnetic
surveys and a reconnaissance gravity survey were already available in the
area. Therefore, the Divison's geophysical work gonsisted for the most part
of relatively detailed g;ound magnetic, gravity, electrical resistivity, and
seismic refraction surveys. A discussion of each of these surveys and their

interpretation follows.

Magnetic Surveys

Purpose

Measurements of the earth's magnetic field are often useful for
determining structural trends and details of the geology including the
location of possible faults in geothermal areas. Magnetic "lows" in some
geothermal areas have been attributed to the alteration of magnetite in rocks
by hydrothermal fluids (Studt, 1963); magnetic data have also been used to
help locate possible geothermal heat sources (Goldstein and others, 1978, p.

32).
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U.S. Geological Survey aeromagnetic maps are available in the Calistoga
area (U.S. Geological Survey, 1973, 1974). These maps are most useful for
studying the regional geology. For more local detail, however, ground
magnetometer data were obtained in the area. The ground data also served to

aid in interpretation of the airborne magnetic anomalies.

Aeromagnetic Data

Plate 2 is an aeromagnetic map of the Calistoga 15 minute quadrangle
compiled from U.S. Geological Survey open-file maps (1973, 1974). Overall,
the map 1is characterized by northwest aeromagnetic anomaly trends in the
Calistoga area. The largest magnetic anomalies (up to 200-300 gammas in
amplitude) are’ associated with exposures of serpentinite in the Franciscan
basement rocks located south and east of Mt. St. Helena, and in the
southeastern corner of the map area. The rocks of the Sonoma Volcanics, in
general, evidently have only a minor effect on the aeromagnetic map in the
Calistoga area. The reason for this is evident in Table 1, which shows that
the Tertiary —volcanic rocks generally have low values of magnetic
susceptibility in comparison with sexpehtinite. A possible exception to this
is andesite flow rocks that often exhibit reverse magnetic polarity and cause
prominent magnétic anomalies J.n the southwestern part of the map sheet

(Chapman and Chase, 1977).
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Table 1. Magnetic susceptibility, density, data, and lithology of rock samples |
from Calistoga, Napa County, California. Measurements by Paul V. Anderson. ‘

Sample Geologic Geologic Susceptibility Specific
Number Formation Map Unit#l  Rock Type (1076 emu/cm?) Gravity
CRV-1 Sonoma Tsa andesitic tuff breccia 354 1.96
. Volcanics
CRV=-2 com " Tsr rhyolitic ash flow breccia 17 1.89
CRV=-3 " " Tsr tuff 219 2,19
CRV-4 " " Tsr rhyolitic tuff breccia 10 2.02
CRV-5 " " Tsag andesite 22 2.02
CRV-6 " " Tsa rhyolite 10 2.32
CRV=-7 " " Tsa tuff 11 1.95
CRV-8 " " Tsa altered flow rock 23 2.38
CRV-9 " " Tsr rhyolitic tuff breccia 10 2.14
CRV-~10 " " Tsr altered rock flow 10 2.25
CRV-11 "o.o" Tsa rhyolitic tuff 10 1.99
CRV-12 " " Tst or Tsr? altered rhyolitic tuff 10 2.37
CRV-13 " " Tst tuff 10 1.97
CRV-14 " " Tsxr rhyolitic tuff breccia 80 1.88
CRV-15 " " Tsr andesitic tuff breccia 554 2.21
CRV-16 " " Tsr rholitic tuff 154 2.18
CRV~-17 " " Tst pumicitic ash flow tuff 78 1.83
CRV-18 " " ' Tsa andesite 46 2.40
CRV~-19 " " Tsr flow-banded rhyolite 314 2.21
CRV-20 " " Tsa porphyritic andesite 23 2.42
CRV=-21 " " Tst rhyolite 320 2.18
CRV-22 " " Tst tuff 286 2.18
CRV-23 " " Tst tuff 331 2.19
CRV=-24 " " Tst tuff breccia 297 2.30
CRV=25 " " Tst tuff 51 1.60
CRV=-26 " " Tst tuff 67 1.56
CRV=-27 b " Tst tuff 23 1.51
CRV-28 " " Tst tuff .11 1.66
CRV=-29 " " Tst tuff 46 1.35
" CRF-1 Franciscan Tsa *2 greenstone 349 2.67
Assemblage
CRF-2 " " RJfs graywacke 10 2.56
CRFP=-3 " " RJfs "high grade metamorphic
rock(glaucophane schist?) 51 2.99
CRF=-4 " " sp serpentinite 1860 2.29

*1. The geologic map units are from Fox and others (1973).

*2. Sample CRF-1 was from a small greenstone outcrop characteristic of the
Franciscan Assemblage. The outcrop was not shown on the geologic map by Fox
and others (1973) probably because the outcrop was too small for adequate
mapping.
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Near Calistoga, the general aeromagnetic pattern consists of several
subparallel, northwest-trending, positive and negative anomalies including:
(1) a positive anomaly approximately parallel to Napa Valley but located at a
distance of about 1 1/2 miles to the southwest; (2) a negative anomaly, the
axis of which is located near the southwestern side of Napa Valley; this
anomaly extends to the northwest through Knight's Valley; and (3) a small (in
amplitude) positive anomaly that extends southeastward along the northeastern
side of the valley from the large magnetic "high" just south of Mt. St.

Helena.

The positive anomaly located southwest of Napa Valley near Calistoga
decreases in amplitude toward the northwest. Near the 1atitud§ of Calistoga,
the trend of this anomaly apparently turns westward. Near the southeastern
corner of the map, this anomaly is associated with outcrops of serpentinite.
Thus, the northwestern continuation of this anomaly suggests the possible
presence of some serpentinite in the subsurface in this direction.
Similarly, the small positive magnetic anomaly on the northeastern side of
the valley may represent a small amount of serpentinite in the subsurface in
this area as well. . Aiternatively, the latter anomaly could represent
Franciscan gfeenstone'_which crdps‘ out in . this area in several places,
although this rock usually does not have a véry high‘magnetic susceptibility

(Table 1).
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Equipment and Field Procedure for Ground Survey

Ground magnetometer traverses were obtained in the Calistoga area by
means of an EGG -~ Geometrics proton-precession magneﬁometer, model 816, that
has a sensitivity of one gamma. A total of 15 ground lines were run (Plates
2 and 3). Most stations were spaced at intervals of 100 feet, usually
estima;ed by pacing, but the station spacings on some lines were from 200 to
500 feet. Plate 3 shows the location of 13 of thg 15 magnetometer 1lines.
The location of two additional reconmnaissance lines are shown on Plate 2.

The ground magnetometer lines total about 18.5 miles in length.

Ground Magnetic Data

Ground magnetic data were plotted both in profile and plan map form
(Plate 3). On Plate 3, the data are contoured at intervals of 50 and 100
gammas. The regional magnetic gradient, which is about 10 gammas per mile,
increasing to the northeast, has not been removed from these data. In
general, on magnetic profiles that cross Napa Valley (CM4, CM5, M7, CMl1l2,
and M13), except for line CM13, the magnetic values tend to rise gradually
toward the northeast  at a much faster rate than the normal gradient. This is
shown on Plate 3 and is in general agreement with the aeromaénetic map

(Plate 2).
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Near the southwest end of profiles CM4 and CM7, there is also a slight
rise in the magnetic levels, resulting in a small magnetic "low" centered
near Myrtledale Road on both of these lines. This magnetic "low" is near the
0ld Faithful (California) geyser on profile CM4, and c¢ould be related to the
geothermal field, but kit may actually represent a regional low between
positive anomalies located to the southwest and the northeast as shown on the
aeromagnetic map (Plate 2). Alternatively, the small magnetic gradients on
the southwestern sides of the negative anomalies on profiles CM4 and CM7
(values increasing toward the southwest) could represent changes in rock
types in the valley. Within the valley area, the profiles usually show only
mhﬁ%hsmummmﬁcmmﬂm& Some of the very local, high frequency,
magnetic anomalies are probably caused by man-made sources, such as pipes and
culverts. Others of these smaller anomalies could be caused by relatively
magnetic volcanic -rocks or by small masses of serpentinite or possibly

greenstone in the underlying basement rocks.

The magnetic "highs" located near the northeastern ends of lines CM2 and
CM5 evidently represent the flanks of the large positive anomaly shown on the
aeromagnetic map south of Mt. St. Helena, which evidently is caused by
serpentinite. The relatively large local dipole anomaly (about 1500 gammas
peak to peak) near the middle of 1line 'CMZ may be caused by a magnetic
volcanic rock or by serpentinite in the - basement rocks. The small
southeastward trending positive anomaly (300 gamma contour) that crosses

lines CM7, CM1l, and CM12, evidently corresponds to the small positive
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aeromagnetic anomaly located along the northeastern side of the Napa Valley

in this area.

Line (M14 (Figure 2) was run along a trail up Ritchie Creek and line CM15
(Figuré 3) traversed the Diamond Mountain Road in order to investigate the
positive aeromagnetic anomaly shown on Plate 2 in this area. These lines
show somewhat erratic magnétic; value;, with small to moderate local
anomalies.. The sharpness of these anomalies suggeéts near~-surface sources
for the most part. These sources could be within the Sonoma Volcanics or
within the Franciscan basement rocks if they are not deeply buried. The
local‘anomalies on both of these profiles are evidently superimposed on very
broad positive magnetic anomalies with amplitudes of about 200 to 300 gammas
that éppear to correspond to the positive aeromagnetic anomaly. These broad
positive anomalies could originate in the basement rocks, and might represent
the cumulative effect of a number of small masses of serpentinite. The small
amplitude of the anomalies appears to preclude the presence of only one or a
few large maéses of serpentinite, however. Alternatively, the anomalies could'
represent the cumulative effect of a number of andesite flows within the
Sonoma Volcanics, or possibly a buried igneous intrusive rock mass within the

basement rocks in this area.
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Conclusions

( The largest magnetic anomalies in the Calistoga area are evidently caused
primarily by serpentinite, although smaller magnetic anomalies may be caused
by relatively magnetic units within the Sonoma Volcanics or by greenstone in
the Franciscan rocks. Anomalies within the Napa Valley are almost all small
and indicate that there is little serpentinite in the basement rocks in this
aréa. There is 1little evidence in the magnetic data to indicate faults

within or near the geothermal area. This may mean that magnetic units are

not offset in the wvalley, but it does not mean that faults are not present.

A low amplitude negative anomaly near the geothermal area in the
northwestern end of the valley could be related to the geothermal zone, and
could reflect a zone of hydrothermally altered rocks, but it is more likely

that this apparent negative anomaly is a part of a regional magnetic low.

The broad positive magnetic anomaly that appears to correspond in part to
the large negative gravity anomaly south of Calistoga may have in part the
same cause as the gravity anomaly. However, serpentinite is probably not the
cause of either of the anomalies. An igﬁeous intrusive mass could be the
cause of both anomalies, but there are other equally plausible possible

causes.
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Gravity Survey

Purpose

Gravity measurements are often used to supplement other geophysical data
in geothermai areas both to aid the study of the regional geology and to
érovide information on local structure that may be related to geothermal
reservoirs.b In some areas, such as at The Geysers in northern California,
gravity measurements have also revealed the presence of the possible heat

source for the geothermal phenomenon (Chapman, 1975).

Regional gravity measurements and a Bouguer anomaly map were available in
the area (Chapman and Bishop, 1974). Additional gravity measurements were

made during this study both to provide more regional information and to

investigate the geothermal area near Calistoga in greater detail.

Equipment and Field Procedure

Gravity measurements were made in the Calsitoga area using La Coste and
Romberg'geodetic gravity meter ¢-129. For the regional survey, réadings were
made at elevation points from U.S. Geological Survey 7 1/2 minute maps. A
few station elevations were also obtained by interpolation of the 40-foot
topographic map contours. For the detailed lines in Napa Valley, elgvation

points were obtained by surveying. All readings were referenced to a gravity
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base station in Calistoga (Chapman, 1966, p. 43). A total of about 190 new

gravity stations were obtained during the survey.

Gravity data

All the gravity data were reducgd to complete Bouguer anomalies using a
reduction density of 2.67g/cm’ . Terrain corrections were made out to a
radius of 166.7 km. Plate 4 is a regional map at a scale of 1:62,500 showing
gravity data contoured at an interval of 2 milligals (mgal). Plate 5 is a
local map showing gravity data near Calistoga contoured at an interval of 0.5

mgal where possible.

One of the major features on Plate 4 is a prominent northwest-trending
negative gravity anomaly, the axis of which is located about 1 to 1 1/2 miles
southwest of the southwest edge of the valley near Calistoga. In this area,
the anomaly is located principally over exposures of the Sonoma Volcanics.
South of Calistoga, this anomaly has a maximum amplitude of about 15 mgal.
To the southeast (off the map), the anomgly may continue down Napa Valley at
a reduced amplitude (Chapman_and:gishop,’1974).> This part of the anomaly at
least may be aésociatea with sedimentary and volcanic deposits within the

valley.

Because of the prominent negative anomaly discussed above, Napa Valley

near Calistoga is characterized in general by a moderately-steep gravity
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gradient, with gravity values increasing toward the northeast. Northeast of
Napa Valley, an irreqgular pattern of negative and positive anomalies is
present over the Sonoma Volcanic rocks and Franciscan basement rocks exposed

in this area.

—

Interpretation of Data

Regional Anomalies. Overall, gravity values decrease generally

throughout the Calistoga area toward the northeast, reflecting the regional
gravity gradient in this part of the Coast Ranges. This regional gradient
has not been removed from the gravity data in Plates 4 and 5, but this has
onlﬁr a minor effect on the interpretation of the local anomalies. Locally,
however, the gravity data in the <Calistoga area apparently are strongly
affected by the thicknesses of the younger, less dense Sonoma Volcanics and
sediments that owverlie the PFranciscan basement rocks and by other density

variations as well.

Plate 4 shows that the large negative gravity anomaly, centered south of
Calistogba, tends to dominate the gravity field in the Calistoga area.
Residual anomalies from trend surface analyses of the gravity data (not
shown) suggest thét the main anomalous mass 1is located chiefly in a
northwest-trending zone about one mile wide, approximately between the Mark
West Springs Road on the northwest and the Diamond Mountain Road on the

southeast. The cause of this anomaly is puzzling. The anomaly could be
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caused by a relatively deep basin or a structure such as a graben or caldera
filled with Sonoma Volcanics. The average measured density of 29 samples of

Sonoma Volcanics is 2.04g/cm’

(Table 1). This value yields a density contrast
of about 0.6g/cm?® with Franciscan basement rocks (average denéity of about
2.65g/cm3). Assuming this density contrast, a two-dimensional analysis (A-3,
Plate 4 and Figure 4) indicates that a graben or syncline with thickness of
about 5000 feet of these rocks would be required to satisfy the anomaly.
This thickness of volcanic rocks seems to be unreasonably large considering
the geology of the area. Even if the average density of the volcanic rocks

is less than 2.0g/cm?®, any reasonable value of the density requires what

appears to be an excessive thickness of these rocks.

Other possible causes for the negative anomaly include: (1) a thick mass
of serpentinite in the Franciscan basement rocks, (2) an extensive zone of
extremely altered rocks in the basement, (3) a underlying intrusive mass
within the basement consisting of either glassy or partially molten rocks, or
(4) some combination of the above. Serpentinite has a relatively low density
(Table 1), but if this is the cause of the anomaly, a large magnetic anomaly
should also characterize this area. In fact, there is a positive magnetic
anomaly of a few tens of gammas'showﬁ”on the aeromagnetic map (Plate 2) in
part of this area. Howe&er, grdun§ m;gnetoﬂeter lines CM14 and CM15 (Figures
2 and 3) that cross this aeromaé;etic-anomaly show a very broad anomaly with

a possible maximum amplitude of only 200-300~gammas. Therefore, serpentinite

probably is not the cause of the gravity anomaly. If altered basement rocks
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are the cause of the anomaly, the volume of these rocks required is so large

that the hypothesis also appears to be unlikely.

It is possible that an elongate intrusive mass (3 above) c;ould be the
cause of the negative gravity anomaly, or at least that part of it south of
Calistoga. This mass could possibly explain the small associated magnetic
anomaly as well, and might serve as the source of heat for the geothermal
phenomena in Napa Valley near Calistoga. However, our analysis of the
anomaly indicates that the top of such an intrusive mass probably would be no
deeper than two or three thousand feet. Any such hot intrusive mass at this
shallow depth probably would result in extensive geothermal activity in the
area immediately over the anomaly, but these effects evidently are lacking
here, although we have nov subsurface" temperature measurements or thermal
gradient measurements for evidence. Thus, the cause of the anomaly is
puzzling. None of the possible alternative hypotheses seems to fit perfectly

with other observed data.

Local Anomalies. Plate 5 is‘a-v-’ dgtai'led contour map of Bouguer gravity

anomalies in the wvicinity of Calistoga. 'fh,e. sogthern half of this map is
dominated by the negative qravity’ ahomaly' south of Calistoga and the
southward decreasing \'ralues- of Agra:vity ‘relateg_i'?‘-f:o this feature. Relatively
local features include two. positive .'ancémalies,. one centered on the
northeastern side of the valley north of _Calistoéa (=16.5 contour) and one in

the northwestern end of the valley (-16 contour). These anomalies are
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probably caused by near-surface Franciscan rocks that include greenstone, at
least in the area north and northwest of Calistoga. Two small negative
anomaly closures with an overall northwest trend are present near the central
part of the valley. These small negative anomalies may reflect the thickness

of alluvium or some‘other relatively low density rock unit in the valley.

The gravity profiles on Greenwood Avenue and Tubbs Lane are shown on
Plates 7 and 8 and discussed briefly in the section entitled "Comparison of

geophysical traverses on Greenwood Avenue and on Tubbs Lane".

Conclusions

The results of the gravity study in the Calistoga area have revealed a
possible structure or low-density mass southwest of Calistoga. Although the
cause of the anomaly is uncertain, if a graben or caldera is present, this
structure could include reservoirs that might serve as sources of additional
hot water. Alterﬁatively, if a heat source is present, the area that may be
underlain by the geothefmal resource might also be of substantially larger

size than known at the present time.

Gravity data within Napa Valley reflect the thicknesses of sedimentary

and volcanic rock units above Franciscan basement rocks and indicate the
presence of some dipping contacts, some of which could be faults. For

example, see Plates .7, 8, and 9. Small negative anomalies near and southeast
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of the 0l1d Faithful geyser could be associated with the geothermal field, or

they could represent the thickness of valley f£fill in this area.

Seismic Refraction Survey
Purpose

Seismic refraction lines were run in the Calistoga area for the following
reasons: (1) to determine, if possible, the depth of Franciscan "basement”
rock in the valley, (2) to investigate rock types and structure in the area,
and (3) to determine, if possible, whether some of the apparent resistivity

anomaly boundaries or zones of low resistivity might represent fault zones.

Equipment and Field Procedure

A 12 channel EGG-Nimbus enhancement seismograph, model 1210, was used for
the seismic refraction. survey} The vsource of energy was a 400 pound
free-falling weight that was dropped a distance of about 4 feet onto a steel
plate on the ground. Two cable lengths were used, 550 feet and 1100 feet,
with geophone spacing of 50 feet and lOO:feéﬁ, respectively. The weight was
dropped at each end of the geophone cable, and frequently also at an offset
distance of about 550 feet from each end in order to obtain data from greater

depths.
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The locations of the four seismic refraction lines are given in Plate 6.
The total length of seismic refraction lines surveyed is approximately
11,350 feet. The locations and lengths of the four refraction 1lines are

listed below:

Line WNo. Location Length of Line in Feet
sl Greenwood Avenue 7200 (segment between 5500

and 6300 not done).

S2 Mora Avenue 27590
S3 Silverado Trail 1100
S4 Grant Street (east 1100

of Greenwood Avenue)

Interpretation of Data

i

Seismic velocities. The seismic refraction 1lines (Figures 5-7 and

Plate 7) show four basic ranges in velocity that probably represent different

rock units. The layers representing these velocity ranges are listed below:

Layer Velocity Range Thickness
in feet per second {fps) in feet

1 1000~-1500 : 5-20

2 6000-6500 50-250

3 8000-9500 0-450

4 12,000-14,500 00 | —=—e-

-68—~




-69-

_\\/'
~ SEISMIC SECTION S-2 (MORA AVENUE)
GRANT STREET . NOR}HE AST
AUTHWEST : : _ HIGHWAY %29
' DISTANCE IN FEEY
27150 llLBO 510 : ?
§ —1500 1500 ' 1500
' / o [ 3 \ 400
400+ . / —5— ==X
== ; ' b 6500+ 6500 Y g500
o 6500 _//%“F\@.M_?_?_e
E‘ * ‘ e 90001 8000¢ {10500 200
2001 | 9500 -
b 4 /?/
é - 0 10500t
. P —P— — +
5 o R ? | 145004 "
& e
” ‘ K ) Msooussu”ED’ ’ 9000« VELOCITY IN FEET PER SECOND
MINIMUM DEPTH
-2004
o 400 FT,

SEISMIC REFRACTION SECTION
CALISTOGA AREA

ELEVATION IN FEET
©——© RELIABLE DATA
©0—-—--@ POOR DATA
©-7—7—© VERY POOR DATA
ZZZ POSSIBLE FAULTING

v\ INDETERMINATE BOUNDARY

BY
6. W CHASE FIGURE 5




SEISMIC SECTION S-3 (SILVERADO TRAIL)

~oL-

NORTHWEST | SQUTHEAST
.DISTANCE IN FEET
) 550 1100
L l ;N._,-;w... B e
BRANNAN STREET ROSEDALE ROAD
1500 I500 \
/ | : \ ~ 400
o ? '
6500 o~ 6500
o— | ‘ ?— o%o —7
% —0 - 200
I0500-11000
L0

6500~ VELOCITY IN FEET

PER SECOND

SEISMIC REFRACTION SECTION
CALISTOGA AREA

ELEVATION IN FEET
G. W.CHASE o——o0 RELIABLE DATA
0---0 POOR DATA

av

©7-?-0 VERY POOR DATA

! : S
Z;Z .ML/E* FALLTIMG

~ 1334 NI NOILVA3T3



ELEVATION 1§ FEET

- SEISMIC SECTION S-
GREENWOOD AVENuE

NUE -
(LINE $-1, STATION 40)
| %mwesr

4 (GRANT STREET)

SOUTHEAST

DISTANCE | FEET

850

1850

400+
200 q8500 ——
| Cssc0sn ~ 8000 (Assumei)/ 50007

' MINIMUM DEPTHS '
o 0'22%(:;—:) (1) 6500 - VELOCITY IN Fggy

e o o . PER seconp ™~
0 200 FT '

- SEISMIC REFRACTI0N SECTION
~ CALIST0GA ARa
—— ELEVATION 1y pggr
©—® RELIABLE pary
®*=-® POOR pATA
©~P~PO VERY POOR paTA
ay

G. W CHASE

FIGURE o




The 1000-1500 fps and 6000-6500 fps layers are found consistently in the
upper part of the sections on all the lines. The 8000~-9500 fps layer is
found on most, but not all of the lines. The 12,000-14,500 fps layer is
found on some of the lines, especially near the northeastern edge of the

valley where the unit is apparently at a relatively shallow depth.

At this time, we have insufficient information to identify the rock types
associated with all of the characteristic velocities. Layer 1

{1000-1500 fps) is probably near-surface overburden, above the water table.

Layers 2 (6000-6500 fps) and 3 (8000-9500 f£ps) have not been identified.
However, Layer 2 could be associated with the water table, although the
velocity is somewhat high for this. Lgyer 3 could be highly‘ fractured
Franciscan rocks (greenstone or graywacke) or possibly Tertiary volcanic
rocks. Layer 4 (12,000-14,500 fps) probably represents relatively dense
Franciscan basement rock, probably greenstone or metagraywacke or both.
Plate 7 shows the interpretive section for seismic line S1, Figures 5-7 show

the sections for seismic lines 2, 3, and 4.

Line Sl. Seismic line S1 (Plate 7) trends northeast along Greenwood
Avenue and c0nsi$ts of a number of 550 and 1100 feet seismic spreads. Near
the northeastern end of the 1line, layer 4 velocities (probable Franciscan
basement rocks) were determined to be at depth of about 60 feet. The seismic
interface marking the top of this velocity layer dips toward the southwest;

beyond a distance of about 2200 feet (Plate 7), the interface becomes
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increasingly difficult to map accurately. On the south end of the line,
south of Blossom Creek, the highest seismic velocity observed (10,500 fps) is
intermediate between velocity layers 3 and 4, and it is possible that this
represents a réck type not encountered in the rest of the area surveyed.
Layer 2 (6000f6500 fps) is present all along the section, including the area
" south of Blossom Creek, but this unit is irreqular in thickness. Layer 3
(8000-9500 fps) is found in the section south of the 2200 feet mark, and this
layer also varies in thickness irreqularly. This unit may not be present
south of Blossom Creek unless it is represented by the 7300 fps unit mapped

here.

In‘the vicinity of Blossom Creek, there is apparently a discontinuity in
the seismic section near the gap in the seismic line in this area. The
correlation of the seismic units across the discontinuity is not clear; it is
possible that this discontinuity represents a fault =zone. Additional
evidence for this possible fault zone is shown by an abrupt change in the
magnesium (Mg) and bicafbonate (HCO; ) concentrations measured in water from
wells in the area (Figure 16). These concentrations are both much higher
southwest of a northwest-trending 2zone that passes near the seismic

discontinuity.

On the northeastern end of the section, between the 800 and 1400 foot
marks (Plate 7), a low-velocity zone (about 9000 fps) is present in seismic
layer 4. There is -also a fairly steep southward slope of the velocity

discontinuity on the top of layer 4 in this area that is near a steep gravity
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gradient. It is possible that this low velocity =zone represents a fault

zone, but this is uncertain.

Line S2. Seismic line 2 (Figure 5’ trends northeast along Mora Avenue.
This line consists of one 550 foot and two 1100 foot seismic spreads. On
this 1line, in general, the interfaces betweén layers 2 and 3 and between
layers 3 and 4 show southwestward components of dip. Between points
0 and 550, on the northeastern end of the line, there is a possible fault
zone,  judging from the offset shown in the 10,500 fps layer and the apparent
disappearance of layer 3 (8000 fps) at the northeastern end of the line. In
this area, the 10,500 fps layer is believed to be layer 4, although this
velocity is unusually low. Layer 4 was not detected at the southwestern end
of this line. The queried interface shown at this end of the line actually

represents the minimum depth to this unit based on seismic data.

Line  S3. Seismic 1line S3 (Figure 6) trends southeastward along the
Silverad§ Trail from northwest of Brannan Street to near the intersection
with.Rosedale Road. This line consists of one 1100 foot long seismic spread
that c¢rosses an anomalously low resistivity =zone near Brannan Street
(Line R-6, Figure 1l). On this line, seismic léyers 1 and 2 were found to
have velocities within  the normal range (1500 fps and 6500 fps
respectively). However, the third layer detected on this line (at avdepthbof
about 150 feet) has a velocity of between 10,500 and 11,000 fps, which is

intermediate in value between velocities normally found for layers 3 and 4.
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Thus, either layer 3 was not found on this line, or layer 3 has a higher than

normal velocity.

Just east of the Brannan Street intersection, there is some indication in
the data to suggest possible faulting, although there is no detectable offset
in the layers at this point. This possible fault 2zone corresponds
approximately to a change in apparent resistivity from about 15 ohm feet on
the northwest, to approximately 40-60 ohm~feet on the southeast (Line R-6,

Figure 11).

Line s4. Seismic line S4 (Figure 7) trends southeastward along Grant
Street from the intersection with Greenwood Avenue. This line consists of
one 1100 foot long seismic spread that crosses an anomalously low-resistivity
zone (line R-7, Figuré 12). On this line, layers 1l and 2 were found to have
velocities within the normal range (1500 £fps and 6500 fps, respectively).
However, the only evidence for the interface between>layers 2 and 3 (8000 fps
velocity) was found in the data from an offset drop taken southeast of the
end of the‘line. Thus, the interface immediately above the 8000 fps layer
shown in Figure 7 represents only a minimum depth for this layer. No
evidence for velocity layer 4 was. observed on -this line. Just northwest of
the end of this line, data péints--represenping the interfaces between
layers 2 and 3, ana 3 and 4, as. determined on seismic line Sl1, are shown on
the S4 section (Figure 7). Theuintgrfacé between layers 2 and 3 from seismic

line S1 (elevation 190 feet) shows good agreement with the minimum depth

interface between these layers on line S4 (elevation 210 feet).
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Seismic 1line S4 shows no evidence for a fault or other structures
associated with the apparent resistivity anomaly on 1line R-7 (Figure 12,

stations 32-34).

Conclusions

The seismic lines in the Calistoga area show that the interface that may

represent Franciscan basement rocks underneath the valley generally dips

toward the southwest, at least in the northeastern part of the valley. The
deepest point at which the interface was detected was in excess of 500 feet
(on 1line Sl). Generally, this interface could not be mapped Peyond
approximately the center of the valley. On the line that crosses the entire
valley (S1), this interface was not detected on the southwest side of the

valley.

Seismic evidence for faulting was indicated at a few places on the
lines. The best example of this is a possible fault near the north end of
line S2 that indicates basement rocks are offset down to the south in this
area. In some cases, possibie zones of hot water interpreted from the
resistivity data may be associated with faults indicated on the seismic data
such as on lines S1 and S3. If drill holes are completed in the future near
some of these seismic lines, it should be possible to correlate the seismic

layers described here with rock units.
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Electrical Resistivity Survey
Purpose

Because hot, mineralized water is known to be relatively electrically
conductive, geothermal fields are often characterizéd by anomalously low
values of electrical resistivity. The purpose of the resistivity survey at
Calistoga was to map electrical properties of the rocks in the vicinity of
the known hot water field and attempt to determine both the possible
continuity of the resource in the area, and to map possible extensions

horizontally and at depth.

Equipment and Field Procedure

The equipment used for this survey consists of a Geotronics Model FT-4
transmitter with an output rated at 4 amps, and 800 volts (3.2 KVA). The
power suppiy, also supplied by Geotronics, is a Model B-2 engine generator
with an output of 5 KVA at 400 Hz.. The receiver used is the Bison
mode; 2390. This is a digital signal enhancement receiver that provides an
average reading every 10 cycles. Becaﬁse it is neces;ary to synchronize the

precision time base of the transmitter and receiver, the Geotronics

transmitter was modified to supply a synchronization pulse that is compatible
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with the Bison receiver system. Thus, the two units can be operated (%
independently for as long as one day while both units remain on and at the
same frequency. In this system, the practical operating time is limited to

about 3 hours by the fuel capacity on the the motor generator set.

" The resistivity survey in the Calistoga area consists chiefly of a number
of lines along which resistivity was measured using the polar dipole-dipole
electrode system (XKeller, l966f. The dipole interval used was 200-feet and,
the receiver was usually moved out from a transmitter dipole~receiver dipole

distance (N) of N=1 (200 feet) +to N=10. The transmitter dipole usually

consisted of two electrodes about 3 feet apart at each end. All electrodes
were thoroughly wet with salt water. It was found necessary to add water to

the transmitter electrodes periodically to prevent them from drying out.

After the completion of one series of measurements along the 1line from
distance of N=1 to N=10, the transmitter was moved along the line either
400 or 600 feet, and a new series began. In addition to the dipole-dipole

survey, one Schlumberger vertical electrical sounding (VES) was also done in

the area.

All resistivity measurements were made at a frequency of one Hz and two
measurements were generally made using different values of transmitter
current. This yields, at each station, two independent measurements of
resistivity which were generally found to be in good agreement. When not in

good agreement, these measurements were repeated. Resistivity values were
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r) - collected in the field, and a resistivity pseudo-section was plotted as the

work progressed.

Resistivity Data

Plate 6 shows the locations of 7 dipole-~dipole lines, R3~R9, and one VES
sounding Rl, in the Calistoga area. The total length of the lines surveyed
is approximately 7 1/2 miles. A 1listing of the lines, showing street and

road locations and lengths, is given below.

DIPOLE~-DIPOLE RESISTIVITY LINES

Line No. Location Length in feet

R3 Greenwood Avenue 7,200

R4 & R4 Ext. Pickett Road, Dunaweal Lane 10,800
RS Bennett Lane 3,600

R6 Silverado Trail 4,200

R7 Myrtledale-Grant Street 5,600

R8 ) Tubbs Lane . 'v l 5,600

R9 ~~ Brannan Stréet | ‘ ’ 2,800

| TOTAL 39,800
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The results of the dipole-dipole resistivity measurements were plotted
and contoured in the stand;.rd manner (Parasnis, 1975, p. 219-222), which
results in resistivity pseudo-sections. The individual sections are shown in
Figures 8-13 and Plates 7 and 8. These sections, which show apparent

resistivity wvalues, are not true scale two-dimensional representations. The

one vertical electrical sounding is shown in Figure 14.

Interpretation of Dipole~Dipole Data

All of the dipole-dipole pseudo-sections, with the exception of section
R9, which was only recehtly completed, were sent to the University of Utah
Research Institute (UURI) for analysis. The following comments on these data

were provided by Bill Sill (Duncan Foley, perscnal communication, 1980):

Of the six lines of dipole-dipole data, the four in the vicinity of
the geyser (R3, R5, R7, R8) show low resistivity zones (3-10 ohm-feet)
that may be of interest. Line R5 shows a limited low resistivity zone
(10 ohm-feet) at intermediate N sgpacings. Near the intersection with
line R8, 1line R7 may also show this zone, although it appears at larger
N spacings and has a smaller apparent resistivity (3-6 ohm-feet). On
line R7 this conductive zone continues almost to line R3. At this point
in the pseudo~section there are some highly suspect values (i.e., 100's
of ohm~feet values next to 10's of ohm-feet). These sorts of changes in
p for a unit change in N or a horizontal change of one dipole are
generally impossible to model, at 1least with 2 dimensional models.
Beyond this region there is again a suggestion of a low resistivity =zone,
at moderate N values. :

Lines R3 and R8, which are roughly parallel and cross the above
lines, show similar conductive zones at intermediate depths. The nature
and extent of the zones in the intersecting pseudo-sections indicate that
the region is not very two dimensional. However, the extent of the
conductive zone in lines RS and R7 suggests that the best choice for
two~dimensional modeling would be the perpendicular lines R3 and R8. The
modeling of these two lines is discussed in more detail below.
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Line R4 shows moderately high resistivity and a general trend of
increasing resistivity to the NE. The contours and values suggest the
possibility of a contact near 3200'SW. Line R6 shows mainly a shallow
more conductive zone to the west.

Models of lines R8 and R3

The model for line R8 and the calculated results and the observed
data (contours) are shown in Figure 1 (See Plate 8 in this report). The
diagonals show the locations of the lines of observed data. There is
generally good agreement between the model results and the observed data
except for the region below 3200'Sw. Here again, there are some
suspicious observed data, with very low values next to very large ones.

The model shows a very broad conductive region ( 20 ohm-feet)
centered roughly on the geyser. The most conductive region (5 ohm-feet)
is at the surface right at the geyser and seems to be shifted to the NE
at depth. Looking at the model-observed comparison below 2200'SW (the
model has larger apparent resistivity) suggests that we might get
somewhat better fit by expanding the width of the 5 ohm-foot zone at
depth. The data used in the modeling (N 6) does not really 1limit the
depth extent of this zone. ,

Figure 2 [see Plate 7 in this report] shows a similar display of
model and observed data for line R3 . Here the data quality seems to be
better and the agreement is quite good. Line R3 shows a conductive zone
(10-20 ohm-feet) similar to line R8 but the conductive zone does not
extend to the surface. Also, R3 shows a moderately conductive zone
(20-30 ohm~feet) extending much further to the SW than is seen in the
model R8. Here again, the depth extent of the lower layers in the model
are not restricted by the data.

In addition to the resistivity lines discussed above, another line R9 was
recently completed along Brannan Street in Calistoga (Figure 13), and
additional data were obtained on the southeastern end of line-R7 on Grant
Street (Figure 12). Line RO Shows two areas of shallow low resistivity of
less than 10 ohm-feet that may be. of possible interest. One of these is

located just south of Silverado Trail near stations 8-10 and the other, near

station 22, on the north end of the line.
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The additional data on the southeastern end of line R7 (Figure 12) shows
some puzzling zones of high and low values that are difficult to interpret

and may be suspect as mentioned in the comments on this line mentioned above.

In regard to the interpretation of line R4 (Figure 8), an extension of
this line to the southwest might reveal resistivity values low enough to be
of interest. The values of resistivity decrease in this direction, and at

the present end of the 1line (stations 60-64) are in the range of

40-50 ohm-feet.

Interpretation of VES Data

One Schlumberger vertical electrical sounding (VES) (Figure 14) was
completed on dipole-dipole line R5 at station 2800. This is a relatively
shallow sounding, as the maximum current electrode distance (a-b) obtained
was 1500 feet. An interpretation of this sounding was made by means of the
theoretical curves by Orellana and Mooney (1966). This analysis (Figqure 14)
indicates near surface layers with resistivities of about 41 ohm-feet .and
140 ohm-feet, respectively. At a depth of about 40 feet, however, é layer
with a resistivity of about 8 ohm-feet was encountered that may indicate hot

water.

Comparison of dipole-dipole 1line R5 (Figure 10) and the VES sounding

shows that the low resistivity layer of less than 10 ohm-feet is found on
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both the pseudo-section and the Schlumberger sounding. However, on the
pseudo-seétion, this layer appears at a depth of about 300 feet in comparison
with a depth of about 40 feet on the sounding. At least a part of this

appérent discrepancy might be resolved if a model could be developed for the

dipole-dipole section.

Conclusions

The limited number of dipole-dipole resistivity lines completed for this

project in the Calistoga area indicate fairly shallow conductive zones in the -

vicinity of the geyser on Tubbs Lane (lines R5, R7 and R8). This conductive
zone or zones. extends southeastward at least as far as Greenwood Avenue where
it is deeper .(Lihe R3). No lines were run west of the geyser, however.
Unfortunately, it was not possible to conduct these surveys within the City
of Calistoga where hot water is also known and is used at a number of
resorts. However, conduqtive-zones were also located on lines just north of

town (lines R6 and R9).

Limited work, locatedbabout a mile southeast of Calistoga, revealed lower
conductivity values, at least on the lines run (R4 and R4 extension). The
lowest resistivity values of 40-50 ohm-feet in this area are not favorable

for hot water. WNevertheless, warm water may be present in this area also.

-9(0-

.




In general, the resistivity pseudo-sections indicate an irregular
distribution of the conductive zones and, therefore, the hot water resource.
Some of the 1lines, notably R3, do not show any lower depth limits for the
resource. In order to determine this, a larger electrode spacing would have

to be used.

Comparison of Geophysical Traverses

on Greenwood Avenue and on Tubbs Lane

Comparison of different types of geophysical data covering the same area
is a necessary part of the interpretation process. If data for two or more
techniques tend to corroborate each other, the interpretation is much more
certain. In ﬁhis study, a good comparison of'different types of data can be

made on two lines - Greenwood Avenue and Tubbs Lane.

Plate 7 shows a comparison of electical resistivity data (Sections A
a#d B), seismic refraction (section C), and‘gravity and ground magnetic lines
(D and E, respectively) on Greenwood Avenue. Plate 8 is a similar set of
sections and profiles for Tubbs Lane, except ‘that there is no seismic
section. The electrical resistivity data on both Plates 7 and 8 include the
dipole~dipole pseudo-section (a) and a . two-dimensional resistivity
interpretation of this section (B) for a maximum dipole spacing of N=6 done
by the University of Utah Research Institute (Duncan Foley, written

communication, 1980).
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A comparison of the sections and profiles on Greenwood Avenue indicates
some possible correlations. For example, the =zone of lowest electrical
resistj.vity (10 ohm-feet) that represents possible hot water located below a
depth of 200 feet between stations 18 and 34 (Plate 7, Part B) corresponds
approximately with both a fairly steep gravity gradient (Part D) and a change
in the seismic section (Part C) (layer 3, present on the south part of the
section, terminates in this 2zone). Also, the resistivity low is bounded on
the northeast by a possible steep contact with a zone of higher resistivity
(75 ohm-feet). The contact is somewhat northeast of the center of the steep
gravity gradient and also near a low velocity =zone in the basement rocks,
and, therefore, could be interpreted as a fault. Both the magnetometer and
the gravity profiles show small negative anomalies 1located near the
intersection with Grant Street (stations 32-42), but whether or not the‘se
anomalies have the same cause and whether or not they are related to the

geothermal resource is uncertain.

The geophysical traverses on Tubbs Lane (Plate 8) are somewhat similar in
appearance to those on Greenwood Avenue. On these traverses, however, the
zones of lowest electrical resistivity (5, 10, and 20 ohm-feet) from the
model (Plate 8, part B, between stations 12 and 40) correspond approximately
to a small negative gravity anomaly (C) in the same area, but the small
negative magnetic anomaly (D) is offset somewhat to the northeast on this

line. 1In this comparison, also, the northeastern boundary of the resistivity
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low (20 ohm~feet) is near the center of the steep gravity gradient, which

could represent a possible fault.

Composite Geophysical Anomaly Map

Plate 9 is a compilation of some of the more important observations from
geophysical data in the vicinity of +the known hot water zones near
Calistoga. This plate shows anomalies in the geophysical data that might be
related to the hot water resources directly or to geologic structures that
control the location of the resource. Included on the plate are 1) partial
contours of the lowest values of apparent resistivity, 2) contacts or
discontinuities indicated by the resistivity data, 3) an alignment' of
relatively steep gravity gradients, 4) discontinuities in the seismic
refraction data, and 5) contours of maximum temperatures from wells at depths

of from 200 to 300 feet.

The resistivity Valﬁés shown on the contours of Plate 9 do not represent
one particular electrode spacing, rather the contours are smoothed to
approximate the lowest values disregarding depth. As discussed in the
section of this report on electrical resistivity methods, low resistivity
values probably represent relativly hot . wéter. Northwest of Greenwood
Avenue, the resistivity low, as marked by the 10 ohm-feet contour, correlates
approximately with the known hot water zone _(see Plates 9 and 12). The

resistivity anomaly has been left open southeast of Greenwood Avenue because
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reliable data were not obtained in this area. A resistivity low also
characterizes +the hot water zone northeast of Calistoga (15 ohm-feet
contour), but this anomaly is open on the south side because of a lack of

data in this area.

Some of the anomalies and anomaly alignments suggested by the seismic,
resistivity, and gravity data shown on Plate 9 may represent faults or other
contacts as discussed in previous sectioné of this report. However, because
the distribution of the data is inadequate in much of the area to- provide
corroborative evidence, no fault trends are indicated on the plate with the
exception of one gravity anomaly alignment. This alignment is a relatively
steep local gradient found on both the Tubbs Lane and Greenwood Avenue lines

that could represent a fault or dipping contact.

-94-

¢




CONCLUSIONS

Of the geophysical methods used in this study in the Calistoga area, the
resistivity data apparently were found to be the most useful for delineating
the geothermal reéource. A positive correla;ion was found between =zones of
high electical conductivity where available ané known areas of hot water from
temperature measurements in wells. Possible extensions of the hot water
zones, both in plan and at depth, were also found on some of the 1lines
surveyed. Two such areas, located on Greenwood Avenue and Brannan Street,

respectively, are scheduled to be evaluated by drill holes.

Magnetic data are affected chiefly by serpentinite in the Franciscan
basement rocks and possibly by andesite flows in the Sonoma Volcanics in some
. places, but Franciscan "greenstone" may also cause some of the smaller
anomalies. A low-amplitude negative anomaly could be associated with that

part of the geothermal field near the 0ld Faithful (California) geyser, but

this is uncertain.

Gravity data indicate ’a large .low-density structure or mass located
southwest of éalistoga. This structure or mass could include possible zones
favorable for geothermal phenomena. Locally, gravity data reflect the
thicknesses of the Cenozoic rocks above the basement rocks and also suggest
at least one possible fault zone. A small.gfavity low could be associated
with the geothermal field near the geyser‘and to the southeast, as is the
case with the magnetic anomaly mentioned previously, or it could represent

the thickness of valley fill in this area.
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The seismic refraction lines have mapped seismic velocity interfaces in
the valley near Calistoga. Some of the seismic layers detected can be
identified (for example alluvium above the water table and Franciscan
basement rocks), but others will only be identified if the units can be

recognized in future drill holes in the area. Judging from the seismic

results, the basement rocks become deeper toward the southwest in the
valley. There is also evidence for faults on some of the seismic sections.
In some examples, these fault zones and those suggested by resistivity data,

might be related to the apparent boundaries of the geothermal field.

The basic geophysical data used in this report are available on request
from the California Division of Mines and Geology, 2815 "O" Street,

Sacramento, California 95816.
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SHALLOW HOLE TEMPERATURE SURVEY

During the courserof geothermal studies at Calistoga, it was decided that
combined testing of the microacoustic and shallow témperature probe
techniqties should be carried out. Both techniques require that a probe hole,
approximately six feet deep, be provided for each test site. Holes drilled
'were used alternately for ‘temperature and then for acoustic probes. So far,

the microacoustic method has not yielded conclusive results.

‘There are several accounts in the literature of the successful use of
shallow temperature probes to better define the location of geothermal
resource at depth (Chaturvedi, 1977; LeSchack and others, 1978). In theory
and in favorable situations in practice, it is possible to take very precise
temperature readings in a group of shallow (6 feet or 2 meter) holes, drilled
on a grid pattern, to develop a shallow temperature variation pattern that
will correspond very favorably with the temperature pattern at depth.
Magnitude of the variations is greatly subdued near the surface and, for that
reason, a precision temparature reading device, which permits the user to
detect small incremental differences, is required. A map, developed by
drawing contours on the. shallow temperature measurement points, will often
reflect areas of highest heat in the deeper subsurface and can be helpful in
selecting a drill site to tap 'a: potential geothermal resource. The big
advantage in using this technique, as compared to many others, lies in its
relatively low cost. In most cases, ﬁéeiis made of accurately calibrated

thermistors that are placed in the earth, in drill holes, and allowed to
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stabilize for a period of time, sometimes over night, before the readings are
taken. Corrections are applied for such variables as large differences in
elevation, local topographic variation, diurnal wvariations, albedo,

differences in soil moisture, roughness, etc. (see LeShack and others, 1978).

The northern part of Calistoga has provided a unique testing situation

for the method because of the occurrence of vwvery shallow groundwater
(4-9 feet) under slight artesian pressure. Test holes augered to the water
table first transmit a hissing sound, indicating gas escaping from the top of

the water surface; this is followed by a quiet flow of water into the hole.

The heat probe used in these tests consists of a carefully calibrated
thermistor that was fixed to protrude approximately 1 inch (2.5 cm) from the
bottom of a 6.5 foot length of 1/2 inch PVC pipe. The thermistor and the end
of the pipe were covered with a thin rubber membrane (baloon) that provided a
water—-tight cover, but still provided maximum surface and heat contact with
the surrounding medium bx "collapsing” around the thermistor when the probe
is immersed in water or loose soil. Thermistor leads were fed through the
pipe to the surface where they could be attached to the read-out instrument,
a Simpson 460D, series 3, meter. Readings were taken with the thermistor
immersed in water or in loose soil at the bottom of the hole. The top of the
probe pipe was plugged with clay. Fbrbreadings in dry holes, backfill made
up of material removed from the hole during excavation and protected from
heat or drying, was placed back in the hole around the outside of the probe

near the sensor to provide good heat coupling. Time was then allowed for
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temperature stabilization. For this study, corrections for elevation,
topography, albedo, etc. were not considered necessary because all sites were

on flat ground with nearly identical characteristics.

Temperature probe stabilization was tested in the Calistoga area both
above and below the water table. Results show that stabilization is nearly
completé, in a two meter hole above the water table, in approximately 35
minutes. Stabilization below the water tablg ‘is much more rapid and is
complete in only a few minutes. For purposes of the testing performed at
Calistoga, readings were taken at several time intervals 1leading up to
stabilization at 35 minutes which was considered a standard reading point.
Final readings were taken for each station at ‘double the required
stabilization time, or about 70 minutes. No evidence of groundwater movement
of the near surface waters was noted with the possible exception of the
easternmost station (6.60). In that one instance, a small fluctuation of
temperature readings was noted toward the end of the testing period, after

about two hours.

In general, the results .obtained using the shallow temperature probe
method agree extremely well with those obtained using the well=-established
resistivity technique. Figure l§ shows the preliminary contour map developed
as a result of shallow tempera£uré work.performéd by CDMG in the Bennett Lane
area of Calistoga. The cross_seétion is a reduced version of the resistivity
prbfile (descfibed elsewhere in this ireport) developed by CDMG using new data

from readings taken along Bennett Lane. The zone of highest heat, as
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indicated in both the temperature map and the resistivity section, lies
between the Bennett Lane midpoint curve and Tubbs Lane. A second area with
high heat lies west of the curve. Notice that the higher heat zones outlined
on ;he temperature probe map (indicated by lower probe resistance) coincide
very well with the low resistivity areas depicted on the resistivity
profile. Because the effects of heat are known to cause a lowering of

resistivity of the rocks in a thermal area, these two methods provide

corroborative results.

The study here described has been a test study to Jetermine the
usefulness of the shallow temperature probe method. Although the area
studied has turned out to be a special case because of shallow ground water,
testing done, both above and below the water table in the area, has shown
that results in the two situations are comparable. The effect of a stable
body of groundwater in the near subsurface is believed to have a masking
effect on the amount of variation in temperature that would be measurable
near the surface due to deep subsurface temperature variations.
Nevertheless, small lateral variations in temperature are measurable and are
believed to be significant in. reflecting deep seated temperature variation.
The method is therefore planned for extensive use in CDMG's further studies

of low and moderate temperature geothermal resource areas..
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HYDROLOGY AND GROUNDWATER QUALITY AND ITS RELATION TO

GEOLOGIC STRUCTURE AND FORMATIONS AND TO RESOURCE ASSESSMENT

Locations and Extent of Study Area

Two hundred and six water wells were sampled by CDMG in the upper part of
Napa Valley surrounding the town of Calistoga. That part of the basin of
interest to this study included an area bounded by Bennett Lane and its
intérsection.‘with Highway 128 on the northwest té Larkmead Avenue on tﬁe

»

southeast.
Purpose and Scope

The purpose of this study is to assess the occurrence and quality of
ground water in the upper Napa Valley basin._and relate the occurrence of
waters of ‘particular 4quality and temperature to geologic formations and
structure in the area. Both literature sources (Barnes, 1970; White, Barnes,
and O'Neil, 1973; White, 1957a and 1957b) and water=-quality data (Faye, 1973;
Bader and Svitek, 1973) from the Napa Valley Area indicatev that
sodium~chloride and sodium-~bicarbonate Qaters are associated with faulting.
The associ;tion of faulting with ground waters of particular quality provides
a mechanism for extrapolating faults into areas where the underlying geology

is not readily  apparent but where sufficient water—-quality data are

available. Similar hypothetical extensions can be made with respect to
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ground waters associated with particular formations whereby formational
waters with differing chemical constituents can be used in defining

structural boundaries and/or source area limits. In the Calistoga area, the

occurrence of sodium-chloride and sodium-bicarbonate waters was used to
detect faults in older rocks which underlie undisturbed alluvial deposits of
Holocene age, and the existence of the magnesium-bicarbonate water was used

to detect ultramafic rocks at depth.

Several investigators (Waring, 1915, Xunkel and Upson, 1960, and Faye,
1975) have suggested tha£ the occurrence of hydrothermal waters in the
Calistoga area has been associated with and/or controlled by faulting.
Generally, all hot water wells in the Calistoga area have a high sodium
chloride content. Barnes (1970) describes water containing high
concentrations of sodium, chloride, bicarbonate, and boron ions that issues
from springs along known or inferred fault zones in the western Coast Ranges
of North America. In northern Napa Valley, a chemical analysis of water from
Napa Soda . Springs indicates the occurrence of sodium chloride water. The
springs issue from orifices along the inferred strike of the Soda Creek
fault. - Sterns, Sterns, and Waring (;937) also implied an association between

faults and the occurrence of hot springs in the Calistoga area.

, As has been noted, flowing wells in the Calistoga area are with few
exceptions, hydrothermal and yield sodium chloride water. Considering the
relation of silicé solubility to water temperature ({Fournier and Rowe, 1966),

it is possible that hot sodium chloride water, rising from depth, along
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faults mixes with downward-percolating cooler water causing the precipitation
of silica and the subsequent cementation of material at the mixing

interface. White, Muffler, and Truesdell (1971) indicate that such
"gself-sealing”" phenomena are common in Vhot-water dominated hydrothermal
systems with temperatures in excess of 150°C (302°F). Such activity, taking
place over an area of several square miles, could produce a zone of

relatively impermeabie material that would confine sodium chloride water

under a potentiometric head.

The scope of this study includes the tabulation (Appendix A) and
preliminary geologic and ground-water quality data for the Calistoga area. A
second separately funded study, currently in progress, will utilize water
chemistry data in a concerted gffort to help delineate subsurface geologic
formations and structures. A preliminary map (Figure 16) and commentary on
some of the findings from that study are presented here. A separate final

report on the results of that study will be presented to DOE upon completion.

Previous Work

Waring (1915) cataloged the various hot springs and "health resorts"
located in fhe study area in the early 1900's. More - comprehensive
wdter-resources studies were completed by Bryan (1932), Kunkel and Upson
(1960), Bader and Svitek (1973), and Berkstresser . (1968). Regional

investigations of ground-water quality, containing data and conclusions
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pertinent to the Napa Valley area, include Barmes (1970), Barnes and O'Neil
(1970), Roberson and Whitehall (1961), White (1957a and 1957b), White, Hem
and Waring (1963), White, Muffler and Truesdell (1971), White, Barnes and

O'Neil (1973), and Garrison (1972).

Faye (1973) developed a digital computer model of ground-water £flow
through the alluvium in northern Napa Valley and investigated the quality of
ground water relative to irrigaton and domestic supplies. Faye (1975,
unpublished thesis) also attempted to correlate ground water quality to
geologic formations and structure in the Napa Valley. Lack of an adequate
water-well data basé prevented the validation of Faye's study (Faye, 1980
pers. Communication) and this current geochemical study is an extension of

Faye's work.

Ultramafic Rocks, Franciscan Formation, and

Sedimentary Rocks of Cretaceous Age

The ultramafic rocks,v Franciscan = Formation, and the sedimentary
Cretaceous rocks are saturated below thg.water table, but yield very 1little
water to wells. This rest;icted ébility to yield water to wells results from
a very low average hydraulic conductivity which, for these rocks, is probably
in the order of 10~4 fpd (feet per.day)Aor’less‘(Faye, 1973). Ground water
flow patterns in these units generally conform to the topographic slopes

except where interrupted by faults or other barriers that impede ground-water
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movement. The few well records available indicate that confined conditions C

occur locally within this group of rocks (Faye, 1973).

Sonoma Volcanics

The tuff breccia, scoriaceous material, and sedimentary deposits that
compose a relatively small part of the Sonoma Volcanics generally are more
permeable than the older ultramafic, Franciscan, and sedimentary Cretaceous
Rocks and yield, on the average, greater quantiﬁies of water to wells. The
hydraulic conductivity of the breccia, scoria, and sedimenﬁary deposits is
probably on the order of 1072 to 1077 fpd. Other units of the Sonoma
‘Volcanics, most notably the andesitic, basaltic, and rhyolitic flow rocks and
the hydrothermally altered material, yield little water to wells and probably

have a hydraulic conductivity on the order of 10-4 fpd or less (Faye, 1973).

Water in the Sonoma Volcanics commonly is confined, though few wells
penetrating this unit actually flow at land surface. Of the wells that do
flow, most are located in the Calistoga area, and the majority of these
aischarge hydrothermal water. Density differences between the hydrothermal
water and the cooler ground water are caused by high subsurface temperatures
and pressures and probably contribute to the upward movement of hydrothermal
v‘rater and to the potentiometric heads observed at flowing, hot water wells

and "geyser" wells in the Calistoga area. On the other hand, the relation of

depth to the occurrence of confined hydrothermal water in wells in the
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Calistoga area suggests that the occurrence of hydrothermal water may be
associated with a confining zone. The fact that flowing wells, discharging
hydrothermal water, occur in the project area is probably due to the combined

influence of a local confining zone and the geothermally induced density

differences of ground water (Faye, 1973).

Alluvium

The alluvium is by far the best aquifer in the project area and is
locally capable of providing water to wells at rates of more than 3,000 gpm.
The average hydraulic conductivity of the alluvium, as determined from
drillers' logs and from specific-capacity data ranges from 10 to more than
100 £fpd, depending on the percentage of sand and gravel in the alluvial
deposits. The distribution of sand and gravel is irregular and variable, but
the average values of hydraulic conductivity follow a general pattern;
hydraulic conductivity increases from north to south and from the peripheries
of the'valley toward the Napa River. Thus, along any section that crosses

the valley, the éverage hydraulic conductivity near the WNapa River is
virtually always the highest, and ranges from approximately 40 fpd near

Calistoga to more than 110 f£pd near Oak Knoll Avenue (Faye, 1973).
Except for small localized areas of semiconfinement, water in the

alluvium is unconfined and moves . under a natural hydraulic gradient that

conforms in a general way to the surface topography.
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The thickness of the alluvium increases progressively from north to
south, aﬁd from the periphery of the valley toward the Napa River. Recharge
to the alluvium occurs by infiltration of rain, percolation from streams, and
subsurface inflow from older rocks. Discharge from the alluvium occurs by

evapotranspiration, ground-water flow to the Napa River, pumping of wells,

and subsurface outflow across the southern boundary of the project area.

Relationship of Water Chemistry to Structure

As mentioned previously, several studies have suggested that there is a

relation between faulting and the occurrence of hydrothermal waters in the

Calistoga area.

Faye (1973) suggests that sodium-chloride water may.be associated with
faults. Barnes (1970) indicates that similar waters in the Western Coast
Ranges "are found issuing from known or inferred faults." White, Muffler,
and Truesdell (1971) state that hot-water systems dominated by
sodium-chloride type Qéters "are usually found in permmeable sedimentary
volcanic rocks and in competent rocks such as granite that can maintain open

channels along faults or fractures.”

Faye, (1975) presented data to support the hypothesis that

"Sodium~chloride, sodium-bicarbonate, and related type water were associated
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with faulting in the Napa Valley area and this relationship was furthexr
supported by the lack of association of ©both sodium-chloride and
sodium-bicarbonate waters with any one particular geologic formation or
unit. Faye (1975) concluded that his preliminary water chemistry data
suggests the occurrence of a major fault down the topographic axis of the

Napa Valley.

CDMG has undertaken to perform a detailed water sampling program in the
Calistoga area in the upper Napa Valley. A major reason for conducting the
program is to see if a correlation exists, as Faye and others have
hypothesized, between water quality and structure. We are interested in
learning the extent of the controls on the occurrence of hydrothermal
fluids. The detailed water analysis will not be completed uhtil the data
from the CDMG Calistoga drilling program is available. By combining the
information obtained £rom drilling and testing the series of strategically
placed drill holes with information gleaned from the sampling of 206 water
wells in the area, a series of maps will be prepared with contours drawn on
chemical constituents in  the waters. It is expected that water barriers
between different water types, such as those created 'by faults in the
subsurface, will become apparent from these maps. These maps will be
completed and presented in the final adendum to this report on the work in

the Calistoga area, expected to be completed in early 1981.
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Preliminary Interpretation of Water Well Chemistry Data

The information presented in this subsection represents some preliminary
results obtained from a separately funded ongoing study of the geochemistry
of wat;er samples taken from wells in the Calistoga area. A more complete
account of the results of the geochemical study is planned for the addendum

to this report to be submitted upon completion of CDMG's drilling program.

The 206 water wells sampled in Calistoga were plotted on an enlarged 7
1/2' base of the area. Overlays of various chemical constituents were made;
of particular interest were calcium, magnesium, sodiuﬁ, and bicarbonate.
These individual overlays were plotted in parts per million and contoured
using 10 to 25 ppm contour intervals dependant upon the range of values for

each chemical constituent.

Calcium - Values ranged from a low of 1 ppm to 234 ppm and were contoured on
a 10 ppm interval. Data show a broad linear trend parallel with the axis of
the valley with higher values associated with the WNortheast side of the
valley versus the Southwest side. Higher values are associated with known
hot water, which is to be expected, but data do tend to indicate a split

coincident with the valley axis.
Sodjum - Values ranged from 0 to 282 ppm and were contoured on a 50 ppm

interval. Data show linear highs associated with the northeastern side of

Napa Valley. Again, sodium values are related to water temperature but an
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interpretaion of a ground water barrier is warranted, coincident with the
axial trend of the valley. Sodium highs are concentrated around known hot
water wells, but the sharp falloff of sodium values toward the valley margins
could be indicative of a relatively linear source for the hot water, such as

upwelling along a fault, with little outward migration.

Magnesium - Bicarbonate - These two chemical constituents were individually

contoured, but are combined in this discussion because typically Mg-HCb are
not temperature dependant but probably are inéicative of water source. The
Mg overlay (Figure 16) shows a very sharp linear high associated with the
southwest side of the valley and a sharp abrupt break in values approximately

coincident with a geophysical anomally discovered in a SW-NE traverse along

Tubbs Lane.

Barnes & O'Neil (1969) associated magnesium-bicarbonate water in the
Coast Ranges with serpentine and ultramafic rocks. Thus, the Mg high
depicted on Figure 16 probably represents water that has its source in or in
contact with ultramafic rocks undgrlying the Sonoma Tuff. This high Mg water
could indicate: (1) ultramafic rocks localized at a shallow depth along the
north part of the southwestern side of the valley, (2) water has its source
to the northwest and has picked up Mg content by downslope movement toward
the valley. Either way, the 1localized Mg .ancmaly tends to support a
groundwater barrier, structural or lithologic, between the high Mg content
waters and the aquifers lying along the central and northeastern side of the

valley.
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Preliminary analysis of the water well geochemistry data seems to
indicate several common trends between individual constituents. In

particular, both calcium and sodium show a broad linear trend associated with
the northeastern side of the valley and coincident with known wells producing

hot water. This anomaly is to be expected, but interestingly both show a
rapid decrease in concentration toward the northeastern margin of the valley
coincident with é more general, but still significant, drop in concentration
along t'he sduthwesternv. margin of vthe valley. The rapid decrease along the
northeastern margin may help define the hot water resource boundary, as being
indicative of a relatively narrowly confined source (that is, a fault). With
a narrow linear conduit within the wvalley, one would not expect much
migrativon upslope against a groundwater surface flowing from Northeast to

Southwest toward the Napa River.

Additionally, linear trends between water type (Mg-HCO; ) and mineral
assemblages (Na-Ca) contours show a common spatial discontinuity along the
southwest side of the valley that may define the southwestern margin of a hot

water resource basin.

In addition to the preliminary maps showing the plots of contours of
chemical constituents in the waters, several preliminary overlay maps were
made showing outlines of areas containing waters predominantly of one or
another of four regimes. These include: sodium bicarbonate‘, sodium

chloride, calcium bicarbonate, and maghesium calcium bicarbonate. Results

~112-




.
!. ’
- et ol e o

o o chon o

2000 FY.

" APPROXIMATE LOCATION OF GROUNOWATER
BARRIER FROM GEOCHEMICAL DATA: -

K/
Ilmm, -

PRELIMINARY CONTOUR MAP SHOWING MAGNESIUM: CONTENT. IN. GROUNDWATER FOR THE

- CALISTOGA STUDY AREA- |
{CONTOURS IN PARTS PER MILLION OF MAGNESIUM)

16

FIGURE

By G G Tayilor

-113-




from these plots again show strong linear trends—-and linear boundaries
between water types--that parallel the axis of the valley. This further

supports the concépt that subsurface water barriers are present within the

valley and that théy most likely are fault controlled. In addition to an
anomally with a trend and location similar to the one shown in Figure 16,
these preliminary plots also show a major boundary marking the break between

waters of different chemical constituents that trends northwest-southeast

approximately along. the center of the valley.

Interestingly, the very pronounced breaks seem toroccur in the deeper
waters between the 150 and 200 feet depth levels. Plots attempted for waters
at shallower depths, 50-100 feet, do not clearly show .large, well defined
zones, but rather smaller randomly located and oriented zones. This fact
also tends to support the idea of major concentrations of waters of certain
chemical types welling up along faults in the deeper subsurface where they
are also separated by fault related barriers. The near surface waters are
aéparently diffused and may be intermixing so that no major well-defined

zones are apparent.

Also present on some of the preliminary overlay maps are relatively sharp
boundaries‘or sharp changes in contours that trend roughly normal to the axis
of the valley. These are not as continuous or as prominent as are the trends
that parallel the axis of the valley, but they are strong enough and sharp
en&ugh to be interpreted as probably associated with cross cutting'faults.

Such a trend can be seen on the sample map of Figure 16 near the center of
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the map and beginning just southeast of the sharp drop off in magnesium

content contours. The trend is northeastward from that area.

It appears from this study that the subsurface in the Calistoga valley
area is "partitioned off" by a series of water barriers that trend both
parallel to aﬁd approximately normal to the axis of the valley. These
barriers, in at least some of the instances, are approximately coincident
with breaks in geophysical lines, where these are intersected--which strongly
suggests that the barriers may represent the locations of faults not readily
recognized at the surface. This may help explain why wells in certain
locations in the main Calistoga resource area fail to produce useful amounts

of hot water, while others nearby flow artesian in large quantity.

vIt also appears that the  chemical analyses can ﬁelp provide information
from which to delineate the margins of the thermal area. The rapid drop off
of sodium and calcium that coincides well with the boundaries of the hot
water reservoir have, in this preliminary study provided such corroborative
information. Although these data. are preliminary and from an ongoing
separate study, résults so far indicate that the geochemical techniques here
described can be a powerful tool in the study of a geothe;mal area. A more
complete analysis of the results of our'studf'will be availéble for inclusion
in the adendum tp this report planned for submittal after completion of

CDMG's drilling program.
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In summary, from our preliminary results, it appears that in geothermal
areas such as Calistoga, where a strong water well data base is available, it

is profitable to perform geochemical analyses similar to those described

above to locate water barriers that can represent the locations of subsurface

faults or structures, and to delineate the boundaries of the resource area.
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GEOGHEMISTRY

Introduction

In the exploration for geothermal fields, geochemistry plays a most
important role among the branches of the geological sciences. The primary
consideration in the development of a geothermal system is the temperature,
size, and type of thermal reservoir. The chemical composition of a thermal
water providgs the only indirect means of quantitatively estimating the
temperature of the thermal reservoir and dete;mining the type of thermal
system. The concentrations of silicon, sodium, potassium, calcium, and
magnesium (for correctional purposes) in thermal waﬁers indicate the
temperature at which the water was last in equilibrium with rock in the

thermal reservoir.

Early in the investigaton of Calistoga's geothermal resource, California
Division of Mines and Geologf (CDMG) found that there were many "hot water"”
wells in an approximately 5-6 square mile. area. It was estimated that as
many as 100 hot water wells had been drilleg there. Calistoga appeared to be
a near ideal location to apély geochemical techniques to discover properties

of the geothermal resource.

CDMG decided that a door-to?door canvassing of well owners would be the

most efficient and productive way to discover and sample geothermal wells in
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the area. California Division of 0il and Gas (CDOG) also had an interest in
a water well survey at Calistoga. A cooperative joint study was initiated.
CDOG provided most of the field team for the project.

The field team began the well sampling survey at Calistoga in early March
1980. Sampling continued intermittently for the next three months. A set of

goals for the water well sampling project was established:

l. Determine the mineralogical water quality of fresh and geothermal
aquifers at Calistoga.

2. Establish the extent of the geothermal reservoir.

3. Determine temperatures of aquifers wvia Jdirect measurement and
geothermal analysis. :

4. Determine reservoir relationship to subsurface geology and hydrology.
Sufficient funds were not available in the Department of Energy (DOE)
supported Low and Moderate Temperature. Geothermal Resources of California
project, therefore, the geochemical water well survey -was proposed as a

complement to the DOE supported project

In this report, the intention is to give an account of the number \of
wells sampled, the special sampling, filtering, and preservation techniques
used, the temperature measuring methods employed at Calistoga, and the
details of th analytical techniques |used. Some of the detailed
in.terpretations of - the chemical analysis and the geothermometrical

calculations are reported here; others will be reported at a later date.
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A total of 206 water wells were sampled in the Calistoga area. One
hundred forty-two of the sampled wells had measured temperatures of less than
25°C, 40 of the wells had temperature measurements between 25° - 50°C, and 24
wells had measured temperatures over 50°C. Plate 10 shows the location of
the sampled wells. Wells and associated chemical analyses were assigned
sequential reference numbers from G-001-80 to G-206-80. The reference
numbers have no significance other than the sequence in which the wells were
sampled. Note that only the central portion of each reference number appears

on Plate 10 i.e. the numbers 001-206.

Plate 12 is a compilation of locations of 133 "hot water" wells around
Calistoga. Sources of well location information include the CDMG's water
swell survey, published and unpublished literature, and a down hole

temperature survey by Occidental Geothermal, Inc.

It is very difficult to define the term "hot" in low and moderate
temperature geothermal resource areas. For the sake of simplification, 25°C
was chosen as the temperature limit at Calistoga, above which a water well is

labeled "warm" or "hot".*

*Note: For the purpose of preparing- Geothermal Resources Map of Califormia,
CDMG has chosen 20°C as  the :starting temperature for warm water.
But, in practice, at  Calistoga, CDMG found that a 20°-22°C

temperature is easily reached by water in metal pressure tanks
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standing in the sun. Therefore, a starting "warm" temperature
threshold of 20°C would be misleading. Hence, 25°C has arbitrarily
been chosen as the cutoff point for a geothermal well for the purpose

of this investigation only.

Sampling Technique

The purpose of sampling geothermal waters is to determine all the
properties of the water in a natural state. Some of the constitﬁents in
these fluids are unstable and change with time. Unique problems are
encountered because of this instability and/or high concentrations of some
constituents. For example (a) silica may occur at concentrations up to
sevefal hundred ppm (parts per million). Therefore, silica may polymerize
during sample storage and not react with molybdate color-forming reagents
(while analyzing for silica) or precipitate with concurrent 1loss of
coprecipitating elements; (b) As*®, Fe?? and other variable valence ions may
be rapidly oxidized upon aeration at elevated’temperatures, in which case
valence species determinations would be precluded; (c) sulfides may be
oxidized rapidly by dissolved oxygen; (d) H;S gas is unstable in the presence
of moisture, oxygen, and to a lesser extent, ultraviolet light; (e) pH may
rise rapidly (up to two orders of magnitude) due to exsolution of dissolved

CO, , or decrease due to CO, uptake or H;S oxidation.

-120-

C




Because of the instability of the dissolved constituents of geothermal
"fluids, immediate filtration of the hot water is necessary without allowing
degassing of waters supersaturated with CO, .

H' + HCO, H,0 + CO;

Thus, the main changes in the geothermal samples result from loss of
carbon dioxide, oxidation of hydrogen sulfide and ammonia, oxidation and
precipitation of arsenic, iron, and manganese, loss of calcium ion as calcium
carbonate precipitates, and precipitation of silica. The danger is always
with precipitation. Once precipitates are formed, there is no way to restore

the initial composition of the sample.

Plastic bottles used for sampling are permeable to oxygen, which is
evidenced by continuous oxidation of iron from the ferrous to the ferric
state. They are also pemeable to hydrogen sulfide; which is evidenced by
the smell in the storage cabinets. Some constituents like sodium, potassium,
and chloride are stable but many more are unstable (pH, iron, manganese,
arsenic, carbonate, bicarbonate, ammonia, hydrogeq sulfide, calcium and
sulfate) and therefore one or more preservation techniques are used. Plastic

bottles are used in this study only because of convenience.
As Presser .and Barnes (1974) suggest, the information needed for a

particular study and the desired. accuracy should be established first and

then appropriate sampling techniépes.should'be selected.
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Before using the plastic bottles for sampling, they were first soaked for

a week in 10% nitric acid and then soaked for a week in deionized distilled

water.

Special plastic plexiglass filters were manufactured after the design
obtained from U.S. Geological Survey, Menlo Park. A 0.45 micrometer Gelman,
90 mm diameter membrane filter, was used to filter the saméles in conjunction
with air pressure from a bicycle pump. The filter was rinsed with distilled
deionized water immediately prior to use. The plastic bottles were rinsed

first with the filtered sample and then the filtered sample was collected.

The water sample collected at each site was sub-divided into four
separate bottles: one 125 ml filtered nonacidified for chloride and fluoride
determination; one 250 ml filtered nonacidified sample for carbonate,
bicarbonate, and total dis#olved solids (T.D.S.) determination; and one

125 ml1 filtered acidified (1 ml1 Hel in 125 ml sample) for sulfate

determination.
Field Analysis
Temperature measurements were obtained with either a ‘total immersion,

maximum reading, mercury-in—-glass thermometer or with a conventional

mercury-in-glass thermometer. In most of the cases, pipes coming out of

wells were directiy connected to pressure tanks next to the well-heads.
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Because there is no oﬁher feasible way to sample, water was taken from these
pressure tanks. Water was allowed to flow for considerable time after water
pumps were started. When we were sure of sufficient water being allowed to
flow freely, a clean one-gallon plastic sample bottle was filled after
rinsing several times with the sample water. Then the temperature of water
was measured at the mouth of the faucet while water was running out. In some
cases, a temperature-probe, manufactured by Gisco-Keck Geophysical
Instruments (#DR-789 Digital Temperature Meter), was used for determining the
down hole temperature measurements. In very few cases, where we could not
sample the water, we took the owner's word for the temperature or relied on

the published and unpublished literature.

An "Ionalyzer" specific ion. meter model 407-A, manufactured by Orion
Research, was used to measure pH of the water samples. The meter was
calibrated with pH buffers 7 and 4. Batteries of the meter were charged
every alternate day so that no fluctuations in reading could occur. A
combination pH electrode was used for pH measurement. It was cleaned with

deionized distilled water before and after its usa.

Salinity and conductivity were measured with the s-C-T
(salinity-conductivity—-temperature) metef, model 33, manufactured by Yellow
Springs Instrument Co. - Salinity. me#su:ements are. manually temperature
compensated by direct dial. Conductivity measurements are not temperature
compensated; however, a temperature fupction;is provided on the instrument to

aid with calculation of corrections. = Salinity is expressed in percent (%)
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‘and conductivity as micromhos/centimeter (umhos/cm) . Conductivity
measurements are the electrical conductance the sample would show if measured
between opposite faces of a 1 cm cube. Salinity is the number of grams of
salt per kilogram of sample. 2ero of the S-C-T meter is adjusted first and
then the meter is calibrated before taking the reading by turning the Mode
control to Redline and adjusting the Redline control so that the meter needle
lines up with the red line on the meter dial. Readings are taken after
plugging the probe into the probe jack on the side of the instrument and

putting the probe in the sample to be measured.

Chloride concentration was determined semiquantitatively in the field

with the help of "Quantab" chloride titrator tabs.
Laboratory Analysis

The results of field and laboratory analyses are presented in
Appendix=-A. All of the cation analyses were done by Inductively Coupled
Plasma Spectrometer at the Earth Science Laboratory of the University of Utah
Research Institute (UURI) at Salt Lake City. UURI also analyzed two anions -

chloride (Cl™) and fluoride (F7).

Chloride was determined by the Mohr titration method. In a neutral or
slightly alkaline solution, potassium chromate indicates the end point of the
silver nitrate titration of chloride (also known as Argentometric analysis).

Silver chloride is quantitatively precipitated before red silver chromate is
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formed. Chloride was also determined in the field. The comparison of the
results obtained by both methods is in progress and will be given in the

second and final part of the report.

Fluoride was determined by a specific ion meter manufactured by Orion
Research, using the fluoride combination electrode by the method of addition

using Total Ionic Strength Adjustor Base (TISAB).

Carbonate, bicarbonate, sulfate and total dissolved solids (TDS) were
determined at the Geochemical Laboratory of the Division of Mines and Geology

at San Francisco.

Carbonate and bicarbonate were determined by titration of an acid titrant
using phenolphthalein as an indicator for carbonate and methyl orange for

bicarbonate.

Sulfate is dissolved in water from most sedimentary rocks. Most chemists
prefer to analyze sulfate in the field. Experience has shown that if the
sample 1is preserved with hydrochloric acid and brought to the laboratory
within a week's time and analyzed, accurate analysis for sulfate can be
achieved. Five ml of acidified sample was pipeted in a test tube, in which
0-1 gm of barium chloride reagent was added. The test tube was shaken side
to side until solution was complete. . The reaction was allowed to proceed for
5 to 10 minutes (never more than 10 minutes) until barium chloride was in

solution. If the sulfate ion is present, white precipitates form. The
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precipitates in suspension were transferred into a silica or quartz cell and
absorbance was determined at 420 mu wavelength in a spectrophotometer. A
standard working curve was prepared by treating various sulfate standards
with barium chloride and reading the absorbance of the white suspended
precipitates and plotting concentration against absorbance. Using this
working curve, the sample absorbance readings were converted to ppm (parts

per million) values.

Theoretically, dissolved solids are anhydrous residuals of the dissolved
substances in water. But in practice, the term "dissolved solids" is not an
accurate measure of the weight of substances in solution. The total disolved
solids were determined by calculations. Results obtained via calculation
methods pose a problem, when compared with results obtained by the
"residue-on-evaporation" method. In the "residue—on;evaporation" method, the
bicarbonate is converted to carbonate in the evaporation and drying process
and thus the amount of TDSvdetermined by the "residue-on-evaporation" method
is always less than those determined by "calculation" method. To check the
accuracy of our calculation method, sixty samples were also analyzed by the
"residue-on-evaporation” method. Results of TDS by both methods do not
compare well unless recalcuiation for bicarbonate reconversion to carbonate

is taken into consideration.

On the basis of the amount of bicarbonate present in the sample,

corrections were made and the corrected values are given in Appendix A.
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(Specific Conductance) X (0,65+0.1) = TDS

From the above formula, constants were calculated for all water samples,
but the result was different in all cases and was never a constant,
0.65+0.1. The total dissolved solids values were checked by two different
methods and are correct. Therefore, it is concluded that the meter with

which the specific conductance and salinity were determined, was not accurate.

The conclusions to be derived from the geochemistry are those given in
the section on Interpretation and Integration, in Table 4 concerning
geothermometric temperatures, and those given in the section on Hydrology and
Groundwater concerning preliminary results in the use of geochemical overlay
maps to determine the location of groundwater barriers and fault structure
and to help delimit the boundaries of the hot water reservoir. The reader is
referred to those sections for a complete discussion of the respective

conclusions.
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CALISTOGA 15 MINUTE QUADRANGLE SEISMICITY

It is widely recognized that seismic activity is often high in and around
the major geothermal areas of the world and that, in some geothermal areas,

there is a direct correlation between seismic activity and £1luid withdrawal.
The monitoring of seismic noise associated ‘with geothermal areas has also

been used as a tool for geothermal resource exploration.

To evaluate the regional pattern of seismic activity around Calistoga and
to ascertain if the seismic activity bore any relationship to the
moderate-temperature geothermal resource, all seismic events since 1800 were
computer plotted for the Calistoga 15 minute quadrangle. Seismic data used
for computer plotting were obtained from the California Division of Mines and

Geology (CDMG) Earthquake Catalog System.

Sixty=-eight events have been recorded for the Calistoga 15 minute
quadrangle. Fifty events were computer plotted. The system does not allow
"overprints". Therefore, only one of several events (the largest) occurring

at the same coordinates, but at different times, is plotted.

Table 2 is a reproduction of the computer listing of all the earthquakes
pertinent to the study. The table provides earthquake data on location,
time, depth, magnitude, etc. A magnitude (MAG) of 9.99 means that no data

were available to determine the actual magnitude of the event.
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4400350 38,522 122.579 5/1171971 13 24 20.6 5,0 c 9 1.32 009 0
4400431 38,525 122,727 1171571972 20 32 39.0 8.4 8 9 1.34 9 0
4400166 T 38,530 7777 122,520 T 47.5/1956 4 29 32.0 T0.0°777C T LY 4,204 001 TO0A 006
4500159 38,530 122,520 4/ 571956 4 33 52,0 0.0 c 1 2.70 1 0
4500170 38,530 122,520 4/ 5/1956 6 17 49.0 0.0 C 1 2.50 1 0
T 4400147 AB,K30 7T 122452077 4/ 5219567 4 32 29,0777 0.0 TTC T T T 2.80 D L« R )
4400168 38,530 122.520 4/ 5/1956 4 33 28.0 0.0 c 1 2.30 1 0
_ 4400165 _ 38.530 122,520 4/ 5/1956 4 29 13.0 0.0 B 1 4.40 001 6C 006
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TABLE 2 .(CONT.INUED)

CALIFORNIA DIVISION OF MINES AND GEOLOGY ___ . .. . _ PROGRAM RETRIEVE . . . . . ... .___.... DATE: 06/26/19
T T EARTHQUAKE CATALOG SYSTEM : VER. CON109H-123 REQUEST: 1-A
: PAGE: 5

DATA RETRIEVAL REQUEST FOR: EARTHQUAKES CALISTOGA QUAD

10 NO. LATITUDE LONGITUDE DATE TIME DEPTH  QUAL  REF MAG REF  INT  REF
"% 4400118 .. 38,530 122.620 1/ 971952 22 4 48.0 0.0 c 1 2.50 1 o T
s 4400315 38,530 122.470 10/16/1969 18 15 19,1 0.0 1 2.80 ] 0
. 4%00373 38,530 122,747 _  10/19/19T1 19 17 3%,9 5.0 c 9 1.13 9 0
* 64006422 38,530 122,747 777787 /1972 11 40 50,277 5.2 70T €T 9 2,820 T 9T T T T T T
* 4400470 38,533 122,744 571471973 21 10 42.3 5.0 c 9 1.35 9 0
e 4400329 . 38,534 122,746 1071371970 8 19 3.8 3.7 ¢ 9 1.48 009 0
* 4400493 38.544 T 122,656 8/29/1973 7 7 39 71,0 8.3 8 9 1.49° 009 T T 0
* 4500160 T 38,550 . 122,550 2/14/71956 17 26 28,0 0.0 c 1 2.30 1 0
. 4400343 38,552 122.609 2/21/1971 1117 47,9 5.0 0 9 1.93 009 0
44002777 38,570 S 122,730 272871962 13 40 32,6 7 11,0 B 1 3.10 001 4C o006 7
* 4400434 - 38,574 122,730 1172171972 12 23 2,9 2,0 - € 9 1.73 009 0
. e400011 38,580 122,580  9/23/1932 11 45 0.0 0.0 ) 1 9.99 1 0A 006
. 4400009 38,560 122,580 '9/22/1932 20 50 0.0 7777 0.0 ) 1 9.99 1 CA CCo
& 4500010 38,580 122,580 9/23/1932 7 43 0,0 0.0 ] 1 9.99 1 4C 006
. .. %400071 38,580 122,670 8/14/1949 8 19 58,0 0,0 () 1 2.50 1 0
* 7 4400070 38,580 122,670 77T 8/ 97194977770 39°27.0777 T 0,077 B T L 3,60 ! 77T o i
L% 4400290 38,580 122,720 92371964 . 16.30.12,.9 0.0 1 3.00 1 0
*  340049C 58,583 122.677 8/25/1973 4 §7 35,5 2.0 B 9 1,917 009 0
* 4400381 39,5498 122.609 1271671971 1 11 47,5 5.0 ) 9 1.79 009 0
& 4400293 _ 38,600 122,700 _ 10/18/1965 23 19 0,0 0.0 _ 1 3.00 1 0
° 4400557 38.410 122,650 3/21/19174 21 16 5.3 0.0 1 3.30 1 6C 006
4400228 38,650 122.730 6/22/1958 521 2.0 0.0 c 1 3.20 1 4C 006
% 4400178 38,650 _ 122,730 7/18/1956 23 3 7.0 0.0 A 1 3,50 1 ___5C 006
* 4400471 38,651 122.703 £/16/1973 15 42 12.4 3,2 0 9 1.95 009 0
. 4400458 38,660 122.691 472571973 13 24 15,8 0.0 c 9 1.63 009 0
* #0351 38,669 122.724 5/19/1971 11 52 59,0 1,3 D 9 1.30 009 0
TTTe T 44001527 38.670 122,550 T '5/15/1955 21 15 55,0 T0.0 78T Y 2.80 1 "o
4400116 38,700 . 122,700 2/ 971952 18 48 12,0 0.0 0 1 2.40 1 0
__ % 4400250 _3R,700 __122.700 _'6s28/1959 758 1,0 0.0 D 1 3.40 _001___4C__ 006 _ )
L 44004827 738,714 122,739 7/15/1973 3 44 22.8 0.1 0 9 2.32 009 0
* 4400410 38.717 122.734 © 6/1771972 15 52 30.3 4.4 D 9 3.C1 009 0
4400495 38,730 735 49,4 3.5 0 9 2.17 009 0

l

122,747 9/ 271973
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The CDMG Earthquake Catalog has been compiled from a great many sources

of information. Data for the earthquakes recorded in Table 2 have been

compiled from three of those sources.

Number Reference
1 University of California, Berkeley (1976). Magnetic tape

catalog of earthquakes in northern California, 1910-1974.

6 U.S. Department of Commerce, Coast and Geodetic Survey, United
States Earthquakes, Annual publications, Washington, D.C.

9 . U.8. Geological Survey (1976). Magnetic tape catalog of
earthquakes in west-central California, 1969-1973.

Prior to about 1969} earthquake events in northern California were
recorded primarily by the U.C. Berkeley seismograph network. Then the U.S.
Geological Survey sited several instruments in northern California counties.
The higher seismograph station density provides better quality data. Hence,
epicenter Iocations recorded post 1969 by the U.S. Geological Survey are of

higher quality than events reported earlier.

The quality (QUAL)' ratings listéd in the table are somewhat arbitrary and
are not directly comparable from one source to another. The following key
provides the criteria 'the institutions above use to assign quality
judgements. Also, the codes accompanying the magnitude and intensity (INT)

values are explained.
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Key to Record Parameter Codes

I. Quality of Hypocenter (QUAL)
A. Source: U.C. Berkeley (REF 001)

Epicenter quality is subjective, ranging in quality from high to low

as follows:
A - Excellent
B - Good
C - Fair
D - Poor

B. Source: U.S. Geological Survey (REF 009)

Epicenter Focal Depth
A - Excellent 1 km 2 km
B - Good 2.5 5
C - Fair 5 5
D - Poor 5 5

II. Type of Magnitude (MAG)
A - Local Richter
- Surface wave
- Body wave
- Local estimated from intensity
- Local estimated from duration

H00w

ITI. Type if Intensity (INT)
A - No intensity given but felt
B - Rossi-Forel
C - Modified Mercalli

The epicenter locations were manually plotted over the Calistoga

15 minute topographic quadrangle (Plate 1l). The data and map are presented

with no discussion of analysis at this time.
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INTERPRETATION-INTEGRATION AND RESOURCE ASSESSMENT
Interpretation-Integration

This report, as has been mentioned at appropriate points in the preceding
. sactions, was written prior to >completion of the California Division of Mines
and Geology drilling investigations in the Calistoga area. Of great
importance is the data that CDMG expects to obtain from the drilling of up to
six geothermal test wells in the upper Napa Valley area at strategic points
in and around the City of Calistoga. Drilling of these wells is expected to
begin in the Fall of 1980 and should be completed within a three month
period. Upon completic?n of the drilling, the new data obtained, including
water test data, pump data, temperature data, and well log information, will
be integrated with the data already obtained in the Calistoga studies, and
the results will be submitted in the form of‘ a final addendum to this

report. The addendum is expected to be available in early 1981.

Among the important results obtained from the studies so far are the
- conclusions reached about the relative success of the various instrumental
techniques. The resistivity method, as shown in this study and in previous
studies, is a most useful tool for delineating the geothermal resource. A
positive correlation was found between 2zones of high electrical conductivity
and known areas of hot water. In addition, a test using a shallow hole‘

temperature survey over an area where resistivity lines were also run, has

shown an excellent correlation of results from the two methods. This is
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particularly interesting because of the very shallow ground water encountered
i
in the area of the tests-—-a factor that can be detrimental, under adverse

circumstances, to the use of the shallow hole temperature method.

Also of particular importance was the finding that the gravity data
indicate the presence of a large low-density structure or mass centered
southwest of Calistoga. The discovery of this feature was a direct result of
the geophysical exploration done for +this project, and so far no other
substantiating information has been developed. This structure or mass could
include possible zones favorable for geothermal resources, or it could be a
source of heat for the geothermal phenomena. If either of these hypotheses
is correct, the most £favorable 2zone for possible additional geothermal
resource development is located within the negative gravity anomaly generally
between the Mark West Springs road, on the northwest, and the Diamond
Mountain road, on the southeast. Temperature and temperature gradient
measurements in drill holes in this general area could be used to help

evaluate these hypotheses.

Both gravity and magnetic data indicate A low or negative anomaly in the
vicinity of the 014 Faithful (California) Geyser. At present, it 1is
uncertain whether these ‘anomalies: are-related to the geothermal field or are
merely representative of the thicknéss.éf,valley £ill in the area. Drilling

that is planned for the area should provide some answers for this problem.
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Seismic refraction lines run by CDMG in the valley near Calistoga have
indicated a velocity interface. between seismic layers and also a general
deepening of the basement rocks in the valley toward the southwest. Gravity
and resistivity have also shown a general thickening of the sediments to the
south. These facts, coupled with the linear and abrupt topographic change,
tend to support the concept of a fault along the southwestern margin of»the
valley (shown dashed on the geologic map Plate 1). However, additional proof

may depend on the outcome of the drilling program.

Faults are, in some cases, indicated in the geophysical sections but not

on the maps of the valley area. Preliminary results have shown (see section

on Hydrology and Groundwater Quality Related to Geologic Structures) that by
drawing contours, on map overlays, based on water chemistry, it is possible
to approximately delineate some of the faults indicated in the geophysical
sections. In addition, it is expected that by drilling, logging, and testing
water chemistry for certain selected drill holes it may be possible to
further delineate some of these faults on maps; The outcome is partially
dependent on the hypothesisvpresented by Faye (1973) that chemistry of the
highly mineralized waters, given enough data points (wells), can be used to
delineate the structural controls (faults) on the waters of the area.
Additional information on the testing of this promising hypothesis will be

presented in the final report addendum.

One of the problems brought on by the relatively high mineralization of

the thermal waters in the Calistoga area is that of scaling and corrosion of
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pipes and other handling equipment. Another is that the deleterious
substances in the thermal waters can cause a severe impact on agriculture if
allowed to get into irrigation water in the area. As was mentioned above, in
another section of this report, a plan has been suggested to use geothermal
heat to remove deleterious salts from poor quality water and thus make it
satisfactory for Jomestic use. The local electérate, however, has wvoted to
import fresh water.to make up local shortages of good quality water. This
means that geothermal heat could be used in a heat exchange system for
hydroponics or other agricultural processing. Space heating has long been a
use for geothermal energy at Calistoga and light industrial processing is

also a potential use. The area has great potential for such utilization.

In general,_ the indications developed so far in this study of the
geothermal resource at Calistoga point toward a significantly larger resource
than was previously believed. Heat or hot water may extend to the southwest
beneath the upland area. Additional testing not covered by current year
funding, would Dbe required to prove the quantity and quality of the

geothermal resource in that area.
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Resource Assessment

Introduction

A geothermal resource assessment, by necessity, must be updated, refined,
and reevaluated as more data on a particular resource area become available.
Hence, some of the material presented below, about the low to moderate
temperature geothermal resource at Calistoga, California, may be modified in
the future. The pending CDMG exploratory drilling program at Calistoga, the
pending CDMG interpretation of water well geochemical data £from Calistoga,
and private geothermal resource utilization in Calistoga will all add greatly

to the refinement of the assessment of the geothermal resource.

Reservoir Model

The geothermal resource at Calistoga is a hydrothermal convection system
or, probably more correctly, a combination of two or more hydrothermal
convection systems. Such systems require a heat source, a fluid, and
sufficient vertical permeability for hot, low~density fluids to rise and, in
most systems, Dbe recharged by descending cooler £fluids. Convective
circulation of hot fluids is the mechanism that transports energy from depth

to reservoirs near the earth's surface.
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Hydrothermal convection systems are most likely to develop in areas where
there is a residual heat supply related to relatively young volcanism. Fault
zones are most generally the conduits for moving fluids in convection
systems. Many known hydrothermal convection systems appear to be located at

and controlled by intersecting geologic structures.

Waring (1915, p. 109) early suggested that faulting was responéible for
the hot water seepage at the original hot springs at Calistoga. Faye (1975)
inferred from his study the existence of a fault aligned with the topographic
axis of the wupper Napa Valley at Calistoga. Others have speculated, at
various times, on the existence and location of faulting in the subsurface. of
the upper Napa Valley. The geophysical studies conducted by CDMG at
Calistoga and reported herein indicate locations of possible faulting.
Preliminary maps, from the forthcoming CDMG water well geochemical analyses

of Calistoga, indicate locations of possible faulting around Calistoga.

Figure 17 depicts a model of an ascending portion of a hydrothermal
convection system and two inferred fault locations near Tubbs Lane in
Calistoga. The hypothetical model is based primarily on five temperature

logs along section A-A' of Plate B-1l in Appendix B.

Temperature logs from welis numbered 6 and 9 show an abrupt decrease in
temperature with depth (or change in sign of slope of temperature curve from
positive to negative) at approximately 164 feet and 190 feet resepctively.

Whereas temperature logé from wells nuﬁbered'7 and 8 (aligned between wells
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Figure 17. Diagrammatic cross-section of a portion of the geothermal
reservoir at Calistoga, California based primarily on
temperature logs along section A-A' of Plate B-1,
Appendix B. By L.G. Youngs, 1980, CDMG.
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numbered 6 and 9) show a continuous positive slope or increase in temperature

with depth throughout their respective temperature curves.

The hypothetical cross-section in Figure 17 offers one possible
explanation. that satisfies these temperature log criteria. Wells numbered 6
and 9 have completely penetrated through the hot water table and into a
cooler environment. Whereas wells 7 and 8 may be within a permeable fracture
zone .associated with faulting where deep seated hot water rises to near

surface.

Well no. 10 (Figure 17) shows no change in the sign of the slope of the
temperature curve; - also, this well does not have nearly as "hot" a
temperature as the other 4 wells mentioned above. Hence, this well probably

does not intersect the main body of the "hot water" table.

The Tertiary Sonoma Volcanics draping the hills about Calistoga are
evidence of relatively recent volcanic activity in the Upper Napa Valley.
The heat source or»"driviﬂg" mechanism for hydrothermal convection systems at
Calistoga is probably the remnant'heét from the magma chamber or chambers

that were the source of the Tertiary volcanic rocks.

The remaining requirement for_a‘hydrothermal convection system, a fluid,
is probably primarily provided by meteoric waters ascending fault or fracture
zones in the vicinity of Calistoga. Faults act like conduits bringing the

meteoric water near the heat source and providing a passage way for the
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hotter, 1less Jdense geothermal fluids to rise toward the surface. Thus,
Figure 17 shows geothermal fluids rising through fractured bedrock and

migrating outward through the much more permeable and porous alluvial stratum.
Preliminary maps (not included in this report) from a forthcoming report
on water well data from Calistoga, show at least three markedly different

chemical types of geothermal fluids distributed around Calistoga. This may

indicate the presence of several subsurface hydrothermal convection systems.

Reservoir Volume

Thickness of Reservoir Rocks: A geothermal reservoir 1is a complex,

heterogeneous volume of rock and water, but most of the thermal energy is
contained in the rock. Most volumetric estimates consider the reservoir as a
volume of rock and water regardless of permeability and porosity. That is,
no attempt 1is made to distinguish those parts of a reservoir that are
permeable and porous from those that are not. This often leads to choosing a

somewhat arbitrary thickness or depth of a geothermal reservoir.

The intention in this report is simply to provide an approximate estimate
of the volume of alluvium that probably contains geothermal waters at
Calistoga. This wvalue does not include "hot" water available in basement

rock fracture zones or fault zones. To this end, then, an average depth of
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valley alluvium of 400 feet is inferred from well data and geophysical

surveys at Calistoga.

The average depth (derived from 13 temperature logs in Appendix B) of the
top of the "hot" water aquifer is approximately 120 feet. This is the
average depth at which those particular temperature curves exhibited a
‘markedly high increase in temperature versus depth. Subtracting this figure
from the figure for the average depth of valley alluvium yields an average

thickness of 280 feet of possible "hot" water bearing alluvial aquifer.

Areal extent of geothermal Reservoir: Plate 12 is a compilation of 133 "hot"

water wells located near Calistoga. It is assumed that all of these wells
have temperatures greater than or equal to 25°C. An approximate boundary
line has been constructed enclosing the wells and has been modified to fit
geophysical and other evidence as appropriate. This boundary serves as an
estimate of the lateral extent of the geothermal aquifer pending revisions
based on future drill holes. The enclosed area is approximately 5.79 square

miles.

Therefore, there is an approximate volume of sediments 280 feet deep by

5.79 square miles in area (3.07 X 10~ mi?

) that probably contains
intersticial waters with a temperature greater than 25°C. Results from flow

testing during the fdrthcomingf CDMG_ drilling: program at Calistoga should

further refine the potential ‘volume of ‘geothermal fluids available at
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Calistoga, and also help determine whether or not £fluids contained in C

basement rock fracture zones can :provide a significant part of the resource.

Reservoir Temperature

Direct Temperature Measurement: Appendix B of this report contains 26

down-hole temperature logs from the Calistoga area. Occidental Geothermal,
Inc. provided 20 of the logs, and 6 were measured during the CDMG, 1980,
water well survey at Calistoga. The logs from Occidental Geothermal, Inc.

have been redrafted and assigned new location numbers to economize space.and

to make it easier to locate the wells on the location map (Plate B-1,
Appendix B). Occidental's well numbers also appear on the 1logs when

appropriate.

The greatest directly recorded temperature on the logs is 275.1°F/135°¢C

at a depth of 192 feet (CDMG well no. 3).

Data from the temperature 1logs have been recorded in Table 3.
Temperatures were picked from each thermal curve at the 50\ foot, 100 foot,
and 200 foot depth. Temperature extrapolations were made if the ‘well's depth
was near, but less than, these selected depths. All 26 wells were ranked
from "hottest to coldest", fii‘st, by their 50 foot temperatures, secondly, by
their 100 foot temperatures, and, thirdly, by their 200 foot temperatures.

Then the three rank numbers for each well were averaged. Table 3 lists the

=142~




-€p1-

i
i

Approxiﬁate order from "hottest to coldest" of selected wells in Calistoga, California based on temperature log data.

TABLE 3
: ‘ CDMG 1 Temperature Temperature|’ Temperature Temperature and
. Temperature | ‘at at at depth of deepest
Approximate Log S0 Foot 100 Foot 200 Foot probe penetration
. Rank Number Depth (°F) | Depth (°F} | - pepth £°F) (°F/Feet) . . Remarks
1 3 254.5° 265° Extrapolated ~277° | 275.1°/182
2 18 213° 250° Extrapolated ~252° | 251.9°/190'
3 7 232.7° 241° 245° 255.5°/787
4 6 a7.2° | 227t Extrapolated ~237° | 240.3°/193' *
5 2 195°.  [Pxtrépolated NA 223.3°/92¢
6 17 199° 213° 236.2° 273.7°/1890"
7 8 167° " 190°F 204.7°F 243.6°/836"
: g [Bbmpolwed || ggeee Ot get dom wo hotton, But vell on P
9 154° 159° 178.4° - 178°/214"
10 150.8° 157.7°  |Extrapolated ~180° | 178°/198"
11 16 139° 152° Extrapolated ~208° | 203.5°/192.5"
12 13 98.2° ~150° NA 161.8°/137¢
13 15 120.2° [ 135° NA 142.5°/137"
14 a Extropolatedl NA 106.5°/46"
15 26 91.3° 109.5° 154.3° 157.1°/207"
16 14 96° 111° 152.5° 152.5°/216"
17 11 122.8° 124.8° 130° 132.4°/237
18 22 67,7° 92°~ 114° 137.5°/340"
19 19 76.5° | 88,5 |Bxtrapolated ~108° 107.4/196' NOTB: Wells are approximately ranked by
20 20 wo | | | s Lemersturs measurad or maticlpated
21 23 72° ' 76.7° 94° 103.5°/255? location. Well locations are
22 10 75.2° 74*  '|Extrapolated ~84° 81.8°/161" K;;:::;:dn?n Plate B-1, in
23 24 72° ; NA ; NA 72.4%/55"
24 21 e |Extrapolated |y 72°/87"
25 1 7n° 74° 83° 88.8°/260" ’
26 25 69.3° 70.3° NA 72.5°/117"




26 wells by their relative averagéd rank., Given the data available, this
method of ranking the wells--first by their different depth temperatures and
then by their averaged ranks—--provides the best possible quantitative
temperature comparison of the 26 wells. Coincidentally, the ranking based on
averaged ranks is almost exactly the same as the ranking based on the 200

foot temperature.

Well No. 3 (CDMG numbers) is relatively the "hottest" well of the 26

wells and well No. 25 is the least "hot".

Plate B~l, Appendix B shows the 26 thermally logged water wells
approximately grouped in three areas; Tubbs Lane, around the City of
Calistoga, and southeast of Calistoga along the Silverado Trail. Four of the
first five "hottest" wells from Table 3 are near Tubbs Lane. The wells
numbered 20-25 (Southeast of Calistoga) appear in the ranks of the nine
"coldest" wells in Table 3. This apparent temperature distribution indicates
that the geothermal resource is "hottest" around Tubbs Lane, slightly less

"hot" around the city of Calistoga, and much "cooler" southeast of Calistoga.

Plate 12 displays the 1location of 133 "hot water" wells around
Calistoga. Most locations are annotated with the well depth and a directly
recorded temperature. The well locations have been compiled from three
sources: (1) Xoenig and Anderson, 1970, (2) Occidental Geothermal, Inc.,

1977, and (3) the CDMG, 1980, water well survey at Calistoga. The recorded

-

-1l44~




temperatures were derived from several methods as indicated in the

explanation on Plate 12.

Plate 13 is a contour map of the estimated water temperature at a depth
of approximately 200-300 feet at Calistoga. There are 32 annotated well
locations posted on the map. The posted temperature is that temperature
recorded for the indicated depth at each well location. The contours have
been approximately located utilizing the posted well data, inferences from
empirical well data not shown (mainly from Plate 12), local well driller’'s
experiences, inferences from geophysical data (discussed elsewhere in this
report) and topographic effects. Because the contour lines are approximately
located, further refinement of the contour locations is expected with
additional information from CDMG's forthcoming drilling program and
information available from private geothermal resource utilization at

Calistoga.

Indirect Temperature Measurement: Geothermometry (that is, the use of

chemical geothermometers) is an indirect mefhod of assessing the tempe?ature
of a geothermal reservoir. - Geothermometry methods are ‘based on
temperature~dependent,  water-rock feactions which determine the chemical and
isotopic composition ofvthermal'waters. fhe most common soluable chemical
constituents of thermal waters are siozi Na, X, Ca, Mg, Cl, HCO;, and CO;z .

The silica, WNa~K-Ca, and -sulfate-isotope geothermometers are those most
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generally used to estimate geothermal reservoir temperatures. The validity

of these geothermometers is based on the following assumptions:

l. Temperature-dependent reactions at depth control the concentration of
the geothermometer.

2. The reservoir contains an adequate supply of the reactants.
3. Water-rock equilibrium is established in the reservoir.

4. The constituents used in the geothermometer do not reequilibrate with
the confining rock as the water flows to the surface.

5. Mixing of thermal and nonthermal groundwater does not occur.
Problems arise in using the geothermometers when one or more of these
assumptions are violated. Hence, some of the calculated geothermometric

temperatures presented below may be subject to considerable error.

Table 4 is a list of 64 water wells from Calistoga (having surface
temperatures of 24°C/75°F or greater) that were geochemically analyzed. The
geochemical sample numbers refer to the individual geochemical analyses in
'Appendix A and to the water well locations on Plate 10. For each well,
geothermal reservoir  temperatures have been calculated using five

geothermometers or geothermometric techniques.

Muffler (1979, p. 64), utilizing the Na-K-Ca geothermometric method,
calculated a‘ reservoir temperature of 141° C/286™ F for the geothermal
reservoir at Calistoga. The average of the Na=-K-Ca method of calculating
temperature for all the wells from Table 4, except those footnoted, is 137°

C/279°F. ‘Muffler's value and CDMG's calculated value compare favorably.
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Further analysis of the data in Table 4 is expected in a forthcoming CDMG
report on the interpretation of the geochemical data collected at Calistoga.
Preliminarily, however, the geothermal reservoir temperature at Calistoga 1is

approximately 140°C/284°F.
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Table 4.

Geothermometric temperatures for the well water samples above 24°C

(surface temperature) at Calistoaga, California. By H.H. Majmundar, 1980,
CDMGe. ;
S8i0, Si0; Na/K Temp. Na/K Temp.
Sample Surface Temp. Tempe White &Ellis Fornier & NaKCa
Numbers Temp. adiabatic conductive (cf.Trusdell Trusdell Temp.
(°c)*1 (*C) (°c) 1975)(°C) (1973)(°C) (°C)

G-001-80 45 142 146 107 98 144
G-003-80 31 103 101 127 120 131
G-008-80 25 79 73 143 136 149
G-009-80 135 143 147 113 104 161
G-010-80 39.5 130 133 90 81 141
G-012-80 65 147 153 96 87 150
G~016-80 37 98 95 66 58 201
G-019-80 64 141 145 90 80 137
G-020-80 97.5 146 152 100 91 131
G-021-80 97.9 148 154 86 76 134
G-022-80 47 157 165 121 113 149
G-025-80 36 126 127 132 125 134
G-027-80 25 121 122 149 142 163
G~037-80 42 115 116 101 92 141
G-044-80 40 121 122 148 141 165
G-054-80 24 98 95 26 86 133
G-057-80 137.5 113 112 74 63 116
G-058-80 57 129 131 64 54 115
G-063-80 28 91 88 111 102 129
G-066-80 35 101 99 119 111 117
G-067-80 36 98 95 149 143 135
G-068-80 34 105 103 78 68 119
G—07l—80*2 30 76 70 291 298 29
G-084-80"3 24 73 66 179 175 23
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Table 4 (Continued)

810z S5i02 Na/K Temp. Na/K Temp.

Sample Surface Temp. Temp. White &Ellis Fornier & NaKCa
Numbers Temp. adiabatic conductive (cf.trusdell Trusdell Temp .

°c) (°Cc) (*c) 1975) (°C) (1973)(°C) (°C)
G-086-80 24 51 42 166 160 141
G~088-80 26 87 82 109 100 116
G-09l-80*4 28 94 90 233 234 28
G-092-80 41 137 141 121 113 159
G-093-80 93 141 145 111 102 157
G-095-80 52 122 123 81 71 129
G-096—80 85 128 130 89 79 91
G-097-80 95 143 147 115 107 158
G~098-80 96 140 144 110 102 145
G-099-80 94 138 142 113 104 150
G-100-80 86 138 142 106 97 96
G-lOl-—BO""4 25 69 62 371 276 172
G-102-80 65.5 126 127 59 48 119
G-103-80 34 111 111 74 64 120
G-104-80 45 135 139 83 73 134
G-105-80 44 145 151 97 87 131
G-106-80 55 147 153 96 87 142
G-107-80 25 87 82 57 46 110
G-108-80 57 © 111 111 95 86 126
G-109-80 51 107 105 68 57 113
G-110-80 28 98 95 98 89 115
G-111-80 104 141 145 113 105 152
G~112-80 30 124 126 85 75 132
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Table 4 (Continued)

Sioz Sio; Na/K Temp. Na/K Temp.

Sample Surface Temp. Temp. . White &Ellis Fornier & NaKCa
Numbers Temp . adiabatic conductive cf.Trusdell Trusdell Temp.

(°c) (°c) (°c) 1975) (°C)  (1973) (°C) (°C)
G-113-80 57 117 . 117 73 62 124
G-114-80 a1 111 111 90 80 131
G-115-80 35 119 120 152 146 164
G-116-80 30 123 125 85 75 126
G-117-80 24 103 101 93 84 112
G-137-80 27 107 105 140 133 130
G-138-~-80 25 100 97 159 154 139
G-156-80 30 89 85 125 117 127
G-157—80.k5 - 28 69 562 332 345 193
G-161-80 35 130 133 327 339 223
G-169-80 40 101 99 117 110 126
G-178-80 30 103 101 147 140 129
G-179-80 55 123 125 95 85 130
G~180-80 55 113 112 112 103 142
G-201-80 33 117 117 143 137 161
G-202-80 27 110 109 147 140 162
G-206-80 55 117 117 102 93 132
Footnotes:

1. Surface temperatures
' closest to the well head.

from the well.

water temperature in the well.
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Water pumps were generally allowed to run
for several minutes to ensure that the water was as fresh as possible
Note that this temperature probably is not the hottest




Footnotes (Continued)

Note: Some calculated temperatures are anomalous. The following footnotes
provide an explanation for the indicated abnormal temperatures.

2.

3.

Ca and Mg predominate over Na and X, and XK is minimum of all.

Ca predominates Na and Mg predominates K; K is. less than 2.5, yet 2.5
value has been taken for calculations which might have brought this

abnormality in the calculated temperatures.

Ca and Mg are considerably higher than Na and K. KX is less than 2.5,
yet 2.5 value has been taken for calculations which might have brought
this abnormality in the calculated temperatures.

Ca is considerably higher than K. X is less than 2.5, yet 2.5 value

has Dbeen taken for calculations which might have brought this
abnormality in the calculated temperatures.
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CDMG EXPLORATORY DRILLING PROGRAM AT CALISTOGA, CALIFORNIA

Background
/

In the initial phasé of the Califérnia Division of Mines and Geology
(CDMG) 4investigations of the moderate temperature geothermal resource at
Calistoga, California, over 200 water well driller's reports were obtained
from the files of the California Department of Water Resources' (CDWR). It
was hoped that correlation of these logs would reveal the subsurface geology
of the Upper Napa Valley, yield temperature data, and allow correlation of
aquifers. Several correlation attempts proved entirely futile, due to the
un-technical nature of the driller's "geologic" logs, on most of which
temperature data was omitted. Probably the unsuccessful correlation attempts

were also partly due to the unexpected complexity of the subsurface geology.

Three deep geothermal wells (over 1500 feet) were drilled exploring for
steam in Calistoga in the late 1950's and early 1960's. These were logged by

a geologist, but unfortunately, the records cannot be located.
In view of the lack of usable drill hole data, it became evident that

drilling some exploratory holes at Calistoga would add a great deal of

scientific information to CDMG's investigation of the geothermal resource.
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Goals of the Drilling Program

While organizing the exploratory drilling program for the Calistoga
investigation, careful consideration was given to the amount of funding set
aside for drilling operations. It was essential to glean the greatest amount

of scientific information from the smallest number of drill holes.

Depths to the hot water zone or zones were needed. Geologic columns were
required to unravel the subsurface geology and augment geophysical surveys
that CDMG performed at Calistoga. Down hole temperatures were required from
temperatuie gradient surveys (to this end, approximately 25 temperature
gradient surveys were obtained from Occidental Geothermal, Inc. of existing
"hot water" wells around Calistoga).  The areal extent of the geothermal
resource might be determined by "wildcat" type drilling. Aquifer testing is
required to determine the volumetric nature of the geothermal resource.
Chemical analysis of the resource was required to ascertain geochemical and
geothermometric properties. Keeping all of these goals in mind, a drilling

and casing program was devised and drill site selection was begun.
Rationale for Drill Site Selection
It was determined that as many as six drill holes could be completed with
the funding available. Site selection was done with the goals of the program

in mind. The goals are to provide (1) base data for geophysical

investigations and interpretations, (2) base data on the aquifers and the
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flow of the aquifers, and (3) geochemical information for use in better
understanding aquifer 1limits and geologic structure and to aid in
understanding the source and replenishment of water in the system. Along
with these goals, the following considerations were weighed in choosing drill
sites:

l. Noise pollution.

2. Ease of accessibility.

3.~ Visual pollution.

4. Nearness of structures.
5. Availability of existing wells at the site for possible reinjection

- of discharge from the test well.
6. Landowner acceptance.

Initially, six sites were chosen. Then, it was deemed prudent to select
six more sites to be alternates if soﬁe of the original sites were disallowed
due to environmenta;'reasons or landowner rejection. Eventually, 13 drill
hole sites were selected in and around Calistoga mostly in vacant fields.

The Figure 18 map shows the locations.

Each site was assigned a number for reference purposes. The sites are
numbered LES-1 through LES-13. (LES-5 does not appear on the map because it
has already been withdrawn by the landowner). The sequence of site numbers
has no significance other than the order in which property owhers were
contacted. It is assumed that at a later aate, the drill sites will be
re-numbered after completion of each hole. A preliminary sequence of drill

sites in order of preference has been established:
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RANK OF PREFERENCE DRILL SITE

1. LES-1
2. _ - LES-3
3. LES-9
4 LES~10
5. LES-2
6. : LES-4
7. : LES-7
8. . LES-11
9. LES-8
10. LES-13
11. ' LES-12
12. LES-6

13. . LES-5 (withdrawn)

N

The following l1list details the significance of each drill hole site to

the overall moderate temperature geothermal investigation at Calistoga:

LES-~1 -

The site is along a traverse where three different geophysical
surveys were performed by CDMG. The site has three abandoned wells

(two over 1500 feet deep) which may be adequate for reinjection

-purposes if the exploratory well is across the street. Several of

the wells on the property are flowing and there are some more
nearby. It was reported that the Franciscan Formation (assumed to
be the basement rock type under the valley is only about 200 feet
from the surface at this site (Unexpectedly shallow). It is assured

that the geothermal resource can be tapped at this site.
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LES-3

LES-4

Four geophysical techniques have been employed along a traverse near
this site, including a shallow hole temperature survey. Correlation
of stratigraphy, depth to Dbasement, and vertical ©position,
thickness, and type of aquifers are among the geologic questions to
be answered. ILocal residents and geophysical data indicate a very
shallow "hot water" zone at this site (worthy of scientific
investigation). The site is essentially close to the edge of an
area that encloses the known "hot water" wells at Calistoga. It is

expected that the resource can be tapped at this site.

The site is near the center of a traverse across the valley where
four geophysical surveys were preformed. A geologic log from this
site correlated with logs from LES-9 and LES-iO (or LES-12 as an
alternate) could prod\'me an excellent geologic cross-section
laterally across the valley. There is an estimated 85% chance of

striking the resource at this site.

The site is along a traverse where three geophysical techniques were
performed. Some of the lowest electrical resistivity values were
recorded at this site.-" This may indicate a very hot water =zone,
very mineralized water zone, a large volume of hot water, or a
combination of any of- the, abqve’.‘vv The site is near a possible N-S

trending fault trace.
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LES-5

LEs-6

LES-7

LES-8

LES~-9

This site has been withdrawn from the list of proposed drill sites

by the property owner.

The site 1is proposed as an alternate for LES-4 if drilling is

disallowed there. It is significant for the same reason as LES-4.

.No geophysical surveys were performed near this site. It is on the

grounds of "Pacheteau's" spa where three wells (approximately 180
feet deep) are reported to bottom in serpentine. It is suspected
that this is not the case. Several "hot water" wells are nearby
lending themselves to possible piezometric head measurements if an
exploratory well were flow tested here. This is the site of the
original hot springs at Calistoga. The greatest volume of hot water

appears to be available at "Pacheteau's".

No geophysical surveys were performed very near this site. It is
near the edge of the area of known geothermal wells at Calistoga.
It is also on the edge of the 0ld original hot springs grounds (now

dried up).

The site lies on the outer edge of a traverse where four different
geophysical surveys were performed. The site, in conjunction with
LES-3 and LES-10 (Les-12 as an alternate), would provide geologic
data that may be correlated to produce a geologic cross-section

across the valley. There may be a fault trace between LES-3 and
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LES-10

LES-11

LES-12

LES-13

LES-9. The site is in an area long thought by local residents to be

void of "hot water".

Four geophysical techniques were employed along a traverse near this
site. This site (or LES-12 as an alternate), in conjunction with
LES-3 and LES-9, could provide geologic information that may be:

correlated to produce a geologic cross-section across the valley.

There were no geophysical surveys near this site. The site is
slightly remote from any known geothermal well. A temperature

gradient survey here would fill in a blank area on the map.

This site is an alternate to LES-10 if that site should be
disallowed for environmental reasons or landowner disapproval. It
has the same significance to the geothermal investigation of

Calistoga as LE3-10.

The site was chosen as an alternate location if several other sites
and their alternate were rejected due to environmental objections or
landowner disapproval. Three different geophysical techniques were

employed on a traverse near this site. The site is apparently on

the edge of an area suspected of having a very shallow "hot water"
aquifer. Geologic questions to be answered are the same as for the

LES-2 site.
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Limited Licenses and NOI's

In all,  three drill sites are within Napa County jurisdiction, eight
sites lie within the limits of the City of Calistoga, and one site (LES-13)

is on California State owned property.

CDMG staff have drafted a "Limited License" form for landowners to grant
permission for drilling the exploratory wells on their property. As of this
writing, seven property owner's have responded favorably and one property

owner has withdrawn from the program.

Notices of Intention to Drill a Geothermal Resources Well (NOI) have been
drafted for each proposed drill site as required by the California Divison of
0il and Gas (CDOG). A copy of the proposed drilling and casing program

described above was attached to each NOI.

The NOI's have recently béen submitted to the proper agencies. For sites
within the city limits of Calistoga, they have been submitted to the City of
Calistoga, and for sites within the Napa County 1limits, but outside city

limits, they have been submitted to the Napa County Planning Department.
The submitting of the NOI's initiates the processes involved under the

California Environmental Quality Act (CEQA) as administered by the 1lead

agency (city or county and/or CDOG). The CEQA program allows approval,
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conditional approval, or disapproval of a drill site. There are three
progressively more stringent filing categories under CEQA regulations that
allow approval of a particular drill site: 1) Notice of exemption, 2)
Negative declaration, 3) Environmental impact report (EIR). However, a site
could be disallowed after preparing an EIR, the category that requires the
most rigorous and complete assessment of the impact the proposed activity may

have on the environment.

Napa County is currently deciding what category of the CEQA process the
proposed drill sites should be regulated by, while the City of Calistoga has
issued a notice of exemption. Also, each is responsible for issuing the Land
Use Permits for drilling for the sites that come under their respective

jurisdicitons.
Drilling Contract
CDMG has prepared and recently released for bid a drilling contract to
perform all proposed 4drilling operations at Calistoga. The contract has been

made available to 14 northern California well drilling companies, and bids

were received from three of those companies. Award is pending.
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Final Report

Upon completion of the drilling tests, the data developed by all of the
tasks of this project will be considered in developing a comprehensive

interpretation of the geothermal resources of the area. A final report

covering the Calistoga area will then be prepared and released to the public.
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APPENDIX A

The following are reproductions of annotated computer printouts of
the geochemical analysis of water wells sampled by California Division of
Mines and Geology (CDMG) at Calistoga, California. The analyses are
numbered G-001-80 through G-206-80.

Correspondingly, the analyses' identification numbers relate to the
water well location numbers 001-206 on Plate 10 .

For a later report CDMG plans to present this data on microfiche.




CALISTOGA SET 1

1 G-001-80
ELEMENT CONCENTRATION (PFM)
NA 198
K 8
CA 5
MG 1
FE _ 0.07
AL < 0.625
SI 55 .
TI < 0.125 "
F < 0.625 \
SK 0.04
EA < 0.625
Vv < 1.25
CR < 0.0S50
MN < 0.250
co <. 0.025
NI < 0.125
Cu < 0.063
M0 < 1.25
FE £ 0.250 ’
ZN < 0.125
cp < 0.063 _ ,
AG < 0.050 . h1£f
au < 0.100 /e e qs <
AS 0.625 PH . 7-00
SE < 0.750 Salis . 0.05%
EI < 2.50 ' y :
U o 6525 ° 5/',,(,‘*#,;_‘, C,.‘Ju(,?(amu— 600/“"4%*
TE < 1.25
SN < 0.125
W < 0.125
LI , 1.58
EE < 0.00S
E 9.7
ZR < 0.125
LA < 0.125
" CE 7 0.250
TH i 2.50
(o : 20
F- /70.5
Hco, "7-9
] SO‘; Z 10
7D.S. 657

Coteecied 7°0.5. 586
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ELEMENT

NA
K
CA
MG
FE
AL
SI
7
F-
SK
BRA
v
CR
MN
co
NI
cu
MO
2 PE
ZN
cp
AG
au
AS
SE
EI
u
£ TE
SN
W
1 8 LI
BE
K
LS R
LA
CE
) TH
el -
a £
HCO3
3904
T-D.S.

T

AN

PR

Copeec7€d 7:0.5,

CALISTOGA SET 1

G-002-80
CONCENTRATION
34
{ 2.30
25
9
< 0.025
<< 0.625
25
{ 0. 1251
< 0.625
0.08
< 0.625
<< 1.25
< 0.050
< 0.250
=< - 0.025
<X 0.125
< 0.063
“ 1.25
< 0.250
0.2
< 0.063
L 0,050
< 0.100
< 0.625
< 0.750
< 2.50
N 625
< 1.25
< 0.125
< 0.125
1 0.050
< 0.005
1.2
< 0.125
< 0.125
< 0.250
< 250
35
0. 2
gl1-6
15
24
09

(FPM)

1&,7u¢é¢44. /?J’%:
% 620
Seleck; @00 7

5‘";le' Cm}*‘j“““"— 25D M/‘.\




CALISTOGA SET 1

3 G-003-80
ELEMENT

NA S7
K 3
CA 19
MG '8
FE : < 0.025
AL < 0.625
S1 . 23
TI < 0,125
F < 0.625
Sk 4 0.06
BA < 0.625
¥ < 1.25
CR < 0.050
MN < 0.250
co < _ 0.025
NI < 0.125
cu “ 0.063
MO < 1.25
PR 4 0.259
N <l 0.125
cn < 0.0463
AG < 0.050
AU < 0.100
SK < 0.750
BRI < 2.50
u < 6.25
TE < 1.25
SN o 0.125
W < 0.125
LI < 0.050
EE < 0.005
E 2.0
ZR < 0.125
LA < 0.125
CE < 0.250
TH < 2.50
et 73
F- ' 0.9
HCOy 1693
50; VAR £ 4
T.0.5-. 345

Cooecied T:D.S, b

CONCENTRATION (FFM)
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u
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B

ZR
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CE
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F - -

HC 04

So;
T. DL!S .

CALISTOGA SET 1

G—-004-80

CONCENTRATION (FFM)

64
3
23
2
0.46
< 0.62
30
< 0.125
< 0.625
0.05
< 0.625
< 1.25
% 0.050
<< « 250
S 0.025
A 0.125
A 0.0463
s 1.25
< 0.250
0.1
X 0.063
< 0.050
4 0.100
X 0.4625
<, 0.750
“< 2.50
< b.25
- 1.25
“ 04125
4 0,050
< , 0005
2 0.12%
< 0.125
5onG
£
0.3
179.-2
30
35¢%
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W
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so;

7D.S.

CALISTOGA SET 1

G-005-80

CONCENTRATION (FPPM)
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CALISTOGA SET 1

6 G-006-80
ELEMENT CONCENTRATION (FFM)
NA 3
K “ 2.50
cA =
MG 3
FE < 0.025
AL < 0.625
SI 31
TI < 0.125
il < 0.625
SK 0.04
BA < 0.4235
v < 7 1,25
CR < 0.050
HN < 0.250
co <. 0.025
NI £ 0.125
- Cu i 0.063
10 : 1.25
PR £ 0.250
ZN 0.2
Cn < 0.063
AG < 0.050
AU : 0.100 T e
AS < 0.625
SE < 0.750 ikuQuwf'
u : o Cma/ufj;-u—-—
u < 6.25 Speeipi
TE : 1.25
SN ; 0.125
W < 0.125
LI . 0.050
BE % 0.005
K < 0.125
ZR : 0.125 |
LA . 0.125 .
Ce < 0.250
TH e 2.50
lof i p
AT & o.¢
HCO, 1.9
S04 <10
T.D-S- 147

coeecczed T-0.S. 4

16°¢<
£:25
0.00%




s

ELEMENT
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N
cA
MG
FE
AL
SI
TI
F
SR
EA
v
Cr
MN
- CO
" NI
Cu
MO
FE
ZN
cp
AG
* AU
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SH
BRI
u
TE
SN
W
LI
EE
| 4
ZR
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CE
1H
el
F = -
HCO3
- S9%

T.D-S. .
Coeeec7ed T.D.S.

CALISTOGA SET 1

G-007-80
CONCENTRATION
_ 11
L 2.50

18
20
% 0.025
« 0.625
13
0.125
oA . 0625
’ 0,09
L e 425
< 1 0~J
< 0.050
< 0.250
e 0.025
4 0.125
< 0.0463
< 1.25
< 0._40
< 0.125
% 0.063
< 0.100
’C: 00625
< 0.750
*‘: 2050
<3 60~J
i 1.25
< 0.125
< 0. 125
< 0.050
A 0.005
«{ 0.125
4 0.125
4 0.125
< 0.250
< 2.50
/70
< o.f
125.8
Z 10O
221
/59

(FFM)
7z o 18°€¢
pH | 580
5;1257" 20 J.
GM ' A e 255 /woww€/£~

6#4%«




ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
Fu
SR
RA
(V)
CR
MN
Cco
NI
cuy
MO
Fr
ZN
ch
AG
ay
AS
SE
RI
U
TE
SN
W
LI
RE
E
y43¢
LA
CE
TH
ol
F- -
HCO,
SO
T D S-

Coelec7ep

CALISTOGA SET 1

G-008-80
CONCENTRATION (FFM)

111
7
22
11
1.04
0.625
1”
A 0.125%
<2 0.625
0,17
< 0.625
< 1.25
< 0.050
s 0.250
o 0.025
X 0.125
i 0.063
% 1.25
y 0.250
0.3
- 0.063
+ 0.050

o

S o~
A

LY

g

tD.S.

0.100
0.625
0.750
2.50
6.25
lQ_J
0.125
0.125
0.12
0.005
6.1

0.125
0.125
0.250
2.50

/7Yl
1. ¢

213.5
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527
FA2
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CALISTOGA SET 1
9? G-009-80
ELEMENT CONCENTRATION (FFM)
NA 206
K 9
CA 2
MG < 0.500
FE < 0.025
AL _ < 0.4625
SI - 56
TI o 0.125
P < 0.625
RA A 0.625
Y { 1.25
CR < 0.050
MN % 0.250
‘CO - 0.025
) NI < 0.125
cu < 0.063
MO X 1.25
FR < 0,250
ZN < 0.125
CD < 0.063 : >
AG £ 0.050
Y < 0.100 'ﬁpjpthMm_ 275°F ot 190 f-
AS < 0.625
SB < 0.750 PH 8.5
BI < 2.50 ’e .
u. < 6.25 S"L“J} ,( % 0.5 A
TE < 1.25 e Comdw 2 b
= p 0. 195 -?U»vftc | //s0 /a/"“’*/
7] 0.1
BE % 0.00S
B 9.8
7R % 0.125
LA % 0.125
CE < 0.250
™ < 2.50
(of dol
F - _ ".s :
HCQ3 N.D. .
4co 2 (

T.2-5. 518




CALISTOGA SET 1

10 G-010-80
ELEMENT CONCENTRATION (FPM)
NA , 157
K 5
CA 2
MG 1
FE 0.04
AL g 0.625
SI 43
TI < 0.125
F < 0.625
* SR 0.02
BA < 0.625
v < 1.25
CR g 0.050
MN £ «250
co % 0.025
NI 2 0.125
cy < 0.063
MO < 1.25 \
FE < 0.250
ZN £ 0.125
CD <. 00063 EY
AG : 0.050 : A .
au < 0.100
AS < 0,425 Tempeyline. 37.5 C
S < 0.750 P Fozs
BRI < 2.50
u < 6.25 .5duw¢} o./02
TE . 1 025 vt
SN < 0.125 v'%?QVAL thdef é7b /uﬂﬂﬂﬁ/é“
W 0.1 ‘
L1 : 1.42
EE < 0,005
r 3.6
K < 0.125
LA : 0.125
CE < 0.250
TH < 2.50
el 76
F= P,
HC03 221 -
S0z 25
oy 563
T.D-S.
45|

coeeecEd T:D.S.
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CALISTOGA SET 1

G-011-80
CONCENTRATION (FFM)

173

S

1
0.500
0.04
<X 0,625
a1
'-':: 0'125
< 0.825
<X 0.013
< 0.625
1.25
0.050
0.250
0.025
0.125
0.063
1.25
0.250
0.125
0.0463

0.050 ,78°F @ 2147
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ELEMENT
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CALISTOGA SET 1

G-012-80

CONCENTRATION (FFPM)
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ELEMENT
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K
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SI
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P
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BA
v
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€0
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N
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U
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u
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T.D-S.
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CALfSTOGA SET 1

G-013-80
CONCENTRATION (FPM)

84
< 2.50

24

20

0.23

0.4625

14

0.125

0.625

0.09

0.625

1.2

0.050

0.3

0.025
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1.25
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0.063 .
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CALISTOGA SET 1

14 G-014-80
ELEMENT CONCENTRATION (FFM)
NA 67
KN 4 2.50
Ca 26
MG 33
FE : 0.36
AL < 0.625
S. 17
TI < 0.12%
P < 0.625
SR 0.13 .
RA L 0.625
v < L 1.25
CR < 0.050
MN . 0.3
co < 0.025
NI £ 0.125
Ccu < 0.063
MO < 1.25
FE ’ < 0.250
ZN < 0.125
cn < 0.0863 o
AG < 0,050 T¢~7§Mfwu_ 15 C
AU < 0.100 b 6.35
AS < 0.625 .
: Conpe sl .o
THE & ) v‘ 6;925 Sko‘tf"lf C"“/u.ljé.a— ‘7‘7‘0
TE < 1.25 =
SN < 0.125 o
W < 0.125 L
LI < 0.050 :
BE <00 00005
ZR < - 0.125
LA < 0.125
CE < 0.250
TH < 2.50
(of e 9
- 0.3
HCO3 220. 4
Scf 15
’I’.DL{S’ 475

Coelecred T.D.S. 364




CALISTOGA SET 1

15 G-015-80
ELEMENT CONCENTRATION (FFNM)
NA 29
K < 2.50
cA 29
MG 39
FE 727
AL < 0.625
SI 18
TI < 0.125
F < 0.625
SR 0.15
BRA < 0.625
v < 1.25
CR < 0.0S50
MN 1.7
. CO < 0.025
NI < 0.125
cu < 0.063
MO < 1.25
PR < 0.250 .
ZN < 0.125
cp < '0.063
AG < 0.050 ?
AU < 0.100
AS < 0.625 74 e 20°C
SE - < 0.750
BI < 2.50 PH €-70
u < 6.25 Salewd7 0.0/ 7
TE < 1.25 /L uof 5o
SN < 0.125 5/&&«‘)&(,. CondluweTemce 0 Abrmaisln
W < 0.125
LI < 0.050
BE < 0.005
R 0.8
ZR < 0.125
LA < 0.125
CE < 0.250
TH < 2.50
of I é
F-_ zt:L
S0y 4L o
-T,p‘fs. ‘f“l’5
329

QCRRECTED T.0.S,
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CALISTOGA SET 1

G-016-80

CONCENTRATION (FPM)
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u
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W
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F- -
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CALISTOGA SET 1

G-017-80

CONCENTRATION (FFM)

161
< 2.50
26
9
.0.04
0.4625
19
0.125
0.4625
0.11
0.625
1.25
0.050
0.250
0.025
0.125
0.063
‘25
0.250
0.2
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CALISTOGA SET 1

18 G-018-80

ELEMENT CONCENTRATION (FPFM)

NA 165!

K <  2.50
CA 30

MG 9

FE 0.53
AL < 0.625
SI 19

TI < 0.125
F < 0.4625
SR ' 0.11
BA < 0.625
v < 1.295
CR < 0.050
MN < 0.250
co <- 0.025
NI 4 0.125
cu 4 0.063
MO < 1.25
B < . 0250
ZN 0.2
ch % 0.063
AG < 0.050
AU < 0.100
AS < 0.625
SE < 0.750
RI k4 2.50
u - < 6.25
TE < 1.25
SN < 0.125
¥ R4 0.125
LI T 0.23
BE < . 0,005
B 2.3
ZR < 0.125
LA < 0.125
CE < 0.250
TH ": 2050
Cr- : 17/

F- S.s
IJCCB 2173
SQq L 10
- T.D.S- 64!
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CALISTOGA SET 2

19 G-019-80

ELEMENT CONCENTRATION (FFM)
NA 190
K é
cA - 5
MG < 0.500
FE < 0,025
- AL < 0.625
SI S4 |
TI < 0.125
P < 0.625
SR . © 0,03
EA < 0.625
v < 1.25
CR < 0.050
MN < 0.250
co < 0.025
. NI < 0.125
cu < 0.063
MO < 1,25
FE < 0.250
ZN < 0.125
CD < 0,063 |
AG < 0.050 R
AU < 0.100 Te,fo.ﬂ]fuu, cyc
AS < 0.625 '
SE < 0.750 Y 7o
B1 < 250 ks 0.03%
i
TE < 1.25 S a/‘/cm/utjé“-"‘— /200 M
SN < 0.125 /k
u '::.. - 00125
LI SR 1.99
BE < 0.005
B 7.4
ZR < 0.125
LA < 0.125
CE < 0.250
TH « 2.50
a- 152
F- %5
HCO3 179.2
50;,; /6
T.2.S. b4¢€

CorecerEd TOS, 958
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CALISTOGA SET 2

G-020-80
CONCENTRATION (PFM)
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1
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CALISTOGA SET 2

G-021-80

CONCENTRATION (FPM)
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CALISTOGA SET 2

22 6-022-80

ELEMENT CONCENTRATION (PFM)

NA 185

K 9

cA 14

MG 1

FE 0.31

AL 0.625

ST 75

TI < 0.125

P < 0.625

SR 0.03

BA < 0.625

v < 1.25

CR « 0.050

MN « 0.250

co < 0,025

NI « 0.125

cu £ 10,063

Mo < 1.25

PR £ 0.250

ZN - 0.5

co < 0.063

AG < 0.050

au £ 0,100

AS < 0.625

SE o« 0.750 |

BRI | Z 2.50 P

u 4 6.25 y

TE e 1,25 jkbé”“j;

SN s 0,125 .

W < 0.125 %kﬁfub

LI 1.78 ‘

RE 3 0.005

B 9.6

ZR < 1 0.125

LA £ 0.125

CE < 0.250

TH < 2.50

el 127

F- _ 7.0

HCO3 159. %

o o8 £ 10

5% 673

T.D.S. .

CoRReTED T.D.S, 594




CALISTOGA SET 2

23 G-023-80

ELEMENT CONCENTRATION (FFM)

NA 5

K e 2.50

CA ' 86

MG 13

FE 0.20

AL < 0.625

SI . 9

TI * < C 0,125

F < 0.625

SR 0.11

EA <l 0.625

v << 1 025

CR < 0,050

MN < 0.250

co < 0.025

NI < 0,125

cu 0.1

MO < 1.25

PR < 0.250

ZN 3.1

ch : 0.063

AG 2 0.050

AU < 0.100 1ﬁi7ﬂ%£11¢L

AS < 0.625 H

SH < 0,750 ,

RI S 2.50 .SAXQ%Mf;'

U < 65.25 .

TE < 1.25 %%Q7fc

SN s 0.125

LI < 0.050

BE < 0.005

K : 0.125

ZR % 0,125

LA £ 0.125

CE £ 0.250

TH < 2.50

cl- >

£ < o

Hea, 8.6

so,;' 13

TD.S- ‘ 236

Corecc7ed 7.5, /94
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ELEMENT

NA
K .
CA
MG
FE
AL
SI
TI
F‘

SR
RA
Y

CR
MN
co

« NI
cu
MO
PR
ZN
ch
AG
AU
AS
SH
RI
u
TE
SN
W
LI
BE
B
ZR
LA
CE
TH
cl-
F- -
HC03
SQ;
T.D.S-

CoePer7ED 7-0.5,

CALISTOGA SET 2

G-024-80
CONCENTRATION (FFM)

101
3
22
12
0.15
< 06625
8
Z 0.125
< 0,625
0.07
< 0.625
< 1.25
L 0.050
L 0.250
0,025
0.125
. 0,063

© 0,250

4,3 _
{ 0.063 7QA~7“4¢7t4~
0,050 H
0.100 4
0.625
0.750
2,50
6425
1.25
: 0.125
< 0.125
0.57
0.005
4'6
0.125
0.125
0.250
2,50 .
97
4.5
179.-2
ya 10
456

368

oo -
SN

ERE S Y
S

-, -~
LA A Y

BN




ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
P
SR
BRA
Vv
CR
MN
co
NI
cu
MO
FR
ZN
cD
AG
AU
AS
SR
BI
u
TE
SN
W
LI
RE
ay
IR
LA
CE
TH
ey
F - -
HCO3
SO,
T.D.S.

CALISTOGA SET 2

CONCENTRATION (FFM)

179
10
22
4
0.12
< 0.625
39
< 1 0,125
< 0.625
0.06
< 0.625
< 1.25
x4 0.050
“ 0.250
< 0.025
“ 0.125
< 0.063
< 1.25
< 0.250
0.7
< 0.063
< 0.050
< 0.100
< 0.625
< 0.750 7e
< 2,50 H
o4 e
. Gk sebesm
0.125 fleit
0.125 7 /kb
1.53
0 * OO‘J
9,9
z 0.125
': 001.'..5
< 0.250
< 2,50
Zed
g/
166.2-
13
6/5

coRee7Eld TS, 557

C}M¢A¢]2~CL_

3¢'c
697

0-02 7 |

P/ o

i




\_..)
S CALISTOGA SET 2
26 G-026—-80
ELEMENT CONCENTRATION (FFM)
NA 94
K 3
ca 30
MG 3
FE 0.05
AL : < 0,625
SI 9
TI ‘ i 0.125 \
P < 04625
SR 0.15
RA < 0,625
Y g 1.25
CR : < 0.050
MN i 0,250
co < 0.025
NI P 0.125
cu P 0.063
MO < 1.25
PR o 0.250
ZN 0.3
ch % 0.063
o AG < 0,050
AU < 0,100
o
AS < 0.625 WW 74 ~
y B S 2% PF 782
: L&l ; o ) / 7
e <5 Sde‘»:af 0-9/ /o
SN < 0.125 Sf‘"‘ Crnd/uu?iew 5/0 /w‘“’%
W < 0.125 / )
LI < 0.050
RE < 0.005
B | . 4.3
ZR P 0.125
) LA 2.7
~ CE < 0.250
TH < 2,50
el” g7
! | F- _ A6
o.- -
5% 257
T.D-S-
CoePeeTED 7-0.S, 15/
. -




CALI

27 6-027-80
ELEMENT CONCENTRATION (PPM)
NA 177
K 12.
CA 15
MG 5
FE 0.54
AL < 0.625
SI 35
TI e 0,125
P £ 0,625
SR 0.06
BA . 0.625
v = 1.25
CR < 0.050
MN 5 0.250
co £ 0.025
NI < 0.125
" CU £ 0.063
MO £ 1.25
PR < 0.250
ZN 0.2
co £ 0.063
AG < 0.050 o
AU 0.100 -z we 25 C
AS < 0.625 . ;
SB < 04750 PH 685"
BRI < 2,50 . 52Mgﬁ;f' 0.0
u « 6425 %
TE £ 1.25 S/Cu/(/w 'eZ28 /U"“""%-—
SN < 0.125
W < 0.125
LI 1.18
RE £ 0,005
R 10.1
ZR £ 0.125
LA < 0.125
CE < 0,250
TH £ 2.50
a/- /9%
F . ) 7. 9
HCO3 209.7
SOq- < 1o <
T.D-S- 47%

Qoelsre) 7:DS.

STOGA SET 2

37/
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ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
P

SR
EA
vV
CR
MN
co
NI
cu
MO
FR
ZN
ch
AG
AU
AS
SE
BRI
u
TE
SN
W
LI
RE
3]
ZR
LA
CE
TH
¢r-
F i —
}1C03
SOy

T.D.s'

CALISTOGA SET 2

G-028-80

CONCENTRATION (FFM)

L] L d
o~ O
M
aaa

oA

MR MNER
4]

[N s

* L] L] L] *

fwy
OrPrOCQOGGNOOLUMWO

PO
<o
+J
4]
no

=
a
<

< 0.025
4 0.125
% 0.063
£ 1.25

0.250
0.125
0.063
0.050

f"\ f’\ c'A‘.

-
LAY lh‘-

M

0.750 - b H

ESAN

&,

LA

1.25

o,

0.125
0.06
0.005
8.1
0.125
0,125
0.250
2.50
164
.1/
209.
L 10
592

S

AN

MU AN A

CoeREcTED TD.S. 489

0.100 ,,,af
0,625 7e pas
625 rr»&'m'}v_
.o.125/,'§ﬁuﬁfﬁ—




CALISTOGA SET 2

ST oree

29 6-029-80
ELEMENT CONCENTRATION (FFM)
NA 66
K < 2.50
cA 19
MG 8
FE 0.09
AL £ 0.625
SI 25 -
TI £ 0.125
P < 0.625
SR 0.07
EA < 0.625
v < 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI < 0.125
cu < 0,063
MO £ 1.25
PE < 0.250
“ZN 0.3
ch < 0.063
AG £ 0.050
AU < 0,100 72»‘/9”*‘/7(_“"*
AS < 0.625 -
SR < 0.750
RI < 2.50  codenils
TE . 1.25 %}“ﬁf“’ ~
SN 0.125
W 0.125
LI 0.20
RE “ 0.005
E 2.0
ZR “ 0.125
LA e 0.125
CE < 0.250
TH < 2,50
ll- £3
F - _ /. 3
HCo, 130.
5, %
125 367
CoRRETED 7D.S. . 30O

70°F
£ 65~

Oo-9/ Z
HYoo /f”"‘"’%




30
.~ .° ELEMENT

NA
K
CA
MG
FE
AL
181
TI
Fl
SR
EBA
vV
CR
MN
co
NI
cu
MO
FPE
ZN
cn
AG
AU
AS
Sk
BRI
u
TE
SN
W
LI
RE
kR
ZR
) LA
CE
TH
¢~
F-
HCO
305
T2.5.

CogleerE TS,

CALISTOGA SET

2

a

G-030-80

CONCENTRATION (FFM)

121
3
23
12
0.44
< 04625
18
<X 0.125
X 0,625
0.10
L 0.625
< 1.25
“ 0,050
L 0.250
£ 0.025
< - 0.125
= T 0,063
L 10Ld
0.3
= 0.063
% 0,050
< 0.100
< 0.625 72”7“%4t““’
< 06750
: - 2.50 -
6.25
1.25
- 0.125
< 0.125
0.07
= 0.005
b7
0.12%
“ 0.1295
M7
3.‘
150.2
11
486

42

70°F
£-90

002
de&OZ;ML— 5??v//




>
CALISTOGA SET 2 (
31 6-031-80
ELEMENT CONCENTRATION (PFM)

NA 45
K i 2,50
CA 60
MG 11
FE 0.39
AL “ 0,625
SI 20
TI < 0.125 !
P o 0.625
SR 0.10
EA £ 0.625
v £ 1.25
CR “ 0.050
MN < 0.250
co “ 0,025
NI Z 0.125 : _
cu i 0.063 .
MO £ 1.25
FE < 0.250
ZN 3.1
co £ 0.063
AG < 0,050
AU < 0,100 s 1 .
AS ' < 0.625 ¢ uAc 17 €
3? g.ggo /51-( 470
u £ 6.25 ﬁﬁufn%fr P 000
TE < 1.25 o/ foce ce ’f//
SN < o 125 P e Comelu =94 e
W “ 0.125
LI 0.05
BE “ 0.005
B 1.7
ZR : 0.125
LA £ 0.125
CE < 0.250
TH “ 2.50
er v
F T d,9
HCO3 19.7 |
50, | 50 , - (
1355 375

ColkeeTed TD.S, 316
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32
ELEMENT

NA

K
CA
MG
FE
AL
SI
TI

P

" SR
BA

Vv

CR
MN
co
NI
cu
MO
FE
ZN
ch
AG
AU
AS
SE
BRI

u

TE
SN
"
LI
EE

R

ZR
LA
CE
TH
o
F~ -
HCO,
So.;
T1.D.S.

CALISTOGA SET 2

G-032-80

CONCENTRATION (FFM)

g . ol
157.9
)

tf
- /3

CoeLeCseEd 7.0.5. /7085

/bﬂ . ' [.05’
5,4-,.;/;‘ 0.0

Codulame—  9g

st




CALISTOGA SET 2

33 G-033-80
ELEMENT CONCENTRATION (FFM)
NA 25
K 2.50
cA 39
MG 12
FE i 0.025
AL £ 0.625
sI 14
TI % 0.125
P “ 0,625
SR 0.10
RA .. 0.625
v < 1.25
MN < 0.250
co « 0.025
NI < 0.125
. cu < 0.063 .
MO £ 1.25
PE , < 0.250
ZN £ 0.125
co I 0.063
AG g 0.050
AU < 0.100 )
AS < 0.625 72wfoLﬁfiu_ 2,°%
SH < 0.750  pH
BI £ 2,50 ,
u P 6425 .sa£»w77
TE < 1.25 !
SN : 0.125 S
W < 0.125
LI £ 0.050
BE < 0.005
B £ 0,125
ZR < 0.125
LA < 0.125
CE £ 0,250
TH < 2,50
el /3
F-_ 2.4
HCO3 21¢
SO.; 2%
T.DS- 3e7

CoppecTEDd T.D.S, 260
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34
ELEMENT ~

NA
K
cA
MG
FE
AL
SI
TI
F'
SR
EA
v
CR
MN
co
NI
cu
MO
PE
ZN -
cD
AG
AU
AS
Sk
BI
u
TE
SN
W
LI
BE
B
ZR
LA
CE
TH
Cl-
p - -
HCo;
S0y
7.D5.

CALISTOGA SET 2

G-034-80
CONCENTRATION
18
< 2.50
15
S
0.20
< 0.625
19
< 0.125
< 0.625
0.05
< 0.625
< 1.25
< 0.050
% 0.250
‘: 0002..}
< 0.125
: 0.063
4 1.25
+ 0.250
2.4
4 0.063
L 0.050
X 0.100
< 0.625
Z 0.750
A 2.30
S 6025
1.25
4 0.125
<< 0.125
3 0.050
< 0.005
0.2
< 0.125
1.0
< 0.250
3 2,50
Q
o.1
Q1.5
23
207

CORRETED 770.5, /L2

(PFM)

Tppirallune /8%
fH ‘ £-/7
54-,4_;.‘/7 0.0z 7,




D
CALISTOGA SET 2 ' <
35 G-035-80
ELEMENT CONCENTRATION (FFM)
NA 8
K < 2.30
"CA 13
MG | 4
AL < - 06625
SI 17
TI 3 0.125
F' ~ 0062.1
SR 0.04
RA < 0.625
v 2 1.25
CR 0.050
MN . 0.250
Cco . 0.025
. NI L 0,125
cu < 0.063
MO L 1.25
PR < 0.250
ZN 0.1
CD . 00063
AG << 0.050
O au 0,100 -ﬁ,,./mfmk 16
AS « 0.625 o :
_ SE 0.750  pH €: 20
u 6425 5"“"‘"'/77 o o /
TE 1.25 sk /€
SN ) 0.125 M" C,,\l(uljdnbf— /2 /6‘
W % 0.125
LI “ 0.030
RE " 0.005
E 0.125
ZR X 0.125
J LA <« 0.125
- CE <2 0.250
TH 2.350
e/’ s
F-. Z 9.7
HC?:} 6“/'/ <
S0 24
7.1?.5. , 159
CoeLeczen 7S, /327
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ELEMENT

NA
K
cA
MG
FE
AL
sI .
TI
P
SR
BA
v
CR
MN
co
NI
cu
MO
FR
N
cD
AG
AU
AS
SR
RI
u
TE
SN
W
LI
RE
E
ZR
LA
CE
TH
Zlle
F- o
Hsz
30
'Tst-

CALISTOGA SET 2

G-036—-80

CONCENTRATION (FFM)

11
2.50
49
6
; 0.55
% 0.625
22
Z 0.125
i 0,625
0.08
< 0,625
2 1.25
; 0,050
0.250
0.025
0,125
oM
o 0.250
3.4
< 0,063 .af
< 0.050 he
P 0.100 72”7““
£ 0.625
< 0.750 i
- 2,30 5@4;“:{;7
< 1.25 ¢ Comwc/ence
K 0,125 7 A
P 0.125
o 0,050
= 0.005
2 0.125 \
: 0.125
2 0.125
< 0.250
P 2.50
A
A
82«4
16
216§

Corlecrep 7ns, /78

/3%
£-40
0.402 %

1S9 /”“””“”574;*




37
ELEMENT

NA
K
ca
MG
FE
AL
SI
T
F-
SR
EA
v
CR
MN
co
NI
cu
MO
FE
ZN
cn
AG
Al
AS
‘SH
BRI
u
TE
SN
W
LI
RE
R

CALISTOGA SET 2

G-037-80

CONCENTRATION (FFM)

¢

TR MM
L

ﬁm/bv}ﬁfu/u_
pH
‘5@4‘-,;//"

L2’
& 20
0.08 7

1190 AtermE fan




™
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38
ELEMENT

NA
K
CA
MG
FE
AL
S1
T1
P
SR -
BA
%
CR
MN
co
NI
cu
MO
FE
ZN
ch
AG
AU
AS
SKH
RI
u
TE
SN
W
LI
RE
B
ZR
LA
CE
TH

el

F -—
Hco
Sor
T.D-S.
Corpa7ed

CALISTOGA SET 2

6G~-038-80

CONCENTRATION (FPFPM)

87
2,50
20
7
2,39
: 0.625
16
s 0.125
“ 0.625
0.09
: 0.625
: 1.25
0.050
: 0.250
0.025
. 0.125
< 0,063
P 1.25
: 0.250
3.0
« 0.063
0.050 727—7&407‘ whe
» 0.100
: 0.625 P4 '

0.750 SA-,[;,.:\& |
5.25 Speeipie Covid i Momin

(WY
*
)
&

LAY
OO
o o
[N
[0
aan

14-5°¢
& /0
a.chf;z

S R7% ,/¢L”~w%%?~
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ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
P
SR
EA
Vv
CR
MN
co
NI
cu
MO

_ PE
ZN
cho
AG
AU
AS
SE
BI
)
TE
SN
W
LI
RE
2]
ZR
LA
CE
TH
ar-
F -
Hco,
SO
3.5

CALISTOGA SET 2

G-039-80

CONCENTRATION (FFM)

11
2.50
17
6
0.13
< 0.625
22
< 0.125
< 0.625
: 0.06"
: 0.625
: 1.25
< 0.050
< 0.250
'y 0.025
> 00125
: 0.083
< 1.25
0.250
< 0.125
< 0.063
< 0.050
'y 0.100
< 0.625 72
< - 04750
- 2.50 PH
\ 6025 .
P 1,25 sals
: 0,125  Spees
< 0.125 /k
% 0.050
< 0.005
4 0.125
ﬁ 0.125
E 0.125
< 0.250
Z 2.50
s
o./
R0.8
1S
190

QOLLPECTED 72 0.5, /40

+1 *g

0

6 &
£-0p
.03

ComslweTamers 170 pimes/Cm
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ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
Fl
SR
EA
v
CR
MN
co
NI
cu
MO
PE
ZN
ch
AG
AU
AS
_ SE
) BRI
u
TE
SN
W
LI
RE
B
r ZR
J LA
CE
TH

CALISTOGA SET 2

6-040-80

CONCENTRATION (FFM)

173

(&

N
[y

O

M
A
h

rJ

S
HFOOOOOROOOOCOOHD

RPN
o

® ¢ o ¢ 0 o+ o ¢ o o
AR
i an (o] t

*
naoetd

o

J’“i
R
NN OF OB OMNOE O

[y
L J

0.063 )
0.050 14.5°¢C
0,100  7Temfelcline L4 P
0.625  ph ¢

. - o?
o Sabirdly” | e "wa it
6.2 5/4:4)4.&

o 101.4
< 0,125
4 0.125
0.13
0.005
10.9
0.125
2,50
/7 é
42
219-6
2 10
692

P
£

23 M AN

Y

AN

’
LAY

Coeecx7ed 7.05. S8L




\dl

J

CALISTOGA SET 2 A , (
41 G-041-80
ELEMENT CONCENTRATION (FPM)
NA 26
K < 2.50
CA 25
MG 7
FE 0.58
AL 0.8
sI 25 ‘
‘TI ¥ 0.125 ‘
P ' 0.625
SR ~ 0.07
BA < 0.625
v < 1.25
CR £ 0.050
MN " 0.250
co < 0.025
NI { 0.125
cu < 0.063 K
MO < 1.25
FE Z 0.250
ZN 0.6
CD £ 0.063 )
AG £ 0.050 1 7°%€
AU & 0.100 Te ke 7
AS % 0.625 /’# 410 .
<~’ [ -+
BT D T 54 edinih 0t
u e 6.25 / (.Wc/y,/f},,y_ 2. 02 2 anad
TE < 1.25 %ﬂuﬁfuf
SN 2 0.125
W P 0,125
LI 0.07
EE < 0.005
R 0.7
ZR < 0.125
LA < 0,125
CE < 0.250
TH < 2,50
e/~ /é
F-
- d.
Heo; ‘?7-66 (
S04 14
T1.D-S. 236
coeeec7ed 7.0.5., /88




42
ELEMENT

NA
K
" CA
MG
FE
AL
SI
TI

P

SR
RA

v

CR
MN
co
NI
cu
MO
PR
ZN
ch
AG
AU
AS
SR
RI

U

TE
SN

W

LI
RE

E

ZR
LA
CE
TH
cl~
Feo.
HC°3
0
705+
Cokecr

CALISTOGA SET 2

G-042-80
CONCENTRATION (FFM)

147

[
~J

20

PANEAY
] Lo
e o
oo
(8]
o

OCHOOOOOROOOQOONOON

A

A

RESIESEY
wn

) O s O

EaN ALY
w
[

(RN
(& ]

L ) - * L] -* *> [ ] * L] * L J >
n A

RN OO

S0

AN AN
°.
[ )
)
4.}
(o)

TED

7.0.5. So/

Gt

1%
£-30
0.06 Y

750 M/‘“




CALISTOGA SET 2

43 G-043-80
ELEMENT CONCENTRATION (FFM)

NA 42

K < 2,50

cA 20

MG 10

FE ' .22

AL < 0.625

s1 22

TI ! 0.125

P T 0.625

SR 0.11

EA P 0.625

v < 1.25

CR < 0,050

MN £ 0.250

co < 0.025

NI £ 0.125

cu < 0.063 .

MO < 1.25

FR < 0.250

ZN 0.3

(31 £ 0.063

AG P 0.050

AU < 0.100 o

AS < 0.625 Terperadur 16 C

SE Z 0.750 .

BI < 2,50 pH §-52

u_ < e salindy o.ovy
s e i i

SN 1 0,125 5%«;{1&1:(, (0"'0/“’/72“‘*" oo M/“'j

W z 0.125 ‘

LT 0.07

RE < 0.005

E .2

ZR : 0.125

LA < 0.125

CE £ 0.250

TH < 2,50

arl- 39

F - o,

HC03 109.8

50; as (

T.D.S. 29¢

CoRescrep OS5, 240




CALISTOGA SET 2

44 G-044-80
ELEMENT CONCENTRATION (FFM)
NA 180
K- 12
CA 11
MG 4
FE < 0.025
AL < 0.625
SI 35
TI <0 0,125
P < 0.625
SR 0.06
BA - < 0.625
v 2 1.25
CR 1 0.050
MN 0.250
co ' 0.025
NI < 0,125
cu < 0.063
MO " 1.25
FB Z 0.250
ZN < 0,125
ch < 0.063
AG < 0.050 o
O AU 0.100 T"”)‘%ﬁ""— 40 ¢
AS £ 0.625 vig
. SE < 0.750 PH £:é
B BI £ 2,50 5@_“/;— 0,0;7
u % 6.25 ’ ¢
TE < 1.25 5 el . Cleﬂ/“'jW ]/90
SN :  o.uzs  F }L""
W < 0.125 .
BE % 0,005
B 10.2
ZK < 0,125
J LA 0.8
CE < 0.250
elr- 194
F- 7.0
HCO3 203
S0y L 1o
7.D.s. c78
COBLECTED 7:D.S. 578

///»nlﬂ-ad




CALISTOGA SET 2

45 G~045-80

ELEMENT CONCENTRATION (FPM)

NA 171

K 13

cA 11

MG 6

FE 0.67

AL £ 0.625

SI 30

TI < 0.125

P < 0.625

SR : 0.06

BA < 0.625

v < 1.25

CR 2 0.050

MN £ 0.250

co £ 0.025

NI £ 0.125

cu £ 0.063

MO £ 1.25

PR £ 0.250

ZN < 0.125

co < 0.063 )

AG £ 0.050 c.

AU < 0.100 72*7“@4ﬁ;“‘ =9

AS < 0,625 b ' 5.9%

‘SR < 0.750 o

BRI 2.50 Sﬁaw;j/; - 0.07

u < 625 ! Gl 00

TE e 1.25 Specifis (ord 7 A

SN “ 0.125 :

W < 0.125

LI 1.06

RE £ 0.005

B 9.8

ZR ' < 0,125

LA < 0.125

CE < © 0.250

TH 2 2.50

el /7é

F _ Z/

Hcos 19%

504; Z 10

7.05- 7Y

QoRREC7TED 7.D.5. 55/




CALISTOGA SET 2

46 6-046-80

ELEMENT CONCENTRATION (FFM)

NA 79

K « 2,50

cA 21

MG 10

FE 1.96

AL 2.1

SI 21

T ¥ 0.125

F - 0.6295

SR 0.07

BA < 0.625

v P, 1.25

CR < 0.050

MN P 0.250

co p, 0.025

NI P 0.125 ‘

cu < 0.063 -

MO < 1.25

PE P, 0.250

ZN 0.5

ch < 0.063

AG < 0.050

AU p. 0.100 72"}‘”“2‘“"“

AS < 0.425 pH

SE < 0.730 -

BI 2 2.50 Sakinly 4

u « 6,25 Sheccls Comd e

TE P 1.25 fe‘ﬂab

SN >, 0.125

W “ 0.125

LI 0.48

EE « 0.005

E 3.9

ZR < 0.125

LA < 0.125

CE < 0.250

TH < 2,50

cl- &7

F - - 300

HCOg 172

S Oy 4 10

7.D.5. “404

Coreec7ED T-0.5,

3/9

zzoc—
5.90
0.0% %

‘1/0_/"““"‘/0‘*




CALISTOGA SET 2
47 G-047-80
ELEMENT CONCENTRATION (FFM)

NA 116
K “ 2,50
cA 17
MG 15
FE 0.31
AL £ . 04625
SI 18
TI P 0,125
P £ . 0,625
SR 0.07
RA - « 0.625
v p. 1,25
CR “ 0.050
MN P 0.250
co o 0.025
NI < 0.125 -
cu “ 0,063
MO < 1.25
PR < 0.250
ZN 0.2
cp < 0.063
AG < 0.050

o AU < 0.100 'ﬁm%%ﬂﬁwh 15°C
SB < 0.750

Y ORI 2,50 Sa(.‘nkfi 0.05 %
TE z 1,25 peep
SN « 0.125 |
W < 0.125
LI « 0.050
BE P, 0.005
E | 7.3
ZR : < 0.125

J LA < 0,125
CE £ 0.250
TH g 2,50
/- /3 a
£ 7.7
Hcog . - 1%%
50:; L, 10
7.D-S5. “$i13




48
ELEMENT

NA
K
cA
MG
FE
AL
sI
TI
F-
SR .
EA
Y
CR
MN
co
NI
cu
MO
PR
ZN
co
AG
AU
AS
SE
RI

u
TE
SN
W

LI
RE
R
ZR
LA
CE
TH
er-
- -
Hcoy

Scy
7-9-5-

CALISTOGA SET 2

G-048-80
CONCENTRATION (FFM)

103
< 2,50
28
30
2.94
“ 0.625
17
£ 0.125
< 0.625 ‘
0.13
. 0.625
< 1.25
£ 0.050
1.1
< 0.025
£ 0,125
P 0.063
< 0.250
0.3
« 0.063
o 0,050 y
g 0.100 7ﬁv7hdafwu-
£ 8.625 y”
: 750 .
2,50 544*%7' y
' 6.25 0l Condw
; 1.25 7 e
< 0.125
< 0.125
- 0.050
< 0.005
8.1
0.125
0,125 -
0.250
2,50
Jé 2
(.Y
204.4
z 10
59/

K &
Y l‘.'- % S

A

Cacee78d 7.0.S, 480

18°¢

5. 77
0.06%
720

(A SN




49
ELEMENT

NA
K
CA
MG
FE
AL
.81
TI
F

- SR
BRA
v
CR
MN
co
NI
cu
MO
PR
ZN
chn
AG
AU
AS
SE
RI
u
TE
SN
W
LI
BRE
B
ZR
LA
CE
TH

e/~

-

Hcoz

S0,

7-D.S.
CORRECTED

CALISTOGA SET 2

 6-049-80

CONCENTRATION (FFM)

149
3
15
19
: 0.025
20
by 0.125
< 00625
0.08
< 0.625
< 1.25
: 0.050
0.5
0.025
0.125 ;
0.063 ’
1.25
0.250
0.125 _
0.063 °
0.050 7&»f%%ﬁu~ 17¢
oibag M gt
0.750 5&‘*"‘4'[/—_ £ 7-98 %
2,50 cpe e e So

o~

PN LY

o,
Y

A S Y
EATF A SO A

SN,

6.25
1.25
. 0.125
< 0.125
0.07
< 0,005
10.0
0.125
0.125
0.250
2.50
/76
/.3
218
L 10

629
7.2.5. 523

Y
e

RN

0y
LY f‘\'o f"\ IA\

e




ELEMENT

NA
K

cA
MG
FE
AL
SI1
T1
P

SR
RA
Vv

CR
MN
co
NI
cu
MO
PR
ZN
Ch
AG
AU
AS
SE
RI
u

TE
SN
W

LI
RE
B

ZR
LA
CE
TH

cl-

- -

Heos
7.D.S.
Coreerred

CALISTOGA SET 2

G-050-80

CONCENTRATION (FFPM)

A
o

o .
[l

4]

PNt
-~ O
¢ o
r O~
R

]

PR
PR S Y

SN NS
<
-
[y
"
&}

o o o,

0,050 ﬁwfw;fw—

SN A
oo

.
N O
ar
(o R4

"'
3
L
4]
Lo

0550 S
6.25 'sf“'

S f

LAY I..'n 4
o
3
[y
)
w

C}“JLJQK“—

0

13 C

597
o.0f 7
F00 S

oA fe~




D

ELEMENT

NA
K
CA

‘MG
. E
AL
SI
TI
P
SR
BA
V
CR
MN
Cco
NI .

cu ’
MO

FE
ZN
ch
AG
AU
AS
SR
BI
U
TE
SN
W
LI
EE
E
ZR
LA
CE
TH
a/”

F"’
HcO3

S Ol.f
T.D.S.
CORRECTED

CALISTOGA SET 2

6G-051-80

CONCENTRATION (FFM)

703

128
2.50
25
13
.23
0.625
17
0.125
0,625

0014 g

0.625
1,25
0,050
0.250
0,025
0.125
0.063
1.29
0.250
3¢5
0.063
0.050
0.100
0.625
0.750
2.90
65.25
1.25
0.125
0.125
0.050
0.00S
7.6
0.125
0.125
0.250
2.30
/130
3.5~
214.3

22
710
604




»
CALISTOGA SET 2
52 G-052-80
ELEMENT _ CONCENTRATION (FFM)
NA 27
K £ 2.50
cA bb
MG 19
FE 0.04
AL £ 0.625
SI 24
TI 'S 0,125
P < 0.625
SR 0.26
EA < 0.625
v < 1.25
CR < 0.050
MN < 0.250
co £ 0.025
NI < 0.125
cu < 0,063 T
) < 1.25
FR ’ 0.250
ZN 2.0
co < 0.063
6G £ . 0,050
ALl < 0.100 7ﬁﬁfu;ﬁﬁ;
AS e 0.625
SE s 0.750 PH
BI Ea 2,50 - 5@&;%7 4
o Lo “"/0’2'-: .
LT’E | R = 5/474' Ve
SN £ 0.125 g
W < 0.125 ‘
LI L 0.050
BE ‘ < 0.005
K 0.3
yAS 2 0.125
LA £ 0.125
CE £ 0.250
TH £ 2,50
cI- - 37
F~_ L ol
HCOn, 142:6
so; 47
7.D:S. 389

CoRRETED T.D.S .

Jife




- ‘ ' _ CALISTOGA SET 2

[
3]

CLEMENT

M
K
cA
MG
FE
AL
SI
TI
Fl
SR
BA
v
CR
MN

 Co

NI

cu

MO

FR

ZN

co

) AG

W AU
AS
SE

D EI
U
TE
SN
W
LI
EE
K
ZR

J LA
CE
. TH
Qs
F - -
HCO3
'50:/
T.D.5-

Coprerred 7:0.S.

5-053-80

CONCENTRATION (FFM)

IS
El S SR S

oo

KO S
R R

92
2.50
a9

23
D

15
AZS
QL

S
[
~J

12
62
a0
P4
625
o5

O,
23
0.
0.
0.
0.
1.

0.050
0.250
0.025
0.125
0.063
104\.!

0.250

29.8

0.063
0.050
0.100
0.625
0.750
2.50

b5.25

1,25

0.125
0,125

0.050°

0.005
0.5
0.125
0.125
0.250
2.350
é7
2, 2_
302-7]
43
ce7

§-20




o

()

ELEMENT

NA
K
caA
MG
FE
Al
SI
TI
Fp .

SR

EA

v

CR

MN

co

NI

cu ’

MO

FE

ZN

coh
\ AG

O AU

AS
SE
Y RI
U
TE
SN
W
LI
BE
E
_ ZR
J LA
CE
TH
el
i
HCo;
so(;
T.D.S-
CoeeecvED

CALISTOGA SET 2

G-054-80

CONCENTRATION (FFM)

L4
3]
HOOOOOOO VN
. o
[» el
RS
w

(4 A

(SIS TN

L4

8 )
* .
4}
o

P
Sd«/

S
S = O
¢ o0
(@A
o
¢

NS
r3

o

&
[

75»fuuﬂ$4g
M

Secsple. Condolinen-

24
§€-90

0.09%
/05‘0 /‘""’""(/G'M




CALISTOGA SET 2

59 G-055-80

ELEMENT

NA
K
CA
MG
FE
AL
SI

TI
P
SR
RA
Vv
CR
MN
co
NI
Cu
MO
PR
ZN
Ch
AG
AU
AS
SR
BI
U
TE
SN
W
LI
RE
B
ZR
LA
CE
TH

el -
- -

HCo;

S04

7-D-S-
CoRLECTED 7:D.S.

A

Pt ;"". A A S

CONCENTRATION (FFM)

4|
ON DU

= 1)

2.61
0,625
2

.'
o \.

J

< 0.125 '
< 0.625
0.09
< 0.625
< 1.25
< 0,050
0.250
3 0.025
0.125
0.063
1.25
0.250
6.9
0,063
0.050

0,100  Tampers e

0.625  py
0.750 ..
2.50 :ku&njz »
6,25 e e
1.25 {;“ﬁ/“ Comdh
0.125
0.125
0.050
0.005
1.0
0.125
0,125
0.250
2.50

37

g. 2.
196
16

397
300

5

PR A
oS S E N A

3

Sy
o

EAN

Y

.
LA

o~
LY

AN

.
EY

19°c
6-50
0-03 %

HE0 /“”*“fﬁé“




jv

CALISTOGA SET 3

CorpecreD 7. 2.5,

CONCENTRATION (PPM)

56 6-0546-80
ELEMENT

NA 17

K 2.50
CA - 23

MG 8

FE 0.22
AL 0.625
SI 21

TI < 0.125
F “ 0.4625
SR : 0.08
BA 7 0.625
v 1.25
CR < 0,050
MN 0.250
co 0.025
NI < 0.125
cu 0.063
MO : 1.25
FR 0.250
ZN < 0,125
ch 4 0.063
AG < 0.050
AU < 0.100
AS < 0.625
SE < 0.750
BRI - 2,50
U ‘] 6.25
TE 1.25
SN 0.125
W 0.125
LI 0.050
RE - 0,005
R 0.125
ZR 0.125
LA < 0.12%5
CE < 04250
TH “ 2050
er- /0
FT a,/
Hco; 999
50, Y/
7-D.S . 273

7&»¢~udi~—

PH

sa&gj“

oot fw Condw

{J[Ku_

13°%

S 463
o.ﬂ/Z

203 umtf




@)

CALISTOGA SET 3 : (
57 6-057-80
ELEMENT CONCENTRATION (FFM)
NA 203
K 5
CA 25
MG '8
FE 0.12
AL C.625
SI 29
TI \ g 0.125
P ‘ e 0,625
SR 0,12
RA g 0,625 /
v £ 1.25
CR < 0.050 .
MN _ 0.4
co < 0.025
NI < 0.125
cu < 0,063 .
MO { 1.25 .
FR i 0.250
ZN < 0.125
(1] < 0.063
AG 2 0.050 °n
AU . { 0.100 72ﬁf%ﬁjbu- 3%.5
AS : P 0+625
SE . < 0.750 y 6-59
- N R o
i I p 008 7
TE < 1.25 e oo Gl 11992 )
SN < 0.125 5/‘*‘)‘“ Comd . e
W ‘ < 0,125
LI 0.32
EE i 0.005
R 8.9
ZR g 0.125
LA - < 0.125
CE < 0,250
TH £ 2,50
el Y2di
F- 2.4
Hco_; 302-7
, SOZI' L 10 : <
7-D-.S. 797 '
Z ) : .




N

CALISTOGA SET 3

s8 G-058-80
ELEMENT CONCENTRATION (FFM)
NA 191
K 4
CA 10
MG 1
FE 0.14
AL < 0.625
SI 42
T < 0.125
P S 0.625
SR 0.05
BA < 0.625
v < 1.25
CR < 0,050
MN “ 0.250
co % 0.025
NI < 0,125 o
cu < 0,063 T
MO « 1.25
PE < 0.250
ZN < 0.125
D < 0.063
AG < 0,050 : o
AU < 0.100 7z”f‘”ﬂéb“ 57°¢
AS < 0.625 pH C-6$
SE < . 0.750
BI < | 2.50 5AA-.;‘§; 0067 %
<1 6.25 o . o
SN < 10,125 o
W < | 0,125 - |
LI L 1.40
BE < 1 0.005.
2 . | 9.4
ZR < 10,125
LA < 7 0.125
CE < 0.250
TH < 2,50
cl- /9/
F - ' 7 s~
HCQ; 1655
504’ L 10
7DS. c43

coReETED T7.0.5. S/




CALISTOGA SET 3

CONCENTRATION (PFM)

59 G-059-80

ELEMENT
NA 62
K 4
CA 27
MG 8
FE 0.08
Al < 0.625
SI 19
TI < 0.125
P < 0.625
SR 0.09
BA < 0,625
v < 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI < 0.125
cu < 0.063
MO < 1.25
PR < 0.250
ZN < 0.125
ch < 0.063
AG < 0.050
AU < 0.100
AS < 0.625
SR < 0.750
BI < 2,50
u < 6.25
TE < 1.25
SN < 0.125
W < 0.125
LI < 0.050
BE < 0.005
E 1.8
ZR < 0,125
LA < 0,125
CE < 0.250
TH < 2.50
arl - 39
F- 0.5
Hco; 196

S 0,1 35
7.D.5. 387
Cokeeczed 7.0.5, S9F-

=o’c
4-35~
0.03%Y
“4j0




CALISTOGA SET 3

40 6-060-80

ELEMENT CONCENTRATION (PPM)

NA 46

K £ 2.50

cA 25

MG 10

FE 0.26

AL £ 0.625

SI 24

TI < 0.125

P < 0.625 "

SR 0.09

BA < 0.625

U <l 1025

CR < 0.050

MN 0.4

co £ 0.025

NI < 04,125

cu “ 0.063 i

MO < 1.25

PE < 0.250

ZN 0.7 ,

co < 0.063 - , .

AG < 0.050 7,;,.,/0.;#-/- /6 C

AU < 0.100

AS < 0.625 JH 6-6%

SB < 0.750  <Scbrids yy 0.03%

BI < 2.50 ndwcTonca el f Camn

u < 1 4,25 Specfte ¢ 379

TE £, 1.25 |

SN < 1 0.125

W < ) 0.125

LI < 0.050 .

BE < 0.005

B 0.9

ZR “ 0.125

LA < 0.125

CE < 0.250

TH <  2.50

el a7

o Co.x

Hco, 171-6

507 11’

7.D. S- 335

CoRRECTED T.D.S, 350




~.

CALISTOGA SET 3

61 6-0461-80
ELEMENT CONCENTRATION (PPM)
NA 27
K 2.50
CA 3s
MG 7
FE 0.48
AL 0.625
SI 27
TI < 0.125 \
P " 0.625
SR 0.09
3A < 0,625
v < 1,25
CR < 0.050
MN < 0.250
co - < 0.025
NI < 0,125
cu 0.6
MO « 1.25
PB < 0.250
ZIN 1.2
cD % 0.063
AG < 0.050 , 0
AU 4 0,100 ﬁm/%c'fm 14.5 <
AS < 0.625
SB < 0.750 PN - ¢ S—{_
BI | < 2,50 el 0-0/ Y/
U “ 6.25 7 : /“J( 290 ,«/-./4/6.-
TE £ 1.25 Shecifae Com “
SN - 'S 0.125
W £ 0.125
LI < 0.050
BE < 0.005
B 0.2
ZR < 0.125
LA < 0.125
CE £ 0.250
TH « 2.50
Y \ 79
F- 2.2
- HC QO3 /27-3
504 14
‘7.D.S. 276

QoRRECTED T.0.5. Q23




CALISTOGA SET 3

62 G-062-80
ELEMENT CONCENTRATION
NA 44
K . Z 2.50
CA 39
MG ' 14
FE : 0.34
AL 5 0.625
SI. , 25
TI % 0.125
p < 0.625
SR 0.12 -
EA < 0,625
v < 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI <. 0,125
cu - < 0,063
MO < 1.25
FR : Z 0.250
ZN _ 0.3
cD < 0,063
AG % 0.050
AU < 0.100
AS e 0.625
SR < 0.750
BRI < 2,50
TE <5 1.25
SN < 1 0.125
W 7 0,125
LI < i 0,050
BE %L 0,005
ZR < i 04125
LA < 0.125
CE < 0.250
TH < i 2.50
cl” . 49
F- R R
HCO}- 173.1
so,, 34
7.D.5. 405

CoreecTE) 7.8, 318

(FFM)

pH
5“‘4. .

Spuipt Condeve

19°¢
(-S4
o-04%
Y5 oo




CALISTOGA SET 3

63
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
P
SR
RA
v
ER
MN
co
NI
Cu
MO
FR
ZN
ch
AG
AU
AS
SH
RI
U
TE
SN
W
LI
RE
R
ZR
LA
CE
TH
i~
F -
HCO,
TDs.

Cm&TED 7—;b's

G-063-80

CONCENTRATION (FPM)

LAY
<
L4

o
o
8]

o
o
J
4]
(=]

ﬁwfmfm 2g°c

£H . é-g0

5“&“4‘]— 0.09%

Specific Conduclance_ 1150 ,a/»alﬁm

D N N AN Y N AP L)
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N\

CALISTOGA SET 3

64 G-064-80

ELEMENT CONCENTRATION (FFM)

NA 56

K < 2.50

CA 34

MG 11

FE 2.00

AL < 0.625

SI 23

TI < 0.125

P 1 0.625

SR : 0.10

BA ; < 0.625

U ‘: 1025

CR ! 0.050

MN < 0.250

co : 0.025

NI 0.125

cu : 0.063

MO < 1.25

FE 0.250

ZN 05

(091] < 0.063
" AG 0.050 75,fg¢5tau,

AU : 0.100

AS = 0.625 f#

SE < 0.750 o

RI < [ 2.50 Srb /7

U 7 : 6025 g 1L

TE £ 1.25 57%‘7“*

SN 1 :0.125

W L 0,125

LI 1 ¢ 0.050

BE i 0,005

B : 101

ZR 7 0.125

LA - < © 0,125

CE < " 0.250

TH % © 2,50

el” 38

F- ‘9.3

HCOs 1627

S 0. 21

T7.D-5- 3¥°9

coreee7EDd 7.0.S, 300

1l°C—
6-50
0-03Y%

4 50 M

e




CALISTOGA SET 3

65 G-065-80
ELEMENT CONCENTRATION
NA 54
N '::.. 2050
CA. ’ 57
MG ' 14 .
FE - 0.72
AL ; “ 0.425
S1 . 17
TI < 0.125
I 0.625
SR 0:,15
‘BA = 0.4625 .
% < 1.25
CR < 0.050
MN s 0.250
co % 0.025
NI % 0.125
cu ‘ S 0.063
MO “ 1,25
FE < 0.230
ZN 0.8
ch ) < 00063
AG ' 4 0.050
AU < 0.100
AS - 0.625
SR < 0.750
RI <. 2.50
U ‘ L 6.25
TE + 1,25
SN “ 0.125
W « 0.125
LI 4 0.050
RE < 0.005
R 1.2
ZR “ 0.125
LA < 0.125
CE % 0.250
TH 4 2.50
¢/~ 73
F - 9./
504 26
7.D.S. 319

colecTEp 7D, 239

(FPM)

IS"C-
678
0-047
S0 /a.uw;(/cw
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CALISTOGA SET 3

b6 G-066—-80
ELEMENT " CONCENTRATION (FFM)

NA 84

K 4

CA 47
MG 19

FE 1.51

AL < 0.625

SI : 22

TI < 0.125

F < 0.625 !
SR 0.16

EA < 0.625

v < 1.25

CR < 0.050

MN 1.2

co Y 0.025

NI Y 0.125

cu < 0.063

MO % 1.25

FR £ 0.250

ZN o) 0.125

ch < 0.063

AG < 0.050

AU 5 0.100 e orr—
SR ' Z 0.750

BI ¢ | 2.50 . Salbuidy ..,,7‘
u ’ S ¢ 6e29 c:o { f/ Py
TE < £ 1.29 s & !
SN - ©0.125

W oY 0.125

LI Bl i 0.050

BE Y 0,005

R . . 0.9

ZR £ C0.125

LA < 0,125

CE : i 04250

TH : 2050

cl™ 53

F- ¢ o2

Hco, 292

50‘/ 2.3/

72
7.D.S. 5

copeserEd —ps, 448

357°C
6-go
o -OS’Z

g4o

wanr K fomo




- 67
ELEMENT

NA
. K
" CA
MG
FE
AL
SI
T
Fl
"SR
RA
vV
CR
MN
Co
NI
Cu
MO
R
ZN
cn
AG
AU
AS
SE
BRI
U
TE -
SN
W
LI
BE
R
ZR
LA
CE
TH
él-
F- -
HCO3
509

-r.D.S.

Correc7eD 7,0.5,

CALISTOGA SET 3

G-067-80

CONCENTRATION (FFM)

o U

8]
CocoocuUlid O
*
[
1
w

*

L ]
J O~

-,
" %

e

™,

J R

SRR
O
. »
(o3 3]
(44 ]
o

P S
o

*

)
4]
o

/ N s
(ol RN
* o o e
NRO -
aaor
o ol a

ﬁv*fvuf wre

SM
jygyﬁkc. CbndLozﬁuL-

PR N N W O AP A LY
Ll N 0 (o
. o .
ISEN o~
u o 8]
4]

C
L d

[y
(8]
4]

A A
o
°
8]
(4] -
<

372

34°C
£-97
.a'af'z

33;0 /ALM4v¢;/é~




68
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
F‘

SR
EBA
v
CR
MN
co
NI
cu
MO
PR
IN
chn
AG
AU
AS
SR
BRI
u
TE
SN
W
LI
RE
B
ZR
LA
CE
TH
cl”
F_
HCO3

S0,
T-D-5-
CoRlLECTED

CALISTOGA SET 3

G-068-80

CONCENTRATION (FFM)

[wre
4}

[
S OCOCDHRDI
e +
o~k

P
M

r

< 0,125
< 06625

0.04
A 1.25
£ 0.050
X 0.250
% 0,025
< 0,125
4 - 0,063 .
L 1.25 ?
© 00250
0.125
0.063
0.050
0.100

O L o s
AL R A

Fat

2.50 V&4

625 calaody

1,05 SME

0,125  Sfecifrc

0.125 ‘

0,49 . \

0,005

7.5 o

0,125

0.125.

0.250

190

R &4

191-4
+f/

co°

7ds, S06

A
o ST

A,
TR bk e

S

et

A LN

0.625 'ﬁ.—»)/au.fum-
0,750

@”“A~éﬂ&¢g-




CALISTOGA SET 3

69 G-069-80
ELEMENT CONCENTRATION (FPM)

NA 38

K “ 2,50

CA 35

MG 23

FE 0.33

AL 5 0.625

SI 24

TI Z 0.125

P o 0.625 - :

SR 0.08

EA £ 0.625

v g 1.25

CR R 0.050

MN 5 250

co « 0.025

NI < 0,125

cu < 0.063

MO £ 1.25

PR “ 0.250

ZN 0.3

ch £ 0.063

AG < 0,050

AU < 0.100

AS < 0,625

SE < 0.750 7;,fwﬁfwu-—¢*~*”w””

BI < 2,50

u “ 6.,25. [PH 670

TE < 1.25 ;udlé%7_ 0-03y

SN < 0.125 e i Ve

W “ 0.125 S/co«fu C”""/“"j 420 / -

LI 0.34

13 < 0.005

R 0.4

ZR < 0.125

LA < 0.125

CE < 0.250

TH £ 2.50

er- /0

F- o .3

HC.03 7.72.'7—'

S\oq . ,1_1 | (
H16 4 ‘

T.D.S.

LoRecTEd T7:d.S, 284




%

N

CALISTOGA SET 3

70 G-070-80
ELEMENT - CONCENTRATION (FPM)

NA

K

CA

MG

FE

AL “
SI

TI .
F : B4
. S Rl -
EBA

V A
CR <
MN
co “
NI <
cu <
MO <
FR <
ZN

ch <
AG V 5
Ay ’ «!
AS S
SE <
BRI <
u -
TE L
SN o
W

LI

EE

/5 °C
4-70

a. 0/

:/7(4““— 2é0 M/

coezac7€b 7.0.5, /147




-

71
ELEMENT

NA
K
cA
MG
FE
AL
SI
TI
P
SR
BA
v
CR
MN
co
NI
Cu
MO
FR
ZN
ch
AG
AU
AS
SE
EI
u
TE
SN
W
LI
EE
B
ZR
LA
CE
TH
cl
- F-
Hco,
S04

7.D.S.
CoreEcTe]y 7.0.5,

CALISTOGA SET 3

G-071-80

CONCENTRATION (PPM)

s
. L
[y
L ] [ ] L J . » L ] L 2
O N
LRSI X A
&} (L} ]

o
a
<

MO RO U O -

o

[ J

i
n<o

o

<
rd
&

< 0,125
0.063
- 1,25
{ o.hdo
0.9
< 0,063
0.050
0.100 ot
< 0.625 ¢
0.750 fH

o 2,950
b 6.25 5"4-"“'?
e
ﬁwf. GMJ

1.25
0.125
B 00125
< 0.050
0.005
125
0 125
0.125
0.250
2,50
/4
0.3
327/
S

746
585

PN AN L Y

30°c
.59

0-06 Y
1030 M/




72

ELEMENT

K

NA -

ca -

MG
FE
AL
SI
TI
Fo

SR

EA
v

CR
MN
Co
NI
Cu
MO
FR
ZN
cno
AG
AU
AS
SE
RI

0} U

TE
SN
W

LI
BE
R

ZR
LA
CE
TH

Cl
F

HCO}—

50?

7.

D-S.

CALISTOGA SET 3

6G-072-80

CONCENTRATION (FFM)

n'\'

A

S

SN

P
W A S,

o,

NS .{.'-.

L)

coeeceTEp 7:D.S,

2.50

14

0.24
0.625
13
0.125
0.625
0.06
0.625
1.25
0.050
0.250
0.025
0.125
0,063
1025
0,250
0.1
0063
0,050
0.100
0.625
0.750

| 2.50

1 6.25

o :
¥ 0,125 .

- 0.125

0.050

I 0,125
0.125
0.125
0.250
2,50
6

. 4.1
57-%
195

310
28s

0,005

Temperaline

ety

14°C

7-2%
0.0/ %

ég /..,.M%/c»




73
ELEMENT

NA
K
ca
MG
FE
AL
SI
TI
P
SR -
EA !
v

CR

MN

ca

NI

cu

MO

FB

ZN

cn

AG

Al

AS

SE

EI

U

TE

SN

W

LI

RE

E

ZR

LA

CE

TH

)~

F-

HCQ3

SO,

-r.D.S.
COPRECTED

CALISTOGA SET 3

G-073-80

'CONCENTRATION (FFM)

< 2.30
14

0.20
< 0.625 ,
12
< 0.125
< 04625
0.07
0.625
1.25
0.050
0.250
0.025
0.125
< 0.063
< 1.25
oY 0.250
0.9
< 0,063
< 0.050
< 0.100
“ 0,625
< 2.50 H
s 1.25
0.125
< 0.125
{ 0,050
0.005
0.125
0.125
0.125
0.250
2,50

) o
PR

- o
A l'.'-

EA S
SN S

Y S S CR )
Ea N S A ALY

c¢-3

39
3907
274

/1°C
- 74

0.0/ %

180 /W/‘/“"




74
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
F'

SR
RA
%

CR
MN
co
NI
Cu
MO
PR
ZN
ch
AG
AU
AS

" SR
BI
u
TE
SN
W
LI
RE
H
ZR
LA
CE
TH
¢
F. -
Heo;

SOy

7..5.

CALISTOGA SET 3

G-074-80

CONCENTRATION (FPM)

< 1 0.050

0.125
0.125
DT 0.250
T 2,500
2
,: o.l .
2s2-%
30
427

e, B o Y

Coekec7ed 7S, 305

0.005

0,125




ELEMENT

NA&
K
CA
MG
FE
AL
SI
TI
F‘

SR
EBA
v
CR
MN
co
NI
cu
MO
FR .
ZN
ch
AG
AU
AS

- SR
RI
u
TE
SN
W
LI
EBE
R
ZR
LA
CE
TH
er-
F-
HCOs
50,

7.D.s.

CALISTOGA SET 3

6-075-80

CONCENTRATION (FFM)

A

A

PSS

EANFAN

AN S S N

FAN

<

)
COO0OCUOHOOCOOOHROCOOOROLIMIANMD
o o *
o w
[ Qs <
4]

[

Aok AR OMRN
[(RE LR o W

COLMNMNOFRODOND RO M
o

[ * * * * L) > L] * L L] > * * *

[y
O Ul O
O OW

*

o~
-3
w

*

0.750
2,50
6.25
1.25
0.125
0.125
0.050
0.005

0.125

o

0.125

0,125
0.250
2.30

é

2.1
1212

27
319

CcoRRETED T77)D.5, 258

Te e
H
sl




()

76
ELEMENT

NA
K
CaA
MG
FE
AL
SI
TI
P
SR
BA
v
CR
MN
co
NI
cu
MO
FER
ZN
Ch
AG
AU
AS
SR
BRI

u
TE
SN
W

LI
RE
B
ZR
LA
CE
TH
J
F‘ -—
HcOoz3
509

7.2-5S.

CALISTOGA SET 3

G-076-80

CONCENTRATION (FFPM)

19
2,50
75
10
0.56
< 0,625
13
=4 0.125
0.19
< 0.625
-\ . 1.25
< 0.050
< 0,025
< 0.125
x4 0,063
<. 1,25
< . 0.250
1.7
< 0.043
% 0,050
<\ O. 100
4 0.750
{ 2.50
21 6,25
|
1
|

-'...'-

0.125
0

125

o

M

CopRrec 7D 7.0,5, 235

- 0.125
i 0,125 .
L 0,050
i 0,005 .

< 1 0.125

e K

pH | .,
'S;uﬂgaff a.az.,{ -
. /4 CMJJM 200 MJK/

Sewific




& CALISTOGA SET 3
77 G-077-80
ELEMENT CONCENTRATION (FFPM)
NA 12
K < 2.50
CA 51
MG 21
FE 0.12
AL g D 06625
SI 15
TI < 0.125
[ 1 < 0.625
SR 0.12
EA 5 0.625
(VI < 25
CR i 0.050
MN P 0.250
co P 0.025
NT 2 0.125
cu P 0.063
MO < 1.25 °
FE i 0.250
ZN 4.0
ch , < " 0.063
AG g 0.050
AU < 0.100
9 AS < 0.625 To
SE < 0.750 PH
RI : o 2,50
7 U 6.25 Sabindly ,f
TE < 1.25 | Speecfile Comdl Ve
SN < 0.125
W g 0.125
LI ' 0.050
BE < 0,005
R 2 0.125
ZR < 0.125
LA b 0.125
J CE < 00250
TH £ 2.50
¢l 3a
F- < o1
Hcos 193
so,‘ >°

CcORRETED T7,0. S 275




N

78
ELEMENT

NA
K
CA
MG
FE
AL
S1
3
F'
SR
EA
Vv
CR
MN
co
NI
cu
MO
FR
ZN
cn
AG
Al
AS
SH
BI
u
TE
SN
W
LI
RE
B
ZR
LA
Ct
TH
el
F -

Heos

SOy
7-D-S.

Coeece7ep

—

le

CALISTOGA SET 3

G-078-80
CONCENTRATION
'8
< 2050
23
S
0.21
<X 0.625
10
£ 0.125
< 0,625
0.12
< 04625
< i 025
< 0.050
A 0.250
< 0.025
i 0.125
<L 0.063
1.25
< 04250
0.5 .
< 0.063
X 0.050
= 0.100
« X 0.750
< . 2.50
kN by 6423
% 125
{ P 0,125
< 1 04125
£ 10,050
% . 0,005
L { 0.12%
<7 04125
< Y 0,125
< 0,290
< 1 2.50
L6
i ol
€7-7
21
244

.S,

27/

(FFM)

anﬁ&sxwu

/S°C
£-77

0.0/ Z
170

el




o

3\

CALISTOGA SET 3

CReLETED TID,S,

79 6-079-80
ELEMENT CONCENTRATION (FFM)
NA 22
K < 2,50
cA 57
MG 11
FE 0.025
AL < 0.625
sI . 10
TI £ 0.125
P < 0.625
SR 0.14
EA < 0.625
v < 1,25
CR < 0.050
MN < 0.250
co £ 0.025
NI £ 0.125
"CU « 0.063
MO « 1.25
FR £ 0.250
ZN “ 0.125
ch - 0.063
AG < 0.050 .
AU P, 0.100 | s
AS £ 0.625 20-
SR < 0.750 72”7&415&”“
BRI . 2,50 " 477
u “ 6,25 -
TE 1.25 _gk&“d/_ ‘ g-937
SN 0.125
W 0,125  She iii Condnclamec 769
LI 0.050 peife
. BE 0.005
R . 0.125
ZR < 0.125
LA < 0.125
CE ¢ 0.250
~TH < 2050
cl- g
£~ 2.3
HCU} 7..37.,
50:74 2%
7-D-S- 3979




N

CALISTOGA SET 3

(FFM)

80 G-080-80
ELEMENT CONCENTRATION
NA 15
K < 2.50
CA 15
MG 4
FE 0,90
AL < 0.625
SI 12
TI < 0,125
P < 0625
SR 0.10
EA < 04625
v 4 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI g 0.125
cu < 0.063
MO < 1.25
FE < 0.250
ZN 0.2
CD < 0.063
AG < 0.050
AU < 0.100
AS < - 04625
SR e . 0.750
RI < i 2.50
U 2 Y 4,25
TE % 1.25
SN 4 i 0,125
W 7 . 0,125
LI : ! 0,050
RE < T 0.005
E g 10,125
ZR < . 04125
LA <o 0.125
CE < 10,250
TH % . 2.50
¢l 17
F- 0.1
Hcog 37-7
SOL, 2.3
7.D. S.. 19%
coerecTEd T,D.S. /55

/gc
€. 75
o002

1 4% /W”{/"”“




81
ELEMENT

NA
K
cA
MG
FE
AL
SI
TI
F
SR
EBA
Y
CR
MN
co
NI
cu
MO
FR

ZN
ch
AG
AU
AS
SE
BRI
U
TE
SN
W
LI
EE
R
ZR
LA
CE
TH
¢l-
E-
HCO3
S0,
T7.D.S. -
CORCECTED

CALISTOGA SET 3

5-081-80

CONCENTRATION (FFM)

A,
[
w
(o)

161

:D.S /8

/8 <

7.00
0.0l 7

Comdwchlinee g3

,a,..fﬂcm




CALISTOGA SET 3

CONCENTRATION (FFM)

82 G-082-80
ELEMENT

NA 14

K % 2,50
CA 73

MG 17.

FE 0.16
AL i 0.625
.sI , 9

TI Z 0.125
P % 0625
SR 0.10
RA o 0.625
v £ 1 025
CR < 0.050
MN < 0.250
co < 0.025
NI o 0.125
cu < 0.063
MO 201,25
FE i 0.250
ZN 2,

CD < 0.063
AG ' 0,050
AU < 0.100
AS « 0.625
SR < 0.750
BRI < 2.50
u < 6025
TE ﬁ 1.25
SN Y 0.125
W i 0.125
LI i 0.050
EE < 0,005
B < 0.125
ZR i 0.125
LA Y 0,125
CE < 0.250
TH B 2,50
(o 13

F- 0L
Hcog 314-7
so 7
7.2.5 21z

CoelecTED T.0.S,

7¢~—fud'~u

/6°C
§:509
0037

990" pprt fom




D) CALISTOGA SET 3

83 6-083-80
ELEMENT CONCENTRATION (FFM)

NA 10
cA 30
MG 7
FE 0.68
AL < 0.625
SI ‘ 10
TI < 125
‘P g < 0.625
SR 0.06
BA < 0.625
v < 1.25
CR < 0,050
MN < 0.250
co i 0.025
NI i 0.125
cu < 0.063
MO < 1.25
PR i 0.250
ZN 0.7
ch g 0.063
AG < 0.050

o AU £ 0.100 72*79~56v&—
AS 1.0
SE £ 0.750 f”
RI : -.50

) u . oz 6.2 .SalL~%7
TE . 10..\.1 / (f
SN < 0.125 %&afu, Comd el Enis
W . < 0.125
LI 4 0.050
RE < 0,005
B i 0.125
ZR < 0.125
LA £ 0.125

2 CE “ 0,250
TH . ':. —O\JO
o s
F- Z ol
Hcos otz
50, 13
7.DS- A 2j]2

CaRRECTED 7.D.5. /57




84
ELEMENT

NA
K
ca
MG
FE
AL
SI
7

Fn

SR
EA
v
CR
MN
co
NI
cu
MO
FE
ZN
CL
AG
AU
AS
Sk
EI
u
TE
SN
W
LT
BE
K
ZF
LA
CE
TH
el
F -
HCa;
so,
7.D.S.

CClRECTESD

CALISTOGA SET 3

G-084-80

CONCENTRATION

2
s

t N

2,50
67

17
0.36
0,625
10

. 0.125
0.625

21

0.625
1.25
0.050
0.250
0.025
0.125
0.063
1.25
0.250
0.8
0.063
0.050
0.100
0.625
0.750
2.50
6.25
1.25
0.125 -
0.125

0,050 -

0,005

0,125
C0.125
0.125
0,250
2.50
29
’ olL{
253-7

16
443

=~ .5, e

(FFM)
ﬂm?LUdLK- 24°C
”*;{‘ £-13
;SajzmegL: . <7.07‘;:

Speeipc ff’“’ o syt




CALISTOGA SET 3

- 85 6G-085-80

ELEMENT CONCENTRATION
NA | 16
K “ 2.50
CA ’ 49
MG : 4
FE 0.08
AL , : A 0.625
SI . K4
TI < 0,125
P . 0.625
SR : 0.18
BA < 0.625
v < 1.25
CR < 0.050
MN “ 0.250
co <X 0.025
NI . < 0.125
cu . < 0.063
MO : A 1.235
FR X 0.250
ZN 0.2
ch ' < 0.063
AG ' A . 0.050
AU « 0.100
AS, <X 0.625
SR < 0.750
RI X 2.50
U « 6.25
TE + 1.25
. SN “ 0.125
W : £ 0.125
LI “\ 0.050
BRE =4 0.005
E ) 0.125
ZR ' 2 0.125
LA < 0.125
CE = 0.250
TH “ 2,50
el 7
F - 4.3
ch; 16%-5
S0y 27
7.D.5. 30%

coreS7ED T.DS, 22/

(FPM)

/9 °C
6:-20

og.0!Yy

268 M/«




CALISTOGA SET 3

86 G-086-80
ELEMENT CONCENTRATION (FFM)
NA 31
K S 2,50
CA 22 -
MG 6
FE 0,07
AL < J.625
SI 5
T ‘ < 0.125
F ‘ < 0.625
SR 0.09
EA < 0.625
v g 1.25
CR < 0.050
MN g 0.250
co P 0.025
NI. o 0.125
cu o 0.063.
MO < 1.25 ’
FH g 0,250
ch 2 0.063
AG g 0.050
AU P 0.100
AS < 0.625 R
SE -=:: 0.750 'Te-wfu;&jvdu— 24 C
RI 2 2.50
U " 6.25  pH et
TE o 1.25 v 0.0/ 7
SN r, 0.125 iﬁr4*4;4¢;- | ' / //4;“
W S ., 0.125. 7 ke, 2SO0 sk
LI < / o,oso&:-fykovéc- Comdnc -
ERE B 0.005 o o
K 0.3 , S
ZR £ 0.125
LA P 0.125
CE . 5 0.250
TH o 2.50:
¢l _ /5
- A o.1]
HCOs 157.%
30‘ 1S
7.
2
7-D.S. . 77

corecc7€d T.0.5. /9?




o

87
ELEMENT

NA
N
cA
MG
FE
AL
SI
TI
Fi

SR
EBA
v

CR
MN
co
NI
cu
MO
PR
N
cn
AG
AU

SR
RI .

) u

TE
SN
W
LI
EE
B
AN
LA
CE
TH
el-
F-
HCoy~
S Oy

7.D-S.

CALISTOGA SET 3

G-087-80
CONCENTRATION

8.
2.30
119
7
1,80
2.0
16
< 0,125
S 0.625
0,09
<« 0,625
< 1.25
L 0.250
0,025
L 0,125
. 0.063
L 1.25
L 0.250
3.0
L 0,063
- 0,050
0,100
0.750
2.950
625
1.25
0,125
0.125
0.050
o 0.00%5
< 0.12%
0.12
: 0.12%
Bt 0. 250
; 2.50
5
Vi o.]

5.
L e

235

o) ", 5y o
fo S S

P

Corecered 7:D.5. 270

(FPM)
.
n”fmfm 18°C
f” & 0S
c.0l




88
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
F-
Sk
EA
v
CR
MN
co
NI
cu
MO
FR
ZN
chn
AG
AU
AS
SH
RI
u
TE
- SN
W
LI
RE
R
ZR
LA
CE
TH

el

£ -

Hcos

) 04,'

7.D-5-
COLLETED

CALISTOGA SET 3

6-088-80
CONCENTRATION (FFM)

60
2,50
52
13
1.27
0.625
15
< 0.125
0:13
T 06625
< 0.050
0.9
A 0,025
< 0.125%5
< 0.063
< 1.25
. 0.250
1.7 .
0.063
0,050
0.100
0.625

< g:;go T fw_ . v Jé‘c—
£ 6.25 ep iy
< 1.25 . by ¢ .
¢z s @.03

RS

S
LANEAY

W S S

£ 0.125 - Sek

0.050 _5#,,;014_;, CoducTinca S00 ftsad/em
. 0.005 '

0.125 |

0.125

0.125

0.250

2,50

13

0.4

311-9
L g0
492

S
ALY

FANFAN

7-0.5. 338




CALISTOGA SET 3

89 G—-089-80
ELEMENT CONCENTRATION

NA - 11

K K4 2.50
CA 13
MG 3

FE 0.15
AL . < 0.625
SI 12

TI £ 0.125K
F < 0.625
SR 0.06
RA < 0.625
% < 1.25
CR < 0.050
MN < 0,250
co < 0.025
NI < 0.125
cu X 0.063
MO < 1.25
FER ’ i 0.250
ZN £ 0.125
ch A 0.063
AG % 0.050
AU < 0.100
AS < 0.625
SE < 0.750
RI 4 2,50
u ' 4 6.25
TE < 1.25
© SN s 0,125
W < 0.125
LI < 0.050
RE ’ < 0.005
R < 0.125
ZR < 0.125
LA 0.7
CE 4 0.250
TH . - 2050
cl- s
F- P o.1
HCQj. fql'7
S0y < 10
+.D.S. | 104

corRECTED 77 0.5, es

(PFM)

72ufuudﬁ&—

57uuxf<b

22°C
619

0.9l 7
135 mdl/em




AN
Ll

?0

ELEMENT

NA
K
CA
MG
FE
AL
sI
TI
Fn
SR
EA
v
CR
MN
co
NI
cu
MO
FE
IN
ch
AG
AU
AS
SE
EI
U
TE
SN
W
LI
RE
E
ZR
LA
CE
TH
c!-
£ -
Hco}‘

307

T.D-S.

CALISTOGA SET 3

6-090-80
CONCENTRATION (FFM)

11
2.50
11
17
’)

1

25
S

W o,

-,
&

o1
-
+0
b

e
-
-l
"’
pagw
S
S

P
F SN

Rt

0o
0
S
S5
3

Py
2
0
25
02
12
06
25
250
q
—

4
0.
0.
1
0
0
0
)
1
0
0
0
o
0o
1
0
(4]
0

L]
L]
*
()
*
()
L]
*

063
OOO‘JO
0.100

0.625
0. 753 ' ﬁ"'f”"fm

2.50
6.: PH 0.0l 7

1.“; S&&m"{} ij“ é !/2_ M/n\

rS ~, )
N SN T

.
ra

S
AR AN

.125
o.125 Sfa«lf\'f—
0.050
0.005
0.125
0.125
0.125
0.250
2.50
6
o.1

29.7
16
nz

S
FA N SRS

CoRpTeTED TD.S. 97




CALISTOGA SET 3

CONCENTRATION (FFM)

21 G-091-80
ELEMENT
NA 17
K “ 2.50
CA 39
MG 29
FE - 0.025
AL 0.625
SI 18
TI 1 << 0012
F < 0.62
SR 0.08
BA - 0,625
v < 1.25
CR X 0.050
MN <X 0.250
co < 0.025
NI - 0.125
cu 4 .0.063
MO <l el
FER < 0.250
ZN R 0.125
Ch - 0.063
AG <L 0.050
AU - 0.100
AS < 0.625
SH < 0.750
BI - 2,350
U 4 6.25
TE o 1.25
SN 4 0.125
W y 0.125
L1 : 0.050
RE < 0.005
"B < 0.125
LK - 0,125
LA i 0.1295
CE - [ AT
TH 4 2,50
al- 9
F = 2.4
HCO} 7_‘[05——
So‘f" 7
T-D.5S. Yog

CORPECTED T:D.S .

279

aa

7im7hhdﬁhuf JE°C
Sale ©.03 7

MfWW s/0 M




N\

92

ELEMENT

NA

CA
MG
FE
AL
‘81
TI

SR -
RA

CR
MN
co
NI

- cu
MO
FR
ZN
co
AG
AU
AS
SE
EI

RE

CALISTOGA SET 3

6-092-80

CONCENTRATION (FFM)

18

* L) > * -
Aty drk r o
U (L&) (@]

* o @

JOMRNPODK “0O

0

.&50

R u
OCOHROCOOCOOQOULNDU

'ﬁmf%ﬂf”“— Y ‘e

by 650
Salividy 09/,
s f# Codwidini— 780




CALISTOGA SET 4

93 6-093-80
ELEMENT CONCENTRATION (FFM)
NA 211
K %
CA 3
MG 0.500
FE 0.025
AL 0.625
S1 4 \
TI 0
F 0
SR 0
BA 0
Y 1
CR 0
MN
co
NI
cu
MO
PR
ZN Lin 0
co 0.063 /JWZZ«L 73°¢
AG 0.050 2.80
Al G100 P// .
aE 0,625
EF 0.750 J[u&é 0.08%
&l 2.50 | w{
P 1= ' }[ /4,30 /l” cm
6 an ) f‘c' ac M&

P 1,25 -
M 0,125
W 0.125
LT 2,17
KE 0.00%
F 10,7
7R 0.125
L 0,125
CE 0.250
TH 2.50
-7 J16

F* /2.0
He ", /56. 3

3
50; £ /0
T-D.5. /2
003 _ e.7
Coeesczeo 7°0.5. 635




P4
ELEMENT

N&
K

CaA
MG
FE
Al
81
TI
Fl

Sk
EBA

LI
RE
E

ZR
LA
CE
TH
Ql-
F -

#Co}

3
TD.S.

Ceresered T7D.5.

CALISTOGA SET 4

5-094-80
CONCENTRATION

184
=3

17
1
0.14
0.625
38 .
0.125
0.625
0.05
0.625
1.25
0,050

0.250

~en

¢ "..-.Jo

(FFM)

0.4 -

0,063 /*‘—”’"/”‘”“-é""’

0.0%0
0,100
0.625
0.750
2.30
1.25
0,125
0.125
1.85,
0.005
0.125
0.125
0.2350
2:.50
&1
.7
37%-7
20
756

S70




Py

CALISTOGA SET 4

25 G-095-80
ELEMENT CONCENTRATION (FFMD
N 218
N 1)
A Q@
MG 1
FE 0.03
AL, 0.625
Sl . 36
TI ' < 0,125
F <X 06625
SR 0.07
RA - 0.625
vV £ 1.295
CR 0.050
MN 0.250
co < 0.025
NI 4 0,125
Cu - 0.063
MO . -, i 0..d
FR . - 0 o
N - 0.125
ch 0.063
AG 0,050
AU 0.100
AS - 0.625
SH : ' “ 0.730
BRI L 2.350
u 6,25 Te rmper afina
TE < 1.25 :
SN oi125 PH
LI 2,30
BRE": - 0.005 Sf‘“fr' va‘dulzucl_— )
B 7.0
ZR 0.125
LA - 0.125%
CE -, 0,250
TH A 2.50
cl” 742
F- _ 7.3
HCOy 270-7
59% 35
T.D.3: 741

coleceTED T.O.S,

6O8

/420 wa/c

52°C
7 -8
0.08. %
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96
ELEMENT

NA
K
CA
MG
FE
AL
sI
TI
P
SR
EA
%

CR
MN
co
NI
cu
MO
FR
ZN
ch
AG
AU
AS
SE
BRI
U
TE
SN
W
LI
RE
B
ZR
LA
CE
TH
el
F- —
ffC@

SO‘/

7-D.S.

CALISTOGA SET 4

G-096-80

CONCENTRATION (FFM)

192

10

corRecTED 7D, 28/

'7bmﬁuﬂtwg.

pH

| Seifer

CmMXLOJihL“—

85°C
.05
0-08Y

/720 M/M
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CALISTOGA SET 4

G-097-80

97
ELEMENT CONCENTRATION (FFM)
NA 222
K 10
ca - 4
MG < 0.500
FE . 0.05
. AL < 0.625
81 - . 56
TI % 0.125
P < ,0.625
SR . 70411
BA = 0.625
v £ 1.25 '
CR z 0.050
MN A 0.250
co 2 0.025
NI < 0.125
‘cU . i 0.063
MO < 1.25
PR < 0.250
ZN g 0.125
(531 < 0.063
AG < 0.050
AU < 0.100
AS 5 04625
SE < 0.750
BI '::: 2 * 50 EW%M{W\-&- % "c
U 6.25 |
TE 1.25 pH g 70
SN 0.125 o
W 0.1 54&'»:\17 0-08 %
LI 2-26 e ‘M< € re
BE < 0.005 Specifii Conduclines 1920 /e
E 11.1 .
ZR < 0.125
LA < 0.125
CE < 0.250
TH < 2.50
(of 19
F- /2.3
ch;' 121- 2
co,~ - 3.9
s 12
509 : N
.95 6%
coerce7Ed TS, a3




N

?8
ELEMENT

NA
K
CA
MG
FE

" AL
SI
TI
F'

SR
BA

v

CR
MN
co
NI
cu
MO
FE
ZN
coh
AG
AU
AS
Sk
kI

U

TE
SN

W

LI
RE

E

ZR
LA
CE
TH
al’
F- -
Hco;
oy
504—
T2.5.

Cal.ISTOGA SET 4

G-098-80

CONCENTRATION (FFM)

213
9
13
o 0.300
0.05
Y 0.625
531
<& 0.125
< 0.625
0.11
4 0.625
" 1.25
“ 0,050
" 002..10
< 0.025
X 0.125
L 0.063
4 1.25
< 0.250
0.6
< 0.063
- 0.050
“ 0.100
0.625 7'e~y$«wf“~—
0.750 - } )
2,50 PH
. 6.+25

25 sakvidy
. 1.25

ooabis o) —
o 0.1 5/““94."" Comdle

Coececrep T.D.5 /9

Y

96°F
B-4%

o.o7y .
14510 AbraLfCrn




®
" CALISTOGA SET 4
. bt
, 99 6-099-80
ELEMENT CONCENTRATION (FFM)
NA 206
K o
CA 8
MG < 0.500
C FE o 0.025
AL Z 0.625
. s8I 51 .
C 11 < 0,125
‘R : £ 0.625
SR 0.10
RA i 0.625
CR i 0.050
MN Ci 0.250
co o 0,025
NI £ 0.125
cu 2 0,063
MO < 1.25
PE £ 0.250
ZN < 0.125
co < 0.063
AG ’ 0.050
AU < 0.100 , .
“AS & . 0,625 ﬁ*?“‘z“‘ 77
SE % 0.750  pPH 8.59
i " 2 Sa,&;‘u]‘, 008 Y,
kN . .'..5
TE < 1.25 5/¢“7A4’ CM/\MJE‘W—‘- /1350 /(-""M{/a.
SN < 0.125 :
W 0.1
LI 2,09
RE < 0.005
) 10.4
ZR < 0.125
LA £ 0.125
CE < 0.250
TH i 2,50
L el a2/2
F- /7.8
(- Hcos 1314 (
CO; : R 4 ‘
so;," £ 10
T.25. €¢3
corRECTED TD.S, S98




.

100

ELEMENT

NA
K
CA
MG
FE
AL
S1
TL
FF
SR
RA
V)
CR
MN
co
NI
cu

" M0
FR
ZN

co
AG
Al
AS
Sk

RI

u

TE

SN

W

LI

BE

B

ZR

LA

CE

TH
al/”
F ) -
HCoy
S04
7-D-5-
CoeeecTed

CALISTOGA SET 4

6-100-80

CONCENTRATION (FFM)

0.050 Tc»fmfwu. 252° F @ (507

0.625 p

£ 2,50 »
= 6,25 5‘/&»2;—

7.60
008 Y

VB il Condate 13m0 gk fon




101
ELEMENT

NA

CA
MG
FE
AL
SI
TI

Sk
EA

CR
MN
Cco
NI
cu
MO
FE
IN
cn
AG
All
AS
SH
RI

TE

SiN

LI
ERE

R
LA

CE

TH
¢l

F ) -—
/7’C05
SOy
7-D-S.

CALISTOGA SET 4

G-101-80

CONCENTRATION (FPFM)

> o

o~ O

LN ]
[

*

O M) 0O O -

PN AR N
A

e e 4+ o ¢
1< C th

-

[
OCO0OOCHROOOCYO OCRUN

[y
-
U

*

0.063
1.25

0.250
0.125
0.063
0.050
0.100
0.625

0.750

b.25
1.25 7
0.125 f
0.125 . -
0.12 5"6‘*‘*’//:_
0.005 L
0.125
0.125
« 250

2.30
7
2. R

1136

20

192

caclecEy T-D.9, 193¢

2.50 75’76"2*"]‘“""‘ 26 ‘C

.20

o.o/ 7

(4

CO’V\M‘W 2850 /‘—‘/"""‘fﬁ




N

CALISTOGA SET 4

102 . G-102-80
ELEMENT . CONCENTRATION (FFM)
NA 210
K 4
cA 4
MG 1
FE 0.26
AL % 0.625
SI 39
TI < 0.125
P - < 0.625
SR 0.02
EA < 0.625
v « 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI - < 0.125
cu < 0,063
MO % 1.25
FR . < 0.250
ZN , < 0.125
ch i 0.063
AG 'Y 0.050
AU 'Y 0.100
AS 2 0.625 :
SE < 0.750 e
I i 2,50 72’7*“‘f““
U 6.25 pH
TE 1.25 3
SN 0,125 /Jaa;¢7' :
W k 002 Tae e A C Anis—
LI 1.77 %&mqkw i
BE e 0.005
E . 8.3
ZR < 0.125
LA 2 0.125
CE Y 0,250
TH < - 2.50
e/ 793
£ /0.0
Hc o, 224-%
S0, 39
. 715"
7.D.S.

Cokeccren TS,

oS

GL°F
724y
0.08 Y

/1g0 /'"““"‘/




i

CONCENTRATION (FFM)

g
i CALISTOGA SET 4
!
! 4
: 103~ G-103-80
' (‘ .
ELEMENT
NA 282
K 7
CA 31
MG 3
FE 0.14
AL < 0.625
sI 28
QO TI T 0,125
F 5 0.625
SR 0.13
EA £ 0.625
v < 1.25
.CR % 0.050
MN < 0.250
co < 0.025
NI < 0.125
Cu < 0.063
MO < 1.25
PE < 04250
: ZN 4 0.125
: co < 0.063
‘ AG Y 0.050
, AU < 0.100
AS < 0.625
: SE < 0.750
BRI < 2,50
u £ 6.25
SN % 0.125
W < 0.125
LI 3.31
BE 4 0.005
B 9.1
ZR 7 0.125
LA < 0.125
CE < 0.250
, TH < 2.50
. eLs 206
F- %9
G Heos 199
Y 17
( TDS. 796
| CQaeeecrep 7.p.5 . 698

pH #.2s8
‘ﬁdg%y 0-1°7

Sheeifii Conducllnc  [EF 0 pn
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104
ELEMENT

NA
K
cA
MG
"FE
AL
SI
TI
P
SR
EA
v
CR
* MN
co
NI
cu
MO
‘PR
ZN
chn
AG
AU
AS
SE
EI
u
TE
. SN
W
LI
BE
E
ZR
LA
CE
TH
er-
F -
Hcog
S 07'
7.DS.

CALISTOGA SET 4

G-104-80

CONCENTRATION (FFM)

212
é
S
1
)21
< 0.625
48
< 0.135
< 0.625
0.03
< 0.625
< 1.25
< 0.050
. 00250
X 0.025
s 00125 R
< 0,063 '
< 1.25
< 0.250
< 0.125
< 0.063 . f
4 0.050 72 e
“ 0.100 J
< - 0.625 Pﬁ
<< 0.750 '
2.50 Salody
< 60~.-J
= 10....}
4 0.125
0.2
" 1.63
< 0.005
8.9
% 0.125
4 0.125
“ 0.250
% 2.50
A o4
57
224.7
P4 /o
- 747

Coeecrepn 7). S. 630

ys'e
F-32—
0.08 ),

Z: %«ﬁi c,,,,%df-v;i/‘? 1300 et fon




™

105

ELEMENT

N
K
ca
MG
FE
AL
S1
TI
P
Sk
EBA
Y
CR
MN
co
NI
cu
MO
PR
N
. Ch
AG
AU
AS
SH
BI
)
TE
SN
W
LI
BE
B
ZR
LA
' CE
TH
(o
F-_
HCOs
SOé"
7-D.5.

CoeecrTed TS, 6/6

CALISTOGA SET 4

6-105-80
CONCENTRATION (FFM)

200
7
6'
< 0.500
0.12
< 0.625
59
0.125
0.625
0.04
0.625
1.25
0.050
0.250
0.025
0.125
0.063
1.25
0.250 2
0.125
0.063 -
0.050
0.100 ;
olbs  Tempaain e

- 00750 . HO
2.50 pH >

.25 .

i.zs 5‘1-‘“;’_ 0087

< 0.125

< . 0.125
1.59
0.005
9.7
0.125
0.125
0.250
2.50

79/
9./

2.19-¢ C

724

FAONPAR

PR R N N A PR R A R SR AN AN

’

Pt

PANFAY

FANAN




CALISTOGA SET 4

106 6-106-80
ELEMENT  CONCENTRATION (FFM)
NA 202
K 7
CA S
MG < 0.500
. FE 0.15
AL g 0.625
SI 61
TI £ 0.125
P < 0.625
SR , 0.04
BA < 0.625
v < 1,25
_CR < 0.050
MN : 0.250
co : 0.025
NI - £ 0.125
cu < 0.063
MO £ 1.25
PE : 0.250 )
ZN z 0.125
cD « 0,063
AG < 0.050
AU £ 0.100 |
AS < 0.625 ﬁw-fvzxﬂ(m (30°F -
SE < 0.750 2y
BI 2.50  pH ,
U < « 25 : . .
TE g.»zg : 5“1"’“1/"_ 0-08 7
SN 0.125 . o/ Comdducdanee 1350 M/cM
W - | 0.1 peetfe 9
LI , 1.60
BE ' % 0.005 '
ZR < 0.125
LA < 0.125
‘CE 4 0,250
TH £ 2.50
J5 /9 1
£ 9.1
Hco, 218-%
5017;— L /o
7-D.S. : 727

CORLETED TID.S, G/




CALISTUGA SET 4

CONCENTRATION (FFM)

107 G-107-80
ELEMENT
NA 163
KN 3
(f-) 7
MG < 0.500
FE 0.08
AL % 0.625
SI 15
TI < - 0.125
P < 0.825
SR 0.10
EA < 0.625
v < 1.25
CR < 0.050
- MN < 0.250
co < 0.025
Ni - < 0.125
cu < 0,063
MO < 1.25
PE < 0.250
- ZN 04 0.125
cD < 0.063
AG < 0.050
AU < 0.100
AS < 0.625
SB < 0.750
BI << 2.50
u < 6.25
TE < 1025
SN - . 0,125
W < " 0.125
LI 1.97
RE < 0.005
B 2.9
ZR % 0.125
LA Y 0.125
CE Y 0.250
TH L 2.50
elr” ¥4
F- Xy
HCO, 3s¢€-/
3075 ‘20
7.D.S. 642
467

Cor rected T.D5 |

72~f;u£ﬁa¢

Saliw
fyko%kLA Caua&q]2~4t

25°C
¥.40
0.05%

740 M/”‘
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CALISTOGA SET 4

108  G-108-80
ELEMENT CONCENTRATION (FPM)
NA 117
K 4
cA 14 )
MG S
FE 0.85
AL £ 0.625
sI 28
T < 0.125
F < 0.625
SR 0.05
BA < 0.625
v £ 1.25
. CR £ 0,050
MN 0.4
co e 0.025
NI £ 0.125
cu < 0,063
MO < 1.25
PE £ 0.250 >
ZN g 0.125
CD £ 0.063
AG < 0.050 ,
AU < 0.100 .
AS < 0.625 72-7444,&7(“4# _ . 57°¢C
SR £ 0.750 :
BI < 2.50 pH 702
U < 6425 S | 0
TE 1.25 Wf > 0.04 Y
SN A 0.125 L Lt wc‘/
W < 0,125 '-';".5/“")“‘— Cond goo M i
LI 4 0.20 . o
RE < 0.005
ZR r £ 04125
LA < 0.125 .
CE < 0.250
TH < 2.50
cr- ' s
F- /9
HCOy ' 288 -
S0, 47
7.2-S- 539

Corrected 705 376




109
ELEMENT

NA

K
cA
MG
FE
AL
sI
TI
F
SR
BA

v
CR
MN
co
NI
cu
MO
PR
ZN
ch
AG
AU
AS
SB
BI
u
TE
SN
W
LI
EE
B
ZR
LA
CE
TH

-
F-
HCO_;
5,09— .
7.Ds.,

Corrected T DS 368

CALISTOGA SET 4

G-109-80

CONCENTRATION (FFM)

r

PAYPAN N

':. O A N A A 8 PR A N 8 PR VAN
(=]
°
@)
4.}
o
L)

ot
* @
3 U
o
%
Q
Q
W
NN

"y, ¢

¥
3
S
j
2
N
{

l’ lh
(o =/
* >
.
(R
(A&

o
()
[ ]
)
S
|

& AN A A
- o
.
[y
+J
&
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110
ELEMENT

NA
K.
CA
MG
FE
‘AL
SI
TI
‘P
SR
RA
Vv
- CR
- MN
co
NI
cu
MO
FR:
ZN
Ch
AG
AU
AS
SR
EI
u
TE
SN
W
LI
RE
B
ZR
LA
CE
TH
cl-
F ) —
HCQ}
507.
7-D-S-

CALISTOGA SET 4

G-110-80

CONCENTRATION (FFM)

112

4

85

27
0.03
0.625

20
0.125
0.625
0.36
0.625
1.25
0.050
0.250
0.025
0.125
0.063
1.25
0.250
1.2
0.063
0.050

PN

AN

FaPas Ii\ A II\kll". AN

0.625
o0.750 PA

238 Salemily

© 1425 $ L
. 0.125 7
0.125
0.050 :
- 0.005
002
0.125
0.125 -
0.250
2.50
17¢
2L

363
: 2%
<35

PN A ANANANAN

FAN

AN

VAN AP ANAN

5507sz%J 7.D-8. 656

0.100 ﬁ»fv_mfuu

C}udeéku_

28°C

67

OJ%T;Z

770 rvastfonm




CALISTOGA SET 4

111 6G-111-80

ELEMENT CONCENTRATION (FFM)
NA 205
K 9
CA 6
MG < 0.500
FE £ 0 025
AL < 0.625
SI 54
TI ! < 0.125
P < 0.625
SR 0.10
BA < 0.625
v < 1,25
CR < 0.050
" MN < 0.250
co < 0.025
NI £ 0.125
cu < 0.063 "
MO < 1.25
PR £ 0.250
ZN < 0.125
(31 < 0.063
AG < 0,050
AU < 0.100
AS < 0.625
SE < 0.750 7G»fu¢JLu_
BI < 2.50 A
u £ 6.25 P H
TE < 1.25 Sadons
SN < 0.125
W < 0.125 .§k44fa. ComduwcTanes
LI 2.09
BE £ 0.005
B 10.3
ZR £ 0.125
LA < 0.125
CE g 0.250
TH £ 2.50
Q- 272
E"- _ /.5
HCO 174
SO?". 14
7.D-S. 719
varczfﬁJ 705 ¢33

29°F

78S

0-97 7,

1390 ity




>

CALISTOGA SET 4

CONCENTRATION (FFM)

112 G-112-80
ELEMENT
NA 239
N 7
CA 10
MG 2
FE 0.31
AL < 0.625
SI 38
TI 4 0,125
F 4 0.625
SR 0.04
EA < 0.625
-V < 1.25
CR < - 0,050
* MN 0.3
Cco < 0.025
NI < 0.125
cu < 0.0463
MO < 1.25
PR < 0.250
ZN < 0.125
(991] < 0.0463
AG < 0.050
AU < 0.100
AS < 0.625
- SR < 0.750
RI < -2.950
TE < 1.25
SN < 0,125
W <. . 04125
EE < 0.005"
B 8.9
ZR < 0.125
LA < 0.125
CE < 0.250
TH 4 2.50
¢;- 198
- y. &
Hcog: 279-8
S O 37
7-Ds. 85/
er(¢74'=/ ?-' V} 7/3

7Lﬁ&¢‘ﬁML 30’c

SAA" 0:08%

%‘7‘“ ComdiccTomee 1120

i flo




113
ELEMENT

Né
K
CA
MG
FE
AL
SI
TI

p

SR
BA

v

CR
* MN
co
NI.
cu
MO
PR
ZN
CD
AG
AU
AS
SE
BI
U
TE
SN
W
LI

BE

B

ZR
LA
" CE

TH

/-
F--

HCo;
sq9‘
7-2.5.

CALISTOGA SET 4

G~113-80

CONCENTRATION (FFPM)

249

6

10
1
0.025
0.625

32

0.125
0.625
0.04
0.625
1.25
0.050
0.250
0.025
0.125
0.063
1.25

N A

4

A A

NN A AN

P
AN

0.125

0.050
0.100
0.625
0.750
2.90
6.25
1.25°
0.125
0.125
2.76
0.005
9.4
0.125
0.125
0.250
2.50
K08
9.0
224.9
5¢%
23

e

AN AANAAANAANN

£

» ey 3 .
LS I"- LY

‘4

s
LY

LS
LAY

PaNAY

CorvecTod T-R5- 712

0.250.

0.063

T ol sTC
;H e ¢. 94
Sa% o026 7o
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114 G-11
ELEMENT

NA
N
cA
MG
FE
AL
SI
TI
F'
Sk
BA
v
CR
MN
co
NI
cu
MO
FR
~ZN -
ch
AG
O au
AS
. SE
) BRI
u
TE
SN
W
LI
BE
B
ZR
) LA
CE
TH

cr-

£ -

Hcoy

S0,~

7-2.5.
wawvfffJ 7D

P

STOGA SET 4

4~-80
CONCENTRATION (FFM)

189
é
12
0.500
1.72
0.625
28
0.125
0.425
0.07
0.625
1.25
0.050
0.250
0.025
0.125
0.063
1.25 |
0.250 . .
0.4
0.063
0,050
0.100

o5 '
9825 TemporaTote - 41°C
2.50 py Ak

25 :
138 Salwity . o.osy

0.125 S/cu)l—u, 'C,,.,‘Mm_‘ Q/0 sl oo

FAS

A

£y -~ o~ P, ) o, 4 o
P R N VA S NN

P A A ANV LN PN

o,
LAY

R Y
EAN AN

- 0,125
0.005
80'0
0.125
0.125.

« 250
2.50
155
/8.0
259.5
16
707
580

oo
LAY

Y oy s,
MAN A A
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115
ELEMENT

NA
K
ca
MG
FE
AL
SI
TI
P
SR
BRA
vV
CR

* MN
co
NI
Ccu
MO
PR
IN
Ch
AG
AU
AS
SEH
EIl
u
TE
SN
%)
LI
BE
B
ZR
LA
CE
TH
el-

F ~ -
HCO3
SQ;

T.D.S. -

CALISTOGA SET 4

6-115-80

CONCENTRATION (FFM)

143
10
6
3
0.43
0.625
34
04125
0.625
0.03
0.625
1.25
0.050
0.250
0.025
0.125
0.063
1.25
0.250
0.125
0.063
0.050
0.100
0.625
0.750
2.50
6425
1.25
0.125
0.125
0.93
.0.005
8.1
0.125
0.125
0.250
2.50
76
42

316- 4
7
¢33

AN N

AN ANNSAANANANANANANAN

20 o
FASE AN

e

A

AN

oA

&,
')

Corrc—cvzﬁ'/ DS 477

7E”yk@béMA- 3646;
ﬁﬁl ' 7. 00
544;,://: 0047

Seeipil Conduclana 740 ptomffem




CALISTOGA SET 4

. 116 G-116-80
ELEMENT CONCENTRATION (FPM)
NA 238
K 7
CA 8
MG 3
C FE 0.59
AL < 0.625
sI 37
C TI < T 0.125 1
’ P < 0.625
SR 0.04
EA < 0,625
v < 1.25
. CR < 0,050
MN < 0.250
- co < 0.025
NI < 0.125
cu < 0,063
MO < 1.25
PR < 0.250 .
ZN < 0.125
cD < 0.063
AG < 0.050
- AU < "0.100
AS < 0.425 7Eﬁ7uug¢¢h .30°c
SH < 0.750 P ' ‘ (.95
BI < 2.50 . .
J S s.35 :nuiaﬁﬁf 4
K4 "ne . .
. ;S p: ;(1):41'55- A A olcelomsn- /120
j LI 1.48
! BE < 0.00S5
: B 12.6°
. ZR < 0.125
j LA < 0.125
i CE < 0.250
; TH 4 2.50
HEN Ccl” 79/
:‘ l Y 2t 3./
i! O HCO, 359.9
‘ So
7 ) £ o
' ( 7-D-S. P22
' Covrc‘ff(c/ TD S. 744

Chng




117

ELEMENT

‘NA

K
CA
MG
FE
AL
SI
T
F-
SR
Br
v
CR
MN
co
NI
cu

" MO

FER
ZN
Ch
AG
AU
AS
SEH
BI
u
TE
SN
W
LI
BE
E
ZR
LA
CE
TH
al”
F-

HCOs

50z

7D

CALISTOGA SET §

6-117-80 .

CONCENTRATION

N
*>
w
o

&

I

X!
OCHOOCOOWOCOL MW
o O

D

O R S
e ¢ o o o o
M ON O
Ny = k1
o g\

*

o
4]
C

0.250
< 0.025
0.125
0.063
1.25
0.250
0.4
< 0.063
0.050
0.100
< 0.625
<« 0.750
w 2.50
: 6,25
“ 1.25
0.125
0.125
- 0.050
< 0.005
0.125
0.125
0.125
0.250
2.50
4
0,2
319-7
20
H 95

s

AN

-~

'.'-..

Y

EAX

N .
o NSNS

&

CUyr[xc?zpc/ TDJ 334[.

(FFM)
7lﬁf°bbnuu_ 25‘%1
fﬁ‘ : _ 6-20
sebsly 0.02 5

g&zjké CodoiTane 450 <t

sl fom




CALISTOGA SET S

CONCENTRATION (PFM)

ﬁwm 14

f# 6-20
.Sa/c/ o.ozy
. " - N u(j&"u— 20
| %ﬁQy’QL (1”“{ 3 //Q

118 " G-118-80
ELEMENT .
NA 47
K 2.350
CA 26
MG 4
FE -« 0.025
AL . 0.625
SI 23 -
TI < 0.125
F e 0.625
Sk ; 0.01
EA < 0.625
v A 1.25
CR - 0.050
MN 4 0.250
co 0.025
NI 0.125
cu 0.063
MO 1.25
FR 0.250
ZN 0.125
co 0.063
AG < 0.050
(210 < 0.100
SH L - 06730
BRI L 2,50
TE 1.25
SN 0.125
ld 004 'v
LI 4 0.050
BE - 0.005
B o 0.125
ZR { 0.125
LA “ 0.125
CE 4 0.250
e/- /7
F- 0.9
‘Hcoy . 2 19.6
SOy 19
7-D-5- 373

Carrﬂka'T D.S. 262

ek




119

C
ELEMENT

NA
. K
: CA
MG
FE
C a
SI
, T
(@) F
SR
BA
v
CR
" MN
co
NI
cu
MO
FER
ZN
chn
AG
AU
AS
SE
BI
u
TE
SN
W
LI
BE
¢ E
ZR
LA
CE
TH
, él”
C -
Hcoy
O. ‘ 507'
7-D.S.

CALISTOGA SET 5

6-119-80

CONCENTRATION (FFM)

Mo
o
[y
]
&)

SN N AN A AN SN AP PANTAY
O
-
<
o
[

PAN
Lol o]
L
4
o
o C

7z~ff~bﬁu*‘ ‘chc
6 pH §-35
1.;: Sk&5¢é7 0.002{

oii3e Y u]l /22 /0‘*‘--"(/&..~

L
[}
*»

J (N
a
(e

NP R
(ol lle]
. *
o [

3O AR
nou

“
[o
*
[y
1
|

( Cor M#}J s l2




120
ELEMENT

NA
K
Ca
MG
FE
AL
SI
TI
Fl

‘ SR
RA
v
CR
MN
co
NI
Cu
MO
FER
ZN
ch
AG
AU
AS
SE
BI
]
TE
SN
W
LI
RE
h2)
ZR
LA
CE
TH
al”
£ -
Hcog
507
T.Ds.

CALISTOGA SET S

G-120-80

CONCENTRATION (FPM)

a1
< 2.90
13
i
0.11
21
< 0.125
< 0.625
< 0.013
< 0,625
“. 1.25
£ 0.050
24 002d0
- 0.025
< 0.125
o4 0.063
1.25 ]
L 0.250
0.3
<. 0.063
- 0.050
. 0.100
A 0.625
- (2):;6;0 mfvzajwu_ /3%
6.25 /,,4/ : 4-30
- o2
" <1>".1'.d'-35 / o-0f %
s 0.125.‘ jﬁaﬁ.& CM&?&K“—- 300 /“M”{/’*
-, 0,050
- 0.005 g
. 0.125
0.125
. 0.125
0.250
“ 2.950
q
o.4
19¢
L 16




“N

CALISTOGA SET S

121 6-121-80
ELEMENT CONCENTRATION (FFM)

NA 26

K 4

ca 15

MG 5

FE 0.26

AL < 0.625

SI 31

TI < 0.125

P < 0.625

SR - . ,0.03

RA | /0,625

% ' < - 1,25

CR < 0.050

MN 2 0.250

co 0.025

NI < 0.125

cu - 0.1
+MO < 1.25

FB < 0.250

ZN 0.3

CD < 0.063

AG < 0.050

AU < 0.100

AS Z 0.625

SE < 0:750
BI : < 2.50 7 sslsn I1s°c
U < 6.25 6-90
TE “ 1.25 Y4

SN i 0.125 544,;>7 P c-0/7,
W “ 0.125 LoeFam ca //
LI < 0.050  Specipc Cored. Q5 L
BE < 0.005 ,

R " 0.125

ZR 5 0.125

LA “ 0.125

CE < 0.250

TH < 2.50

el- 9

F- 45

”COJ‘ 125

- L e
50¢ o6
7.).S %

correcfé"/ TS 183
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CALISTOGA SET §

122 G-122-80
ELEMENT

NA 29

K 4

ca 17

MG 7

FE 2.20
AL 0,625
SI 25

TI “ 0. 12
F A < 0.625
SR 0.06
RA < 0.625
v < 1.25
CR < 0,050
MN 0.7
co 0.025
NI < 0.125
cu “ 0.063
‘MO0 : N 1.25
FR < 0.250
ZN 0.2
cn <! 0.063
AG < 0.050
AU < 0.100
AS < 0.4625
SE < 0.750
BRI < 2050
U < 6.2

TE “ 1o~a
SN “ 0.125
W “ 04125
LI e 0.050
BE < 0.005
B 0.6
ZR < 0.125
LA < 0.125
CE 4 0.250
TH ’f ~0\Jo
as- Ve

F- _ 05
HCO$ 180'7
S04 £ e
7;1?-5. 3 °f

217

corvected T 2S.

CONCENTRATION (FFM)

¢

j%kcﬁé& C}ndL$7£n6L.

228 /‘“*”‘/
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o
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123
ELEMENT

NA
K

cA
MG
FE
AL
SI
TI

P

SR
BA

v

CR
MN
co
NI
cu
MO
PB
ZN
co
AG
AU
AS
SE
BI

u

TE
SN

W

LI
EE

B

ZR
LA
CE
TH
Ja
F ) —
Hco,
S0
7.D-S.

Cm«mﬁJ:rDi

CALISTOGA SET &

G-123-80

CONCENTRATION (FPPM)

8]
4]

u

Aty o

<

r
w

A
o

COHORHOOHOHOOOON
L] [ ] > ) » * > [ ] LY > * ® * L 2 *

COONRNMNMNFEROLOINNKF QR

oo
Lo

% - 6.25 7&»76%47(40\1_

541;,‘;2}' |
%h%¢<%d@éue-

17°¢c
6-6o
0-02 Y

970,/““6/
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CALISTOGA SET S

124 G-124-80
ELEMENT CONCENTRATION
NA : 10
K < 2.50
CcA 7
MG S
FE 0.95
AL 1.4
-SI 23
TI + 0.125
F < 0.625
SR © 0,03
BA % 7 0.625
Y < 1.25
CR ‘ < 0.050
MN i 0.250
co 5 0.025
NI < 0.125
. Cu < 0.063
MO < 1.25
PE . 0.250
ZN 0.6
ch < 0.063
AG ’ % 0.050
AU = 0.100
AS _ < 0,625
SH <L 0.750
BRI L 2,50
u « 6.25
TE “ 1.25
SN “ 0.125
W , < 04125
LI % 0.050
RE = 0.005
E < 0.125 -
ZR £ 0.125
LA N < . 0.125
CE L 0.250
TH < 2.50
cl- _ A
F- 0./
Hcaos 55-7
50‘/' VAN K-
7-D.S. 14¢

CavV@C?LC"J 7 pS. 1=

(FPM)

b

Caade&hJL'




CALISTOGA SET S

Co Vrﬂ?‘C’J- 7-DS.

125 6-125-80

ELEMENT CONCENTRATION (FFM)
NA 44
K I3
CA 21
MG 13
FE , 0.77
AL < 0.625
SI 32
TI ' < 0.125
P < 0.625
SR 0.10
EA < 0.625
v < 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI < 0.125

" Ccu Y 0.063 .
MO < 1.25 ‘
F.B \ O.._..JO
ZN 0.4 .
cn < 0.063
AG < 0.050
AU 'Y 0.100 "

AS oy 0.625
SE < 0.750 7 el 17°%
RI Y 2.50 :

U 6.25 PH 612
TE 1.25 Sadm&f' 4 0.03
SN o) 0,125 ConduAdnee : f%/
W | 0.125 5/““}‘“' ‘730
LI Y 0.050
RE Y 0.005
R ' 0.8
ZR . £ 0.125
LA 2 0.125
CE < 0.250
TH < 2.50
el 7/
£F- 2.4
S50, 19 ‘
7.D-S- 346

275




CALISTOGA SET 5

126 6-126-80
C
ELEMENT CONCENTRATION (FFM)
NA 29
N ’:: 2050
CA 18
MG 2
FE 0,12
( AL < 0.625
SI 26
TI < 0.125
G P < 0,625
| SR 0.09
. RA e 0.625
C v < 1.25
CR < 0.050
MN < 0.250
co < 0,025
NI e 0.125
cu < 0.063
MO < 1.25
FE < 0.250
ZN 0.6
co < 0.063
AG 7 0.050
AU “ 0.100
AS < 0.625
SE “ 0.750
EI « 2,50 Temf canlinn 18°C
u 6.25 :
TE <. 1.25  P# &3;,
SN 1 0.125 S"&"”’f 0-92 /,
W 5 0.125 sl
LI <0 0.050 sfgovhi,CZn/;ééhub 350 A ///
EE < 0.,005 |
E : : 1.5 '
ZR ' 2 04125
LA % 0.125
CE < 0.250
TH % 2.50
e/” 33
£ 0. a.
Hco, 106
0 Solf : ) ’3
7.D-5. 262

C o ated T DS 97




127
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
P
SR
BA
v
CR
MN
co
NI
cu
MO
FE
ZN
co
AG
AU
AS
SK
BI
u
TE
SN
W
LI
BE
R
ZR
LA
CE
TH

as-
F - —
Hcoz
S04

7-D-5.

CALISTOGA SET S

G-127-80

CONCENTRATION (FFM)

10
“ 2,50
S
2
0.93
<. 0.625.
22 .
< 0.125
< 0.625
. 0.04
< 0.625
< 1.25
L 0.050
L 0.250
L 0.025
< 0,125
< 0,063
< 10—d
< 0.25
: 0.7
< 0,063
< 0,050
0,100
S 0,625
< 07350
< ..050
< 6.2
1 025
0.125
0.125
! 0,030
L 0.005
< 0.125
“ 0.125
< 0,125
< 0.250
: 2,50
7
< o./
37.4
T
118

Corrected TR S (90

7EW¢OUQQ“*— I7Q:
pH ¢.39
5hL. 0. 00//

:V““f‘° waﬁdjg“bk- ?S'/a”“¢9/
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128
ELEMENT

NA
N
cA
MG
FE
AL
SI
TI
P
SR -
RA
v
CR
MN
co
NI
Cu
MO
FE
ZN
Cn
AG
AU
AS
SEH
EI
u
TE
SN
w.
LI
RE
E
ZR
LA
CE
TH

cl-
F-
HCCg
SO?

7-2.5-

CALISTOGA SET 5

' 6-128-80

CONCENTRATION (FFM)

15
4
9
4
0.39
o7
25
< 0.125
< 0,625
0.04
< 0.625
< 1.25
< 0.050
= 0.250
< 0.025
< 0.125
< 0.063 .
< 1.hd "
-.,_ o’
0.8
= 0.063
& 0,050
< 0.100
< 0.625
z o.ggo 7G*fMﬁime_ /XQ:
S 6.‘_‘- ﬁ” 6-4/5'
0.050 M Coﬂd : ' “r{_, /
“ 0.005
0.1
< 0.125
“ 0.125
o 0.250
-O\JO
70
o./
®3./
4 X4
] 82

Covyected TDs- 140
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129
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
Fl
SR
RA
v
CR
MN
co
NI
cu
MO
PR
ZN
cn
AG
AU
AS
SE
RI
U
TE
SN
W
LI
BE
R
ZR
LA
CE
TH

¢l

F~ _

HCOy

507'

7D-S.
Covret m/

CALISTOGA SET. 5

G-129-80

CONCENTRATION (FPFM)

S
3
11
]
0.40
0.7
12
< 0.125 \
< 0.625
0.05
“: 00625
< 1.25
< 0.050
< 0,250
- 0,025
. 0.125
& 0.063
2 1.25
. 00250
< 0.125
< 0.063
< 0.050
: 0.100
0.625 P
< 0.750 ﬁ»fmfvm— 17 ¢
S 250 pH §.55
< 1.25 5“["“4}’_ - - 0.0l Y
0.125 g Wy sk fore
‘ 0.125 %“”%‘° Comdnlnca (28 A //
Y 0,050
< 00005
0.125
: 0.125
o 2
£ . 25
< 2.950
é
£ 0./
76-3
£ 10
151
PS5, 113
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C

Q

»
CALISTOGA SET 5
130 6-130-80
ELEMENT CONCENTRATION (FPM)
NA 7
K { 2.50
cA 5
MG 1
FE 1.27
AL 2.3
SI 17
TI < 0.125 .
F < 0.625
SR o 0.01
BA S 0.625
v ' 1025
CR 2 0.050
MN < 0.250
co 2 0.025
NI ‘::: 00125
cu < 0.063
MO <. 1,25
FE < 0.250
ZN . 0.2
co 2 0.063
AG < 0.050
AU 7 0.100
AS < 0.625
SK < 0.750 ,
‘BI < 2.50 : c
u | £ 6.25 72”%‘“dﬂ“" 17
TE 1.25 PH ¢-g0
SN 7 0.125 .. 0.00 7
i p 0.125 7554L‘df_ | ’
LI < 0:050  Shecitic Comdaclomer 57 /M—w‘/w
EE 5 o.005s /[ /- i
E - 00125 i
ZR 2 0.125
LA < 0.125
CE < | 0.250
TH < 2.50
éal . ¢
/T < ol
HCO3 : - 13.7
SOy £ lo
T.D.S. {4

Corvected T2 D3 77
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131
ELEMENT

NA
K
CA
MG
FE
AL
SI
7
Fl
SR
EA
v
CR
MN
co
NI
Ccu
MO
FEB
ZN
Ch
AG
AU
AS
Sk
BRI

U
TE
SN
W

LI
RE
R
ZR
LA
CE
TH
el
F - -—
HCO3
501’

T-D-5 -

CALISTDGA SET S

G~131-80

CONCENTRATION

>
&
o

o,
LY

[y

rd
COOOHREKRERINONY
e o o o ¢ o
S
N

PRONO Oy

AN
o

AT
[y
L
) R
)|

o+

(o
<O
w
o

< 0.250
= 0.025
A 0.125
0,1
“ 1.25
< 0.250
0.5 |
S 0.063
< 0.050
<X 0.100
< 0,625
£ 0.750
A 2,50
. 1.25
0.1235
0.125
0.050
0.005
0,125
0.125
< 0,125
“ 0,250
“ 2.50
A
< ot
63-%
L 10

1 49

Cayy@cﬁcl 7—05' //é

(PPHM)
7@w¢0bdawh- , ’523

el 0.00 Y
5/«,;? Condudimen. §1 A0




C

132
ELEMENT

NA
K
ca
MG
FE
Al
SI
TI
Fl
SR
RA
%
CR
MN
co
NI
Cu
MO
FR
ZN
ch
AG
AU
AS
SR
BI
u
TE
SN
W
LI
BE
B
ZR
LA
CE
TH
el
F‘—
H(:i?_3
T7.D.S--

CALISTOGA SET S

G~-132-80

CONCENTRATION (FFM)

[y

- -
OROOOOMNOCOCmOL L

»> > * - * >

O~ O

M OrRK ) 0
& A a\

.
f

C
(ol e

*

MO RO R

s
(o]
>

)]

% 0.025

< 0,125

L 0.063

% 1,25
0.4

- 0.063

s 0.050

. 0,100 ‘

-._' 0.625 -ﬁ,,fmfm;—— /70C

‘:-.. 9’0750 i PH §-30

< 2.30 :

-, 6025 .‘.iﬂ't; . O'Ooz

Z 1.25 ”?
0,125« "5/",,‘-‘7,_‘;_ Condutlomee 11§ WM
£ - 0,125 _
. 0.050. 0
T 04005
10.125
3 0.125
1 0.250
< 2,50
70

L O

23.9
£ 10

189

Covn’ﬂzt‘c/ 7-2S. /44




133
ELEMENT

NA
K
cA
MG
FE
AL’
SI
TI
F-
SR
BA
v
CR
MN
co
NI
cu
MO
FE
ZN
cD
AG
AU
AS
SE
EI
u
TE
SN
W
LI
RE
E
ZR
LA
CE .
TH

el
F_ -
HC‘O_Z
g0,
7.D.S-

CALISTOGA SET 5

G-133-80

CONCENTRATION (FFM)

- rJ rd
RO OROORONUUNY
~d

* e
b

1.25 f/'/ 6.2.7
54—& '7

4.5 .25 Te.w\/w,cflivu_ / 4%

Covrected T DS /29

0.0l %

0,050 e Cm.pﬂ-(/fd-nw 2 Ao Com
005 Specift 2 n—w% |




.72~fuudﬁ4p

eyt
= ga&“¥7
'”§¥?¢%Ql (hndkw22~a,

»

CALISTOGA SET O

134 G-134-80
ELEMENT CONCENTRATION (FFM)

NA 81
K 13
CA 21
MG ; 12
FE 0.06
AL < 0.62%5
SI 26
TI < 0,125
F 0.7
SR 0.10
EBA < 0.625
Vv o 1.295
CR 0.050
MN 0.4
co : < - 0.025
NI - 0.125
cu < 0.063
MO < 1.25
ZN 0.8
cn < 0.063
AG X4 0.050
AU 4 0.100
AS < 0.625
SE . 0.750
BI g 2.30
U ' o 625
TE oA 1429
SN < 0.125"
W S 0,125
LI ' . o I 17 SR
RE : £ . 04005
ZR S 0.125
LA Y 0.125
CE . 0.250
TH < L 2.50
e/ /3
F~ _ 0.6
SOy 19
-.D.S. H57

Co»rrc—:f(«/ 7. DS 22°¢

17%

€45
0.04 7,

580 /aﬂumiA;,
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135
ELEMENT

NA
K
cA
MG
FE
AL
SI
TI
Fl
SR
BA

v

CR

MN

co

NI

cu

MO

FR

ZN

ch

AG

AU

AS

SH

BI

U

TE

SN

W

LI

BE

R

ZR

LA

CE

TH

¢l -

-
HCO,
SOy

T.D>.S.

CALISTOGA SET 5

- 6-135-80

CONCENTRATION (FFM)

61
-9
14
7
0.19
0,625
29
0.125
0.625
0.05
0.625
1.25
0.050
0.4
0.025
0.125
0.063
1.25
0.250
3.3
+ 0.063
< 0.050
4 0.100
W 0,625
. 0.750
2.50
6.25
1.25
0.125
0.125
0.27
0.005
0.5
0,125
0.125
0.250

2.50
9
2,3
231.9Q
50
436

AN

Comvectel TDS- 345

7bmfvufuv— ,?’C

'}p” 652

SG.L-‘:/-— . » 0. 03 Z
S%Rﬁﬁi (budadé““' Y30 /“*’6/2“




metetall
), CALISTOGA SET 5
i
136 6-136-80
C : |
ELEMENT CONCENTRATION (FFM)
NA 5
K s 2,50
CA 13
MG : St
FE .20
C AL P 0.625
SI 8
TI < 0.125
0O P * < 04625
SR | 0.07
_ BA < 0.625
f v < 1.25
CR £ 0,050
MN £ 0.250
co . £ 0.025
NI ’ £ 0.125
cu £ 0,063
MO £ 1.75 .
FR g 250
ZN 1.7
co £+ 0.063
AG < 0.050
AU £ 0,100
AS < 0.625
SE < 0.750
EI Z 2.50
e S U Tempades 17°¢
SN ey 0.125 = pH 580
W £ 0.125 '
LI “ 0.050 5“"**»«/2‘_ -9/ ¢
K £ 0.125
ZR s 0. 12
LA < o 125
CE o o_
TH K 2.50
, el 7
- | 0./
. HC03 ] 12 - ]
) 1C se .
‘ .5011 s
: C —r. D-S. ' 114

Covrected T DS, 169
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CALISTOGA SET S

137 G-137-80
ELEMENT
NA 41
K - 2.50
CA 31
MG S
FE 0.19
AL < 0.625
SI 29
TI < 0.125
F < 0.625
SR ' 0.07
EA < 0.625
U ": 1025
CR . < 0.050
MN 4 0.230
co < 0.025
NI 4 0.125
cu < 0.063
MO < 1.25
FR - 0.250
ZN 2.0
ch < 0.063
AG < 0.050
AU <! 0.100
AS - 0.625
SE < 0.750
BRI < 2.50
u oo 6.25
TE - 1.25
SN ] 04,125
W < 0.125
LI Y 0,050
EE “ 0.003
B . 0.125
ZR < 0,125
LA 2 0.125
CE <, - 0.250
TH < 2.50
¢l <
F - _ o, 2
HCO; 224.9
TDS, 3 %0

Covrer/ﬂl 7. hS. 266

CONCENTRATION (FFM)

’rem/m;fwu—
s«lw«?
Specifi Comdt

27°C
- 5.85
0.0/ %
Janee 282 /»‘M"/
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C
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138
ELEMENT

NA
N
CA
MG
FE
AL
SI
TI
P

SK
RA
Vv

CR
MN
Co
NI
cu
MO
PR
ZN
co
AG
AU
AS
SE
BI
u

TE
SN
W

LI
BE
R

ZR
LA
CE
TH

el
-
Hco;

-

SOLf
7-D-s-

Co rréc')é'a/ T D.S.

CALISTOGA SET 5

G-138-80

CONCENTRATION (FFM)

A

&
PRt

X
Sr0
<
W
o

8

"
OCHOCOOCHROCON
[ ) L] [ ] * * *

O~
TR ) =
¢ an (4]

-
(4]
(o]

NOMNKOC K

<o
)

4]
o

0.025
0.125
0.063
1.25
0.250
0.3
0.063
0.050
0.100
0.625
0.750

2,50

6.25 .

1.25

0.125

0.050 -

- 0,005

0.125-

04125

0.250
2.50
5
o,/

147.2
12

2 6%

/93

‘

B T
e Concl e -

R
25°c

590

0.0/ %

265 A /c"‘
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139
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
F.
SRk
BRA
v
CR
MN
co
NI
cu
- MO
FR
ZN
ch
AG
AU
AS
SE
RI
u
TE
SN
W
LI |
RE
E
ZR
LA
CE
TH
cl°
F ) e
HCO 3

T.

SO
.S

CALISTOGA .SET 6

G-139-80

CONCENTRATION (FFM)

rJ
»
.
o

[y
O OOOCUHrOMNUMNN

* *
=
a

o * o »
(A}

U SO % I 0
“

*

O OO O
A
o O

SO
O
"
(&

e

= 0.125
L 0.063
"-: ©1.29
0,250
S.1
L 0.063
+ 0.050
L 0.100
s 0,625
< 0,750
2,30
6.h\J
1.23
< 0.125
< 0.125
s 0,050
< 0,005
< 0.125
S 0.125
: 0.125
L 0.250
< 2.30
5
£ ol
£0-2
£ J0
153

Coyma¥FJ 7-hS 123
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\
1
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140
ELEMENT

NA
K
cA
MG
FE
AL
SI
TI
Fl
SR
RA
v
CK
MN
co
NI
cu
MO
PE
ZN
cn
" AG
AU
AS
Sk
BRI
u
TE
SN
W
LI
ERE
B
ZR
LA
CE
TH
¢l-
F--
Hc 03

-

507

T.pS-

CALISTOGA SET 6

G-140-80

CONCENTRATION (FFPM)

I'.\

S A A

a'...'-

P
LAY

EASTAN

A

R

EARNY . P
EAN AN S

BN

~

o~

I
OMHOOOOLOHKBIMNO

.
w
O

S

o b
u

o

e ¢ o 9
TR =R
(LEARS W

>
&
O

NOROODO M

o
w
(e

0,025
0.125
0.063
1.25
0.250
-0.125
0.063
0.050
0.100
0.625
0.750
2.50
6.2
| 1 0.....)
12
L TQ;OS
fﬂloWOOJ
0.3
00 12._!
0.125

2.50
é
/2
186-%
1
33.0

CaY)’ecllcza/ 7—05 22¢

Sa,{wwz‘/'

" 0.250

Caﬂﬁ{“éfk“ob

19°¢<

- ¢.F0

e.ol Y
300 /Alﬁuﬂé/éu—
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CALISTOGA SET 6

141 6G-141-80
ELEMENT CONCENTRATION (FFM)
NA 23
K - 7
CA S -
MG 4
FE 1.33
AL £ 0.625
ST 36 .
TI < 0,125
P < 0.625
SR , 0.03
RA < 0.625
v % 1.25
CR e 0,050
MN 0.5
co « 0.025
NI « 0.125
cu < 0.063
MO < 1.25
FE < 0.250
ZN < 0.125
co < 0.063
AG £ 0.050
AU < 0,100
AS < 0.625
SE < 04750
BI - 2,50
U ':. 6025
TE “ 1.25 o
SN < 0.125 Ze Tia 23 <
W < 0.125 ph ¢-9/
LI < 0.050" o
BE 4 0,005 54&5&6; » 0.9/ 7, |
B % 0,125 -4
ZR < 0.125 Specific Comduclinie 113 /]
LA % 0,125
CE < 0.250
TH « 2.50
(o é
F-_ 0.3
HCO; 127 C
504’ Z 1o
7.D-S. 240

Corvected TD.S. 176




CALISTOGA SET 6

142 6-142-80
ELEMENT
NA -
K 6
CA 11
MG 5
FE 0.67
AL 0.625
SI 20
T < 0.125
F ’ 1.5
SR . 0.07
Ba < 0.625
v 5 1.25
CR £ 0.050
- HN 1.0
NI . < 0.125
cu ’ < 0,063
MO « 1,25
‘PR R 0,250
ZN < 0.125
co £ 0,063
+ AG < 0.050
AU | 5 0.100
AS : 0.625
SH < 0.750
Y < 6425
TE < 1.25
SN e R
W o 0:125 .
LI o 0,050
EE £ 04005
AN v o 0.125 B
LA oo 10,125
CE < 0.250
TH < 2.50
¢l . , 25
£ 2.4
HC O, 250
so, 2%
’ s 446
T.D-S-

Corvected T20S. 3/9

CONCENTRATION (FFM)

Tempenilmrr )9°¢c
‘f;7‘ 6-8¢

0.02 %
Sa,éww(l;

Cododin 770 ]




143

" ELEMENT

NA
K
cA
MG
FE
AL
- 81
TI
F-
SKR
RA
vV
CR
MN-
co
NI
cu
MO
FER
ZN
ch
AG
AU
AS
SE
EI
u
TE
SN
W
LI
RE
R
ZR
LA
CE
TH
cl”
Foo.
HCOJ
50‘/
7.D.5.

CALISTOGA SET 6

G-143-80

CONCENTRATION (FFM)

138
5
14
8
1.50
< 0.625

24

1
< 0.125

< 0,625
0.08
< 0.625
*~ 10._._;
. 0,050
0.4
0,025
0.125
o.oaz
1.2
0. 50
0.3
= 0.063
L 0.050
< . 0.100
< 0.625
< 0.750
< 2.50
{ 6.25
1.25
< 0.125
&2 0,125
= 0.050
0.005
8.0

&

2,
ClY

oA

o

£y

0,125
0.125
0.250
20.}0
/130
1.1
275-3
15

641

Corred[ec/ 7D §. ol

7b7kma,wu_ ,2°¢
PH

5“1*;¢§i 007 %
5}‘“f“’ Cbmlﬁﬂéhu/ ¢%0 umedt,
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CALISTOGA SET 6

144 G-144-80
ELEMENT CONCENTRATION (FFM)

N& 13

K 20\.10

CA 7

MG 4

FE 0.24
AL 0.625

SI 18

TI 0.125

Fo 0.625

SR 0.06

RA 0.625

y .25

CR 0.050

MN 0.250

co 'y 0.025

NI 7 0.125

cu ' < 0,063

MO 1.25

FE 0.250

ZN 0.125

Ch 0.063

AG 0.050

AU 0.100

AS 0.625

SE . 0.750 .

EI 2,50

U 6,25 ,

TE 1.25 4
SN 0.125  Te e
W 0.125 . ]

L1 0.050 - BH

EE o.oosz.',551;g%;
E S 0.125 ST

ZR 0.125 - Shecifd ’C9“J
LA 0.125 . fg“fuk
CE 0.250

TH 2.50

¢l 9

Fo 2 4.1

Hc O3 £9.4

scqf 1

T.D.S. 155

| C0rrc->c7zf"/ 7. D. $. 17

19°c
5,90
0.00 %
142 A

v




145
ELEMENT

NA
K

CA
MG
FE
AL

CR
MN
co
NI
cu
MO
FE
ZN
Ch
AG
AU
AS
Sk
BI

u

TE
SN

W

LI
EE

)<

VAN
LA
CE
TH
cl’
F- -
HCOs
S0,
T.2.5.

- CALISTOGA SET 6

G-145-80

CONCENTRATION (FFM)

33
< 2,50
10
7
0.21
£ 0,625
26
0.125
0.625
0.05
0.625
1.25
0.050
0.250
0.025
0.125
0.063
< 1.25
' 0.250

0.3

M

-
£

v"..'-

l’"'- .'.". -'"'- -'.."- -'..-'. "..'n

PR S

0.050
< 0.100
< 0.625
= 0.750
- 2.30
6425
1.25
i 0.125
X 0.125
A - 0.050
4 0.005
0.4
< 0,125
R 0.125
4 0.250
g
0.4
151
1£

27¢

cormected TRS |59

0,063
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ELEMENT

Né
K

Cha
MG
FE
AL
SI
TI
F

Sk
EBA
V)

Ck
MN
co
NI
cu
MO
FE
ZN
cho
AG
AU

AS
Sk

BI
u
TE
SN
W
LI
EE
k
ZF:
LA
CE
TH
el

_— -

/—
HcO;
S0,

7-D.5.

CALISTOGAH SET 6

G-146-

CONCENTRATION (FFM)

0,100
0.625
T 0.750
2,90
60.-\.1

~cr

LS

0,125
001;.\.1

0,07 ' o

0.005 ﬁMf%f“’“— 1§
0.125 0
0.125

0.250 5/‘(’0‘-#(’ Coyléj

._odo J

£

9.3
139.2
25
27¢%

Covrected 0.5 27
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147,

ELEMENT

NA
K
cA
MG
FE
AL
SI
TI
P
SR
EA
v
CR
MN
co
NI
cu
MO
FE
ZN
cD
AG
AU
AS
SE
BI
u
TE
SN
W
LI
RE
B
ZR
LA
CE
TH
cl-
F ) -

—-—

SC@

7.D.5.

CALISTOGA SET 6

G-147-80

CONCENTRATION (FFM)

74

8
i8
11

LY
o
[ ]
o~
1
A W\

MARNO MR
w

=HODOCRO O
(o]

* 6 % o+ * ¢ ¢ O @

R
[

Foo M o

o
o~
& ]

*

~oOO0OOOROOOOMW

*
rJ
LA
o]

S O
L ]
)

* a

& 0.063
< . 0,050
&S 0.100
2 0.625
& 0.750
< 2.50
6.25
1.25
0.125
0.125
0.10
< 0.005
3.3
< 0.125
< 0.125
0.250
2.50
é?
0.3
2 69-9
Z ]o

509

COYrc—w[er/ 7-Ds. 372

Tcm '/—u/u. 21 C

PH ¢-45

Salivw 0037
c>m4@¢22“‘k' 560




148
ELEMENT

NA
K

CA
MG
FE
AL
ST
TI
F

SR
BA
v

CR
MN
co
NI
cu
MO
FR
ZN
co
AG
AU
AS
SE
BRI
u

TE
SN
W

LI
BE
B

ZR
LA
CE
TH

cl-
. F~’
HCO3
30,
T.DS.

CALISTOGA SET 6

G-148-80

CONCENTRATION (FFM)

33

PO
o O
[
r
A

(o
L d
LS
)]
<

)
o
->

(o
O~
Ol

14
L 20

Covrected 7:D.5. 297

18°C
6-4/

0.027
17‘00 /(X-"’"rl' (2




CALISTOGA SET 6

149 G-149-80
(
ELEMENT CONCENTRATION
NA 27
K 8
CA 45
MG 9
C FE 0.23
AL ‘ < 0.625
sI 21 ,
| O TI < 0.125
P < 0.625
SR ’ 0.14
RA i 0.625
v < 1.25
CR < 0.050
MN < 0.250
co. < 0.025
NI < 0.125
cu i 0.063
MO < 1.25
PE % 0.250
ZN 2.2
CD z 0.063
AG Z 0,050
AU < 0,100
AS < 0.625
SE , i 0.750
RI < 2.50
U é ¢ 25
TE ' oy 1.25
SN ST 0,125
W = 0,125
LI 2 0.050
'BE < 0,005
R i 0.125
ZFR < 0.125
LA < 0.125
CE < 0.250
TH = 2,50
el /75
E- o.1
C Heoy” /02-Z
S’Olf‘ 2.9
. I.D.5. 2 %9

Co YV(’C/('J 7- s 227

(FFM)
7&'»7‘4.‘1-“""' /906
pH i /0
S»L»WZ‘” 0.0/ /

«Jff-a— 320 /u.”v'{/o’

%ﬁcvkb




Eany

ELEMENT

NA
K
ChA

MG

FE

AL

SI

7
P
1

EA

Y

CR

MN

co

NI

cu

MO

FE -
ZN

coh

AG

Al

AS

SE

RI

U

TE

SN

W

LI

RE

)7

IR
LA

CE

TH

el

F -
Hcog
S Oy~
T.D.5.

CALISTOGAH SET 6

G-150-80

CONCENTRATION (FFM)J

107
11

13

'.
o~ O
[N
&

COOHODCOOHIDOOOCUNO -0

@

o ARV
40N < A

HERNCHOoCUOCHRN O K
[

. LR 4 - * -> - * o - . » L -

o
o~
18]

0,625
0.750
2,50
6.25
1.25
0,125

[y
a o w

AR R = CR

o RLINAEN

W

¥ S )

- 0N LY

AL dynoooumooos
Y

N

577

Cm'rc‘/c%("/ TDs. 443

R

cun

L pH ‘

- CWJW,?CM

(-4
20 €

g.qz
0-03‘2

450 /amuﬂ/é“
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151
ELEMENT

Nh
K
cAa
MG
FE
AL
‘S1
TI
Fn
SE
RA
v
CR
MN
Co
NI
Cu
MO
PE
ZN
cn
AG
Al
AS
SE
RI
]
TE
SN
W
1.1
EE
"B
ZFk
LA
CE
TH
C1~
F-
HCOB'
SC#'

N

T-D-S-

Chl.

I8TOGE

6-151-80

CONCENTRATION -

SET 6

46

7

14

a
D13
0.625
34
0.125
0.625
0.13
0.625
1.25
0.050
0.250
J.O__.:
-0 125
Oo063
1.25
0.25
0.4
0.063
0.0%0
0.100

WU
0

L]
*
12

o

\
25
&
05

0
0.7
2.9
6.20
1.258
0.1=
0.1
0.1
0.0
0.2
0.1
0.1

.
*
*
*
*
+
*
*
+

0.250

2.50

e
0.2

257

/0

Hol
Coer(’c?lrJTI D.s. 274

[ ¢
2J_
o5
25

(FFMD

7¢

cfune

*‘? o

18°¢

£ 32
a-az;{
sofoo0
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CALLISTUGA SET 6

152 G-152-80
ELEMENT CONCENTRATION
NA 26
K 1¢
ChA 21
MG 132
FE 0.20
AL = 0.625
SI 30
TI < 0.125
F ' Y 0,625
Sk : 0.11
EA < 0.625
v oy 1.25
CF < 0,050
Mt 0.8
Co < 0.025
NI 7 0.125
ci ] 0,063
MO < 1.25
FR { 0.250
ZN 0,2
co < 0,063
AG < 0.050
AU i 0.100
AS o 0.625
Sk . - 0.750
BRI Coa 2.50
u { 6.25
TE A 1.25
SN . £ 0.125
W < 0,125 . .
LI R o . R
EE o 0.005 .
E S.4 .
ZF , < 0.125 .
LA oY 0.125 -
CE < 0.250
TH < . 2,50 -
el v /03
F- . 3
HCO; 267.6
50,' VAN

£D.S. 578
Coyréc*’f/ 7 D5 442

(FEM)

20°¢c
§-08
o0.04 7
J— 710 /cema{/w




CALISTOGA SET 6

153 *6-153-80
ELEMENT CONCENTRATION (FFM)

NA 87

K ‘ 6

cA , .19

MG 15

FE , 1.13

AL < 0.625

sI ) 30 s
T < 0.125

F z 0.625

SK 0.13

Ba < 0.625

v < 1.25

CR { 0.050

MN < 0.250

Co ' < 0.025

NI % 0.125

cu < 0.063

MO . < 1.25

FR < 0.250

ZN =y 0.125

ch “ 0.063

AG . % . 0,050

AU < 0.100

AS o 0.625

SE 2 0,750

RI o 2.50

u , < 6.25
" TE < 1.25

SN { 0.125 o

W o 0,125 WWM@L 15 ¢
LI 0.15 /bH £-28
RE < 0.005 . ,
R ' 5.1 Saiouéi 0-0% Y
ZR SO 0.125 Speci i Cm‘{wf&nu- 700 /LL““"/""“
LA “ 0.125 fecific |
CE < 0.250

TH < 2.50

cl- /04

F - - 007

SO L 1o

-r.:D’tS'. 5499

Carrc’c/z'r/ 708 423



CALISTOGA SET 6

154 G-154-80
ELEMENT CONCENTRATION (FFM)
K 5
CA o5
MG 24
FE . 0.56
AL < 0.625
4 91 \ 26
TI : < 0.125
F X4 0.625
SR 0,16
BA < 0.625
M 4 1,25
CR % 0.050
MN 1.7
co < 0.025
NI <. 04125
Cu < 0.063
MO Y 1.25
FR . i 0.250
ZN 0.5
cn < 0.063
AG o < 0.050
AU < 0.100
AS « 0,625
SE . < 0.750
BI % 2.50
u i b5.29 .
TE 1.25
SN < ouazs fm 8%
W 4. 0.125 Tempurs so
LI < 0,050 Ay 't
©osees O g ron
oA i 0.12 o % Cm.Ju:/?Lﬂ'nu— 5/0 M/
LA £ 0.125 syau/kb
CE Z 0.2
TH - < 2,50
cl- , ‘2
£ o.2
HCO3 294.3
Soy~ o
T.b-S. | sas

Covvected T-0S. 376




o

ELEMENT

NA
K
CA

- MG
FE
AL
SI
TI
Fl
SR
kA
\%
Ck .
MN
CO
NI
cu
MO
PR
ZN
co
AG

" AU
AS

' SE
BRI
u
TE
SN
W

LI
RE

R

ZR
LA
CE
TH -
¢r-
HCO3
SO0y
T.D-5.

CALISTOGA SET 6

CONCENTRATION (FFM)

e

36
3
33

12

16
H19

Cuvrcﬂlc"j 708 297

72 e Lo WA Ifac

f;f ' 617
alindy g:0% /o
e zmalwi«»‘u—ff/ﬂ Jumety

Specitc




CALISTOGA SET 7

156 G-156-80
ELEMENT CONCENTRATION (FFM)
NA 49
K < 2.350
CA 22
MG 2
FE . 0.19
AL L« 0.625 ,
SI 16
TI “ 0.125
F < 0.625
SR 0.03
BA << 0.625
vV - 1.25
CR < 0.050
MN . < 0.250
Cco <. 0.025
NI . < 0.125
CuU < 0.063
MO E 1.25
ZN 0.2
“Ch - 0.063
AG < 0.050
AU -, 0.100
AS . L 0.625
SR “ 0.750
BRI < 2,50 .
U < bE5.:25 R
TE < 1.25 - To#uwfm 30"C
SN <. 0,125 -
W <. 0.125  PH 6-30
~ -~ . . )
LI < 0,050 - sal: ’-/ | 0.9F [
BE _ < 0,005 um.xé/
ZR A 0.125
LA < . 04,125 '
CE <X 0.250 .
TH < 2.50
al” é
F- o- L
Hcos 216-6
507' 1/
7.D-S. 346

Cm«ypﬂ[z't/ TpS. 23¢
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CALISTOGA SET 7

157 G-157-80
ELEMENT CONCENTRATION
NA 9
K : Y 2.50
ca 7
- MG 2
FE 3.92
AL < 0.625
SI 9
TI - Y 0.125
F < 0.625
SR ' 0.03
EA < 0.625
v o 1.25
CR 0.050
MN 0.5
co < 0.025
NI . < 0.125
cu _ < 0,063
MO Y 1.25
FE < 0.250
ZN ‘ 1.4
. CcD < 0.063
AG < 0.050
AU < - 0.100
AS < 0,625
Sk g 0.750
RI ' < 2.50
u < 6.25
TE o - 1.25
SN . oY 0.125
W .« 0.125
LI < "~ 0.050
'BE - 0.005
B o 0.125
ZR i 0.125
LA Y 0.125
- CE { 0.250
TH { 2.50
el b4
F- < 2.1
Hcoz €13
50{ : Z o
T-D-S. 135

correctd T DS. 10%

(FFM)

£-30
PH
Salie g0l Y
3hu4f¢g (onJuczéhcb /60 /uonrﬁy/




158
ELEMENT

NA
caA
MG
FE
AL
SI
TI
Fﬁ
SR
EA
y
CR
MN
co
NI
cu
MO
FE -
ZN
cro
AG
AU
AS
SE
BI
u
TE
SN
W
LI
BE

ZR

T.D.s.
Corve

CALISTOGA SET 7

G-158-80

CONCENTRATION (FFM)

13

A

o

cted TS 23/

5 Sebini | .
- éﬁzjdgi CanudQ*a’ /9 /“”wxyé“

7%-7*1 Wes- 13°¢

PH 595
ooz %




-

ELEMENT

NA
K
CA
MG
FE
AL
SI1
T
.
Sk
BA
v
CR
MN
co
NI
Ccu
MO
FE
ZN
Ch
AG
AU
AS
Sk
BI
U
TE
SN
W
LI
EBE
B
ZR
LA

CE
TH
ll-
Fr
Hco_,_

SO,
7.D.S-

CALISTOGA SET 7

6~-159-80

 CONCENTRATION (FFM)

146

aa

LRSI RN
4]

00NN

ﬁ,,%mfw— 18°¢C
pH 6-6F
sd‘;."?‘
0137 Speifil Conduelinee ¢30

12
2.3
390.4

52

(451

Cavrc—c‘/ﬂ‘/ 7 p5 420

0.037

:a.md“ /o-n




CALISTOGA SET 7
160 G-160-80 '
ELEMENT CONCENTRATION (FFM)
NA &9
K 14
CA 18
MG )
FE 2.78
AL £ 0.625
SI 32 .
T 2 0.125
F < 0.625
SR 0.09
EA < 0.625
v < 1.25
CR o 0.050
MN 1.0
co < 0.025
NI < 0.125
" Cu “ 0.063
MO < 1.25
FE i 0.250
ZN : 0.2
cn 2 0,063
AG 2 0.050
AU - 0.100
AS £ 04625
. SK o 0.750
BRI £ 2,50
u : s 6,25 ..
TE o, 25
SN & 0,125 - 7bm¢q,dkm;
W o 0.125  py
LI S 0.10° - ok
RE & 0,005 5‘1“‘i}L
78 o o.125  Sheific Comdu fence
LA < 0.125
CE £ - 0,250
cl- , 33
F- _ 0.3
HCO3 292
S04~ 4 10
T.D-S. 500

Covvected TD.S. 352

20¢C

é-72

0.0 %

Yop MmoR/Con




- CALISTOGA SET 7

C 161 6-1461-80
ELEMENT

NA 63
K 4 17

. CA ‘ 14

(. MG 3

' FE 0.14
AL < 0.425

O ST 43

' TI < © 0,125

) F T 04625

' SR - ‘ 0.07
BA < 0.625
U } "':: 1 . 25
CR 5 0.050
MN < 0.250
co : % 0.025
NI < 0.125
cu e 0.063
MO L 1.25
PE s 0.250
ZN 0.2
CD 7 0,063
AG , < 0,050
AU o 0.100
AS < 0.625
SE , < 0.750
kI < 2.50
U , < 6.25
TE < 1.25
SN 'y 0.125
LI « 0.05
BE < 0,005
E : 0.2
ZR < 0.125
LA ‘ 5 0.125

. CE < 0.250

d TH < 2.50
el 4

G F - 2, 2
Hcos 2%9. 4
S04 & o

C T-D-5. 466

Cayyec?‘rJ?Ds 3eco

CONCENTRATION (FFM)

Temfwzfm 3506
pH 678

(,s"vu'j' 0.0l %
>y 350 Amhfo

Shecije CWA\AJ“‘G&




0’1

CALISTOGA SET 7

162 G-162-80
ELEMENT CONCENTRATION (FFM)
NA 36
K 10
CA 17
MG 15
FE : 0.07
AL - 0.625
SI 30
T 0.125 )
F 0,625 ’
SR 0.11
BA < 0.625
V) - 1.25
CR 0.050
MN 2.9
co S 0.025
NI I 0.125
cu < . 04063
MO . ) 1.25
FE < 0.250
ZN < 0,125
cn : < 0.063
AG By 0,050
AU Y 0.100
AS 0.625
SEH 0.750
RI 2.30
U b+ 25
TE 1.25
SN 0.125 o
W 0.125 = Temperaluws 1 C
LI | 0,050 - pH 64
BE s . 0.005 ) 02 °
E S 0,125 Sa.uﬂvg 0.0z 7 P
ZR o 0.125 . " Crnn
LA v.:: 00125 N Sf&f'c (0*‘1“572- e, 3(0 /u"‘ /
CE - 0.250
TH 4 2.50 S
o 17
F- 0.
HCD_; 204
sog 33
1.D-S. . 335
Cor/ecﬁJTp-S- 2%2




CALISTOGA SET 7

( "163 G-163-80
ELEMENT CONCENTRATION (FFM)
NA 58
K ' 14
ca 17
C MG S13
FE 1.46
AL i 0.625
O st : 22
‘ T i 0.125
F < 0.625
! SK 0.11
EA < 0.625
v < 1,25
CR < 0.050
MN 1.6
co o 0.025
NI 5 0,125
cu < 0.063
MO o 1.25
FE 0.250
ZN b 0.125
ch i £ - 0,063
AG < 0.050
AU i 0.100
AS C 0.625
SR i 0.750
BI < 2.50
u i 6.25 ~oc
TE o 1.25 - !
SN “ 0.125 Tempurs e
W | % 0.125 PH | ¢
;é , ) g’ggc Seliwy , 0.-03 7
. o} .
E 1.0 s}qgf@;'Cbnlhﬂkncz 410 /Unaé/a“
ZR i 0.125
LA o 0.125
CE i 0.250
- TH : o 2,50
el A
. B , (
- Hco 2509
SOL/— ; 20
C 7-D-S. ' “é

Covrocted T DS, 337




»
CALISTOGA SET 7
164 G-164-80
ELEMENT CONCENTRATION (FFM)
NA 8
K 5
CA 10
MG 6
FE 1.13
AL % 0.625 ‘
SI 24 ‘
TI 0,125
F 0.625
SR 0.05
BA 0.625
vV B 1.25
CR a 0.050
MN = 0.250
co 7 0.025 \
NI < 0.125
cu < 0.063
MO 5 1.25
F'B '::: OQ-J
ZN 4,1
CD Y 0.063
AG < 0.050
AU oy 0.100
AS ' a 0.625
SE < 10,750
BRI 5 2:.50
U 65.25 .
“ s . (4
N 0,125 Temporclunn 20 ¢
W o 0.125 b €90
LI 5 0.050 SaL&d%; . g.00Y
RE ' - 0.005 :
E . 0.125 5¥Lb%¢; Cb~uﬁa&&&th- 155" M “%//
ZR S 0.125 -
LA o 0.125
CE o 0.250
TH Y 2.50
¢l 7
F - _ < 0.}
Heos 113. ¢
501,— . L 1o
.D-S. 2. o9

Coms*c'/ec/' 7 D. §. 152




CALISTOGA SET 7

Co /rccﬁ’ d 7Ds.

165 6-165-80
ELEMENT CONCENTRATION (FFM)
NA 17
K 7
caA 16
MG o
FE 0.24
AL < 0.625 |
SI © 29
TI < 0.125
F i 0.625
SK 0.07
EA i 0.625
v : 5 1.25
CR 5 0.050
MN < 0.250
co o 0.025
NI { 0.125
cu £ 0.063
MO : i 1.25
FE £ 0.250
ZN 0.2
Co A i 0.063
AG i 0.050
AU i 0.100
AS - 4 0.625
SE i 0.750
BI « 2.50
u z 6,25
TE i 1.25 : o
SN " 0.125 Termp N 20€
W ! 0.125 f}_} 6-09
LI { 0.050 )
BE i 0.005 Skiim¢f' 0.0l ¥
V125
B IR S et W ke
LA i 0.125
CE '::: 0.25
TH { 2.50
Cl- 7
F- 0.2
Hcos™ 1658 <
- £ 1o
S0y Lo ‘
7.D-.S. :
[9¢




Cal.l

166 G-166—-80

ELEMENT CONCENTRATION
NA 61
K 3
CA 144
MG 21
FE 0.10
AL £ 0,625
51 18
TI 0.125
F o 0.625
SR 0.22
EA 0.625
v 1.25
CR 0.050
MN 2
co 0.025
NI 0,125
cu 0,063
MO 1.25
FR 0.250
ZN 1.1
ch 0.063
AG 0.050
AU 3 0,100
AS Es 0.62%5
SE 0.750
RI 2.50
TE 1.25.
SN ' 0.125
W 0.125
LI 0,13
EE 04005
R 104125 -
ZR . 0.125
LA < 04125
CE 0.250
TH 2,50
el- /2
F~ _ 0, X
HCo3 2zl
50‘,"' |} 25
T.D-5- 52'9
covyected TDS. 576

STOGA SET 7

CFFM)

T ﬁv‘u— 20 €
e

7

[

5.9/
| 0-977%
' C»‘vaf‘““— /1o/o

st fl




167

ELEMENT

NA
K
CA
MG
FE
AL
SI
T

Fl

SR
EA
v

CR
MN
co
NI
cu
MO
FR
ZN
cn
AG
AU
AS

SE

BI
U

TE
SN
W

LI
BE
R

ZR
LA
CE
TH

¢l

F-

HCQ;‘
S50, .
A’
TDS -

CALISTOGA SET 7

G—-167-80

CONCENTRATION (FFM)

21
2.50
49
9 .
0016
< 0.625
' 10

C 0,125

L

0.15
0.625
1.25
0.050
0.250
0,025
A 0.125
. 0.063
< 1125
< 0.250
“ 0,125
0.063
. 0.050
e 04100

B B R

. 0.750
< 2.50
6.25
. 1.25
< 0. 125
0,125

0.050

é 0.005 .

L 0.125
4 0,125
1 0.123
< 0.250
7
0. 2
2.75-.3

S
gl

Forvected T-RS. 341

0.625

7bqhuﬁus 212:
PH € 1S
5@&%%; o.o0l %

S%ea%{a CQnJhﬁéku— 240 '/0A~J<>é&




CALISTOGA SET 7

168 G-168-80

ELEMENT CONCENTRATION
NA 8
cA 10
MG 3
FE 1.20
AL . < 0.625
SI 12
TI < 0.125
F‘ "‘: 0062
SR 0.04
BA < 04625
U f. 1 'n.\J
CR < 0.050
MN < 0.250
co < 0.025
NI < 0.125
cu < 0.063
MO < 1.25
FE < 0.250
ZN 2.5
co < T 0.063
AG < 0.050
AU Z 0.100
AS 7 0.625
SH < 0.750
BRI < 2.50
U 6025
TE 7 1.25
SN 4 0,125
LI . 0.050
RE < 0,005
E <. 04125
ZR < 0,125
LA % 04125
CE 4 04250
TH < 2.50
é- 7 ‘
F- _ £ 0.7
HCO3 67.9
T.D.S. ) 5%

'covrec#frl TS5 120

(FFM)

/bH
.s«Lm/;

'1 ﬁfqyfu_

\4(/7‘4»«4.

19°¢c
5.99
g.0*

752 /“”‘

Gl




»
CALISTOGA SET 7
169 - G-169-80
ELEMENT CONCENTRATION (FFM)
NA 54
K 2,50
CA 20
MG 3
FE - < 0,025
AL < 0.625
SI 22
TI < 0.125
F ' & 0.625
SR 0.13
EA 0.625
v 1.25
CR 0.050
MN < 0.250
co . o 0.025
NI 7 < 0.125
cu o 0.063
MO “ 1.25 .
FE " 0.250
ZN < 0.125
CO 5 0.063
AG < 0.050
AU 5 0.100
AS : £ 0.625
SE o 0.750
EI « 2.50
U . . 6525
TE < 1.25 .
SN 5 0,125 .
W < 0.125 oc
LI £ 0,050 7Z”théﬁ“* 6;,10
BE 4 0.005 pH / .
B “ 0,125  salimif; 0.0l :
ZR _ i 0.125 5f‘°7“{ CanJLJé“OF 370 /uﬂ«<f94
LA < 0.125
CE i 0.250
TH 4 2.50
et s
F- ‘ 0.3 o (
Hco; 242-5
S0y / 31
T.D-S- Hoo

Corr €Cf€J RS 277



CALISTOGA SET 7

170 6-170-80

ELEMENT CONCENTRATION

NA 37

K < 2.50

cA 54

MG 10

FE 0.05

AL < 0,625,

SI 18

TI £ 0.125

F < . 04625

SR 0.45

RA kY 0.625

U ':: 1 . 25

CR < 0.050

MN < 0.250

co Y 0.025

NI o 0.125

cu “ 0,063

MO < 1.25

FR oY 0.250

ZN 0.3

ch < 0.063

AG Y 0.050

AU < 0,100

AS B 0.625

SE < 04750

RI : < 2.50

U < 6.25

TE L 1.25

SN : < 0.125

W : o 0.125 .

LI < 10,050

RE K 0.005

E S 04125

ZR S 0.125

LA < 0.125

CE E L 0.250

TH = ©2.50

cr- 7

F- _ 9.3

He o 273.7

S0y 47

T-D-S - 473

Correc fed TPS. 334

(FFM)
| 4 17°¢
7"/_;_')"” u,._‘ é- :_‘7‘

gﬂ,&nyv o 0/
Gt et




7 avwm——

171

ELEMENT

NA
K
cA
MG
FE
AL
SI

‘TL

‘P
SR
EA
v
CR
MN
co
NI
cu
MO .
FE
ZN
co
AG
AU
AS

SE
EI
u
TE
SN
W
LI
EE
K
ZR
LA
CE
TH
el
P

Hcoz~
S04
TD-S.

CALISTOGA SET 7

6-171-80

CONCENTRATION

w

&)

QOO OULIH = Hoh®
>
W o

e ¢ o o
O~ OO

(ELUNSEORSES

¢
Lo

¢\

I
Wy
-
)
4]

<
SR

0.250
0.025
0.125
0.8
1.25
0.250
5.8
0.063
“ 0.050
< 0,100
“ 0.625
< 0.750
o 2.50
. 6425
. 0.125
0,125
0.050
0.005
0.125
- 0.125
< 0,125
2.50

4.2
/s
/32

Corre(ﬁ%/7295 11/

(FFM)




172

ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
F
SK
RA
v
CR
MN
co
NI
Cu
MO
FE
ZN
cn
AG
AU
AS
SH
BRI
u
TE
SN
W
LI
BE
E
ZR
LA
CE
TH
[
F-
HCO,

S0,

7.D-S.

CALISTOGA SET 7

6-172-80

CONCENTRATION (FFM)

5 .’.'..‘ ] PO

11
2.50
17
24
1.93
0.625
12
0.125
0.625
0.10
0.625
1.25
0.050
0.5
0.025
0.125
0.063
1.25
. 0.250
0,125
0.063
0.050
. 0.100

0.625

0.750.

2.50
6.25
1,25
0,125

0.125

0.0350

0.005 -
T 0.125 -
- 0.125

2.50
R's
a.]
217.3
13
328

C¢yy€cf%J-T25- 217

17 <
615

o-0l 7

310

/bv%wn




CALISTOGA SET 7

173 G-173-80
ELEMENT CONCENTRATION (FFM)
NA 55
K £ 2,50
cA 16
MG 20
FE 0.76
AL g 0.625
SI , 16
TI £ 0 0,125
F : - 0.8625 -
SR 0.10
EA ‘ < 0.625
Y o 1.25
CR i 0.050
MN £ 0.250
co i 0.025
NI . 0.125
cu < 0,063
MO £ 1.25
PR £ 0.250
ZN . 0.125
co i 0.063
AG o 0.050
AU ’ o 0.100
AS o 0.625
SH - 0.750
RI <. 2,50
U 6'25
TE £ . 1.25
SN < 0.125
W £ 0,125 o
LI | .28 ﬁw;fumt“”-‘— 22 <
RE . 0.005 PH 632
R 1.8 .
ZR : -:: 0.125 saL'n'J} ©0-02 7
. 2"- . .
t’é C SR geapn Cobdie w10 4
TH £ 2,50
el 37
F- 0.2 . (
Hcoz 253.9 |
S0y~ 21 ‘
7-b.S. PR

Coyverted T-25. 3/6




»
CALISTOGA SET 7
174 G-174-80
ELEMENT CONCENTRATION (FFM)
NA 61
K 11
ca 13
‘MG 10
FE 0.83
AL % 0.625
SI 32
F <l 0.625
EA 0.625
v 1.25
CR 0.050
MN .2
co . < 0.025
NI ? oy 0.125
cu A 0.063
MO 4 1.25
FE < 0.250
ZN . 0.1
cn . 0,063
AG < 0.050
AU < 0.100
AS : i 0,625
RI 2.50
LI 0.050 -
HE 0.005 - , o
R ‘ 0.4 . 7WM 19 °C
7R oM 04125 £-15
LA _ 0,125 - FH .
CE L 04250 Gali 0.0 [/
TH 2.90. : L. Im
or- 13 Specipre Conduilance 450 0 "Z/
Fe 2.2 A
HCO3 253.9
S04 26
T-»-S. 4 53
Covrected T0S. 324




CALISTOGA SET 7

175 6-175-80
ELEMENT CONCENTRATION (FFM)
NA A 40
K 12
CA _ 21
MG / 11
FE 8,72
AL < 0.625
SI . 34
CTI < 0,125 ,
F £ 0+625 ’
SR 0.12
BA ' 2 0.625
v < 1.25
CR < 0.050
MN 1.9
co < ,0.025
NI < 0.125
cu £ 0.063
MO g 1.25
FE g 0.250
ZN . 0.125
ch Cg 0.063
AG o 0.050
AU g 0,100
AS : 0.625
SE , £ 0.750
EI < 2.50
u < 6.25
TE o 1.25
SN < 0.125
W g 0.125 o
LI £ 0.050 . ‘Te.mf“*—‘jm 21 <
RE Y 0.0035 PH &-20
B ; < 0.125 . 0.0l %
ZR < 0.125 Sd'm-’if Luctamee e
LA < 0.125 oy Condwelen o AN
CE 0.250 Specific 97
TH A 2,50
el ' g 7
HCO;3 ‘ 164-7 \
7.D.S. 337

Covvected T.D5S. 303



176
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
p
SR

EA

v

CR

MN

co
NI

cu

MO

FE

ZN

ch

AG

AU

AS

SE

RI

U

TE

SN

W

LI

EE

K

ZR

LA

CE

TH

e

F -
Hcog
SOI,- _
T.b.S.

CALISTOGA SET 7

6-176-80

- CONCENTRATION

I

oow

TRRKR .
w

Ea Y
OO0 O0OO0OC O

Y
<
*

[y
rJ
a

374

CdV/C;C-A“/ T'Dsr 263

. S}’QC—:*'(-

(FFM)
PH 6-80
Salt.ﬂ'vr 0.0/ %

"7 ComducTlance. 210 /“'7""{/6»\




177
ELEMENT

NA
K
Ca.
MG
FE
AL
SI
TI
F‘
SR
BA
Vv
CR
MN
Cco
NI
Cu
MO
FE
ZN
Cch
AG
AU
AS
5k
BRI
u
TE
SN
W
LI
RE

E

ZR

LA

CE

TH

cl-
F- -—
HCO3
co,”
SOy
7.D.S -

CALISTOGA SET 7

G-177-80

CONCENTRATION (FFM)

10
o4 2.50
16
19
0.025
0.625
13
< 0.625
- 0.09
: 0.625
Y 1.25
: 0.050
y 0.250
s 0.025
< 0.125
< 0.063
< 1.25
: 0.250
Y 0.125
= 0.063
< 0.050
< 0.100
< 0.625
: 0.750
2.50
6.25
1.25
0.125
0.125
" 0.050
0.005
0.125
0.125
A 0.125
z 0.250
7 2.50
. 9
o,/
1506
[+4
19
2 60

N
LAY

corvected 705 /%3

;35C
7;:}:0;41'%— £-70
sd\;(u; 0.007,
Iyo0 AU

Shdf""’ Conductance




178
ELEMENT

NA
K
cA
MG
FE
AL
SI
TI
F'
SR
RA
v
CR
MN
co
NI
cu
MO
FEB
ZN
co
AG-
AU
AS
SE
BI
u
TE
SN
.
LI
BE
#
ZR
LA
CE
TH
el
£ -

Jcos
S04
T.05S.

CALISTOGA SET 8

G-178-80

CONCENTRATION (FFM)

ua

bR

4}

SO OO
*
[l ¢ O

39
01

coyrected T DS 297

- Tem pera fore
pYd

30°
&-70

(-




179

ELEMENT

NA
K

Ce
MG
FE
Al
ST
TI
FI

Sk
B
y

CR
MN
Co
NI
cu
MO
Fr

N

cn
AL
Al
AS
Sk
BRI
U

TE
SM
W

LT
RE

A
A by

LA

CE

TH
¢l
F

Hcos

S04
T.D5.
Cdrrkt+fJ 'FZZS. é4¥4

CALISTOGA SET 8

6G-179-80

CONCENTRATION (FFM)

23
1
* 3({."
L H25

Gl
CCOOOHH OO OOOHSCOOONOOETM™
o an

LI R 2 T D I I 3

COUINNOCHONORNOGO O
LIS O

*
U AaaUDur

e
~

o~
Od

* * e o

30

-

s
<
<

0.625
2:50
64230
1.25
0.125
001
1.78
0,009

12.7
¢.1238
0,128
C.250
2.30

/19¢

V4

207

{ /o
74€

<
~N
=
D

-/;mpm'a /'u reée

pH

ss’
645

-




-CALISTOGA SET 8

180 6-180-80

ELEMENT CONCENTRATION

fay
i

N
K
Ch
MG
FE

-t X
~N RS

C o OO

79
62

Al 0 &
81 2

TI < 125
F - . 0.625

SR 0.08

EA “ 0.625
U < 1.25

CR o4 0.050
M ! 0.250
co < 0.025
M { 0.1285
cu + 0.063
MO < 1.25

FR : < 0.250
ZN 0.3

con . 0.063
AG < 0.050
Al L 0,100
Ao ! 0.625
Sk ! 0,750
ET < 2.50

u + b6.+25
TE ’ A 1,25
TR R 0,125

W 5 0.125
LI | 0,71
RE i 0,005
R 7.2

IR coa 0.125
LA < 0,125
CE < 0,250
TH i 2,50

el /05~

F- 4.7
#Co; 22%
So4 £ /0
T.0§. 583
Corrf’l*‘v‘l 7. 25 47/

(FFM)

Temp evatore
pH

53
630

<

C




CaALISTOGA SET 8

181 G-181-80
ELEMENT CONCENTRATION (FFM)

NA 121

K 4

ca 19

MG 18

FE 0,07
AL 2 0625
.81 A 16

T S0 04125
F o 0.4625
SR 0.11
EA < 0.62%5
Y i 1.25
CR . i 0.050
MN : < 0,250
co i 0.025%
NI i 0.125.
cu < 0.043 °
MO < 25
FER < 10,250
ZN < 0,125
cn 7 0.063
AG < 0.050
AU < 0.100
AS i 0.625
SE o 0.750
BI < 2.50
U < 6.25
TE < 1.25
SN < 0.125
W o 0.125
LI 0.06
RE £ 0.005
E 8.3
ZR < 0,125
LA o 0.125
CE i 0.250
TH < 2,50

¢! /07
£ 57

Hcos 225.7

5'04- 43_//0

T.05- 4
430

Correded T-D5.

ﬁmppya*ul’&o 2006
Py 5.99




Q 0©

CALISTOGA SET 8

182 G-182-80
ELEMENT 'CONCENTRATION (FFM)
NA 77
K 5
ca 16
MG 4
FE . 1,17
AL < 0,625
sI 31
TI . < 0,125
P < 0.625
SR 0.06
BA £ 0.625
v < 1.25
CR < 0.050
MN 0.4
co £ 0.025
NI < 0.125
cu < 0,063
MO < 1.25
FR g 0.250
ZN < 0.125
co < 0.063 7€~fuudﬁnL
AG < 0.050
AU < 0.100 P
AS < 0.625
SE < 0.750
BRI < 2,50
U < 6,25
TE £ 1.25
SN P, 0.125
W < 0.125
LI < 0.050
" BE 2 0.005
B °O2
ZR < 0.125
LA < 0.125
CE Z 0.250
TH £ 2.50
o
£- 0.
Heo, 240. 1
S 17}
7-Ds. : Y1y

Commcted TD.S.  29¢




CALISTOGA SET 8

183 G-183-80
ELEMENT CONCENTRATION (FPM)
NA 75
K 5
ca : 21
. MG 4
@ * FE 1.08
AL < 0.625
sI 31
c - T < 0,125
P < 0.625
SR ‘ 0.06
BA < 0.625
v < 1,25
CR < 0.050
MN | 0.4
co £ 0.025
NI ° < 0.125
cu < 0.063
MO < 1,25
PR < 0.250
ZN 0.4
cp < 0.063
AG < 0.050
AU < 0.100 : ' 0
AS < 0.625 ﬁ«—fmjw— JE ¢
SE < 0.750
BI < 2,50 - PH 6-29
U < 6.25
TE 1.29
SN P 0.125
W £ 0.125
LI < 0.050
BE 2 0.005
B £ 0.125
7R £ 0.125
LA £ 0.125
CE £ 0.250
TH < 2.50
Ci~ ' é
F - o, &
C - HCOo3 240. 4
"50; ‘ : /2
T.D'S- 1T

_ CM{‘?‘C‘J T-25 29¢




R

.

g e e e n

O 0O

CALISTOGA SET 8

184 5-184-80
ELEMENT CONCENTRATION (FFM) -
NA 69
K 13
CA 25
MG 4
AL < 0,625
SI 46
TI < 0.125
P < 0,625
SR 0.12
CR < 0,050
"N 004
co < 0.025
NI < 0.125
cu £ 0.063
MO < 1.25
ZN 0.4
chn < 0.063
AG < 0,050
AU < 0.100
AS < 06623
SH <« 0.750 {Wf‘—t‘fw—
BI '1: 2050
u < s.2s M
SN £, 0.125 "
W < © 0.125
LI < - 0.050.
EE < 0.00%
7R < 0,125
LA < 0.125
TH < 2.50
e/” é
F - 0.' 1—
HCS; 238.3
507' £L10
'F)u&. 413
Corected TD.5. 27¢

¢
20 C

6-30




P

185
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
P
SKR
BA
1%
CR
MN
co
NI
cu
MO
FB
ZN
chn
AG
AU
AS -
SR
BRI
u
TE
SN
W
LI
RBE
B
ZR
- LA
CE
TH

ci-
F-.
Heo,

7.

CALISTOGA SET 8 (

6G-185-80
CONCENTRATION (PFM)

128
15
11
3
1,23
< 0.425
' 38
 0.125 a
0.625
0.07
0.625
1.25
0.050
0.250
0,025
0.125
0.063 T
1.25
0.250
003 *
0.063 ()
0,050 Tempuslins 209
0.100 PH _ - 637
0.625  Saludy N.D.
0.750 7 £ :
2.50 *Oftc. C;\«.Ju Cvete— N-D.
6.25
1.25
0.125
0.125
0.06
0,005
0.8
0.125
0.125
0.250

|

|

2.50 |
N |

|

\

\

|

FANVAY

VAR R L LA P AR

&,
L

n'*'-, l'\'. l"\ -‘h “ -'«. o“'\

Y

FASUNPN

AN A NAY AN

&4
4

45
0.3

335.9 . | ‘
10 . C

589 K

Covvected T.DS. 424




-

CALISTOGA SET 8

PH

186 G-186-80
ELEMENT CONCENTRATION (FPFM)
NA 100
K 11
CA 19
MG 9
FE 3.25
AL . < 0.625
SI 27
TI < 0.125
P , < 0.625
SR ! 0.,13
BA _ < 0.625
V “ 1.25
" CR ’ < 0.0350
MN 1.0
Cco < 0.025 -
NI < 0.125
Ccu < 0,063
MO < 1.29
FER . < 0.250
ZN ’ < 0.125
ch < 0,063
AG < 0.050
AU - 0.100
AS < 0,625
SE Ry 0.750
BRI - 2.90
u < 6.29
TE. ) L 1.239
SN 4 0.1235
W 0.1
LI e 0.0350
. BE oo 0.005
)] 0.3
ZR 4 0.125
LA - 0.125
CE < 0,250
TH < 2.50
e/ /78
£~ 2.9
”Ce} 313.4
30‘, 15~
7.5, 53%
Corr(rcﬁ'r/Tl)-s- 384

20°%
€-23"




)

CALISTOGA SET 8

187 - G-187-80

ELEMENT CONCENTRATION (FFM)
NA 104
K 11
CA 16
MG 4
FE J.10
AL < 0.625 .
sI = 4 43
TI < . 04125
P < 0.625
BA . < 0.625
) < 1.25
CR < 0.050
MN 0.3
co < 0.025
NI < 0.125
cu < 0.063 °
MO < 1.25
FE < 0,250
cD < 0.063
AG < . 0,050 - ’
AU < 0.100 7waugﬁnL /9 ¢
AS < 0,625
SH < 0.750 I €50
BI < 2,50
U £ 6.25
TE < 1.25
SN < 0.125
W < 0.125
LI < 0.050
BE < 0.005
B 0.3
ZR < 0.125
LA < 0.125
CE < 0.250
TH ‘: 2050
el 1/
F - 5.9
HCO3 - 287£.¢
S "
1#$ , 509

Corrécft""/ T DS 367




T T e e e e e S e Ty g

~
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188
ELEMENT

NA

K
CA
MG
FE
AL
SI
TI
P
SR
BA
v.
CR
MN
co
NI
cu
MO
PB
ZN
(31

~ AG
AU
AS
SE
BI
u
TE
SN
W
LI
RE
B
ZR
LA
CE
TH
Cs-
F .'
Hcoy
S0y
T-D-s.

CALISTOGA SET 8

G-188-80

CONCENTRATION (FFPM)

A

AN A AA

. N

Y S

VAN AN

'A

MNOA S

Fay

M N

AN M A AN A A

114
10
19
16
0.27
0,625
26 -
0.125
0.625
0.12
0.625
1.25
0,050
0.7
0.025
0,125
0.063
1.25
0.250
2.0
0.063
0.050
0.100
0.625
06750
. 2.50
6.25
1.25
.0.125
0,125
0.08
0,005
1.3
0.125
0.125
0.250
2.50

3¢

2.3
366-8

£10

61

CorwchrJ—rlzg"qal

19°c
6./;—




CALISTOGA SET 8

189 G-189-80
ELEMENT CONCENTRATION (FPM)
NA 50
K 8
cA 25
MG 22
FE 0.99
AL < 0.625
SI 27
TI < 0.125
P < 0,625
SR Colé
BA < 0.625
V) < 1025
CR < 0.050
MN 2,3
co < 0.025
NI < 0.125
cu < 0,063
MO < 1.25
PR < 0.250
ZN 3.0
ch < 0,063
AG < 0,050
AU Z 0.100
AS < 0.625 7b7#¢nZQu—
SE < 0.750 :
EI & 2.50 PH
U <: 6025
TE Z 1.25
SN < 0.125
W £ 0.125
LI £ 0.050
RE < 0.005
R < 0.125
ZR < 0.125
LA £ 0.125
CE < 0.250
TH < 2.50
ér- Ja
F 2,3
Heo, 27¢.8
SO, 15~
7.5.5. A 431
CWC?ZC'/T/)' 5. 335

15°c
£ 2!




o -

~-

190
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
F'
SR
BA
v
CR
MN
co
NI
cu
MO
FB
ZN
ch
AG
AU
AS
SE
EBI
u
TE
SN
W
LI
BE
3]
ZR
LA
CE
TH

¢/-
Fc‘ -
Heo
so"
T.D.s.

CALISTOGA SET 8

6-190-80
CONCENTRATION (FFM)

S5

8

37

41
2.47
0.625

32
0.125
0.625
0.24
0.625
1,25
0,050
1.3
0.025
0.125 : .
0.063 "
1.25
0.250
0.2
0,063
0,050

0.100 7 ' ’
0.625 ‘wfmq,,_, 19°c
0.750 N7,
2.50 pH ¢/
.25
1.25
0.125
0.125
0,050
0,125
0.125
0,125 -
0,250
f

2.3

sl 5

237
604

s ARV LY A /N

N

e,
LA

FORF NN

N AN AN

2
<+

o

3
LA

AAMAMNANAN AP A

Corrscted T DS 43!




CALISTOGA SET 8

191 G-191-80 .

ELEMENT CONCENTRATION (FPFM)
NA 31
K 4 2.50°
ca | 35
MG S56
FE 0.07
AL < 0.625
SI 19

- TI < 0.125:
P < 0.625
SR 0.21
RA < 0.625
v < 1.25
CR < 0.050
MN 0.5
co < 0.025
NI < 0.125
CuU X 0.063
MO < 1.25

. PR < 0.250
ZN < 04125
cn < 0.063
AG < 0.050
AU < 0.100
AS < 0.62S :
SEB < 0.750 7,,,-.74,.,,‘1‘ Wwee
RI < 2.950
U 6.25 PH
TE L 1.25
SN X 0.125
W £ 0,125
LI < 0,050
EBE < 0.005
E < 0.125
ZR << 0.125
LA < 0.125
CE < 0.250
TH < 2.50
Cr- s?
y-IC 9.2
HCOy 2432
Sty 3
1.D.5. 4’9
ComvectdT RS, 369




Y

CALISTOGA SET 8

192 G-192-80
ELEMENT CONCENTRATION (FPM)

NA 110

K 12
" CA _ 17

MG 10

FE . 1.18

AL , < 0.625

sI 35

TI < 0.125

F . 0.7 ,

SR 0.09

EA < 0.625

vV < 1.25

CR < 0.050

MN 0.6

co £ 0,025

NI < 0,125

cu R < 0.063

MO < 1.25

FR < 0.250

ZN 0.7

co < 0,063

AG < 0,050

AU < 0.100

AS < 0.625

SR £ 0.750

RI < 2.50 T‘"‘f“"‘j"""
u < 6,25 fH
TE < 1.25 b
SN < 0,125

W < 0.125

LI Z 0,050

BE z 0,005 -

E 0.3 . .

ZR < 0,125

LA < 0.125 -

CE z 0.250 "

TH £ 2,50

el- 4

F-. 0.9

HCs 331.%

7.D.5- E52

Corrected T PS5 389

zO’C-'
¢'s/




.

S et

6 o

—

CALISTOGA SET 8
193  6-193-80 .
ELEMENT CONCENTRATION (FFM)
NA 132
K 14
CA 27
MG 3
FE 2.12
AL < 0.625
SI 35
TI < 0,125 ¢
P < 0.625
SR 0.08
BA < 0.625
v < 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI < 0.125
cu < 0.063
MO < 1.25
FB < 0.250
ZN 0.5
co < 0.063
AG < 0.050 ,
AU < 0.100
AS < 0.625  Temponel
SE < 0.750 '
34 < 2.50  PH
u < 6425
TE < 1.25
SN £ 0.125
W 2 0.125
LI “ 0.050
RE < 0.005
B 0.8
ZR < 0.125
LA < 0.125
CE < .250
TH < 2.50
J RS
F “ — 0-9»
HCOs 3383
S'Oq 3 -
7.D.S. 6!l

Cdvrecvtrc/ T DS. 444

:.I°C.

€30




Lol

- -

O
C

194

ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
P
€R
BA
v
CR
MN
Cco
NI
Ccu
MO
PE
ZN
Ch
AG
AU
AS
SH
RI
u
TE
SN
W
LI
BE
B
ZR
LA
CE
TH

& Ix
£
qu

73.5.

CALISTOGA SET 8

6-194-80

CONCENTRATION (FFM)

25
3
17
7
3.92
0.7
25
< 0.125
< 0.625
0,07
< 0.625
<X 1.25
- 0,050
<« 0.250
<« 0,025
“ 0,125
< 0,063
< 1.25
< 0.250
0.5
<< 0,063
< 0.0350
«{ 0.100
< 0,625
4 0,750
< - 6.28 '
< 1.25 /”
< 0,125
< 0.12%
< 0050
<< 0,005
< 0.125~
< 0.12%
< 0.125"
<X 06250
< 2.350
73
a./
759
lo )
201}

Comveeted T-D.S. /64

bop—

15 C
629




195
ELEMENT

NA
K
CA
MG
FE
AL

sI ¢
CTI
P
SR
BA
v
CR
Ml
co
NI
cu
MO
PE
ZN
cD
AG
AU
AS
SE
BRI
U
TE
SN
W
LI
EBE
R
ZR
LA

CALISTDGA SET ¢

6-195-80

CONCENTRATION (FFM)

[

M t"-h_

[y
e o
o O
1
unua

ol

> ALY
HOOOOOROCOONSCOUMRK DR
a

7
LELESE SR

<

>,

-’.'

¢ ® o 0 ¢ 0 ¢ 0 o
o 1Y)
[ARARL]

>

OCHOWONDKOD

o £
L]

J
n

L)

)
" S

o~
o
*
tJ
U
(o]

(o]
fos)

®

0.063
0.050
0.100
0.625
0.750
2,50
6,235
1.25
< 0.125
0.125
0.050
0.005
3 0.125
“ 0.125
0.125
0.250
g 2.350
4

2.1

10(-%
£1o
201

S S e
Lo B S A

2
" AN

EARPAN

e,

&y

I"'\

‘ Corrac/‘('c/.T Ds. | 748

¢ an

WAt

2 &

9‘367




TN

196
ELEMENT

NA
K
cA
MG
FE
AL
SI
TI
P
SR
BA
v
CR
MN
co
NI
cu
MO
PR
ZN
ch
AG
AU
AS
SH
RI
u
TE
SN
W
LI
RE

B
ZR
LA
CE
TH

ei-
F - -
Heo;
50,
TD-s.

CALISTOGA SET 9

(FFM)

pH

6-196—-80
CONCENTRATION
41
10
26
8
< 0.02%
< 0,625
22
< 0.135
< 0.625
0,06
< 0.625
< 1.25
< 0.050
0.4
< 0.125
4 0,063
A 1.25
< 0.250
1.6
< 0,063
< 0.050
< 0.100 ,
< 0.625
X 0.750
- 2,30
o 6.25
L 1.25
< 0.125 .
L 0050
< 0.005
< 0.125 .
< 0.125
'f.: 00125 ‘ o
. 06250 -
“ 2.50
7
2.3
23¢-4
Llo
333

Corﬂ’mlf“ T.D.5. 257

19°c
(Y44




197

ELEMENT

NA
K
CA
MG
FE
AL
S1
LTI
F'
SR
BA
v
CR
MN
COo
NI
Ccu
MO
FR
ZN
ch
AG
AU
AS
SE
BI
u
TE
SN
W
LI
EE
b
ZR
LA
CE
TH

ci-
F-_
Heos
SO0y
7-D".S.

CALISTOGA SET ¢

6-197-80

CONCENTRATION (EFM)

31

*

[5Y
2]
o

A o
u

* - * [ ] > * * o
o

=QOYOMRNKNOMD

rJrd
;A

SN
o
-

N
&)]
o

Co Vrf-'cﬂl"/ T DS. 25




198
ELEMENT

NA
K
CA
MG
FE
AL
SI
TI
Fn
. SR
RA
v
CR
MN
co
NI
cu
MO
FE
ZN
ch
AG
AU
AS
SE
EI
u
TE
SN
W
LI
EE
E
ZR
LA
CE
TH

cl-
F-_
HCOs

7.

CALISTOGA SET 9

G-198-80

CONCENTRATION (FFM)

N P&
r M
COCOROOMmLNO
e o+ o o e o -
CHRHOOOK K [ o] &}
rr o
aa

ma

TR0 M
&)

4
o

1.25 f”

Covrected TDS. (1§80

18°c
6-20




CALISTOGA SET 9

CONCENTRATION (FFM)

199 G-199-80
ELEMENT
NA 37
K < 2.50
CA 28
MG 12
FE < 0.025
AL < 0.6235
S1I 3 a7
TI < 0.125
P + 0.625
SR 0.12
EA < 0.625
V) “ 1.25
CR < 0.050
MN < 0,250
CO < 0.025
NI < 0.125
cu L 0.063
MO - 1.25
PR - 0.250
ZN 0.1
chn - 0.063
A6 < 0.050
AU < 0,100
AS . 0.625
SH o 0.750
RI “ 2.50
u. < 6.25
TE < 1 « 25
SN “ 0.125
W o 0.125
LI < 0.050
BE : 0.00S
R 0.2
ZR 0.125
LA 0.125
CE 0.250
TH 2.50
cl- 32
F " dl i.
HCo, 177.7
7-DS- 362
Covrecded T.0s 274

Tewparnd i

19’
400




CALISTOGA SET 9

CONCENTRATION (FFM)

C 200 G-200-80
i ELEMENT
: NA 33
| K < 2.50
o ch 27
C MG 6
FE < 0,025
AL < 0.625
O SI 21
TI < 0.125
) P < 0,625
{ SR 0.09
BA | < 0.625
v < 1.25
CR < 0.050
MN < 0,250
co < 0,025
NI < 0.125
cu < 0.063
MO B 1.25
FE < 0,250
ZN { 0,125
(231] < 0.063
AG < 0,050
AU < 0,100
AS < 0.625
SH e 0.750
EI < 2,50
TE < 1.25
SN B+ 0.125
W < 0.125
LI < 0,050
EE < 0,005
E 1.3
ZR XY 0.125
LA < 0.125
CE < 0.250
TH < 2.50
(I 22
C F - 0.7
Heos /s 1
Sﬂq 7
¢ 7.D-S. 321
Coyre 1de/ TbS. 240

19°c
$90




CALISTOGA SET ¢

201 6-201-80
ELEMENT CONCENTRATION (FFM)
NA 173
K 11
ca 13
MG 5
FE < 0.025
AL < " 0.625
SI 32
TI < 0.125
P < 0,525
SR - 0.05
BA < 0.625
v < 1.25
CR < 0.050
MN < 0.250
co < 0.025
NI - | < 0.125
cu < 0.063
MO < 1.25
PR < 0.250 -
ZN 0.3
co < 0.063
AG < 0.050
AU < 0.100
AS < 0.625
SE < 0.750 bt
BI < 2.50
u x 6.25
TE r. 1.25
SN “ 0.125
W < 0.125
LI 1.2
BE < 0.005
B 10.1
ZR < 0.125
LA | < 0.125
CE < 0.250
TH P 2,50
el /797
F- Zs
”w_s' 229. %
Sd‘,’ L e
T-DS- - @91
Con rr-c‘{‘m{ 7:95' 578

33°C
633




CALISTOGA SET 9

202 6-202-80
ELEMENT
NA 167
K 11
CA 13
MG 4
FE < 0,025
AL « 0.625
SI 27
, TI < 0.125
P 4 0,625
SR 0.06
RA “ 0.625
v ‘ 1.25
CR 0.050
MN 0.3
co “ 0.025
NI < 0.125
cu 5 0.063
MO - 1.25
FE 0,250
ZN 0,2
Co 0.063
AG 0,050
AU 0.100
AS 0.8235
SK 0.750
RI 2.50
u 6425
TE 1.25
SN 0.125
W 0.125
LI 0.73
EE 0.005
R 10,2
ZR 0,125
CE 0,250
TH 2.50
¢/ /73
- 6.5
HL03 23S, 6
7 <10
DS, ©&8
CoppErEd TD.S, S5

CONCENTRATION (FFM)

‘/QMMW 27°%

7. 40




- ELEMENT CONCENMTRATION (FFM)

CALISTOGA SET 9

203 - G+~203-80

NA 46
K
CA
MG
FE
Al
SI 1
TI

Fn

SR

A

|
el ]

CR
MN
co
NT
Y]
M
FR
IN
tn

o
BN

3D OO0 O D O

ALl
|C‘l \C:;
on
wr
bl

TE
S\
b

. x
RE
&

Loy
CE
TH < 2
a/- 32
- oA (

/‘/C03- ’ /6g'/
S04 L1/0
7. DS 3)5



CALISTOGA SEY %

ELEMENT

M

)

P

12

7

!

CE

.
el
F -
Hcoy
So.z

TDs.
C‘-‘VV"'('*"J T D 5

204 (-204-80

CONCENTRATION (FFM)

48

g
22

.o
0.

11

/# /40

0,3
4i4. 1
17 :
650
H4b




205

ELEMENT

M

il
M

FE

£

fcos”
S04
T.05.

CuyrmdQJ

e

G=-20%5-830

DSs.

COMCEMTRATTOM

276
167

(2]

3 <

§. 00




CALISTOMA SET %

206 B-208-80

ELEMENT CONCENTRATION

[
P
H

[y

COIG TG~
L

L 4 >

—

o
—
~

R < 0,086
M ] 06250
co “, 0.025
NI N 0125
cu 0.1
MO = 1,25
ER ‘ S 0.250
ZN ﬁ 00125
cn L - 0.0863
AG “ 0.030
Al . 0.100
51 = 0.625
SE < 0.750
BI : < 2.90
U ’ & 65.25
TE o 1.25
SN i .00125
W <, 0.125
LI 1.4¢6
BE < 0,005
R ?.8
ZR A 0.125
LA : “ 0.125
CE < 0,250
TH S 2.50
el a9
F- /0
f/co;. ﬂ52’7
50; : . L /0
70s. §€7

Copvected TD S 592

CFFMD

7§5v79pyzﬁA9r€
pH

355 °

6 35




)

pePTH (FEET)

TATE

DEPTH (FEET)

SLl7r C6 WELL NO. £

CALIFORMIA DIVISION OF MINES AND GEOLOGY
TEMPERATURE LOG *1

TenwERATURE (FarmtimelT)

o [ [
° — — —
R B - S — ko »
TemPERATURE (CELSIUS)
40~
804
120+
1604
200
2404
- 200, S8°F
200
*) Nedrafted after
Satiduntal Gestharmel,
ina. {}977).

CALIFORNIA DIVISION OF WINES M GEOLOGY
“TEMPERATURE LD *1

WIE é/6/77 OMVEL W,z  (OCCIDENA WELL M._45 )

1204

1804

T
no*

EMPERATURE (CELSIUS)

— 192, 278.1°F

CAPPED FLOWING WELL

ins. (1977).

(@ccroenmaL veLL Mo, ¢

APPENDIX B

CALIFORNIA DIVISION OF MINES AND GEOLOGY
TEMPERATURE 06 °1

WIE ¢//77 el M. 2 (BCCIDENTAL WELL M. _Z )

TENPERATURE (FANRENNEIT)

140° 160° - - 180°- - 200° 220" 240°
o Y T Tt T T
b [ 90* 00* [ 4
TemPeERATURE (ceLsIuS)
204
=
s 0o
d
e,
-
E
-~
-
a 604
804
— 92, 223.3°F
100

*t  Aadrefted after
Occidontal Sonthormnd,
Ine. (1977).

CALIFORNIA DIVISION OF MINES AMD GEOLOGY
TEMPERATURE L0G 1
W 27z oG WELL W< (OCCIDENTAL VELL M0, 22 )

TENPERATURE (FPANRENMEIT)

L d L 20"
N L i i

pEPTH (FEET)

T L ¥
L ase
TemPERATURE (CELSIUS)

r
385=

—— 8, 08.5°F




verTh (FeET)

CALIFORRIA DIVISION OF NINES AND GEOLOGY
- TENPERATURE L0G °1,
WE a7z G VELLM0._g _  (OCCIDENTAL WELL W0._2 )
Toweraras (ramtntT)
L ad 180* [ - e L .4

i n i N
& 7o e o P
e eeef -\ TerwERATURE (CELSIUS)
404
804
-
|
-
-
e
=
b3
° . 1207
-
-3
1604
2004 ot nadrafted efter —— 198, 178°F
Sesidentn) Cestharant,
s, (977

CALIFORA DIVISION OF MINES A9 GEOLOGY
TENPERNRURE 106 1
WO G277 M WEL M.z (COIDENTAL WELL MO._2)

Teswanarane (PRmeNHsIT)

e . R . N .
- ™3 1S 1208 [ 140°
TEMPERATURE (CELSIUS)

80

'od

2004

320+

00V

6404
7204
*t  ‘ndvefred asfter
Sanidunesl Sevehersnt,
me. (V9TD). — TH7', 209.9°F

perTH (FEET)

CALIFORNIA DIVISION OF MINES AMD GEOLOGY
TEPEMTURE 196 )
WIE el/7r oG ELL 8.4 (OCCIDENTAL VELL 0.2 ) g

_TONPERATURE (FANRENHELT)

210" " 220° 230° 240° 230°
- | 108 o° s 120
TEMPERATURE (CELSIUS)
A=
€0+
4
-
-
.
< 204
=
'
[
4
60 — 64, 244 8°F
— 95, 240.3°F
2004
ot Redrafted sfter
Sesidentel Gonther-
-, inc. (1977}
CALIFORNIA DIVISION OF AINES AND GEQLOGY
TENPERATURE LOG °
DME Q77 (DM6 WELL M0._a oc:unmmm._é_) o
Tenrenatune - (FAmEnEL T)
R, we | me @  ar  aw
TEMPERATURE (CELSIVS)
904
180 -4
2404
320+
4«00/
wo,r
00 -
780 . (
4 tatrelest ofenr
aaiecmed Swesmrasi ,
ton. (19TD.
840~

~—038), 243.6°F



CALIFORRIA DIVISION OF MINES AMD GEDLOGY
TEMPERATURE (06 *1

DATE _é/%/77 % WL 0.2 (BeoIewTaL veLL . g )
T Tenvenarune (roumenue:T)
150 -4 (2.0 80 90
. — A — )
-4 ™~ [ -4 ar
TEMPERATURE (CELSTUS)

A0
80~

perTH (regr)
8

60
- 190’ , 181 F
2004 :
*) Redrefred after — a4, irecr
:“:‘.’;‘7;)‘-""" . (FLOWING WELL 5 GPM)
240+

CALIFORNLA DIVISION OF WINES AND GEDLOSY
: TEWEMTURE L06 =1 »
WE se/zz . amve .y (QGCIDENTAL Ve . 9 )

L 120> 130° 140*
a ry ) :
11 T 1 r
- » » [
Temwerhrune (cELSIyS)
0]
60
-
-
bl
» 1204
-
=
&
a2
60—
200+
2904 — 237, 132.4°F
FLOWING weLL
~8 GPw

*1  fadralted of ter
Sexidancal lenthorani,
Ina. (Y977).

CALIFORNIA DIVISION OF NINES AND GEDLOGY

: TEMPERATURE LOG
DATE _¢/i7/80 COMS WELL NO._4&
TENPERATURE | FANRENME] T)
nd il hridl el
3 = 3%° »

Treumas (ceLstus)

204 WATER LEVEL 6' FROM SURRACE

40

$0

DEPTH (resy)
3

8

1204

— ', 00

CALIFORNIA DIVISION OF MINES AND GEOLOGY
TENPERATURE LOG *1

W ero/zz . amEL iz (OCCIDENTAL VELL W0, )

oerTe (Fesy)

— 9%, 135°F

Setidantal Contimrami,
. ies. (Y8TD).




CALIFORNIA DIVISION OF MINES AND GEOLOGY

TEMPERATURE 106 °1 )
DATE éfs/zz_ MG WELL 0. 42 (BCCIDENTAL WELL MO. )
Towenarung (FARENMEIT)
i A A . . 4
NIE? < s « aoe
e R TempeRATURE (CELSIUS)
20 N

perTk (reeY)

40

—i LT

CALIFOMLA BIVISION GF MINES AND GEOLOGY
v TENPERATURE .L0G *1

DNE 6/4/77 oM WEL M8, & (DECIDENTAL WELL M. & )

Towensruns (MememsIT)

< - 100" 120 180
0 A A L 1
o P3 = P - @ '

40

604

pEPTH (FEET)

804

100+

1204

TemPERATURE (CELSIUS)

1 Fmdvafted after
Oesidentel Genthor-
b, ine. (1977).

- (37, |08 0°F
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s _ ; N TN . D LOCATION OF WATER WELLS
/ ' IN CALISTOGA, CALIFORNIA
_ _ . b4 y
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@067 WELL LOCATION AND IDENTIFICATION NUMBER
Note, for example, that well identification
number O89 refers to water sample analysis
number G-089-80 etc. :
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, LOCATION OF 133 “HOT WATER” WELLS
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L Indicates a "hot water" well located " The Celsius symbol (C) code
during the CDMG water well survey at T Tt T T
Calistoga, 1980. Wells with a Ct The superscript (1) indicates that
chgsen minimum recorded temperature of v the temperature posted is the bottom-
25°€ have been posted. : hole-temperature of the well or a
temperature recorded at the posted
A Indicates a "hot water' well location depth if the temperature probe *was
from an Occidental Geothermal Inc., unable to reach bottom. :
1977, downhole temperature log survey : m
ip Calistoga. All temperatures posted C The blank superscript or no super-
with the symbol (M) were measured at script present indicates that the
the indicated depths, usually the pested temperature was measured at
bottom-hole-temperature. o : a convenient faucet close  to the
well head. Water pumps were generally
8 Indicates a ""hot water' well location allowed to run for scveral minutes to
from an unpublished CDOG map by ensure that the water was as fresh
J.B. Koenig and D.N. Anderson, 1970, as possible from the well. Note that
Map of Calistoga Geothermal Area, this temperature probably is not the
Napa County, California. hottest temperature of water in the
well.
214" Depth of well in feet and a recorded :
48°C* temperature of the water in degrees C* The superscript (*) indicates that
Celsius. The Celsius symbol (C) the temperature posted was related by
superscript code is explained below. ' the well owner when the temperature
‘ is associated with the symbol @).
/ Arbitrary boundary enclosing known In all cases this temperature is higher
"hot water' wells in Calistoga. than recorded by CDMG via the method
described immediately above (symbol
C). The temperature was generally
recorded by the well owner after , . ' \ :
prolonged pumping of the well, or by AREA MAPPED 4 | ozs'z A
hanging a thermometer down the well, T -38°32:30
or the bottom-hole-temperature
recalled by the owner when the well 1
was drilled, etc. The superscript ’
(*) associated with the symbol ()
indicates the posted temperature is
directly transposed from Koenig and !
Anderson, 1970. Generally these !
temperatures were related to the ’;
authors by the well owner or a i
neighbor. Temperatures with the
superscript (*) may or may not be
the greatest temperature of the
water in the well.
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Base map redrafted from an enlaréed reproduction of the U.S.G.S. (1958)
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\ LOCATION OFY WATER WELLS HAVING
\ N 7 TEMPERATURE LOGS, CALISTOGA, CALIFORNIA
~ Compiled by L.G. Youngs, 1980

EXPLANATION
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2 ° Well

Well location from an  Occidental Geothermal,
Inc., 1977, downhole temperature log survey
and CDMG temperatvre log identification

number. '

Well location from the CDMG, 1980, water
well survey at Calistoga and CDMG temper-
ature log identification number.
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